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EXECUTIVE SUMMARY

This Weldon Spring Site Environmental Report for Calendar Year 1998 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. Charies County, Missouri, approximatety 48 km (30 mi) west of
5t 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 Route 94, southwest of U.S, Route 40/61.

The objective of the Site Environmental Report are to present a summary of data from the
environmental monitoring program, to identify trends and characterize environmental conditions
at the site, and to confirm compliance with environmental and health protection standards and
requirements. The report also presents the status of remedial activities and the results of
monitoring these activities to assess their impacts on the public and environment.

This report includes monitoring data from route radiclogical and nonradiological
sampling activities and summarizes special environmental study findings. These data include
estimates of dose to the public from the Weldon Spring site, estimates of effluent releases, and
trends in groundwater contaminant levels. Additionally, applicable compliance requirements,
quality assurance programs, and special studies conducted in 1998 o support emvironmental
protection pmgrams are discussed.

Dose estimates presented in this report are based on hypothetical exposure scenarios for
public use of areas near the site. In addition, release estimates have been calculated on the basis
of 1998 National Pollutant Discharge Elimination Systern (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 radionuclides.

MONITORING OVERVIEW

WESSRAP environmental management programs are designed to ensure that releases from
the site are at levels demonstrably and consistently “as low as reasonably achievable” (ALARA).
The ALARA principle drives the work activities related to site remediation and contaminant
cleanup programs under U.S. Environmental Protection Agency (EPA) enforcement of the
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA).

Effluent and environmental monitoring programs provide early detection of
contaminants, assessment of potential impacts to the environment, and data needed to implement
the ALARA strategy. Routine monitoring also demonstrates compliance with applicable State
and Federal permits and regulations.

OGE/QRZ1548-773, Rev, 0 1
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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 t¢ meeting or exceeding applicable
or relevant and appropriate requirements of Federal, State, and local laws, Primary regulations
include the Resource Conservation and Recovery Act (RCRA), Clean Water Act (CWA), Clean
Air Act (CAA), Toxic Substanices Control Act (TSCA), the National Hisioric Preservation Act
{(NHPA) and, because the U.S. Department of Energy (DOE) is the lead agency for the site, the
incorporation of the National Envirommenial Policy Aci (NEPA) values into CERCLA
documents as outlined in the Secretarial Policy statement on NEPA.

The Weldon Spring Quarry Residuals Operable Unit record of decision was officially
completed in September 1998 with the submission of the Record of Decision for the Remedial
Action jor the Quarry Residuals Operable Unit at the Weldon Spring Site, Weldon Spring,
Missouri to the U.8. Environmental Protection Agency, Region VIL

_ Phase 1 of the disposal cell was completed in early 1998 and waste placement activities
commengced in March 1998. A total of 701,656 cu yd of material was placed in the cell through
December 1998, Phase T of the disposal cell was substantially complete in 1998.

Full-scale chemicat stabilization/solidification (CS8) plant construction was completed in
February 1998. On November 13, 1998, the CS8 plant completed dredging and processing
sludge from the raffinate pits. Approximately 122,600 cu yd of sludge were treated through the
€S8 and piped directly to the cell as grout.

Treatment of the site treatment pian mixed waste invemtory at the WSSRAP was
completed in October 1998

In November, six containers of RCRA waste were shipped te ENSCO for treatment and
disposal.

Nine NPDES permit exceedences occutred in 1998, Site storm water exceeded permitted
limits three times, once for pH and twice for settleable solids. Hydrostatic test water from CSS
construction exceeded permitted limits four times, once for pH and three times for TS8. In
addition, the sewage treatment plant effluent was out of compliance two times for fecal coliform
during 1998.
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MONITORING SUMMARY

Environmental monitering data showed that dose estimates were below the DOE
guidelines of 100 mrem (I m3v) annual total effective dose equivatent for all exposure
pathways. NESHAPs air monitoring results for radioactive air particulates showed that dose
estimates were all well below the NESHAPs standard of 10 mrem (0.1 mSv) per vear. The 1958
Rn-220 and Rn-222 total release estimate were 14.2 Ci (5.3E11 Bq) and 2.8 Ci (L.OE11 Bq),
respectively.

Release estimates for total uranium in water (which include storm water and water from
the treatment plants) increased slightly from the 1997 release estimate of 0.015 Ci (5.6E8 Bq) to
0.016 Ci (5.5E8 Bq) in 1998; however, the annual release of total uranium for 1998 is a 95%
reduction of the 1987 annuai estimate. Effluent releases were below the DOE derived
concentration guide level of 600 pCi/l. Data from groundwater and surface water monitoring
indicated no measurable impact on drinking water sources from Weldon Spring site
coitaminants.

Dose Estimates

In 1998, the maximum total effective dose equivalent to a hypothetical individual
employed full-time at the Weldon Spring Ordnance Works (WSOW) remediation project was
7.6 mrem (0.076 mSv). This scenario assumed an individual working near the western perimeter
of the WSSRAP 2,000 hours/year, The total effective dose equivalent to a maximally exposed
individual at the vicinity properties from consumption of water was 0.62 mrem (6.2E-3 mSv),
Thig scenario assumed an individual walking past Burgermeister Spring once per week and
drinking one cup (0.237 1) of spring water each visit. These estimates are below the DOE
guideline of 100 mrem (1 m$v}) anmal total effective dose equivalent for all exposure pathways.
By comparison, the annual total effective dose equivalent in the United States due to naturally
occurting sources of radioactivity is approximately 300 mrem (3 mSv).

The collective population effective dose equivalent for the population assumed to
frequent the Busch Memorial Conservation Area and employees of the Missouri Highway and
Fransportation Department (MHTD} facility, WSOW remediation project, and WSSRAP
administration building was 1.43 person-rem (0.0143 persen-Sv). The Busch Conservation Area
estimate was based on an affected population of 160,000 persons assumed to have potential for
exposure through ingestion of fish, water, sediments. The WSOW worker estimate was based
upon an assumption of 150 workers exposed to above background levels of Rn-220 gas,
radioactive airborne paeticulates, and gamma radiation. The MHTD estimate was based on a
statl of nine full-time employees exposed to above-background levels of radioactive airborne
particulates and gamma radiation. The WSSRAP administration building estimate was based on

a staff of 300 employees being exposed to elevated concentrations of radioactive airborne
paruculaxes

DOE/OR/21648-773, Rev. § 3
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Air Monitoring

During 1998, airborne releases from the Weldon Spring Chemical Plant area included
Rn-220, Rn-222 gas, their progeny, and radicactive aitborne particulates. Radioactive airborne
particulates were assumed to include Ra-226, Ra-228, Th-228, Th-230, Th-232, and total
UTanum,

The estimated off-site Rn-220 and Rn-222 releases were 14.2 Ci (5.2E11 Bg) and 2.8 Gi
(1.0E11 Bq), respectively. Statistical analysis of integrated radon track etch data indicates that
the concentrations at one perimeter and one interior station near the raffinate pits were greater
than background levels. Statistical analysis of modified frack etch detector data indicates that
two stations at the raffinate pits, and four stations along the chemical plant perimeter exceeded
background levels of Rn-220. All track etch results were below the derived concentration guide
{DCG) for Rn-222 and Rn-220 of 3 pCi/l (0.11 Bg/).

The results of NESHAPs monitoring for radioactive particulate indicated that afl doses to
the public at critical receptor locations were, at the 95% confidence level, less than the
NESHAPs standard of 10 mrem (0.1 mSv) per year. Critical receptor locations included the
Missouri Highway Maintenance Facility, Busch Memorial Conservation Area, Francis Howell
High School and Annex, the WSSRAP administration building, the nearest quarry residence, and
the Department of the Army Weldon Spring Training Area {Figure 6-1). Statistical analysis of
NESHAP: monitoring results indicated that all stations were indistinguishable from background.

All environmental asbestos monitoring results were below the EPA limit of 0.01 fiber/ml.
Asbestos monitoring was conducted in 1998 at Francis Howell High School and three site
perimeter stations,

NPDES Monitoting

In 1998, surface water runoff at the chemical plant transported uranium from the site
through six major discharge routes that are identified in Section 7 of this report. Radionuclide
release estimates were calculated on the basis of the activity of uranium. The estimate of
uranium released to water was 7.94E-4 Ci (2.9E7 By) (0.1 g) for U-234, 3.73E-4 Ci {1.4E7 Bq)
(170 g) for U-235, and 7.87E-4 Ci (2.9E7 Bq) (24 kg) for U-238. Section 11, Special Studies,
orovides additional detzils regarding release of uranium io surface water.

Annual average uraninm ¢oncentrations decreased at storm water Qutfatls NP-0003 and
NP-0005. The decrease at NP-0003 is attributable to natural variations in precipitation and
substantial remediation of the watershed. The reduction at Outfall NP-0003 is due to the
management of discharges from Ash Pond and the removal of contaminated materials from Ash
Pond during 1998, Annual averages increased at Outfalls NP-0002 and NP-0010. The slight
increases are attributable to natural variations and precipitation patterns. Outfalls NP-0004 and

DOE/OR/21548-777, Rev. 0 4
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NP-0005 were added o the permit during 1998 so there is no past relevant data for comparison
purposes.

Missouri River sediment was monitored during 1998 in support of site and quarry water
treatment plant operations. Sediment samples were taken from the river both up and downstream
of the treatment plant discharges and anaiyzed for uranium. The sample resuits indicate that the
treatment plant discharges have caused no increase in uranium concentrations in river sediment.

Surface Water

Surface water monitoring in 1998 indicated that contaminant concenirations were within
historic ranges. No nitroaromatic compounds have been detected at the Femme Osage Slough in
the last three years; thus nitrcaromatic monitoring witl cease at the stough locations.

(rroundwater

The groundwater monitoring program included extensive monitoring for radiological and

- chemical compounds. Radiclogical results for the St. Charles County well field remained within

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

were found in groundwater monitoting wells south of the Femme Osage Slough, including the
well field, which is near the quarry.

Environmental groundwater monitoring indicaies that nitroaromatic and uranium
contamination is still present in the bedrock of the quarry rim and in the alluvial materials and
bedrock north of the Femme Osage Slough. Most sample locations near the quarry continue to
show decreases in nitroaromatic compounds and radioclogical parameters since the 1995
completion of quarry bulk waste removal,

During 1998, chemical plant groundwater total uranium, nitrate, and nitroarornatic
compound concentrations remained within historic ranges at most monitoring locations.  All
contaminant transport at the site continues to be confined to the uppertost, weathered portion of
the bedrock aguifer. Six monitoring locations north of Raffinate Pits 3 and 4 and in the Ash
Pond vicinity had elevated total uranitum and nitrate concentrations. These are likely temporary
respenses to remediation activities in the raffinate pits and Ash Pond. Trichloroethene levels are
dropping at several locaiions south of Raffinate Pits 3 and 4. A special study was conducted in
this area during 1998,

DOEOR2I548-773, Rev. O 5
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Biological

The U.S. Department of Energy (DOE) has completed the second year of wetland
monitoring at the DOE-funded mitigation wetland complex located on the August A Busch
Conservation area. Monitoring of this wetland wifl contime through 1999, Total uranium
meaitoring results for sunfish collected from Busch Lakes 33 and 35 were well within
background ranges. '

DOEORIZAS48-773, Rey. 0 6
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ABSTRACT

This Site Emvironmental Report for Calendar Year 1998 describes the environmental
monioring programs at the Weldon Spring Site Remedial Action Project (WSSRAFP). The
objectives of these programs are to assess actual or potential exposure to contaminant effluents
from the project area by providing public use scenarios and dose estimates, to demonstrate
compliance with Federal and State permitted ievels and regulations, and to summarize trends
and/or changes in contaminant concentrations identified through environmental monitoring.

In 1998, the maximum total effective dose equivalent {TEDE) to a hypothetical
individual who was employed full-time at the nearby Weldon Spring Ordnance Works {WSOW)
remediation project was 7.6 mrem (0.076 mSv). The maximum TEDE to a hypothetical
individual who frequents the Weldon Spring Vicinity Properties was 0.62 mrem (6.2E-3 mSv).
These estimates are below the LS. Department of Energy requirements of 100 mrem (1 mSy)
annual total effective dose equivalent for all exposure pathways.

The combined collective population dose equivalent for the population assumed to
frequent the Busch Memorial Conservation Area (160,000 individuals) and employees of the
MHTD facility (ning individuals) and WSSRAP administration building {300 individuals) was
1.43 person-rem (1.43E-2 person-Sv). Results from radiological air monitoring for the Maticnal
Emission Standards for Hazardous Air Pollutanmt (NESHAPs) program indicated that all
estimated total effective dose egquivalents were less than the U.S. Environmental Protection
Agency (EPA) standard of 10 mrem (0.1 mSv) per year.

Comprehensive monitering indicated that emissions of radiological compounds in
atrborne and surface discharges from the Weldon Spring site consisted primarily of Rn-220 gas,
Rn-222 gas, isotopes of thorium and radium and patural uranium. Airbome Rn-220 and Ra-222
emissions were estimated to be 14.2 Ci (5.2E11 Bq) and 2.8 Ci{1.0E11 Bg}, respectively. There -
was no measurable impact to any drinking water scurce from radionuclides.

Concentration limits are set for water pollutants in the NESDES permits. Parameters
were in compliance with the permit limits except on nine occasions. The pH limit was exceeded
twice and the settleable solids limit was exceeded five times. There were also two exceedences
of the fecal coliform limit at NP-0006 (sewage treatment plant} during 1998,

DOE/ORI21545-773, Rev. 0 i
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1. INTRODUCTION

The Weldon Spring Site Remedial Action Project {WSSRAP) is part of  the
U.S. Department of Energy {DOE) Environmental Restoration Program, one of the remedial
action programs under the direction of the DOE Office of Environmental Management, This
Weldon Spring Site Environmemal Report for Calendar Year 1998 summarizes the
environmental monitoring results obtained in 1998 and presents the status of Federal and State
compliance activities.

DOE requirements for envirommentai monitoring and protection of the public, the
mandate for this document, are designated in DOE Order 5400.1, General Environmental
Pratection Program; DOE Order 54005, Radiation Protection of the Public and Environment,
and the implementation guide for DOE Order 5400.5; Environmenial Regulatory Guide for
Radiological Effluent Monitoring and Frvironmental Surveillonce.

Tn 1998, environmental monitoring activities were conducted to suppett remedial action
under the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA),
the Clean Air Act (CAA), the National Exwvironmental Policy Act (NEPA), the Clean Water Act
{CWA), and other applicable regulatory requiretnents. The monitoring program at the WSSRAP
has heen designed to protect the public and to evaluate the effects on the environment, if any,
from remediation activities,

The purposes of the Weldon Spring Site Environmenial Report for Calendar Year 1998
include: :

» Providing general information on the WSSRAP and the current stams of remedial
activities,

» Presenting summary data and interpretations for the 1998 envirenmenta! monitoring
program.

¢ Providing information regarding ongoing remedial actions.

+ Reporting compliance with Federal, State, and local requirements and DOE
standards.

» Providing dose estimates for radiological compounds as appropriate for the
WSSRAP.
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¢ Summarizing trends and/or changes in contaminant concentrations to support
remedial actions, ensure public safety, and maintain surveillance monitoring
requirements.

1.1 Site Description

The Weldon Spring site is located in southern St. Charles County, Missouri
approximately 48 km {30 mi) west of 8t. Louis (Figure 1-1). The site consists of fwo 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 quartry is restricted by locked chain-
link fences with on-site security.

The Weldon Spring Chemical Plant i3 a 67.2 ha (166 acre} area that operated as the
Weldon Spring Uranium Feed Materials Plant (WSUFMP) until 1966, Buildings were
contaminated with asbestos, hazardous chemical substances, uranium, and therium. (Building
dismantlement was compleied in 1994) Radiological and chemical (polychlorinated biphenyls
{PCBs], niircaromatic compounds, metals and inorganic ions) 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 consist of four settling basins that cover appmximately 10.5 ha {26 acres) (Figure 1-2).
These pits are radiologically contaminated with uranium and thorium residues and chemlc:al
contaminants including nitrate, fluoride, PCBs, and various heavy metals.

The Weldon Spring Quarry is a former 3.6 ha (¢ acre) limestone quarty located south-
southwest of the chemical plant area {Figure 1-3). The quarry is essentially a closed basin;
surface water within the rim flows to the quarry floor and into a sump. The amount of water in
the sump varies in response to quarry water treatment plant operations and precipitation. The
quarry bulk waste removal operation was completed in 1995, The bulk waste contained
radiological and chemical contaminants including uranium, radium, thorium, metals, nitrates,
PCBs, semivelatile organic compounds, nitroaromatics, and asbestos.

1.2 Site History

From 1941 to 1945, the U.S. Department of the Army produced trinitrotoluene {TNT)
and dinitrotoluene (DNT) at the Weldon Spring Ordnance Works, which covered 5,974 ha
(17,233 acres) of land 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 (agriculhiral land). Except for' several
small parcels transferred to St. Charles County, the remaining property became the Army
training area.

Through a Memorandum of Understanding between the Secretary of the Army and the
(General Manager of the Atomic Energy Commission (AEC), 83 ha {205 acres} of the former

DOE/CR/21548-773, Rev. 0 2
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ordnance works property were transferred in May 1955 to the AEC for construction of the
Welden Spring Uranium Feed Materials Piamt (WSUEMP), 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 uraninm ore concentrates to pure uranium trioxide, intermediate
compounds, and wranium metal. A small amount of thorinm 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 manufacture 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 used in the construction of the ordnance works. The
AEC used the quarry from 1963 to 1969 as a disposal area for uranium residues and a small
amount of thorium residue. Material disposed of in the quarry during this time consisted of
building rubble and soils from the demolition of a uranium ore processing facility in St. Lows.
These materials were contaminated with urasium and radium, Other radioactive materials in the
quarry include drummed wastes, uncontained wastes, and contaminated process equipment.

The WSUFMP was shut down in 1966, and in 1967 the AEC retumed the facility to the
Army for use as a defoliant production plant to be known as the Weldon Spring Chemical Plant.
The Army started removing equipmemt and decontaminating several buildings in 1968,
However, the defoliant project was canceled in 1969 before any process equipment was installed.
The Army retained responsibility for the land and faciliies of the chemicai plant, but the 20.6 ha
{51 acre) tract encompassing the Weldon Spring raffinate pits was transferred back to the AEC.

The Weldon Spring site was placed in caretaker status from 1981 throngh 1985, when
custady was transferred from the Army to the Depariment of Energy. In 1985, the DOE
proposed designating control and decontamination of the chemical plant, raffinate pits, and
guarry as a major prajeci. A Project Management Contractor (PMC) for the Weldon Spring Site
Remedial Action Project was selected in February 1986, In July 1986, a DOE project office was
established on site, and the PMC, MK-Ferguson and Jacobs Engineering Group, Inc., assumed
control of the site on October 1,.1986. The quarry was placed on the Environmental Protection
Agency's National Pricrities List (NPL) in July 1987. The DOE redesignated the site as a Major
System Acquisition in May 1988. The chemical 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 Remedial Investigation for the Chemical Plamt Area of the Weldon Spring Site (Ref. 2},
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1.3 Geology and Hydrogeology

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

The uppermost bedrock units underlying the Weldon Spring Chemical Plant are the
Mississippian Burlington and Keokuk Limestone. Overlying the bedrock are unlithified units
consisiing of fill, top soil, loess, glacial tili and limestone residuum of thicknesses ranging from a
few feet 1o several tens of feet.

There are three bedrock aquifers nnderlying St. Charles County. The shallow aquifer
consists of Mississippian Limestones and the middle aguifer consists of the Ordovician
Kimmswick Limestone. The deep aguifer includes formations froin the top of the Ordovician
St. Peter Sandstone to the base of the Cambrian Potosi Dolomite. Alluvial aquifers of
Quatemary age are present near the Missouri and Mississippi Rivers.

The Weldon Spring Quarry is focated in low limestone hills near the northern bank of the
Missouri River. The mid-Ordovician bedrock of the quarry area includes in descending order,
the Kimmswick Limestone, Decorah Formation, and Plattin Limestone. These formations are
predominantly limestone and delomite. Near the quarry, the carbonate rocks dip to the northeast
at a gradient of 11 m/km to 15 m/km (58 fi/mi to 79 fi/mi) (Ref 4). Massive quaternary deposits
of Missouri River alluvium cover the bedrock to the south and east of the quarry.

1.4 Surface Water System and Use

The chemical plant and raffinate pits area is located on the Missouri-Mississippi River
surface drainage divide (Figure 1-4). Elevations on the site range from approximately 185.4 m
(608 ft} above mean sea level (msl) near the northern edge of the site to 205 m (673 ft) above msl
near the southern edge. The topography of the site is gently undulating in the upland areas,
typical of the Central Lowlands physiographic province. South of the site, the topography
changes to the narrow ridges and valleys and short, steep streams cotmmon to the Ozark Plateau
physiographic province (Ref 3). There were eight surface water bodies at the chemical plant
area during 1997, four raffinate pits, Ash Pond, Frog Pond, the chipped wood storage area pond,
and the material staging area (MSA) pend. Portions of Ash Pond were capped in late 1994, and
as a result, Ash Pond does not accumulate water unless the valve on the discharge structure is
closed. The capacity of Frog Pond was permanently reduced in 1995 when the water level was
lowered to allow remediation adjacent to the pond.

DOEMORZ1548-T73, Rey, 7
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No natural drainage channels traverse the site, although remnants of a channel through
the Ash Pond area are present. Drainage from the. southeastern portion of the site generally
flows southward to 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 Angust A Busch Memorial
Conservation Area are used for public fishing and boating. Ne swimming is allowed in the
conservation area, although some may occur. No surface water is used for irmigation or as a
public drinking watet supply. The northern and westemn portions of the site, including the Frog
Pond and Ash Pond areas, drain to tributaries of Busch Lakes and Schote Creek, which in turn.
enter Dardenne Creek, which ultimately drains to the Mississippi River.

Four sedimentation basins minimize the discharge of sediment from ihe site during
remediation efforts. One basin is downsiream of Ash Pond and collects Ash Pond munoff water
as well as all waters that discharge af Outfall NP-0003 {see Section 7). A second basin coflects
most water from the northeast section of the site and discharges to OQutfall NP-0002. The third
hasin collects water from the site water treatment piant area and discharges tc Cutfall NP-0005.
The feurih is just upstream of NP-0010 and collects runoff from a portion of the CMSA,

The Weldon Spring Quarry is situated on a bluff of the Missouri River valley about
1.6 km (1 mi) northwest of the Missouri River at approximately River Mile 49. No direct
gurface water runoff enters or exits the quarry due to the topography of the area. A 0.07 ha
(0.2 acre) pond within the quarry proper acts as a sump that accumulates both direct rainfall
within the quarry and the groundwater. Past dewatering activities in the quarry suggest that the
sump interacts directly with the local groundwater. Bulk waste removal, which included
removal of some sediment from ihe sump area, was completed at the quarry during 1995, The
surface area of the sump remains at 0.07 ha (0.2 acres). The guarry 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 (1.5 mi) section of the original Femme Osage Creek and Little Femme Osage Creek. The
University of Missouri dammed portions of the creeks between 1960 and 1963 during
construction of 2 levee system around the University's experimental farms {Ref. 4). The slough
receives contaminated groundwater migrating from the quamy, cansing increased uranium
concentrations in the slough. The slough is used for recreational fishing.

1.5 Ecology
The Weldon Spring site is surrcunded primarily by State Conservation Areas that include

the 2,828 ha (6,988 acre) Busch Conservation Area to the north, the 2,977 ha (7,356 acre)
Weldon Spring Conservation Area to the east and south, and the Howell Island Conservation

DOEORR1548-773, Rev. O 9




WELDON SPRING SITE EMVIRONMENTAL REPORT FOR CALENDAR YEAR 1998 07500

Area, an island in the Missouri River which covers 1,031 ha (2,548 acres) (Figure 1-4). The
wildlife areas are managed for multiple uses, including timber, fish and wildlife babitat, and
recreation. Fishing comprises a relatively large portion of the recreational use. Seventeen
percent of the area is open fields that are leased to sharecroppers for agricultural production. In
these areas, a percentage of the crop is left for wildlife use. The main agricultural products are
corn, soybeans, milo, winter wheat, and legumes (Ref 5} The Busch and Weldon Spring
Conservation Areas are open year-round, and the number of annual visits to both areas totals
ahout 1,200,000,

The quarmry is surrounded by the Weldon Spring Conservation Area, which consists
primarily of forest with some old field habitat. Prior to bulk waste removal, the quarry floor
gonsisted of old-field habitat containing a variety of grasses, herbs, and scattered wooded areas.
Since bulk waste removal began this habitat has been disturbed. The rim and upper portions of
the quarry still consist primarily of stope and upland forest including cottonweod, sycamore, and
oak (Ref 4).

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 cause 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 unusual
Occasional mild periods with temperatures above freezing occur almost every winter and cool
“weather interrupts periods of heat and humidity in the summer {Ref. 8).

The National Oceanic and Atmospheric Administration has pubtished the following
information based on analysis of long-term meteorological records for the 8t Louis arga. Taking
into account the past 30 years of data, the average annual temperature is 13.4 C (56.1°F). The
average daily maximum and minimum temperasures are 18.6°C (65.4 F) and 8.2°C (46.7°F),
respectively. Maximum temperatures above 32.2°C (90 ¥) occur 35-40 days per year. Minimum
daily temperatures below 0°C (32 F) cceur about 100 days of the year. Temperatures below -
18°C (0°F) are infrequent, occurring only 2-3 days per year. Mean annual precipitation in the
area is approximately 95.0 cm (37.5 in.).

Wind data recorded on site since 1994 indicate that prevailing windg are from the south
and southwest. The average recorded wind speed is 2.9 m/s (6.6 mph) from the scuth-souttrwest.

The meteorological station located at the chemical plant provides data to support site
environmental monitoring programs. The station provides data on wind speed, wind direction,
ambient air temperature, relative hzmidity, solar radiation, baremetric pressure, and precipitation
accemulation  Data from this station are used to assess meteorclogical conditions and air
transport and diffusion characteristics, which help determine possible impacts of airborne
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contaminant releases. In addition, precipitation data are used to correlate water level fluctuations
and contaminant concentrations in surface water and groundwater wells.

On-site meieorological data recovery exceeded 99% in 1998. The quality of all data was
assured by a qualified off-site meteorologist. Averages and totals are presented in Table 1-1. An
annual wind rose is presented as Figure 1-5. Figures 1-6 through 1-9 are wind roses for each
quarter of 1998,

Table t-1 Manithiy Metaurulu_gicai Mnnitoring Results for 1208

TOTAL PRECIP AVERAGE TEMP AVERAGE WIND | PREDOMINANT WIND
MONTH {CM} {DEGREES C) SPEED [M{SEC) DIRECTION
January 8.7 2.2 2.8 5
February 11.5 58 3.0 M
March 15.7 G.0 38 MW &
Bpril 10.8 12.8 2.5 Ny
May 7.1 211 . 2.5 5
Juna 21.7 - 2332 - 29 SswW
Lty 15.4 250 1.8 EEW
August 39 ' 24.8 1.8 SSW
September 11.1 226 2.0 SSW
Qctober 101 14.8 2.2 S5W
November 7.4 ki . 31 S5
Deacamber 28 2.6 __ 27 SSwW
Annual 126.0 (42.81in.) 14.2 (57.6°F) 2.7 {5.99 mph) S5W 12.8%
AveragefTotal
1.7 Land Use and Demography

The population of St. Charles County in 1997 was 264,275, Twenty percent of the
population lives in the city of St. Charles, approximately 22.4 km {14 mi) northeast of the
Weldon Spring site. The population in St. Charles County increased by 20% from 1990 to 1997,
The twe communities closest to the site are Weldon Spring and Weidon Spring Heights, about
3.2 km (2 mi) to the northeast. The combined population of these two communities in 1996 was
1,265. No private residences exist beiween Weldon Spring Heights and the site. Urban areas
cccupy about 6% of county land, and nomurban areas occupy 90%; the remaining 4% is
dedicated to transportation and water uses (Appendix A).

Francis Howell High School (FHHS) and the Missouri Highway and Transportation
Department (MHTD)} Weldon Spring maintenance facility are both within 1 km {0.6 mi) of the
site {Figure 1-4). Francis Howel! High Schocl is about 1 km (0.6 mi) northeast of the site along
Missouri State Route 94. The school employs approximately 140 faculty and staff, and about
1,660 students attend school there (Appendix A). Students and staff generally spend about
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7 hours to 8 hours per day, 36 weeks per year, at the school. At least 9 employees work at the
school year-round. The buildings are aiso used for other activities, such as athletic events and
schocl meetings. In addition, there were spproximately 45 full-time emplovees worked at the
high school annex during 1998. The MHTD facility, located adjacent to the north side of the
chemical plant, employs nine full-time employees (Appendix A).

About 300 ha (’?41 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
rescarch park. The conservation areas adjacent to the WSSRAP are operated by the Missouri
Department of Conservation and employ about 45 employees. The Army Reserve Training Area
15 located to the west of the WSSRAP and periodically visited by the Department of Army
{DOA) trainees. One DOA full time employee works at the office on the reserve property.
During 1998, approximately 13¢ to 13¢ subcontract workers were involved in remedial
operations (Appendix A).
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2, ENVIRONMENTAL PROTECTION/RESTORATION PROGRAM OVERVIEW
2.1 Project Purpose

The U.S. Departrient of Energy (DOE) is responsible for the remed:ial action activities at
the Weldon Spring site. The project is known as the Weldon Spring Site Remedial Action
Project (WSSRAP). The major goals of the WSSRAP are to eliminate potential hazards to the
public and the environment posed by the 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.5. Environmental Protection Agency (EPA) oversight
under the Comprehensive Environment Response, Compensation amd Liability Act (CERCLA).
Remedial actions at the site are subject to CERCLA requirements because the site is listed on the
EPA Naticnal Priorities List (NPL). Section 3 of this document further discusses applicable
Federal, State, and local compliance requirgments and the cutrent status of compliance activities
at the Weldon Spring site and incorporating National Environment Policy Act (NEPA) values
into CERCLA documents as outlined in the secretarial policy statement on NEPA.

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 inte the following four separate operable units:
Weldon Spring Quarry Bulk Waste, Weldon Spring Chemical Plant, Groundwater, and Quarry
Residuals. The Weldon Spring Quarty Bulk Waste Operable Unit included all wastes deposited
in the quarry and their removal The Weldon Spring Chemical Plant Operable Unit includes the
buildings, soils, raffinate pits, quarry bulk wastes that have been relocated to the temporary
storage area (TSA), and swrface waters within the chemical plant boundary and vicinity
propertics. The Groundwater Operable Unit inchudes the groundwater at the chemical plant and
vicinity areas. The Quarry Residuals Operable Unit includes the quarry proper (post-bulk waste
removal), surrounding areas, surface waters, and groundwater.

2.3 Envirenmental Monitoring Program Overview

The overall goal of the WSSRAP is different from that of most operating and production
facilities for which DOE Order 5400.1, Gemeral Emvironmental Protection Program, was
developed. At the WSSRAP, environmental monitoring is conducted as required by DOE
Order 5400.1 i¢ measure and monitor effluents and to provide surveillance of effects on the
environment and public health. In addition to these objectives, environmental monitoring
activities support remedial activities under CERCLA. This requires a careful integration of
WSSRAP activities to implement all the environmental and public health requirements of the
CERCLA, DOE orders, and other relevant Federal and State regulations.
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. The WSSRAP also complies with DOE Order 5400.1 requirements for preparation and
maintenance an Environmental Monitoring Plan (EMP) (Ref. 8), The EMP details the schedule
and analyses for performing effluent monitoring and surveillance activities.

The WSSRAP environmental protection program involves radiological and chemical
envirenmental monitoring and is separated into two distinct functions; effluent monitoring and
environmental surveillance. Effluent monitoring assesses the quantities of substances in
environmental media at the facility boundary, in contaminant migration pathways, and in
pathways subject to compliance with applicable regulations (e.g., National Emission Standards
for Hazardous Air Pollntants [NESHAPs]). Environmental surveillance consists of analyzing
environmenta! conditions within or outside the facility boundary for the presence and
concentrations of site contaminants. The purpose of this surveillance is to detect and/or track the
migration of contaminants. Surveillance data are used tc assess the presence and magnitude of
radiclogical and chemical exposures and to assess the potential effects to the general public and
the environment.

The WSSRAP radiological environmental momtoring program involves sampling various
media for radiclogical constituents; primarily UU-234, 1-238, Ra-225, Ra-228 Th-230 and
Th-232. These radioonuclides are the primary radiological contaminants of concern at the
Weldon Spring site. Radiclogical monitoring is conducted routinely at perimeter locations and at
off-site locations near the chemical plant and quarry for air particulates, ambient gamma
radiation, and raden. Radiological monitoring is alse conducted on National Pollutant Discharge
Elimination System (NPDES) discharges, streams, lakes, ponds, groundwater and springs.

Chemical environmental monitoring is primarily conducted at the chemical plant and
quarry areas, but also includes monitoring at off-site locations to confirm that no releases have
occurred. The nonradiological compounds included in the routine 1998 monitoring program are
metals, inorganic ions (nitrate and sulfate) and nitroaromatic compounds., Other non-radiological
paramegters monitored as part of the environmental monitoring program include asbestos at site
perimeter air monitoring locations.

2.4 Project Accomplishments in 1998

Several activities were completed in 1998 under the overall plan for remediation of the
site. Major accomplishments for the units are detailed below.
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2.4.1 Weldon Spring Chemical Plant Operable Unit
2.4.1.1 Site Water Treatment Plant

Ongoing discharges. of treated water into the Missouri River have consistently been
below the effluent standards set forth in the conditions of the chemical plant’s NPDES permit.
During 1998, 167,676,000 liters (44.3 million gallon) of contaminated water were treated and
discharged.

2.4,1.2 RCRASTSCA Storage

The Resource Conservation and Recovery Act (RCRA) and Toxic Substances Control Act
(TSCA) facilities include Building 434 and the TSA. '

Activities at Building 434 included the compaction of radiological waste, compaction of
polychlorinated biphenyl (PCB) waste, organic waste treatability study using solvated electron
technology (SET), prepatation of PCB capacitor materials for SET treatment, full-scale
macroencapsulation treatment for 38 containers of RCRA inorganic debris, and the inspection
and preparation of wastes for treatment and/or disposal.

Activities at the TSA inciuded emptying of filtercake containers, full-scale chemical
stabilization treatment of 295 containers of RCRA inorganic solids, fill-scale
macroencapsulation treatment for 151 containers of RCRA inorganic debris, full-scale waste oil
stabilization treatment, and staging of nonhazardous and hazardous wastes prior o treatment
andfor placement in the disposai cell.

2.4.1.3 Disposal Cell

Phase I of the disposal cell was completed in early 1998 and waste placement activities
commerced in March 1998, In total, 701,656 cu vd of contaminated material were placed in the
cell through December 1998,  Placed material included CSS8 grout, containers of
macroencapsuiated RCRA hazardous debris, nitrcarematically contaminated soils that had been
treated by an in situ CSS process, construction debris, shredded metal debris, and contaminated
soil.

Phase IT of the disposal cell was substantially complete in 1998. Activities included
starter dike and berm construction, and placement of liners, leachats collection removal system
(LCRS) piping, and gravel layers. Leachate is currently being discharged to Retention Basin 2.

The WSSRAP-Modified Toxicity Characteristic Leaching Procedure (TCLP) sampling
effort was extended to include proposed treatment strategies for residual sludge from Raffinate
Pit 4. An updated report is currently under development.
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Semi-annual groundwater compliance monitoring for the disposal cell was initiated in
Juiy 1998. The second sampling event occurred in December 1998, Analytical data for this
effort can be found in Section B, Groundwater Monitoring.

2.4.1.4 Chemical Stabilization/Solidification Full Scale

Raffinate sludges, which were a waste product from the uranium refining process, were
determined to require treatment to form a structurally stable product before the sludges could be
placed in the disposal cell. During development of the chemical plant Record of Decision (ROD)
{Ref 9), on-site CSS was identified- as the most effective technology for treatment of the
contaminated sludges. Inthis process, fly ash and Portland cement are mixed with the sludges to
produce a grout product that is suitable for permanent placement in the disposal cell.

To provide design datz for the full-scale CSS plant, a pilot-scale facility was constructed
in 1994 and 2 testing program, including dredging, was implemented i 1995, The pilot testing
data and related conclusions and recommendations were used to design the full-scale CSS plant.

The full scale plant began construction in May 1597 and was completed in February
1998. Commissioning and functional testing took place in the next couple months and full-scale
operations began in July 1998, The plant resembles a concrete plant engineered to efficiently
handle sludge and binder to produce grout white conirolling particulate and radon emissions. On
November 13, 1998, the CSS plant completed dredging and processing sludge from the raffinate
pits. Approximately 122,000 cu vd of sludge was treated through the CSS and piped directly to
the cell as grout.

2.4.1.5 Raffinate Pits

Biodenitrification activities in Raffinate Pits 1, 2, and 3 destroyed 370 tong of nitrates that
were bonded in raffinate pit sludges. The north end of Raffinate Pit 4 was remediated and
confirmed clean. The 28,863 cu yd of sludge in the southern end were treated and removed. A
report on the Resufis of the Engineering Soil Sampling for Weldon Spring Raffinate Pits 1 and 2
was completed, and a report titled the Results of Engineering Soil Sampling Weldon Spring
Raffinate Pits 3 and 4 is currently being written and includes all the berms and northern bottom
of Raffinate Pit 4.

2.4.1.6 Mixed Waste

. The Federal Facility Complisnce Act, signed on October 6, 1992, waived sovereign
immumity for fines and penalties for RCRA violations at Federal facilities; however, the Act
postponed the waiver for 3 vears for Land Disposal Restriction (LDR) storage prohibition
violations for the DOE’s mixed wastes and required the DOE to prepare plans for developing the
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required treatment capacity for its mixed waste at each site where it stored or generated mixed
waste. Each plan was required to be approved by the State or EPA by October 1995, The
WSSRAF Site Treatment Plem (Ref. 10% was completed and approved by the required deadline.

The mixed waste inventory at the WSSRAP, which was the subject of the Site Treatment
Flom, included reactives, oxidizers, organic fiquids and sludges, PCB contaminated wastes, soils,
wastewaters, liquid mercury, toxic metal contaminated wastes, and sludges, and debris. ~The
quantity included 898 drums; three 96-cu vd containers; 92 20-cu yd containers; nine containers.
ranging in size from 3, 4 and 10-cu yd containers; 4,600 gal of bulk wastewater, and 4,700 cu vd
of soil. .

Table 2-1 lists the types and quantities of wastes, treatment technologies, milestones, and
treatment dates.

Treatment of the Site Treatment Plan mixed waste inventory at the WSSRAP was
completed in October 1998.

2.4.2 Weldon Spring Quarry Bulk Wastes Operable U nit
This operable unit was officially closed out in April 1997,
2.4.2.1 Quarry Water Treatment Plant

During 1998, the quarry water treatment plant (QWTP) treated and discharged to the
Missouri River approximately 17,411,052 liters (4.6 million gallon) of water that met the effluent
standards set forth in the NPDES permit for the Weldon Spring Quanry.

2.4.3 Weldon Spring Quarry Residuals Operable Unit

In September 1998, the Record of Decision for Remedial Action jor the Quarry Residuals
Cperable Unit at the Weldon Spring Site (Ref. 11) was signed by the EPA and the DOE. The
selected remedy for the Quarry Residuals Operable Unit is long-term groundwater monitoring
with institutional centrols on groundwater usage in the vicinity of the guamy proper. In
conjunction with this action, additional field studies will be performed to support the decision for
long-term monitoring and io evaliuate the need for, and effectiveness of, removal of uranium
from the groundwater north of the slough. Included in this field study will be the installation of
an interceptor trench to be operated for a period of up to 2 years. Soil characterization in the
northeast corner and ditch near the transfer station will be conducted. If additional soil removal
is warramted, it will be performed under a subsequent response action.
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2.4.4 Weldon Spring Groundwater Operable Unit .

A long-term pumping test was performed in the area of trichlorothylene (TCE) impact to
evaluate potential groundwater remediation methods (Ref 12). Resuvlts indicate that the
transmissivity of the aquifer in the area impacted by the TCE was higher than expected, but due
to structural controls on the recharge to this area, dewatering of the aquifer occurred. Evaluation
of conventional pump-and-treat fechnologies indicates that this may not be the most effective
method for possible remediation of this area. This data was utilized in the issuance of the
Proposed Plan (Ref. 13). '

The final Feasibility Study (Ref 14) was issued in December 1998. The preferred
alternative outlines long-term monitoring in conjunction with in situ treatment of porticns of the
shallow agquifer impacted by TCE.

2.5 Incident Reporting - Environmental Occurrences in 1993

Int accordance with DOE Order 5400.1, Chapter 11, Z.{b}, ficld organizations are required
to prepare anmual summary reporis on environmental occurrence activities and to report this
information in the annual site environmental report.

In 1998, 17 off-normal eccurrences of an environmental nature were reported under DOE
Order 232.1A, Occurrence Reporting and Processing of Operations Information. Tabie 2-2 lists
these environmenta! occurrences for 1998, and a short description of each ocourrence is provided
in the following paragraphs.

Table 2-2 Environmental Qeeurrences CY 1988

OCCURRENCE REPORT NUMBER OCCURRENCE DATE SUBJECT OF OCCURRENCE

1988-0004 0216198 NPDES permit axcesdsnce

1888-00094 03/08/98 WPDES pemnlt exceedence

18998-00088 0311495 NPDES pemmit sxceedence

1888-0011 02/26/98 Failure to report interim Tier |1
EPCRA repart

10088-0014 06/05/98 NFDES permit exceedence.

1998-0017 QE/2E/G8 Frocess grout sprayad contamination

_ into a uncantrotled area.

198980023 O7f22/88 MNFPDES permit exceedence.

1998-0024 07124188 NPLES parmit eaxcaadence.

19980025 DTr29ma Grout released outside the contratied
aleE.

1998-0028 07/31/98 NPDES permit exceedence.

1958-0024 08/M12/98 Material box slid off truck.
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Table 2-2 Environmental Occumences CY 1988 {(Confinued)
[ ©ECURRENCE REFORT NUMBER OCCURRENCE DATE SUBJECT OF OCCURRENCE
1998-001 09/03/08 ' Unexpacted chemical reaction
oceurred during waste il
. stabllization process
1998-0033 09/24/95 Contaminsted sludge water spllled
on roadway in uncontrolied area,
1B88-0035 10/07/98 Ciesel spill from water truck fusl lina.
1 D08-0036 10/Q7/28 NPDES panmnilt excaedenta,
199530038 10/29/88 NPDES pemmit exceedencs,
1998-0039 110448 . NPDES permit exceedenca,

Oceurrence 1998-0004 involved a sample of hydrostatic test water from the CS8S
production facility on February 9, 1998, Sampling personnel neglected to measure the pH as
required by the permit. The samples were analyzed at an off-site laboratory for pH and TSS.
The sample results showed the upper limit for pH was 9.08, which is over the permitted limit.
The Project Management Contractor (PMC) suspected that the potable water from the water
district ranges above 9.0, which may be the reason for the above normal pH. The PMC
contacted the water company and, they were informed that the pH of the water from the plant
ranged from 8.8 to 9.1, indicating that the above 5.0 is most likely due to the supply. A
notification letter was submitted to the Missouri Department of Natural Resources (MDNR).

Occurrence 1998-0009A, involved a sample of hydrostatic test water from the CS8§
production facility on March 6, 1998, The sample results showed total suspended sclids were
113 mg/l. This is over the permitted limit for total suspended sclids; therefore, a notification
letter was submitted to the MDNR.

Occurrence 1998-00098 involved an additional sample of hydrostatic test water from the
CS8 production facility. The sample results showed total suspended solids were 141mg/l. Thig
is over the permitted hmit for total suspended solids; therefore, & notification letter was
submitted ta the MIINE.

Occurrence 1998-0011 involved submitting Tier II reports in compliance with the
Emergency Planming and Community Righi-To-Know Act (EPCRA). It was discovered that
while the annual reports have been submitted, the interim reports have not been submitted since
1595, The Interimn Tier H r¢ports contain the same information as the Annual Tier II reperts;
however, the information did not get sent i the Missouri Emergency Response Commission
(MERC), the Locai Emergency Planning Commission (LEPC- St. Charles County Emergency
Managemem Agency), and the Cottleville Fire Department within the specified time period. A
letter was sent to the MERC from the DOE Project Manager regarding these discrepancies. The
letter was carbon copied to the LEPC and the Cotileville Fire Department.
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Qcourrence 1993-0014 involved a sample coliected from Outfall NP-Q003 after a 1in.
rainfall event on June 4, 1998, The semple result showed settleable solids were 125 ml/thr with
a flow of 300 gal per minute. This is over the permitted limit for settleable solids; therefore, a
notification letter was submitted to the MDNE. :

Occurrence 1998-0017 involved grout samples that were taken at the CSS plant. The
samples were being collected in a 5-gallon bucket with a lid. The lid has a hole in the top to
allow the sample line to penetrate the opening to prevent splattering. As the sampler opened the
valve, the grout line surged and released grout into the bucket. The lid of the bucket popped up
allowing grout to be splattered on the sampling personnel. No contamination was detected on
persennel. Contaminated grout was detected in the uncontrolied area.

Oceurrence 1998-0023 involved a sample collected from Outfall NP-0003 after 2 1 in.
rainfall event on June 4, 1998, The sample result showed settleable solids were 125ml/V/hr and
total suspended solids were 514 mg/l. Arsenic and lead were above baseling, but below 100 pg/l.
The chromium level for the sample was 111 pgfl The nefification level in Special Condition
C.1 of NPDES Permit MO-G107701 is 160 pg/l, and the baseline value is 11.65 pg/l. Because of
the high metal levels at the cutfall in conjunction with the high solids ievels, it is suspected that
the elevated levels are the result of the high solids levels. The elevated chromium level may also
be a result of soil and debris removal from Ash Pond. These data were analvzed on June 16,
1998; however, the chromium exceedence was not recognized until July 20, 1998 (turnaround of

data from the laboratory). Therefore, this is a roll-up to a previously approved cccurrence report
{Occarrence 1998-0014).

Occurrence 1998-0024 involved a compliance sample for sewage treatment plant
effluent. The instantaneous flow was 10 gal/minute and the water clarity was slightly turbid.
Total Residual Chlorine was 0.06 mg/l. Biochemical Oxygen Demand and Total Suspended
Solids samples were composite samples and pH and fecal coliform were grab samples as
required by the permit. The fecal coliform was 1,200 colonies per 100 ml with a duplicate
yielding 1,160 colonies per 100ml. The permitted daily maximum is 1,000 colonies per 100 mi.
The required letter was sent to the Missour: Department of Natural Resources.

Ocourrence 1998.0025 involved pumping grout from the CSS8 plant into the disposal gell
from boom trucks A and B. The boom trucks were releasing grout in a semicircular manner in
order to construct a berm for continued grout placement advancing northward. As the A boom
truck in the southwest region of the ceil was releasing grout from the boom in an east to west
direction, the operator fell asleep. The boom traveled cutside of the designated placement area
and onto the temporary road and continved to release grout. Treated grout was deposited cutside
of the Restricted/Contamination Ares into an uncontrolled area. The grout was approximately
8 ft outside the Restricted/Contemination Area, but did not flow outside of the disposal cell
berm, At the time of the incident, an employee was in the immadiate area performing an
inspection on the B boort truck. On noticing the A boom truck traversing outside the restricted
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area, the employee proceeded to the A boom truck and woke the operator. The area where the
treated grout was deposited outside the Restricted/Contamination Area was immediately roped
off and redesignated as a “Restricted/Contamination Area” The contamination exceeded
10 CFR 8335, Occupational Radiation Protection levels. -

Occourrence 1998-0028 involved an NPDES compliance collected from Qutfall NP-0004.
The watershed flowing to the outfall includes the remediated portion of Raffinate Pit 4 as well as
5 acres outside the pit that includes roadways and the cutside of the remaining Pit 4-berm. The
sample was collected during heavy rains and the flow was estimated at-1,000. gpm. The water
was very turbid and the settleable solids were 6.0 mi/i/hr. The permit limit for settleable solids is
1.0mi/Vhr; therefore, the sample was out of compliance with the permit limit for settleable solids.
The MDNR was notified of the permit violaticn,

Qceurrence 1998-0029 involved an oversized material box (4 cu yd box) that had been
filled about two-thirds full with contaminated debiis and was loaded onto the back of a stakebed
truck, The box was being transported to the disposal cell for placement inside of the
contamination area. The bed of the truck was lined with plastic to prevent the potential for cross-
contamination. Due to a protruding drain pipe on the material box, the sideboards of the bed
were removed. While enroute, the truck turned on a rock road ramp leading to the cell and the
material box slid and fell off the left side of the truck bed. The box spilled approximately 70 gal
of contaminated material onto the ground in an uncontrolled area. The area was immediately
roped off and the spill was contained. No personnel were contaminated. The primary
contaminant in the sludge was Th-230. The contamination exceeded 10 CFR 835 criteria.

Occurrence 1998-0031 involved stabilizing drums of waste oil at the TSA with granular
clay. Four roll-off boxes with 8,000 Ibs of oil dry were set up and the laborers proceeded to mix .
waste oil with oil dry in the first roll-off box. After adding the contents of the first. drum, a
smoke with fizzing was observed coming from the mixture. The PMC suggested stimring the
mixture; however, the smoke got worse. Water was then poured on the mixture and the smoke
dissipated. One laborer had some of the waste material from the drum splash on the top of his
right thigh and felt heat through his personal protective clothing. Once the smoke had dissipated,
the workers notified the construction engineer of the incident and stopped work. In addition, two
{aborers working at an adjacent location reported seeing a smoky/dusty cloud over et the TSA
and complained of irritated throats to the Construction Enginger. There were no personal
injuries or illness associated with this ocenrrence.

QOccurrence 1998-0033 involved a container carrying oversize material from the scalping
screens that was being hauled by a forklifi to the disposal cell. A lid was on the container to
keep the rainwater from entering the box during storage (the lid was in the up position during
transportation). On the return trip back to the CS8 facility, both the operator and laborer noticed
several areas of spilled material on the roadway (uncontrolled area). The contamination
exceeded 10 CFR 835 criteria.
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Ocourtence 1998-0035 involved a mechanic discovering that a fuel line had been
damaged on a Kenworth water truck and had leaked approximately 75 gal of fuel. The spill
occurred while the truck was parked in the Ash Pond equipment staging area. The spill occurred
outside a permitfed containment area and was greater than 42 gal.

Occurrence 1998-0036 involved a sample that was collected from Ouifall NP-0004
shortly after a very heavy rain event. ‘The off-site laboratory analyzed the sample on August 14,
1958; however, the results were not reported 1o the site until October 7. The results showed total
suspended solids were 13,000 mg and settleable solids were 6.0 ml/l/hr. The concentrations for
total metals were above the 100 pg/l notification level for toxic pollutants. The MDNR was
notified of the permit violation.

Occurrence 1998-0038 involved a quarterly compliance sample that was collected from
the sewage treatment plant outfall (NP-0006). Fecal coliform was out of compliance at
3,900 colonies/100 ml with a duplicate result of 4,680 celonies/100 ml. The daily maximum
limit is 1,000 celonies /100 ml. A letter was sent to the MDNR reporting the exceedence.

Occurrence 1998-0039 involved a quartesly NPDES compliance storm water sample that
was collected at NPDES ocutfall NP-0004, Setileable sclids and pH analyses were conducted on
site. The settleable solids were in compliance at <G.1 ml/Vhr (limit is 1.0}, but pH was out of
compliance at 9.34 units {permitted range is 6.0 to $.0). The sample was analyzed again with a
result of .24 and a third time on a different meter with a result of 9.75 (after an extended time).
A gross analysis with a pH strip also supported thr. pH being above 9.0. A letter was sent to the
MDNR reporting the exceedence.

2.6 Special DOE Order Related Programs

In addition to the direct program requirements and documentation required under DOE
Order 5400.1, the DOE order specifically requests that other programs be presented in the annual
site envirenment report, including the proundwater protection management program, the
meteorological monitoring program, and the waste minimization and pollution prevention
program. This section also addresses other programs, under DOE Order 5482.1B, such as self
assessments, the radiological control program, and the surface water management program at the
WSERAP.
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26,1 Groundwater Protection Management Program

The WSSRAP has a formal groundwater protection and management program. in place.
The policies and practices are documented in the Groundwater Protection Frogram Monagement
Plan {Ref 15). The plan outlines how monitoring programs will be developed to assess the
nature and extent of contaminants in the groundwater, to evaluate potential impacts on public
health, and to gather data for remedial decisions. All policies pertaining to groundwater
moenitoring, including well installation, decontamination, construction, sampling methods, and
abandonment methods, are detailed in this plan. The plan owtlines the hydrogeological
characterization program conducted as part of CERCLA activities. These include groundwater
sampling, water level monitoring, slug tests, tracer tests, and geologic logging.

The plan 18 currently in revision and will be referred to as the WSSRAP Growndwater
Protection Management Program, which will be finatized in 1999, The revised program will
iriclude those practices and policies described above, as well as recently developed strategies for
implementing site-wide groundwater protection practices and interdepartmental integration of
these practices during all aspects of project management and development.

2.6.2 Meteorological Monitoring Program |

A meteorological station is located at the chemical plant to provide data to support the
environmental monitoring programs. The meteorological station provides data on wind speed,
wind direction, ambient air temperature, relative humidity, barometric pressure, solar radiation,
and precipitation accumulation. Data from this station are used to assess meteorological
conditions and air transport ‘and diffusion characteristics, which determine possible impacts of
airborne releases. In addition, precipitation data are used to cormrelate water level fluctuations and
contaminant concentrations in surface water and groundwater wells.

Since the completion of & system upgrade in August 1994, meteorological data recovery
has exceeded 99%. An off-site meteorologist provides monthly data reviews and semianmual
maintenance and performance checks for the station,

2.6.3 Surface Water Management Program

The WSSEAP maintains a surface water management program to ensure effective
implementation of policies detailed in DOE Order 5400.5 and documented in the Swrfizce Water
Management Plan (Ref 16) and ES&H 9.1.2, Surface Water Management. This program also
incorporates the as low as reascnably achievable (ALARA) concept in the execution of the
program.

This plan identifies existing and potential water sources, water quatity categories, and
provides the requirements and methodelogies for proper control, management, and disposition of
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site waters. Erosion and water control, and water management for the quarry and site water
treaiment plants are also discussed. The key elements of the plan are source identification,
characterization, monitoring, engineering controls, and management methods,

2.6.4 Radiation Protection Program

The U.8. Department of Energy issued 10 CFR 835 (Oceupational Radiarion Protection),
in December 1993 in the Federal Register; 10 CFR 835 sets the minimum acceptable
occupaticnal radiological control standards for DOE facilities. The regulation includes
requirements for contamination control; ALARA practices; internal and external dosimetry,
facility design and control; internal surveillances; instrumentation and calibration; worker
training, posting and labeling, and release of materials from radiological areas.

As of December 31, 1998, the WSSRAP is in full compliance with all applicable sections
of 10 CFR 835.

2.6.5 Waste Management Program

The waste management program encompasses all waste-related activities (both interim
and long term) including characterization, ireatment, sterage, minimization, and disposal
performed at the Weldon Spring site by project personnel, subcontractors, and  subtier
contractors. Hazardous, radioactive, toxic, mixed, special and uncontaminated waste produced
as a diract result of project cleanup activities, are within the scope of this program. Garbage and
refuse generated as a resuit of the project administration are excluded.

Waste management activities for 1998 include:

+ Waste ranging in size, reagent quantities, and polychlorinated biphenaols (PCB)
concentrations were treated via the Solvated Electron Technology, Activities were
completed in September.

» Investigated nine gas cylinders previcusly discovered in Raffinate Pit 4. Seven of the
nine were found to contain ne gas. Treatment of the remaining two is pending.

e In June, full-scale treatment of RCRA toxic metals and the chemical stabilization of

hazardous waste began at the CSS pilot plant The activities were completed by
November.

s In situ treatment of the nitroaromatic soils from the quarry was completed at the TSA.
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In October 1998, a subcontractor removed 136 ft of 6 in. TNT wastewater line. Line
removal started at Gate 4 and proceeded to the ecast. Approximately 50 gal of watsr
from within the line was containerized along with 735 cu ft of soil contaminated with
water from the line. Radiological surveys of the line indicated radiclogical
contamination above background levels. Characterization of representative samples
indicated that the material did not exceed the regulatory threshold for
2,4-Dinitrotoluene, The concentration of TNT in the waste is insufficient to meet the
definition of a characteristically reactive hazardous waste. The waste 15 currently
stored in Building 434, awaiting a dectsion on how it should be managed.

Macroencapsulation of RCRA debris began in the second quarter and were completed
by the end of the fourth quarter.

Waste acids were treated via neutralization and chemical siabilization.

Liquid mercury was treated by mercury amalgamation while mercury contaminated
wastewater was ireated by stabilization.

Chromium contaminated wastewater and sodium dichromate waste were treated by
reduction and chemical stabilizasion. '

TCE tainted monitoring well purge water was treated with carbon absorption.
Sodium chioride waste was treated by chemical stabilization,

In October, placement in the cell was complete for the following: over 1,000 drums
from Building 434, the treated nitroaromatic soils, the treated brine bags, all metal
debris, and the fine prain scils,

The waste management program also includes transportation activities such as the
packaging and shipping of hazardous and nonhazardous wastes and samples. The following
transportation activities took place in 1998:

Fleven RCRA containers of erganic liquids and waste oils were shipped to DSS1 for
off-site treatment and disposal. Three containers were rejected and sent back due to -
PCB levels not previcusly detected.

In November, six containers of RCRA waste were shipped to ENSCO for treatment
and disposal.

A shipment of various types of light bulbs was sent off site for recycling.
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« Shipmems of lead and Ni-cad batteries were sent off site for recycling.

» Approximately 156 shipments of hazardous materials were sent off site through the
compliance shipping group.

s Seventeen shipments of used oil were sent off site for recycling,

v Approximately 908 shipmenis of envircnmental/non-hazardous matenais were sent
off site through the shipping group.

2.6,6 Waste Minimization/Pollution Prevention Program

The WSSRAP Waste Minimization Program 158 outlined in the Waste
Minimization/Pollution Prevention Awareness Plm (Ref. 17) in accordance with the
requirements of DOE Order 5400.1. Because long-term, volume-specific goals for waste
minimization are not appropriate for nonoperational facilities, the WSSBEAP has adopted
AL ARA goals.

The program is primarily geared toward material substitution and source or velume
teduction minimization methods. This is accomplished by evaluating and reviewing all
hazardous chemicals (as defined by 29 CFR 1926.59) before they are purchased or arrive on site,
and recommending alternate materials or applying use restrictions. Additional methods routinely
emploved at the WSSRAP include removing packaging materials from products before they
enter the radioactive materials management areas, limiting waste-generating activities during
remediation and treatment, consolidating waste during storage, reviewing design specifications
for possible methods to minimize waste generation, and segregating waste by waste types. The
following is a detailed liat of the waste minimization activities conducted during 1998,

e The WSSRAP donated approximately 65 workstations, 10 laptops and 104
miscellaneous pieces of computer aquipmant to a local high school under Execuiive
Order 12821, which allows agencies to transfer educationally related Fe.dera]
equipment to semndary schools.

»  One hundred and eight nickel/cadmium and 37 lead batteries were sent back to the
manufacturer for recycling.

» Five hundred and seventy-two cu yd of paper/cardboard, 2,100 1b of newspaper and
20,800 alaminum cans were collected by a recycler.

» Approximately 135 used tires were sent to a recycler,
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e Approximately 300 toner cartridges were sent back to the mamfacturer. Money from’
recycling cartridges will be donated to the Forestry Department.

¢ Cotton coveralls used for personal protection are being laundered and reused.

e One hundred incandescent lamps and 1,080 fluorescent lamps were shipped to a
recycler.

¢ One switch locomotive was reieased to the 8t. Louis Museum of Transportation.
*  Atotal of 8,090 gal of used oil was sent to a recycler.

» Reunsed approximately 30,060 loy (53,357 ton} of aggregate from the TSA and MSA
in treating the Raffinate Pit 4 sludge material. Cost of this material if purchased from
off-site sources would be $426,856.
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3. COMPLIANCE SUMMARY
3.1 Compliance Status for 1998

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, Compensction and Liability 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 statues, such as the Resource
Conservation and Recovery Act (RCRA), the Clecar Water Act (CWA), the Clean Air Act (CAA),
the National Historic Preservafion Aot (NHPA), the Safe Drinking Water Act (SDWA),
Fndangered Species Act, and Missouri State regulations. Because the U.S. Depariment of
Energy (DOE) 18 the lead agency for the site, the National Environmental Policy Act (NEPA)
values must be incorporated. The requirements of DOE Orders must also be met. Section 3.1.1
iz a summary of WSSRAP compliance with applicable Federal and State regulations, and
Section 3.1.2 is 2 summary of the WSSRAP compliance with major DOE Orders.

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

The WSSRAP has integrated the procedural and documentation requiremenis of the
CERCLA, as amended by the Superfund Amendments and Reauthorizationr Act (SARA), and the
NEPA, as required by the policy stated in DOE Order 5400.4.

Resource Comservation and Recovery Act

Hazardous wastes at the Weldon Spring site are managed as required by the RCRA as
substantive applicable cor relevant and appropriate (ARARs). This includes characterization,
consalidation, inventory, storage, treatment, disposal, and transportation of hazardous wastes that
remained on site after closure of the Weldon Spring Uranium Feed Materials Plant {WSUFMP)
and wastes that are generated during remedial activities.

A RCRA treatment, storage, 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 conducted entirely on site.

The RCRA was amended by the Federad Facility Compliance Act (FFCA), which was
enacted on October 6, 1992, The site treatment plan for mixed waste, which was required by the
FFCA was finalized with a consent agreement with the MDNR in October 1995, The 7998
Arrual Update to the Site Treatment Plan for the Weldon Spring Site (Ref. 18) was submitted to
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_the MDNR October 15, 1998 In the update the WSSRAP reported that most of the mixed
wagtes had been treated. The actual completion of treatment of the site treatment plan mixed
wastes was accomplished on October 23, 1998,

RCRA groundwater moritoring for regulated units is discussed in detail in Chapter 8,

Clean Air Act

CAA compliance requirements pertaining to the site are found in Title I -
Nenattainments, Title I - Hazardous Air Pollutants (including National Emission Standards for
Hazardous Air Poliutants (NESHAPS) and Title VI - Stratospheric Ozone Protection. NESHAPs
dose calculations for 1998 indicate the highest receptor activity was below the NESHAPs
standard of 10mrem (0:1mSv).

St. Charles County is classified in the Federal Register of November 6, 1991, 56 FR. 215
as a moderate nonattainment area for czone. As a moderate ozone nonattainment area, the
requirements would affect sources emitting nitrogen oxides (NO,) and volatile organic
compounds {VOCs), At present, these sources do not exist at the WSSRAP.

Under Title IT1, asbestos and radionuclides are hazardous air poilutants. These standards
esiablish criteria for the control of radionuctide and asbestos emissions. WSSRAP programs for
radionuclides and asbestos are described in detail in Sections 4 and 6, along with the 1998 status
of monitoring.

Clean Water Act

Effluents discharged to waters of the United States are regulated under the Clean Waier
Act {CWA) through reguiations promuigeted and implemented by the State of Missouri. The
Federal government has granted regulatory authority for implementation of CWA provisions to
those states with a regulatory program that is at least as stringemnt as the Federal program.

Compliance with the CWA at the WSSRAP included meeting parameter limits set in four
National Pollutant Discharge Elimination System (NPDES) permits. Under these permits, both
effluent and erosion-control menitoring are performed. Section 7 includes additional details on
the NPDES programs.

Floodplain Management

Excavation activities performed in the Southeast Drainage in 1998 were authorized under
Section 404 of the Clecor Water Act by an existing Department of the Army nationwide permit.
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Rivers and Harbors Act

No work activity was conducted during this reporting period that would fall under the
Act,

Federal Insecticide, Fungicide, and Rodenticide Act

The WSSRAP maintains compliance with the Federal Insecticide, Fungicide, ond
Rodenticide Act. Material Safety Datz Sheets are reviewed for all pesticides before they are
purchased. The WSSRAP does not currently use restricted-use pesticides as they do not posses
the proper permit/license to purchase these materials. The WSSRAF musi also meet State
requirements for pesticide application which outline specific licenses for specific uses of any
pesticide. All applications are reviewed for State licensing requirements.

Department of Transportation

Pursuant to U.S. Department of Tramsportation {(DOT) training requirements, the
WSSRAP contimues to conduct on-site training on hazardous material transporiation. The
training targets personnel with responsibilities for hazardous materials transportation. The
training covers classification of hazardous materials by shipping names, performance based
packaging requirements, requirements for marking, labeling and placarding, and proper
segregation and modes of transportation. Retraining is required every 3 years,

Safe Drinking Water Act

Cutrently, the Safe Drinking Water Act (SDWA) is not an applicable and /or relevant and
appropriate requirement at the WSSRAP. The SDWA is currently being evaluated for its
applicability to the groundwater and Quarry Residuals Operable Units.
Emergency Planming and Comnnmity Righi-io-Know Act

The 1998 Emergency Planning and Commmity Right-to-Know Act {EPCRA) Tier I
report was completed and provided on February 25, 1999, to the local emergency planning
commiitee (LEPC) and to the Missouri State Emergency Response Commission (MERC).

The Toxic Release Inveniory {TRI} report was not required.
Cultural Resources/Nationgl Histovic Preservation Act

The annual Federal Archaeological report for 1998 was submitted on January 30, 1999,
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Endemgered Species Act
There was no activity this reporting period.
Engineering Evaluation/Cost Analysis(EE/CA)} for the Southeast Drainage

Soil excavation activities began in November 1997 and the removal of contaminated soil
was completed on February 19, 1998, 5 months ahead of the U. 8. Department of Energy-
Headquarters (DOE-HQ) milestons targei date of July 1998, A iotal of 1,931 bank cubic yards
of soil were excavated from selected locations within the drainage. Approximately 14 lcads of
soil were removed from the upper portion of the drainage, and 90 loads of soil were removed
from the {ower portion of the drainage. All contaminated soil was taken to the Ash Pond sterage
area with final disposal within the disposat cell. Post-remediation samples revealed that the soil
removal activities satisfactorily met the Engineering Evaluation/Cost Analysis (EE/CA} decision
document risk reduction goals.

Following soil removal activities, a subsequent evaluation was postponed to determine
the patential hazard in two areas.: It was determined that even though the drainage met the risk
reduction criteria, the two areas would be remediated in 1999 under a limited removal effort
conducted by Work Package 505 Task T.

3.1.2 DOE Order Compliance
3.1.2.1 DOE Order 5400.5, Radistion Protection of the Public and the Environment

DOE Order 5400.5 establishes primary standards and requirements for DOE operations 1o
protect members of the public and the environment against undue risk from radiation. The DOE
operates its facilities and conducts is 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 10¢ mrem (1mSv) guideiine for all potential exposure
modes. The 10mrem (0.1mSv) anmual dose limit for public exposure to airborne emissions,
excluding radon and its respective decay products as specified in 40 CFR Part 61, National
Emission Siandards for Hazardous Air Polhutants, was not exceeded in 1998, The apprepriate
dose evaluation techniques were used to assess 1998 environmental monitoring and surveillance
data in compliance with this requirement.

The annual average uraniutm concentrations at al! NPDES outfalis were below the derived
concentration guideline (DCG) of an annual average of 600 pCi/l (22.2Bg/1).
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Records of ali environmental monitoring and surveillance activities conducted at the
Weldon Spring site in 1998 are being maintained in accordance with the requirement of this
order. All reports and records generated at the WSSRAF in 1998, pursuant to DOE order
requirements, presented data in the units specified by the appiicable regulation or order.

3.1.2.2 DOE Order 5820.2A, Radioactive Waste Management

DOE Order 5820.2A establishes policies, guidelines, and minimum requirements by
which the DOE manages its radioactive and mixed waste and comaminated facilities. The
Weldon Spring site was in compliance with the applicable portions of Chapter IV management -
of waste containing 11e{2) by-product material and naturally occurring and accelerator produced
radioactive material, Chapter V {decommissioning of radioactively contaminated facilities), and
Chapter VT (administrative activities related to the Waste Monagement Plan [Ref. 19]). The
types of wastes addressed in Chapters I, IT, and TII of the Order were not present at the site,

3.1.2.3 DOE Order 5400.1, General Environmental Protection Program

The WSSRAP conducted both radiological and nonradiological environmental
moenitoring programs at the site and vicinity properties. Environmental monitoring required by
DOE Order 5400.1 was conducted to measure and monitor effluents and to provide surveitlance
of their effects on the environment and public health.

The WSSRAF was in compliance with Order 5400.1 requirements for preparation of an
Ewvironmental Monitoring Plan (Ref. 8) that is reviewed anrmally and revised as necessary.

In addition to the plans developed for overall environmental monitoring and protection,
the WSSRAP annually reviews and revises, as necessary, the Groundwaier Protection Program
Management Plan (Ref. 15) and the Waste Minimization and Pollution Prevention Awareness
Plan (Ref. 17). Refer to Section 2.6.6 for additional details:
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3.2 Current Issues and Actions
3.2.1 Current Issues
3.2.1.1 National Emission Stagdards for Hazardous Air Pollutants Compliance

The WSSRAP has developed a critical receptor monitoring program for compliance with
the requirements of 40 CFR 61 Subpart H. Point source and environmental monitoring have
been mandated per 40 CFR 61.93(b)(5), whereby air concentrations are. monitored .at. seven.
designated critical receptor locations on and around the Weldon Spring site. The WSSRAP plan
is contained in the Plan for Monitoring Radiomuclide Emissions Other Than Radon at Weldon
Spring Site Critical Receptors (Ref. 20), which has been approved by the U.S. Environmental
Protection Agency (EPA). The WSSRAP reports anmual monitoring results and effective dose
equivalents at critical receptor locations via the annual NESHAPs Report.

3.3 Summary of Permity for 1998

Various permits were maintained by the WSSRAP for remedial activities including
NPDES, excavation, and floodplain permits. Table 3-1 provides a summary of all NPDES
permits. Four active NPDES permits covered discharges from the site wafer treatment plant
(MO-0107701), quarry water treatment plant (MO-0108987), storm water discharges from the
Borrow Area and Borrow Area haul road (MO-R100B69), and hydrostatic test water from the
gite {MO-G570203). An NPDES construction permit for the leachate collection removal system
of the cell was issued in January 1997.

Table 3-1 Summary of WSSRAP NPDES amnd Construction Pemmits

DATE RENEWAL
DATE DATE OR EXTEKSION
PERMIT NO. | {a) | ISSUED | EXPIRED | {b} REQUEST DUE BCOPE AND COMMENTS
MO-0107T0 0 { 03/03/94 | 030409 ki 09704498 Covers storm water, sanitary, and
' SWTP discharges.
WO-G108087 g | OTHM7EE | OTHEM3 N 01/16/03 Cavers QWTP discharge.
MO-RTOOBSS | § | DS2¥03 | 010202 N 0710201 Starm watar discharges from the
Bomow Arsa and haut read
operations.
MO-GET0203 | 0 | 12/05/7 | 10/23/02 M 02f23/02 Covers hydrostatic test water at site.
MO-22-5186 C | 0150897 | 01/07/02 N 12071 Covars canstruction of cell leaachate
collsction system.

(a) Fermit type, O = Operating, © = Canstruciion

(b} Parmit renevwal spplication submitted N = No, ¥ = Yes.
QWTP  Cluarmy water freatment plant

EWTF  Site water treatment plant.
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3.4 Site Mitigation Action Plan

The progress of the mitigative actions for the remediation of the Weldon Spring site i§
reported annually in the site environmental report in accordance with DOE Order 5440.1E. The
Mitigation Action Plaar (MAP) for the Remedial Action at the Chemical Plant Area of the Weldon
Spring Site (Ref 21), was developed to present mitigation actions planned in order to provide
pratection for human health and the environment during remedation activities. The MAP is
reviewed and updated annually, as necessary, to reflect site conditions.

Construction activities at the Weldon Spring site are managed by using good engineering
practices for control of surface water runoff at, and from, the site. During 1997, four
sedimeantation basins and two retention ponds were in place at the chemical plant area during s0il
excavation activities. Surface water protection dusing 1997 included erosion preveirion and
sediment control and monitoring. Monitoring was conducted at four outfall locations at the
chemical plant, and the requirements of three NPDES permits and the Missouri Clean Water Act
were met during 1997, Further information on compliance issues are provided in Section 7.

The wetlands mitigation agreement with the Corps of Engineers (COE) was signed in
1994 to establish a replacement wetland area. Remedial activities at the site have eliminated
some wetlands during 1997, The construction of the replacement wetiand area was completed in
August 1997 at the Busch Memorial Conservation Area in accordance with the mitigation plan.
Wetlands monitoring was conducted by the DOE at the mitigation area siarting in 1997, Results
of 1998 monitoring are reported in the Wetlands Monitoring Report for the Weldon Spring Site
Remedial Action Project (Ref. 22). Monitoring activities are continuing and will conclude in
1999,

Topsoils and subsoils from the Borrow Area that are being stored for restoration have
been stockpiled at the Borrow Area. Stockpile heights and slopes have been limited to 2.5:1 and
stockpiles have been seeded and mulched 1o contrel erosion. In 1997, 60 acres at the Borrow
Area have been reclamated and seeded with a top seed mix. Erosion control measures are
implemented at the Borrow Area and the haul road. Stockpiles are rowtinely inspected for
erosion. Two sedimentation ponds have been constructed at the Borrow Area, and surface water
has been monitored to measure the effective removal of settleable materials. Specific NPDES
compliance details for the Borrow Area are provided in Section 7.

Air, snrface water, and groundwater have been monitored as part of the routine
environmental activities at the chemical plant area. Results of that monitoring are detailed
extensively in this report.
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Eligibility surveys for archeological or historic sites were conducied on the 30.5m
{100 ft} site perimeter around the chemical plant site, and no sites were found that would require
avoidance or data recovery. Confirmation letters in reganl to this decision have been received b}r
the State Historic Preservation Officer.
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4. AIR MDNITGRINI}; FROGRAMS

The Weldon Spring Site Remedial Action Project (WSSRAP) operates its environmental
airborme monitoring and surveillance program in accordance with U.8. Department of Energy
(DOE) Orders and with the Environmerital Monitoring Plan (Ref. 8). This section describes
monitoring results for radon, gamma exposure, airborne radioactive particulates, - airborne
asbestos, and fine particulate matter at various site perimeter and off-site locations. A program
overview, summary of applicable standards, actual monitoring results, and an assessment of any
associated environmental impacts are provided below for each parameter mentiotied in the plan.

4.1 Highlights of Air Monitoring

o Statistical analysis at the 95% confidence level indicated that one integrated radon track
etch monitoring station along the chemical plant perimeter and one station in the raffinate
pits area (within the site boundary) exceeded annual average background levels in 1998,
No annual imegrated radon track etch resulis at critical receptor locations were
statistically greater than background levels, The highest above background integrated
radon concentration along the site perimeter was 7% of the derived concentration guide
(DCG) for radon occurring at Station RD-3002 (west of Raffinate Pit 4).

e Statistical analysis at the 95% confidence level indicated that six medified Rn-220
{thoron) track etch monitoring locations exceeded 1998 average background levels,
including four along the chemical plant perimeter and two within the site boundary. The
highest above background thoron concentration along the site perimeter was 13% of the
derived concentration guide {DCG) for thoron, occurring at Stations RD-3002 and
RD-3003 (west of Raffinate Pit 4 and west of the temperary storage area (TSA),
respeciively).

» Environmental thermoluminescent dosimeter (TLD) results for 1998 at the chemical plant
perimeter, quarry penimeter, and offssite locations ranged frem 51 mrem/fyear
{0.51 mSv/year) to 80 mremfyear (0.80 mSv/year). These results are inclusive of
background levels, which totaled 58 mrem (0,58 mSv) for the year. Statistical analysis of
the results indicate that, at the 95% confidence level, four chemical plant/raffinate pit
peritneter stations exceeded background levels. These four stations exceeded the annual
background exposure by 3 mrem (0.03 mSv) 10 22 mrem {0.22 m&v).

¢ Statistical analysis at the 95% confidence level indicated that seven low-volume
radicactive airborne particulate monitoring stations along the chemical plant perimeter
had annual average concentrations that exceeded the 52-week background average.
These seven stations, which measure gross alpha airbome concentrations, exceeded the
52-week background average by 2.5E-16 uCifml (9.25E-12 Bg/ml) to 8.5E-16 pCi/ml
(3.15E-11 Bq/ml). When results were compared fo a 104-week background average, nine
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stations were found to be statistically significant. These stations exceeded the 104-week
background average by 3.0E-16 pC¥ml (1.11E-11Bg¢/ml} to 5.0B-16 pCi/ml
(3.33E-11 Bg/ml). In fuiure reports, only comparisons to the 52-week background
average will be made.

o All 1998 radiological air monitoting results at Francis Howell High School (including
radon, gamma exposure, and aitborne radioactive particulates} were indistinguishable
from background. '

4,2 Radon Gas Menitering Program
4.2.1 Program Overview

Both U-238 and Th-232 are naturally occursing radionuclides in scil and rock. Radon
gases {1.e., Rn-222, radon and Rn-220, thoron) are naturally accurring radioactive gases found in
the U-238 and Th-232 decay series, respectively. A fraction of the radon produced from the
radicactive decay of U-238 and Th-232 diffises from secil and rock into the atmosphere,
accounting for natural background airborne radon concentrations. Radon and thoron gases are
produced at the Weldon Spring site from these natural sources as well as from the contaminated
waste materials present at the site.

Airbomne radon and thoron concentrations are governed by source strength and dilution
factors, both of which are strongly affected by meteorological conditions. The soil surface
constitutes the largest source of radon and thoron, although secondary contributors include
oceans, natural gas, geothermal fluids, volcanic gases, ventilation from caves and mines, and
coal combustion, Radon and thoron levels in the atmosphere have been abserved to vary with
height above the ground, season, time of day, and location, The chief meteorological parameter
governing airborne radon and thoron concentrations is atmospheric stability, however, the largest
variations in atmospheric radon and thoron occur spatially (Ref. 23).

Two types of track etch detectors are used at the WSSRAP to measure ambient levels of
radon gas: standard "F-type" detectors, which measure a combination of raden and thoron gas
(results are termed “integrated"), and modified "M-type" detectors, which indirectly indicate
ambient levels of thoron only. F-type and M-type track etch detectors are used in conjunction to
distinguish radon and thoron concentrations by analyzing the relative response of paired sets of
these detectors at each monitoring location where they are deployed.

In 1998, a pair of standard F-type track etch detectors was deployed guarterly at each of
32 permanent monitoring locations: 11 at the Weldon Spring Chemical Plant perimeter, two at
the Weldon Spring Quarry perimeter, 12 at the raffinate piis, TSA, chemical stabilization/
solidification (C88), and site water treatment plant areas, and seven at off-site locaiions. Track
etch monitoring locations are identified with an "RD" prefix in Figures 4-1 through 4-4.
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Monitoring locations are distributed arcund the chemical plant, raffinate pits, and quarry
perimeters to ensure adeguate detection of radon and thoron under varying meteorological
conditions.  Locations RD-4005 and BD-4009 monitor background radon and thoron
concettrations. F-type track etch detectors are sensitive to all isotepes of radon and are deployed
guarterly.

Paired M-type alpha etch detectors were deployed quarterly in 1998 at 25 mionitoring
locations: 11 at the chemica! plant perimeter; one at the guarry perimeter, six at the raffinate pits,
TSA, CS88, and site water treatment plant {SWTP) areas, and seven at off-site locations
(including two background locations, RD-4005 and RD-4309). Specific locations are identified
on Figures 4-1 through 4-4. These detectors were placed in conjunction with F-type track etch
detectors to distinguish radon from thoron concentrations. Using Pearson's method (Ref. 24),
separate concentrations of radon and thoron were calculated for these stations.

The WSSRAFP radon monitoring program also uses electret detectors, which provide
more timely data (biweekly) than the track etch detectors. Like track etch detectors, electret
detectors provide a passive means of measuring radon and thoron gas concentrations in air.
Twenty-eight pairs of electret detectors that measure radon only were placed at the following
monitoring locations: 25 in the chemical plant and raffinate pits area {including seven along the
chemical plant perimeter), one at the quarry perimeter, and fwo off site. Seventeen pairs of
electrets that indicate thoron concentrations were deployed at the following locations: 14 in the
vicinity of the chemical plant, raffinate pits, and TSA, one at the quarry perimeter, and two off
site {including one background location, ET-4009). Electrets are exchanged and read biweekly.
These locations, designated by an "ET" prefix, are shown in Figures 4-1 through 4-5.

Continuous radon gas monitors and working level monitors (which measure radon and
thoren daughters in the air) complete the environmental radon monitoring network. Continuous
radon gas monitors are sensitive 1o both radon and thoron, Continuouns radon gas monitors were
placed in on-site work zones throughcout the year to evaluate local airborne levels of radon and
thoron present as a result of remediation activities. On-site locations included the raffinate pits
and TSA.

Waorking level monitors are sensitive to the short-lived decay products of radon and
thoron. Results are recorded in milli-working levels (mWL). Working level monitors are used
in work zones in conjunction with continzous radon gas monitors to determine the degree of
equilibrium of radon {or thoron) gas with its decay products and the petential radon or thoron
progeny dose to workers, The working level monitors operated in 1998 at the raffinate pits
during pericds of remedial action work.
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4.2.2 Applicable Standards

As established by DOE Order 5400.5, the DOE annual public dose equivalent limit is
100 mrem (1 mSv) total effective dose equivalent (TEDE).

Dose limits for the inhalation of radon and thoron progeny and gas, are based on working
levels and concentrations in air, and are addressed independently in the Ozder. The DCG, which
is & limiting airberne concentration of a specified radionuclide, is specified by DOE 5400.5 to be
3 pCi/l (100 Bg/m’) above background for both radon and thoron in unrestricted (off-site) areas. -

4.2.3 Monitoring Results

Tabte 4-1 summarizes quarterly and annual average integrated radon concentrations as
measured by F-type track etch detectors. Since raden is naturally occurring, concentrations
measured at each monitoring location were compared to measured background concentrations to
determine whether any significant differences existed ai the 95% confidence level. Only
perimeter locations with integrated radon concentrations statistically greater than background
were compared to the DCG for radon by subtracting the average annual background
concentration from the gross annual average concentration measured at a given location.

The results obtained from the pair of F-type track etch detectors at each location were
averaged to determine the quarterly average integrated radon concentration. These averages
were then used to caleulate the annual average integrated radon concentration, The annual
standard deviation reported reflects the error propagated by taking the sample standard deviation
of the mean of each of the quarterly results.

The annual F-type track etch background concentration was calculated using the
arithmetic average of the two background locations. The data vielded an annual background
average integrated radon concentration in 1998 of 0.2 pCi/l (7.4 Bg/m®). This result is consistent
with previous years' monitoring results.

Based on measuremenis from F-type and M-type track etch detectors at locations where
the potential for a combined release of radon and thoron was suspected, thoron concentrations
were estimated using Pearson’s method. Locations with thoron concentrations statistically
greater than background at the 95% confidence level were compared with the DCG for thoron,
Results are presented it Table 4-2.

The anmual thoron background concentration was determined to be 0.1 pCi/l (4 Bg/m®)
and was calculated using the arithmetic average of the two background locations. This result is
consistent with previous years® monitoring results,
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Although results in Tables 4-1 and 4-2 may appear inconsistent for a given monitoring
location, this is to be expected since F-type detectors have a higher response finetion for radon
than for thoron. The supplemental thoron measuring technique using the M-type detectors
provides a better estimate of the thoron contribution to the total radon concentration, Therefore,
for monitoring stations where virtually all of the integrated raden concentration is contributed by
thoren (for example, see results for RD-3013, Tables 4-1 and 4-2), the thoron results usmg
Pearson's method are larger than the respactive mtegrated results,

Radon and thoron concentrations measured hy the electret. monitors are summarized in
Tables 4-3 and 4-4. Because electret results are obtained biweekly rather than quarterly (as with
the track etch detectors), they are used primarily as advance indicators of trends in radon/thoron
levels at a given monitoring location. Therefore, track etch resuits, rather than electret results,
are used in performing off-site dose calculations.

Historical average background concentrations of radon and thoron gas near the site are
both typically 0.2 pCifl (7 Bg/m®). Based on continuous radon, thoron, and radon/thoron
progeny measurements in selected on-site work zones, elevated concentrations are evident,
particularly in localized arens where remedial actions involve the disturbance of raffinate sludgs
or other radium-laden wastes. The maximum hourly radon and thoren concentrations recorded
on site in 1998 were approximately 171 pCiAl (6.3E3 Bg/m®) and 59 pCi/l (22E3 Bg/m®),
respectively. These concentrations were measured in August at the CS85 plant. These values are
higher than comparable measurements taken using track etch and electret detectors because the
gontinuous menitors are placed inside work zones, while track eich and electret detectors are
placed zlong the periphery of work zones and the site perimeter fence. Data collected with
continuous radon and working level moniters are sporadic throughout the year because they are
coliected only during activities that have the potential to result in significant worker deses due to
inhalation of radon and thoron progeny.

4.2.4 Data Analysis

Statistical analysis of the F-type track etch integrated radon results indicated that, at the
95% confidence level, measured concentrations at two of the 32 monitoring locations were
greater than the combined background station result. One of these stations, RD-3002, is located
along the site perimeter west of Raffinate Pit 4. The other station, RD-3013, is located on the
southwest berm of Raffinate Pit 3. The results for other stations were not statistically
distinguishable from background levels.
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Table 4-3 1898 Elgctret Radon-222 Results™
18T ZND 3RD 4TH ANNUAL ANNUAL
QUARTER QUARTER QUARTER QUARTER AVERAGE STANDARD
LOCATIONID|  {pCit)™ ipCim™ {pCiy™ {pCim™ {pGiny™ DEVIATION
ET-1002 0.3 — -— - 03 0,08
[ET-2004 02 0.2 0.4 0.3 ba 0.10
ET-2006 0.2 0.3 06 0.2 0.3 0.24
ET-2008 0.2 0.1 0.3 01 0.2 015
[ET-2008 03 0.3 0.6 0.5 0.4 .16
ET-3000 0.2 — — — 02 0.10
ET-3001 0.2 - - — 0.2 0.14
E1-3002 0.2 §.2 - — 0.2 0.08
ET-3003 0.4 .2 0.4 0.3 0.3 .19
ET-3004 02 .2 03 0.2 0.2 0.0%
ET-3005 0.3 82 0.3 0.2 0.3 0.12
ET-3006 0.2 — — - 02 0.12
ET-3007 0z 02 0z 0.2 0.2 0.10
[ET-2008 0.3 0.3 12 0.3 0.5 0.54
ET-3008 0.2 0.1 — — 0.2 0.08
ET-3010 05 D1 0.2 0.3 0.3 0.51
ET-3011 0.3 — — — 0.3 0.06
ET-3017 0.2 - - - 0.2 0.08
ET-3013 0.3 0.1 0.2 0.2 0.2 "0.10
ET-3014 0.2 02 0.5 05 0.4 0.26
ET-3015 0.3 = — — 0.3 0.08
ET-3016 0.2 — — - 0.2 8.13
ET-3017 0.1 0.2 0.2 0.1 0.2 0.12
[ET-3018 0.7 0.3 0.5 02 0.4 0.33
LE._ =308 - - 0.5 0.2 0.4 031
ET-4003 8.4 0.4 0.5 0.3 0.4 0.10
ET-4009" 0.2 0.2 0.4 0.3 0.3 0.10
TSA™ 0.2 — 0.4 — 0.3 {017
fa) Results include natural hackground tavals,
(kY To convert fram pCI to Bg/m®, multiply by 37.
(e Tempcrary meonitoring station established for rnun:tunng of TEA waste remowval.

Background station.
- Measurameant nat collsctad,
MiA, Mo standard deviation caloulated.
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Table 44 1998 Elactret Radon-220 Results®

15T ZND ~ 3RD 4TH ANNUAL ANNUAL
QUARTER QUARTER QUARTER GUARTER AVERAGE STANDARD
LOCATIONID | (pCi¥™ {pein®™ gpey™ {pCly™ (peim™ PEVIATION
ET-1002 0.4 0.4 — - 0.4 .21
ET-2004 0.2 0.2 0.3 0.2 0.2 017
ET-2000 0.3 0.4 - 04 0.4 0.4 027
g-ar::au 0.3 — - — 03 0.24
ET-3081 0.2 - - - 0.2 0.19
ET-3007 0.4 0.8 — - D,§ 040
ET-3003 0.6 0.5 07 0.4 0.5 0.27
ET-3008 0v - - - 0.7 Q.23
[ET-3007 1.7 3.0 18 29 2.4 1.84
ET-3010 04 0.5 0.4 07 0.5 0.22
ET-3013 1.3 2.5 22 4.0 25 - 1.90
E 0.3 - 16 — 0.8 0.52
ET-3015 0.2 — - — 0g 0.28
ET-3016 0.4 - — - 0.4 0.14
ET-3019 — — 3.9 14 8 5.9 10.64
ET-4003 0.z 0.6 0.8 0.3 0.4 043
ET-4009* - 04 0.3 [ 032 0.3 023
(a) Results |ncluda natural bankgrnund lavals.
{=}] To convert fram pCIA to Bg/m®, multiply by 37.
(e} Temguorary manitoring station estahlishad for remowval of TSA waste.

Backgroeund station.
MAA Mo standard deviation caleulatedd,
- Discoantinuad or new menitoring location; ne data for this quarter.

Statistical analysis of track etch thoron resnlts indicated that, at the $5% confidence level,
the annual average concentration at six of the 25 monitoring locations exceeded background
levels. Four of these stations, RD-3001, RD-3002, RD-3003, and RD-3016 are located along the
site perimeter near Raffinate Pit 4.- Two stations, RD-3010 and RD-3018, are located near the
TSA. Results for all other stations were statistically indistinguishable from background levels.

4.2.4.1 Chemical Plant and Raffinate Pits

Statistical analysis of two radon track etch monitoring locations, RD-3002 and RD-3013,
indicated results greater than background levels. The annual average concentrations for these
stations exceeded background levels by 0.2 pCL-"l (7.4 Bg/m®) and 0.5 pCil (19 By/m’ )
respectively. These resulis were lower than in previous years, and are likely due to the removal
of most of the siudge from Raffinate Pit 4. The quarterly measured radon concentrations for all
' stations ranged from 0.1 pCi/l (3.7 B¢/m’) to 1.0 pCi/l (37 Bg/m® ).

Statistical analysis of six thoron track etch monitoring locations, RD-3001, RD-3002,
RD-3003, RD-3010, RD-3016, and RD-3018 indicated annual average results greater than
background levels. The annual average concentration for these stations exceeded the anmual
average background by 0.2 pCi/l (7.4 Bg/m®) to 0.4 pCil {15 Bg/m’}. The quartetly thoron
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. measurements for all stations ranged from O pCi/l (0 Bg/m®) to 3.2 pCifl (119 Bg/m®). Tust as the
integrated radon results, these results are lower than in previous years due to the removal of most
sludge from the raffinate pits.

4.2.4.2 Quarry

Statistical analysis of track etch radon and thoron monitoring results from the two quarry
stations indicated that there was no reason to suspect, at the 95% confidence level, that these
results exceeded background levels. The quanierly measured results for. mtegrated raden from
both quarry stations ranged from 0.1 pCil (3.7 Bg/m’) to 0.3 pCi/l (11 Bg/m), Quarterly
Rn-220 resulis at the quarry station ranged from 0 pC/l (0 Bg/m®) to 0.3 pCi/l (11 Bg/m?).

4.2.4.3 Off-Site Locations

Statistical analysis of both track etch integrated radon and thoron monitoring results from
off-site locations (shown in Figure 4-3) indicated that there was no reason to suspect, at the 95%
confidence level, that measured concenirations at any of the stations were greater than
background levels. ‘The ' quarterly. mte%rawd radon concentration measurements at off-site
locations ranged from 0.1 pCi/l (3.7 Bg/m®) to 0.4 pCifl (15 Ba/m’). Quarteﬂ}r results for thoron
at the off-site stations ranged from 0 pCi/l (0 Bg/m’) 1o 0.1 pCl (3.7 Bq!m ). These results are
similar to results obtained during previous years.

4.2,4.4 Five-Year Trend Analysis of Integrated Radon Gas

Figure 4-6 shows $ vears of anmial average track etch integrated radon concentrations for
the monitoring stations at the quarry, chemical plant, raffinate pits, and off-site locations. These
monitoring results include natural background radon concentrations. Radon gas levels at all
locations trended downward in 1998, coincident with the placement of most raffinate sludge and
TSA waste in the disposal facility.

4.3 Gamma Radiation Monitoring
4.3.1 Program Overview

Gamma radiation is emitted from natural, cosmic, and manmade sources. The earih
naturally contains gamma radiation-emitting substances, such as uramum, thorium, and
potassium (K-40). Cosmic radiation originates in outer space and filters through the atmosphers
to the earth. Together, these two sources comprise the majority of natural gamma background
radiation. The National Council on Radiation Protection and Measurements (NCRP) estimates
the typical gamma radiation dose is 28 mrem/year {0.28 mSv/year) from terrestrial sources and
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27 mremfvear (0.27 mSviyear) from cosmic sources (Ref. 25). The total estimated background
radiation dose equivalent due to gamma gxposure is thus 55 mrem/year (0.55 mSv/vear).

Garmuna radiation was monitored in 1998 using TLDs at 15 monitoting stations: seven at
the site perimeter, one at the quarry perimeter, and seven off site. The locations are defioted by a
"TD" prefix on Figures 4-1 through 4-5. Stations TD-4005 and TD-4009 measure natural
background at locations unaffected by the site. The TLDs are exchanged and read every
calendar quarter.

4.3.2 Applicable Standards

No specific standard for gamma radiation is stated in the DOE orders. However, DOE
Chrder 5400.5 specifies that members of the public shall receive less than 100 mrem/year
(1.0 mSv/year) total effective dose equivalent (TEDE) from DOE operations for all exposure
pathways, excluding exposnre to natural background radiation.

4.3.3 Monitoring Resulis

Table 4-5 symmarizes quarterly and annual total gamma radiation monitoring results.
The table includes guarterly and annuval totals, the annual sample standard deviation for each
station, and whether a station's annmal monitoring results are statistically distinguishable from
background levels as determined by a one-tailed Stdent's t-test at the 95% cenfidence level.

Gamma background levels for 1998 were determined by averaging the anmual total
measurement from the two background stations. The annual average result from these stations
was 58 mrem/year {0.58 mSv/year) with a standard deviation of 1 mrem/year (0.01 mSv/vear).
This average background is within 10% of the NCRP 94 estimate of 55 mrem/vear
(0.55 mSv/year) (Ref. 25).

4.3.4 Data Analysis

Statistical analysis of TLD results revealed that, at the 95% confidence level, four
stationa had annual results greater than background levels, These stations included TD-2004 and
TD-2023, located aleng the northeastern perimeter of the chemical plant; and TD-3002 and
TD-3003, lecated around the raffinate pits and TSA. Resulis for all other stations were
indistinguishable from background levels.

DOEORZ1548-T73, Rey, O &0



WELDON SPRING SITE ENVIRONMENTAL REPCRT FOR CALENDAR YEAR {228

fiitatick]
Table 4-5 1998 Environmental TLD Results™ B
18T Z2ND IRD 4TH ANNUAL STATISTICALLY
QUARTER | QUARTER | QUARTER | QUARTER | TOTAL | STANDARD | SIGNIFICANT
LOCATION | {mrsm)™ | tmrem {mrem)™ | tmrem)®™ | (mremim™ | DEVIATION ool
WELDON SPRING QUARRY
[fo-1062 | 14.0 12.3 154 [ 150 [ 5 1 14
WELDON SPRING CHEMICAL PLANT
TD-2004 6.6 15.4 17.7 16.8 66 0.9 X
TO-2008 14.5 137 16.3 15.7 60 12
[TD-2025 15.9 14.8 16.5 15.8 83 0.7 X
WELDOHN SPRING RAFFINATE PITS

TC-3001 15.4 14.0 18.5 16.2 64 19

D-3002 16.2 14.6 18.6 21.3 72 3.1 X
TO-3003 15.8 171 224 209 80 2.2 X
TO-3004 155 13.2 16.2 15.9 61 1.4

QFF SITE

[TD-4001 16.0 14.2 178 15.2 83 1.8
[TD-4002 12.3 11.2 141 13.1 51 1.2
TO-40032 12.0 12.9 13.5 127 51 08
“TD-4005 14.7 12.5 15.8 14.2 57 1.4
TD-4007 145 12.5 16.2 16.3 58 1.3
*TD-4009 14.7 13.1 15.2 14.8 58 08
TD-4013 156 13.0 16.0 15.1 50 1.2
* Cenctas background location.
{a} Results include natural backgraund gamma radlation,

{b}
{c}

To convert from mrem to mSy, divide by 100.
Statistical significance is determined by comparing the total annuat concentration for a tronitering

location with the total annual background concentration, using a cne-talled Studant's t-test at the
.85% confidance level

4.3.4.1 Chemical Plant/Raffinate Pits

The annual effective dose equivalent from external gamma radiation measured by TEDs
at the chemical plant and raffinate pits ranged from 60 mrem (0.6 mSv) to 80 mrem (0.8 mSv).
These results are lower than previous years for these areas due to the completion of remediation
of most of Raffinate Pit 3 and removal of much of the temporarily stored waste to the disposal

cell.

4.3.4.2 Quarry

The annual effective dose equivalent from external gamma radiation measured by TLD3
at the quarry was 37 mrem (0.57 mSv). This result is comparable to previous years for thig area.

DOEORZ1548-7 73, Revy, [
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4.3.4.3 OE-Site Locations

The annuai effective dose equivalent from external gamma radiation measured by TLDs
at off-site locations ranged from 51 mrem (0.51 mSv) to 63 mrem (0.63 mSv). These results are
comparable to previous years for these areas.

4.3.4.4 Five-Year Trend Analysis of TLDy

Gamma radiation exposure monitoring resuits for the last. 5 years -are. depicted in
Figure 4-7. The graph shows yearly monitoring result totals for the chemical plant, raffinate pits,
quarry, and off-site locations. The results include the natural background dose rate. Results
indicate a downward trend in measurements around the raffinate pits due to completion of mmch
of the remediation work in this area. No other trends are evident.

4.4 Radioactive Air Particulate Monitoring
4.4.1 ngram {h'erﬂew

Radioactive air pamculates are airborne dust particles that contain radicactive
contaminants. Background concentrations of radioactive air particulates are affected by the soil
cencentrations of naturally occurring radionuclides, soil moisture content, meteorological
conditions, and geological conditions. Many areas on site contain above background
goncentrations of soil contamination, which can result in increased airborne radicactive
particulate concentrations. Increased airborne radioactive particulate emissions from the site can
result frem wind erosien of contaminated soils piles or remedial werk activities, such as moving
equipment and vehicles in contaminated areas.

In 1998, the WSSRAP monitored radioactive air particulates weekly at 16 continuous
permanent low volume air sampling stations: eight at the chemical plant perimeter, two at the
quarry, and six at off-site locations. These locations are denoted by an "AP" prefix on
Figures 4-1, 4-2, 4.3, and 4-4. Additional low-volume zir monitoring samplers may be deployed
on a temporary basis when current activities warrant their use. The low volume samplers collect
airbome particulates by drawing ambient air at a flow rate of approximately 40 liters/minute
through mixed cellulose ester filters with & 0.80 micron pore size. The filters are then counted
using a gas flow proporticnal counter to determine the amount of long-lived gross alpha activity
in the particulates present on the filtér surface,

The WSSRAP also monitored specific airborne radionuclides (i.e., total uranium, Ra-226,
Ra-228, Th-228, Th-230, and Th-232) 1o demonstrate compliance with 40 CFR 61, Subpart H,
National Emission Standards for Emissions of Radionuclides Other than Radon from
Depariment of Energy Facilities. Detaits of NESHAPs monitoring are in Section 6, NESHAPs
Program.
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4.4,2 Applicable Standards

The Weldon Spring site is contaminated with a combination of alpha-smitting
radionuciides, including isotopes of uranium, thorium, and their decay products. The gross alpha
concentrations measured by the low-volume samplers thus include contributions from a wide
array of alpha emitters. The DCGs for inhalation of the radionuclides found at the WSSRAP are
listed in Chapier II of DOE Order 5400.5.

4.4.3 Monitoring Results

The annual average long-lived gross alpha concentrations and standard deviations for the
16 permanent low volume stations are summarized in Table 4-6. Annual averages were
~ calculated using uncensored weekly air particulate analytical results. Uncensored data refers to
all results, inclzding those near or below the minimum detectable concentration (MDC). The
DOE Environmental Regulatory Guide for Radiological Efffuent Monitoring ond Environmental
Surveillance (Ref 26) requires the use of uncensored data to minimize any bias in arithmetic
averages and standard deviation calculations. Anmual results represent the average of up to
52 weeks of data for each monitoring station. Duging 1998, background station AP-4012 was
transitioned from a 104-wegk {2-year) average to a 52-week (1-year) average. Although results
of both methods of comparison are listed in the table, in the future only the 52-week background
averages will be considered to increase the robusiness of the statistical comparison.

The typical MDC for low volume air partienlate sampling at the WSSRAP is
3.3BE-16 uCi/ml {1.2E-11 Bg/mt). This MDC is low enough to allow detection of Th-232, which
has the lowest DCG at the site of 7.0E-15 nCi/ml {2.6E-10 Bg/mly (DOE 5400.5). H an
individual inhales airborne contaminants at the DCG for 1 year, the resulting committed effective
dose equivalent iz 100 mrem (1 mSv).

4.4.4 Data Analysis

Statistical analysis of thé annual results from the low volume airborne particulate
samplers indicated that seven monitoring stations were greater than the 52-week background
concentrations, and nine monitoring stations exceeded the 104-week average. Station AP-4012
indicated annual averages at 52-week and 104-week background average concentrations of
1.27E-15 pCi/ml (4.70E-11 Bgyml) and 1.22E-15 pCi/ml {4.51E-11 Bg/ml), respectively.

LOEDR21548-772, Rev.
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TS50
Table 4-8 1998 Radioactive Air Pariiculate Gross Alpha Results
ANNUAL AVERAGE STATISTICALLY SIGNIFICANT
MONITORING | LONG-LIVED GROSS NUMBER OF e
STATION ALPHA STANDARD | SAMPLEEMTOTAL | S2°NEEK 104-WEEK
IDENTIFICATION | CONCENTRATION DEVIATION NUMBER OF |BACKGROUND | BACKGROUND
NUMEBER {X1E-15 pcUml™® | o(1E-15 pClimi) WEEKS COMPARISON | COMPARISON

Weldon Spring Quarry
AP-1008 135 0.680 52f52
AP-1017 128 0.491 5252
Wvelden Spring Charnical Flant/RaHnate PR Perimeter -
AP-2001 1.46 0.661 52/52 X
AP-2002 184 102 5252 X X
AP-2005 1,58 “ 0,528 £3j52 X X
2 P-2008 182 0.623 42757 X X
4P-2625 1.60 0.941 52/52 X X
[AP-3003 1.77 0.916 52752 X X
4P-3004 212 1.68 52/53 X X
AP.3014 3.52 0.721 52/52 X X
Cfi-Site
[AF-4006 1.34 D.538 5052
AP-4007 1.31 0.400 52/52
AP-4008 1.43 0.507 52/52 X
AP-4071 1.33 D.457 — 5E2
AP 40120 1.27,1.22 0.552,0.540 52/52,104/104
AP-4013 1.24 0.618 - 52752

(=)

indleates background manltoring statlon. Background concentration was transitioned from a 2Z-year

avarage to a 1-yaar avarage in 1998, The first number of the two iz based on 52-weeks of data,
while the second number is based on 104-weeks of data.

(e

The annual average gross alpha concentrations include background and were calculated using

uncensorad data, which includes results {ess than reported minimum detectable concentrations,

(e}

Statistical significance is determined by comparing the annyzl aversge concentration far a

manitoring lecation with both the 1-year (52-week) and 2-year {104-week) background average
concentration, using a one-tailed Student's t-test at the 85% confidence level,

id)

To convert from pCiml to Beyml, multiply by 37,000,

4.4.4.1 Chemical Plant/Raffinate Pits

The average annual concentrations af the chemical plant/raffinate pits perimeter ranged
from 1.46E-15 pCifml (5.40E-11 Bg/mi) to 2,12E-15 pCi/mi (7.84E-11 Bg/ml). All monitoring
stations except AP-2001 were statistically greater than the 52-week average background. All
eight stations exceeded the 104-week background average. Owerall, the chemical plant and
raffinate pits results are slightly higher than those measured in 1997, This is believed to be a
result of extensive waste excavation and hauling activities associated with disposal cell

operations.

DOE/OR21548-773, Rav. 0
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4.4.4.2 Quarry

The average concentrations at the quatry perimeter ranged from 129E-15 uCi/ml
(4.77E-11 By/ml) to 1.35E-15 pCi/ml {5.00E-11 Bg/ml). These results are comparable to those
measured during 1997,

4.4.4.3 Off-5ite Locations

The - average concentrations at off-site locations ranged from 1.24E-15 uCi/ml
{(4.59E-11 Bg/ml} 1o 1.43E-15 pCi/ml {5.29E-11 Bg/mi). One staticn, AP-4008, located at the
Weldon Spring Training Area, was statistically greater than the 104-week background average
(but not the 52-week background average). The elevated resuits at AP-4008 are believed to be
attributable to work in the TSA and vicinity properties (e.g., Da-1) located near the station. All
other results are similar to those measured during previcus years.

4.5 Airborne Asbestos Mdnituring '

During 1998, environmental monitoring for asbestos was conducted at the Francis
Howell High School (AP-4006) and at the Weldon Spring site perimeter (AP-2001, AP-2002,
and AP-2005). These locations are identified in Fipures 4-1 and 4-3. Filters were collected
weekly and shipped off-site biweekly for analysis.

Two methods are used to analyze asbestos samples. Phased contrast microscopy (PCM)
indicates fibers that have the same general size and shape as asbestos; however, this method does
not distinguish between asbestos and nonasbestos fibers. Transmission electron microscopy
(TEM} measures actual asbestos fiber concentrations, I a PCM measurement indicates a
concentration above the site environmental action level (0.01 fibers per milliliter of air), the
sample is then resubmitted to the offsite laboratory for TEM analysis.

The results of environmental samples collected at Francis Howell High School and the
site perimeter are provided in Table 4-7. A total of 65 PCM samples were collected with 48
samples indicating results above the detection limits. The range of samples above the detection
limit (generally 7 fibers/mm®) was 0.0003 fibers per milliliter of air (i) to 0.02Z fml. Seven
samples were resubmitted for TEM 2nalysis, but only on¢ of the samples contained detectable
asbestos fibers. This sample, collected at the Francis Howell High School, had an asbestos
concentration of 0.0004 ffml of air, which is 4% of the limit of 0.01 £ml established by the EPA
for schools. All results of the environmental air samples collected from the site perimeter and
Francis Howell High School were below the fiber concentration limits of 0.01 ml. These results
indicate that ashestos fibers were effectively contained during the year.
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Table 4-7 Summary of Asbestos Air Monitoring Results
NUMBER OF
SAMPLES/SAMPLES
ABOVE DETECTION
LOCATION LIMIT RANGE (f/ml) AVERAGE (timl)
AP-2001 18/12 0.0005-0.0157* 00042
T AP-S002 18712 0.0003-0.0168" . . 0045

AP-2005 12712 0.0012-0.017* 0 00485
AF-4006 17712 0.00046-0.027 0,006

* At least ane semple resubmitted for TEM analysis.

4.6 PM-10 Monitoring
4.6.1 Program Overview

PM-10 consists of zirborne particulate matter (PM) with an aerodynamic equivalent
diameter of less than 10 pm. It is often referred to as respirable dust because it is the fraction of
total -suspended particulate matter that can be entrained by the lungs upon inhalation, thus
causing a potential health concemn.

PM-10 is emitted during many different types of consiruction activities, such as:

o DPulverization or abrasion of surface materials by mechanical means {e.g., soil
excavation or treatment),

« Loading or unloading of bulk dry material (e.g., transfer of fly ash from trucks to
storage silos).

s Movement of turbulent air currents over exposed surfaces {e.g., wind erosion of
stockpiles).

» Re-entrainment of road dust due to vehicle or heavy equipment traffic {e.g., soil
hauling activities).

s Combustion of fossil fuels (e.g., diesel-powered engines or generators).

During 1998, the WSSRAP monitored ambient PM-10 levels at the perimeter of both the
chemical plant area and the Borrow Area, and along the Borrow Area haul road. Portable
monitering stations, censisting of real-time aerosol monitors (RAMS) fitted with PM-10 impactor
heads, were used to monitor upwind and downwind of work activities, concurrently. The
chemical plant area map in ¥igure 4-8 shows the permanent locations established to monitor
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PM-10 emissions from disposal cell operations, based on historical prevailing wind patterns.
Borrow Area locations were determined each monitoring period, based on the National Weather
Service local 24-hour forecast. - Figure 4-9 shows the 16 designated locations along the Borrow
Area perimeter where moniters could be paced, depending on predicted wind directions for the
monitoring period.

: PM-10 monitoring was conducted weekly during the construction segson (ie., May to
Ocicber) at both the chemical plant and Borrow Ares perimeters. The chemical plant was alsc
monitored weekly during November and December since there were construction activities
taking place in and around the disposal cell. In addition, measurements were made -along the
haul road between the Borrow Area and the disposal cell Occasionally, severe weather
conditions such as high winds, below-freezing temperatures, or significant precipitation
precluded the use of the monitering equipment, and that monitoring period was skipped. Since
this usually coincided with the curtailment of excavation and hauling activities, it is unlikely that
any exceedences of the site action level would have oceurred during these times.

4.6.2 Applicable Standards

PM-10 monitoring is conducted at the WSSRAP to assess the ambient effects of
construction and remedial activities, as committed to in the Record of Decision for Remedial
Action at the Chemicad Plant of the Weldon Spring Site (ROD)} (Ref. 9). The ROD states that
although the National Ambient Air Quality Standards (NAAQS) “are not applicable and/or .
relevant and appropriate requirements (ARARS), the standards provide a sound technical basis
for ensuring protection of public heaith and welfare during implementation and wiil be
considered for components of the remedial action involving potential air releases” (pp. 55-56).

While not specifically subject to the PM-10 NAAQS, the WSSRAP instituted a voluntary
PM-10 monitoring program in Aprii 1998, based on the results of screening models and
discussions with the Missouri Depariment of Natural Resources (MDNR). The program is
designed to assess the effectiveness of dust control measures and provide a basis for modifying
them as necessary during remedial activities. A site action level of 150 ug/m’ has been
established for 24-hour average concentrations of PM-10 at the WSSRAP perimeter. Any
exceedences of this limit would trigger the actions outlined in Table 4 of Procedure ES&H 1.1.7,
Envirormental Deta Review and Above Normal Reporting.

4.6.3 Monitoring Results
Data loggers attached to the RAMs recorded ambient PM-10 concentrations once per

second. Hourly minimum, maximum, and average, as well as 15-minute STEL values were
caloulated and reported for each monitoring period.  The resulting 24-hour average
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Tabie 4-8 1983 PM-10 Data for the VWeldon Spring Site' Remedial Action Project

NUMBER OF SAMPLING 24-HR AVERAGE MEASURED CONCENTRATIGN
EVENTS ’ {gm
{UPWIND/DOWHNWIND) UPWIND DOWNWIND
WSGCP .
April 11 11 11
May 416 28 a7
June 55 23 31
July 32 B 12
| August 1] 36 32

Septambar 36 18 ]
Dctobar 5/7 16 28
Naovember A4fF 14 16
December e 19 12
BORROW AREA
May 44 20 -T:]
Junea 444 14 28

| Juiy 4/4 31 42
August 5/9 44 39
Saptember 213 & =]
Cetober FHE 11, 18
HAUL ROAD . :
Septsmbar 140 L] Ma data
Cetober 10 27 No data

concentrations were all below the site action level of 150 pg/m’. Table 4-8 shows the monthly
average concenirations measured at the chemical plant, Borrow Area, and haul road.

The Army measured ambient PM-10 concentrations during operation of the hazardous
waste incinerator at the Weldon Spring Ordnance Warks (WSOW). These data, collected from
July through December of 1998, were reviewed to evaluate the potential PM-10 contribution
from the incinerator operations to measurements made at the Weldon Spring site. Measured
levels at the WSOW monitoring network were comparable to those measured in the chemical

plant ares for the same time period, and were all below the action level of 150 pg/m® for each
24 hour average.

4.6.4 Data Analysis

The highest 24-hour average concentrations c}f PM-10 recorded at the chemical plant in
1998 were 62 pg/m’ at the upwind site and 150 pgin® at the downwind site. The highest 24-hour-
average concentrations at the Borrow Area were 52 pg/m’ at the upwmd site and 63 p.gr’m at the
downwind site. Fhe highest haul road concentration was 27 pug/m’.
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5. RADIATION DOSE ANALYSIS

This section evaluates the effects of atmospheric releases and surface and grovndwater
dischazges of radiological contaminants from the Welden: Spring Site Remedial Action Preject
(WSSRAP). Potential annua! dose equivalents to the general public have been calculated and are
presented here. These calculations are compared against U.3. Department of Energy (DOE)
limits contained in DOE Order 5400.5,

Dose calculations are presented in this section for a hypothetical maximaily exposed
individual and a collective population. - The exposure conditions-used in the dose caleulations are
further discussed in respective environmental monitoring sections of this report.

Dose calculations related to airborne emissions as required by 40 CFR 61, Subpart H
(National Emission Standards for Emissions of Radionuclides Other Than Radon From
Department of Energy Facilities) are presented in Section 6, National Emission Standards for
Hazardous Air Poliutants (NESHAPS) Program.

5.1 Highlights

* The largest total effective dose equivalent (TEDE) to a maximally exposed
individual from all pathways combined was 7.6 mrem (0.076 mSv), estimated for
an individual who works fuil-time on the Wekion Spring Ordnance Works
(WSOW) remediation project. This value represents 7.6% of the DOE limit of
100 mrem (1 mSv) above background levels.

. The collective population effective dose equivalent (CPEDE) was estimated to be
143 person-rem (0.0143 person-Sv) for users of the Busch Memorial
Conservation Area, and employees of the WSOW remediation project, Missoun
Highway and Transportation Department (MHTD), and WSSRAP offices.

5.2 Pathway Analysis

In developing specific elements of the WSSRAP environmental meniioring program,
potential exposure pathways and health effects of the radicactive and chemical materials present
on site are reviewed annually to determine which pathways are complete. This pathway analysis
is detailed in the site Erndronmental Monitoring Plan (Ref. 8). As required by DOE Order
5400.1, evaluation of each exposure pathway is based on the sources, release tnechanisms, types,
and probable environmental fates of contaminants, and the locations and activities of potential
receptors. Pathways are then reviewed to determine whether a link exists between one or more
¢entaminant sources, or between one or moere environmental transport processes, to an exposure
point where human or ecclogical receptors are present. If it is determined that a link exists, the
pathway is termed complete. Complete pathways are used io assess radiological and
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. nonradiological exposures. Each complete pathway is reviewed to determine whether a potential
for exposure was present during the time frame of concern. If this is the case, the pathway is
termed applicable. Only applicable pathways are considered in estimates of dose.

Table 5-1 lists the six complete pathways for exposure from radiological contaminants
evajuated by the WSSRAP environmental monitoring program. These pathways are used to
evaluate monitoring requirements and to determine radiological exposures from the site. Of the
six complete pathways, five were applicable in 1998 and were thus incorporated into radiological -
dose estimates. These are Liquid {B), Liquid (C), Airborne (A}, Airborne (B), and External.
Assessments of potential expesure routes in the Feasibility Study for Remedial Action at the.
Chemical Plant Area of the Weldon Spring Site (Ref. 27) have shown that the dose potentia! for
pathways not listed in Table 5-1 is miniscule.

Table 5-1 Camplete Radiciogleal Exposure Pathways for the Weldon Spring Site
APPLICAELE TD
EXPOSURE 1998 DOSE
PATHWAY PATHWAY DESCRIPTION ESTIMATE
Liquid{A)} ingastion of groundwater from-local wells downgradient from the site. N
LguidiB) Ingestion of game and fish inhabiting wildiife srea. b
Liquid({C} Ingestion of surface wealer and sadiments. Y
Alrbornel A) Inhalation of particulates dizpersed through wind erosion and Y
remedial action.
Airborne(B} [nhalation of radan and ragon degay products emitted from Y
contaminated soilsiwastes.
Extarnal Direct garnma radiation from contaminated seilsfwastes. ¥

As shown in Table 5-1, the Liquid (A} pathway is not applicable to the 1598 dose
estimate for the WSSRAP, Concentrations of radioactive contaminants in the production wells

near the Weldon Spring Quarry are currently comparable to background concentrations (see
Section 8.5). In additicn, no drinking water wells are located in the vicinity of the chemical plant
and raffinate pits area.

The applicable radiological public dose guidelines for the WSSRAP are as follows:

. NESHAPs standard of 10 mrem (.10 mSv) effective dose equivalent annuaily
due to airhorne emissions other than radon at off-site receptor locations.

. DOE limit of 100 mrem (1 mSv) total effective dose equivalent for all exposure
pathways on an annual basis (excluding background).
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5.3 Radiological Release Estimates
5.3.1 Airboerne Radiclogical Releases

Estimates of radiological releases to air and surface water were calculated for radioactive
particulates and radon and thoron gas~ Table 5-2 shows the estimated activity release of
radionuclides to the environment, the corresponding mass released, and the haif-life for each
radionyclide.

As shown in Table 5-2, the estimated total off-site airborne Rn-222 and Rn-220 releasas
were approximately 2.8 Ci (1.04E1l Bq) and 14.2 Ci (5.27E11 Bg). Raffinate Pit 4 was
assumed to be the primary source of Rn-222 and Rn-220 emissions at the Weldon Spring site. A
series of box models was used to estimate the Rn-222 and Rn-220 releases from the chemical
plant. The release estimates were baset on the annual resulta of one F-type and four M-type
radon monitoring stations at the chemical plant perimeter that exceeded the anmual average
background concentration for Rn-222 and Rn-220 in 1998. Calculations and assumptions are
provided in Appendix B.

Airborne particulate release estimates were calculated based on site characterization data
and low voelume monitoring results at eight stations located at the chemical plant perimeter. A
series of box models was used to predict the airborne particulate release rate from the chemical
plant. The assumptions used in estimating airborne releases are shown in Appendix B,

5.3.2 Waterborne Radiological Releases

_ During 1998, intermittent surface water runoff transported isotopes of uranium, therium,
and radium from the site through six major discharge routes. These inciude two water treatment
plant outfalls and four storm water cutfalls {see Section 7). These outfalls were monitored
monthly as required under the site National Pollutant Discharge Elimination System (NPDES).
Natural uranium concentrations measured in mnoff water were multiplied by the natural uranium
activity ratios for U-234, U-235, and U-238 {49.1%, 2.3%, and 48.6%, respectively) to determine
the waterbarme releases of those isotopes. (All release estimates are based on data in Tables 7-3
and 7-5). All results are listed in Table 5-2.

5.4 Exposure Scenarios
Dose calculations were performed for maximally exposed individuals, collective

population, and critical receptor locations for applicable exposure pathways {see Table 5-1) to
assess dose due to radiclogical releases from the Weldon Spring site. First, conditions were set
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Table 5-2 Radionuclide Emisslons to the Envirenment
ACTIVITY OF
ACTIVITY OF RADIONUCLIDES MASS OF
RANONUCUDES | RELEASED TO WATER RADIONUCLIDE HALF-LIFE

RADIONUCLIDE |RELEASED TO AIR (Ci) {ch RELEASED {grams) (¥rs)
238 6.10E-6 7.87E-4 2 4E4 4 47TE0S
=235 4.39@-?_ . 3.7T3E4 170 7.04ED8
234 S80E-6 7.04E-4 0.1 Z46EDS |
[Ra-226 4.26E-7 1.56E-4 1.58E4 1,600
Ra-228 3.28E-7 3.42E4 1.3E-5 576
Th-230 3.45E-5 2.09E4 . 0072 7 54ED4
Th-228 3 43E-6 112E-4 1.4E-7 1.1
Th-232 3.55E-8 1,06E-4 670 1.40E10
Rn-222 28 MNiA MNi& 3.82 days
Rn-220 14.2 WA NFA, 558 seconds
Total Activity 17 2 BBE-3 2.5E4 N/A

M/A Not analyzed for this radlonuclide,
- Mot distinguishable from background at parimeter montoing locations,
Multiply by 3. 7E10 to corvert Ci fo Bg.

te determing the total effective dose equivalent to a maximally exposed individual at each of the.
main site areas: the chemical plant and raffinate pits area, the quarry, and vicinity properties. A
second dose equivalent for a collective population was calculated. A third set of dose equivalent
calculations was performed to meet NESHAPs requirements (see Section 6),

Calculations using perimeter and off-site monitoring data determined the cellective
population dose equivalent to be approximately 1.43 person-rem per year (0.014 person-Sv) from
all pathways combined. Since all air monitoring stations (other than the background station) are
within a 13 km (8.1 mi} radius of the site, and all results measured within this radius are well
below NESHAPs and DOE limits, incorporating a dose calculation for a population within
80 km (49.6 mi) of the site is unnecessary.- Rather, the collective population dose equivalent was
calculated for specific target populations where complete exposure pathways were found to exist.

The scenarios and models used to evaluate these radiological exposures are conservative
but appropriate. Although radiation doses can be calculated or measured for individuals, it is not
appropriate to predict the health risk to a single individual using the methods prescribed here.
Estimates of health risks are based on statistical models using epidemiological data collected
from large groups of people exposed to radiation under various circumstances, therefore, they are
not applicable to single individuals. Dose equivalents tc a single individual are estimated by
hypothesizing a maximally exposed individual and placing this individual in a reasonable but
conservative scenario. This method is acceptable when the magnitude of the dose to a
hypothetical maximally exposed individual is small, as is the case for the WSSRAP. The
scenarios and resulting estimated doses used in the calculations are outlined in Table 5-3. In
addition, the percentage of the DOE limit of 100 mrem {1.0 mSv) TEDE is provided.
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The collective population dose equivalent estimate, provided in units of person-rem
(person-Sv), is the product of the effective dose equivalent estimate at an exposure point and the
number of persons exposed. For the WSSRAP, exposure points are locations where members of
the public are potentially exposed to above-background levels of airbome radioactive
particulates, radon gas, external gamma radiation, or above-background radionuclide
concentrations in water or food. The committed effective dose equivalent is.calculated by
estimating radionuclide concentrations in the air, water, and food at & given exposure point and
applying standard breathing rates, ingestion rates, and dose equivalent conversion facters. These
concentrations and reasonable exposure scenarios are used to estimate the amount of
radicactivity ingested or inhaled by the potentially exposed population. The contribution from
exposure to gamma radiation is then factored into the collective population dose equivalent.

All ingestion calculations were performed using the methodology described in
Intermational Commission on Radiation Protection (ICRF) Reporis 26 (Ref. 28) and 30 (Ref 29)
for a 50-year committed effective dose equivalent {(CEDE). Dose conversion factors were
obtained from the EPA Federal Guidance Report No. 11 (Ref. 30).

5.5 Dose Equivalent Estimates

Dose equivalent estimates for the exposure scenarios were calculated using 1998
monitoring data. Calculations for doge scenarios are provided in Appendix B. Dose equivalent
estimates are well below the standards set by the DOE for annual public exposure and U.S.
Environmental Protection Agency (EPA) NESHAPs limits.

The 1998 TEDEs for hypothetical maximally exposed individuals near the chemical
plant/raffinate pits and vicinity properties are 7.6 mrem (0.076 mSv) and 0.62 mrem (6.2 pSv),
respectively, These values represent less than 8% of the DOE standard of 100 mrem {1 mSv)
above background for all exposure pathways. In comparizon, the annual average exposure to
natural background radiation in the United States results in a TEDE of approximately 300 mrem
(3 m&v). The coilective population effective dose equivalent is 1.43 person-rem
(0.0143 person-8v) for recreational users of the Busch Memorial Conservation Area and
emplovees of the Weldon Spring Ordnance Werks remediation project, Missouri Highway and
Transportation Department facility, and WSSRAP offices. Assumptions are detailed in the
following sections.
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5,5.1 Radiation Dose Equivalent From the Chemical Plant and Raffinate Pits to a
Hypothetical Mazimally Exposed Individual

This section discusses the estimated TEDE to a hypothetical individual assumed to
frequent the perimeter of the chemical plant and raffinate pits and receive a radiation dose by the
exposure pathways identified above. No private residences are adjacent to the site. Therefore,
ail calcutations of dose equivalent assume a realistic residence time that is less than 100%. A
full-time employee at the Weldon Spring Ordnance Works {WSOW) remediation project was
considered to be the maximally exposed individual to releases of radionuclides from the
chemical plant area

The low volume sampler and radon detectors near the WSOW facility indicated above-
background concentrations of airborne radioactive particnlates and thoron gas. Also, the annual
average environmental TLD result (Station TD-3003) exceeded background levels for the vear;
therefore, a dose estimate was calculated based on these measurements.

The exposure scenario assumptions arg as follows:

. ‘External exposure occurs to the maximaily exposed individual while working at
the WSOW near the Weldon Spring Chemical Plant perimeter for a total of
2,000 hours per year. '

» Net radioactive airbome particulate concentration of 9.0E-16 nCi/ml comprised
of a mixture of radionuclides present at the WSSRAP temporary storage area
{TSA). '

. Net Rn-220 concentration of 0.4 pCi/l measured at Station RD-3003 and a
daughter equilibrium ratio of 0.5%.

» Net annual gamma exposure rate of 22 mrem/year {for continucus exposure),
measured at TD-3003 at the western boundary of the chemical plant. For 1998,
continuowus exposure time is 8,760 hours.

. Breathing rate of 1.2 m’/hour.
Based on the exposure scenario and assumptions described above, a maximally exposed

individual working at the WSOW received a total ¢ffective dose equivalent of 7.6 mrem
{0.076 m3v) from inhalation of radioactive particulates and thoren gas and external exposure.
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- 5.5.2 Radiation: Dose From the Weldon Spring Quarry to a Hypotheiical Maximally
Exposed Individual

Because all monitoring results at the quarry were indistinguishable fiom background
levels during 1998, no dose estimate is necessary for a maximaily exposed individua! at the
quarry.

5.5.3 Radiation Dose From Vicinity Properties to a Hy pothetical Maximally Exposed
Individual ' .

This section discusses the estimated total effective dose equivalent to a hypothetical
- individual assumed to frequent the Burpermeister Spring area of the Busch Memorial
Conservation Area. This scenario provides a conservative but plausible exposure assessment.
No private residences are adjacent to Burgermeister Spring (it is situated on land currently
managed by the Missouri Department of Conservation [MDCY); therefore, the calculation of dose
equivalent due to the applicable pathway of water ingestion (Liquid C) assumes a realistic
occupancy time of cne day per week, This scenario is based on a hypothetical individual who
drank from Burgermeister Spring on a weekly basis in 1998,

Exposure scenario assumptions particular to this dose calculatien include the following:

. Anmal average radioactive particulate concentrations at the Busch Memorial
Conservation Area were indistinguishable from background; therefore, no
inhalation dose due to radioactive air particulates was calculated for an individual
at Burgermeister Spring.

» No contribution to the estimated dose was included from radon or radon progeny
concentrations associated with the Airbome (B) pathway, because annual alpha-
track results in the area were at background levels.

. No contribution to the estimated dose was included for the external p.athway,
because environmental TLD results at the Busch Memorial Conservation Area
indicated background levels.

- Maximum radionuclide concenirations in  water samples taken from
Burgermeister Spring during 1598 {see Appendix B) were assumed to be present
in the water ingested by the maximally exposed individual (MEI).

. Dose equivalent conversion factors for ingestion, as follows: total soluble
uranium, 2.69E-4 mrem/pCi, Ra-226, 1.33E-3 mrem/pCi; Ra-228, 1.44E-3
mremypCi; Th-228, 3.96E-4 mrem/pCi; Th-230, 5.48E-4 mrem/pCi, Th-232,
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2.73E-3 mrem/pCi; Ra-224, 3.66E-4 mrem/pCi; and Pb-212, 4.56E-5 mrem/pCi
(Ref 30). '

The estimated total effective dose equivalent to the maximally exposed individual at the
vicinity properties from consumption of water from Burgermeister Spring was 0.62 mrem
(6.2 uSv). '

5.5.4 Collective Population Dose

This section discusses the estimated CPEDE to the populations assumed to be exposed to
radicactive emissions fiotm the WSSRAP. Of the seven perimeter monitoring stations that
exceeded background levels for radioactive particulates, the locations likely to be frequented by
members of the public are AP-2001, AP-2005, AP-2008, and AP-3004. These stations are
located along the northeast chemical plant perimeter near the MHTD facility, near the WSSRAP
offices {AP-2005 and AP-2008), and near the WSOW, respectively. Another exposure scenario
was developed for WSOW remediation workers based on the above background average thoron
concentration measured along the western chemical plant petimeter (RD-3003).

Measurements made by environmental thermoluminescent dosimsters (TLDs) indicated:

above background resulis of gamma exposure at the MHID facility and the WSOW,
necessitating the development of general population direct exposure scenarios for these
locations.

Ancther potential general population exposure is from the consumption of water,
sediment, and fish from the August A Busch Memorial Conservation Area. Two lakes at the
conservation area receive runoff from the Weldon Spring site and are used for fishing and
boating. The scenario used for the Busch Memorial Conservation Area is based on recreational
use for fishing, boating, and swimming activities. Only the ingestion pathways Liquid (B) and
Liquid (C) were considered plausible for this assessment. Exposure scenario assumptions
particular to this dose calculation are as follows:

. The MDC estimates that approximately 160,000 persons per year use the Busch
Memorial Conservation Area (Ref. 31), which is adjacent to the chemical plant
and raffinate pits area, while another 5,895 persens participate in recreational
boating activities. Busch Lakes 34 and 35 receive runoff from the chemical plant
and raffinate pits area, and both lakes are used for fishing and boating. Therefore,
a population of 163,895 persons was assumed to have potential for exposure
through ingestion of fish, water, and sediment from these lakes.

. The average time per fishing trip was 2.5 hours.

DOEOR/21548-T73, Rey. 22
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» The fish caught to time spent ratio is 0.4 fish/hour, and the ratio of fish kept to
fish caught is 0.5. If each fish caught is consumed by a-different person, the
affected population would be 80,000 persons.

. The highest average total uranium concentration in a- composite sunfish sample
coltected from Lake 35 in 1998 was 0.019 pCi/g (5.1E~4 Bg/g).

. The average time. spent at the Busch Conservation Area per boating trip was
approximately 5.7 hours (Ref. 31).

. Each of 5,895 visitors made only one visit to the area and spent 5% of the time
swimming,
. Average water and sediment concemtrations of total uranium were 8.3 pCif

{0.22 Bg) (see Table 7-11) and 26.6 pCi/g (0.99 Bq/g), respectively (Ref, 32).

v No contribution from airborne pathways was included in the Busch Memorial
Conservation Area dose estimates. Results from the measurements near the lakes
indicated that there was no reason to suspect, ai the 5% confidence level, that
concentrations of airborne radicactive particulates or Rn-222 or Rn-220 ges were
greater than background levels.

For 1998, the estimated population effective dose eguivalent for the Busch lakes scenario
was 0.082 person-rem {8.2E-4 person-Sv),

The scenario used for the WSOW is the same as that listed in Section 5.5.1.  Assuming
150 individuals werked full-time on the project in 1998, the collective population effective dose
equivalent for the WSOW is 1.14 person-rem (0.0114 person-Sv).

The scenaric used for the MHTD facility includes both inhalation of radioactive
particulates and direct exposure. The population at the MHTD fucility includes nine employees
who work approximately 2,000 hours per year Based on an annual net gross alpha
concentration of 2.4E-16 pCi/ml (8.88E-12 person-Sv} and a net direct exposure rate of
8 mrem/year, the collective population effective dose equivalent for employees at the MHTD
facility is 0.0178 person-rem (1.78E~4 person-Sv).

The scenario for the WSSRAP offices includes only inhalation of above-background
concentrations of radionuclides as measured by low volume monitoring Station AP-2008 in
1998, The population at the WSSRAP offices includes approximately 300 employees who work
an estimated 2,500 hours/year. Based on an annual net gross alpha concentration of

6.0E-16 4Ci/ml (2.22E-11 Bq/ml), and assuming that the source is the disposal cell, the
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coliective population effective dose equivalent for employees at the administration building is
0.191 person-tem (0.00191 person-Sv}. :

The estimated total collective population effective dose equivalent from all three
scenarios combined is 1.43 person-tem (0.0143 person-Sv) for 1998, Calculations are presented
in Appendix B, Section II.

DOEORIZ1548-773, Rev. 0 84
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6. NESHAPS PROGRAM

This section provides information on 1998 annual atmospheric emissions of
radionuclides, in accordance with the requirements of 40 CFR 61, Subpart H, National Emission
Standards for Emissions of Radionuclides Other Than Radon From Department of Energy
Facilities. Evaluations presented here include airbome emissions data and dose assessment and
compliance information related to sources of radicactive particulate emissions at the Weldon
Spring Site Remedial Action Project (WSSRAP).

6.1 NESHAPs Monitoring and Dose Assessment Highlights

» Resuits of National Emission Standards for Hazardous Air Pollutants (NESHAP)
monitoring at the seven critical receptor monitoting locations indicated that there was no
reason to suspect that any member of the public received greater than the effective dose
equivalent limit of 10 mrem/yr.

¢ The highest dose assessments were for a maximally exposed individual working at the
WSSRAP administration building or residitg centinuously at the Busch Memorial
Conservation Area. Resulis indicated an annual committed effective dose equivalent
{CEDE) of 0.019410.0143 mrem and 0.019810.0475 mrem, respectively for these
individuals in 1993.

o The 1998 collective population dose equivalent estimaie for a combined population
consisting of employees of the Missouri Highway Transportation Department (MHTD),
employees at the WSSRAP, and users of the Busch Memorial Conservation Area was
1.43 person-rem {0.0143 person-Sv).

¢ Total Rn-222 and Rn-220 emissions from the Weldon Spring site were estimated toa be
2.8 Ci (1.04E11 Bq) and 14.2 Ci (5.25E11 Bq), respectively in 1998.

6.2 Source Description

The Weldon Spring site is being remediated in accordance with the Comprehensive
Envirommental Response, Compensation, and Liability Act (CERCLA) and the National
Environmental Policy Act (NEPA). Tt no longer operates as a uranium and thorium processing
plant and has been in mothbali status since about 1966. Therefore, radiomuclides are no longer
emitted from the original uranivm processing plant sources (i.e., stacks, vents, or pipes described
in 40 CFR 61, Subpart H).

Specific remedial activities at the site that may have contributed to airborne emissions of
radionuciides in 1998 include the following:

DOEORIZIE48-773, Rev. 0 o 85
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e Transfer of bulk waste from Ash Pond, the temporary storage area {TSA), and
material storage area (MSA) to the permanent disposal cell.

o Removal and treatment of sludge from Raffinate Pit 3.

» Production of grout at the chemical Etﬂhilizaﬁ{.;l!]f solidification {CSS) facility.
¢ Placement of grout in the permanent disposal cell,

» Consolidation and remediation of Raffinate Pit 4.

» Treatment of contaminated soils at the TSA and Raffinate Pit 4. |

o Excavation of contaminated soils from varicus locations around the site,

Bulk waste that was placed in the disposal cell in 1998 included demolition debris from
the chemical plant buildings that were contaminated with asbestos, hazardous chemical
substances, and isotopes of uwranium, radium, and thorium, Concentrations in bulk samples
collected from the buildings range from background levels to 20,000 pCi/g {740 Bq/g) U-238,
190 pCi/g Ra-226, 5,400 pCi/g (200 Bg/g) Ra-228, and 540 pCi/g (20 Bg/g) Th-230 (Ref. 2).

The quarry bulk waste, which was located at the TSA, contained radiclogical and
chemical contaminants including uranium, radium, thotium, metals, nitrates, polychlorinated
biphenyls (PCBs), semivolatile organic compounds, nitroaromatics, and asbestos. The
radionuclide concentrations range from 3.0 pCifg to 1,600 pCi/g (0.11-59.2 Bg/g)} U-238,
<] pCi/g to 2,780 pCi/g {<0.037 to 103 Bq/g) Ra-226, 0.7 pCi/l to 36 pCi/g {0.026 to 1.33 Bq/g)
Th-232, <1 pCi/l to 2,200 pCi/g (0.037 to 8.14 Bg/g) Ra-228, and <1.0 pC¥] to 6,800 pCi/g
{0.037 to 252 Bq/g) Th-230 (Ref. 1). This waste was removed from the TSA and placed in the
disposal cell in 1998,

The raffinate pits were radiologically contaminated with uranium and thorium residues
and chemical contaminants including nitrate, fluoride, PCBs, and wvaricus heavy metals.
Radionuclide concentrations found in raffinate pit sludge range from <10 to 3,400 pCifg {0.37 1o
126 Bag/g) total uranium, <8 pCi/g to 34,000 pCifg 0.30 to 1,260 Bg/g) Th-230, <1 pCyvg to
1,700 pCifg Ra-226, <4 pCig to 1,400 pCi/g (.15 to 51.8 Bg/g) Th-232, <4 pCi/g to
1,400 pCi/g (0.15 to 51.8 Bg/g) Ra-228, and <3 pCi/g to 1,100 pCifg (0.11 tc 40.7 By/g) Th-228
(Ref. 33). In 1998, contaminated sludge was consolidated in the southern end of Raffinate Pit 4
and treated in situ. The resulting mixture was excavated and placed in the disposal cell.

Radiological and chemical contaminants (i.e., PCBs, nitroaromatic compounds, and
metals) have been found in soil from several areas around the site. Most of the 88 ha (217 acres)
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of the chemical plant area have above ..hackgmuhd concentrations of uranium (>1 pCifg).
Radionuclide concentrations range from 0.3 pCifg to 2,259 pCifg U-238, 0.2 pCi/g to 452 pCi/g
Ra-226, 0.1 pCifg to 155 pCi/g Ra-228 and 0.3 pCifg to 123 pCi/g Th-230 (Ref 2).

6.3 Air Emission Data

Most airborne emissions of radionuclides at the Weldon Spring site result from wind
dispersion of surface scils, temporary waste storage areas, or dust and dirt from building debris
and fogitive dust generated duning remedial actions. However, the site and quarty water
treatment piants, as well as the chemical stabilization/solidification (CSS) facility, constitute
potential point scurces of radionuclide emissions other than radon. All on-site point sources that
have the potential to emit radioactive airborne particulates are filtered using high efficiency
particulate air (HEPA) exhaust systems. '

Traditicnal methods of estimating airborne emissicns of radionuctides have been used at -
the WSSRAP to support engineering design studies. These methods involve identification of the
various industrial activities, characterization of the activities by assuming numerous process
parameters (e.g., soil characteristics, vehicle characteristics, meteorological conditions, etc.), and
application of empirically-derived emission factors. While this process has been useful for
evaluating the need for emissions comrol during planned construction activities, the high degree

- of uncertainty associated with the resnlting emissions estimates preciudes its use in obtaining an
accurate assessment of effectve dose equivalents to maximally exposed members of the public

{Ref. 20}

The WSSRAP uses an alternate method of tracking enissions from the site, as allowed
by 40 CFR 61, Subpart H and approved by TU.8. Environmental Protection Agency (EPA)
Region VII {Ref. 20). A network of critical receptor monitors has been established to measure
airborne radionuclide concentrations at locations where members of the public have the potential
to be impacted by emissions from remedial activities at the site. Background concentrations are
also measured so that the net contribution of emissions from remedial activities, and the resulting
effective dose equivalents, can be determined. The design of the critical receptor network is
summarized in Table 6-1. Locations of the monitors are shown on Figure 6-1.

Tahble 6-1 Design of Criticai Receptor Moniforing Neiwork _
L STATICN 1D LOCATION
AP-2001 Highway Maintenance Facility
AP-200% WSSRAP Administration Building
| AP-4006 Francis Howell High Scheol
AP-4007 Busch Memuotial Conservation Area
AP-4008 Armny Reservs Training Area
AP-4011 Mearest Quarry Residence
AP-4012 (background) Danlel Boone Elementary School
AP-4013 Frands Howell High School Annex

DOE/OR21548-772, Rev. O &7
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6.3.1 Point Sources

Table 6-2 briefly describes airborne effluent control at the chemical plant water treatment
plant, the quarry water treatment. plant, and the CSS8 facility, along with the nearest receptor
locations. Because critical receptor monitoring is performed at the WSSRAP, no source-specific
effluent monitoring is required by either 40 CFR 61 Subpart H or U.S. Department of Energy
{DOE) Order 5400.5. Engineering calculations have been performed to estimate releases from
the quarry and chemical plant water treatment plants and resulting dose equivalents to members

- of the public. These results indicate an effective dose equivalent of less than 0.1 mrem {0.001

mSv) at the neazest receptor location.

Tabie 6-2 WSSRAP Point Sources

_ —__EFFLUENT CONTROL NEAREST RECEPTOR
POINT SOURGE ID DESCRIFTION EFFICIENCY DESCRIPTION DISTANCE
Site Water Treatmert Plant High Efficiency Air 59.97% for Administration 400 m
Partlculate (HEPA) 0.3 micren DOP* Building
_ Filtered _
Cuamy Water Treatrmant High Efficlency Air 99.97% for Residence 700 m
Plant Paitlculate (HEPA) C.3 micren DOP
Fittersd: - : :
C5E Facility High efficiency air 99.87% for 0.3 Administration 800 m
particulate {HEPA,) micron DOP Buidding
fitterad

* DOP - Dioctylphthalate

6.3.2 Grouped Sources
The WSSRAP has not defined any grouped sources.
6.3.3 Non-Point Sources

The primary sources of airborne emissions at the WSSRAP are diffuse sources in two
general aress: the chemical plant area and the quarry area. Due to the many different. and
constantly changing activities within these areas, emissions are difficult, if not impossible, to
quantify. The discussion below describes the characteristics and likelihood of potential airborne
emissions, rather than attempting to quantify them.

The quarry diffuise source is 4 3.6 ha (9 acre) limestone quarry located approximately
6.4 km (4 mi) south-southwest of the chemical plant acea. The quarry is essentially in a closed
basin; surface water within the rim flows to the quarry floor and into a pond that covers

-approximately 0.07 ha (0.2 acre). The quarry was used as a disposal area for dinitrotoluene

(DNT) and trinitrotoluene (TNT) process wastes; uranium, radium, and thorjum residues; the
associated decay products from on-site and off-site processing of uranium and thorium; and
building rubble and soils from the demolition of & uranium processing facility in 5t. Louis,
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Missourl, A major remedlatmn project invulwng the removal and controlled temporary storage
of approximately 110,000 m® (144,000 yd ) of contaminated bilk waste was started in 1593 and
completed at the end of 1995, Residual radioactive contamination remains at the quarry and
could be a potential source of airborne particulates.

The Weldon Spring Chemical Plant diffirse source encompasses 87 ha (215 acres) on
which the Ash Pond storage area (APSA), four raffinate pits, the CSS8, the temporary storage area
(TSA), the material staging area (MSA), and the disposal cell are located. Airbome smissions
from the chemical plant res:lt from windblown resuspension of radicactive particulates from site -
goils and chemical plant building material and debris. Emissions also occur during mechanical
eperations such as soil excavation and hauling, transfer of waste material to the permanent
disposal ceil, treatment and mixing of soils and sludge at the TSA and raffinate pits, and grout
production operations at the CSS,

The emission control strategy for all the above activities was to make efficient use of
resources by minimizing the quantity of fine grain soil that was to be relocated, selecting
equipment that would minimize dust generated during operations, limiting surface exposure of
contaminated soils, minimizing hauling distances, and using water sprays to suppress dust.

6.4 Dose Assessment

The net measured concenteations of radionuclides at each critical receptor location are
used to assess the annuat committed effective dose equivalent (CEDE) to members of the public.
The exposure scenarios listed in Table 6-3 represent the maximunm expected exposure of any
single individual working, residing, or visiting near each critical receptor location. Annual
CEDESs have been calculated for ¢ach exposure scenario and are summarized in Table 6-3.

This section describes further details of the critical receptor monitoring network, and how
it i3 used to estimate CEDEs and demonstrate compliance with the NESHAPs requirements.

6.4.1 Sampling Procedure

The seven designated critical receptor locations surrounding the Weldon Soring site have
been selected based on their proximity to the site (less than 1 km {0.62 mi]) and the probability
that members of the public would spend at least 8 hours per day near them. The seven critical
receptor locations and the background monitoring location are shown in Figure 6-1. They
include: the common boundary of the Weldon Spring Chemical Plant and the Missouti Highway
and Transportation Department maintenance facility (AP-2001); the WSSRAP administration
building (AP-2005}); Francis Howell High School (AP-4006); the August A. Busch Memorial
Congervation Area {AP-4007), the Welden Spring Army Reserve Training Area on the
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Department of the Army property (AP-4008); 150 m (0.1 mi) from the residence nearest to the
quarty (AP-4011), and the Francis Howell High School Annex {AP-4013). Daniel Boone
Elementary School in New Melle, Missouri, is the designated background monitoring location
(AP-4012). Technically, the WSSRAP administration buitding is considered an on-site receptor
rather than a criticat receptor because its occupants are not members of the general public, and
the area is under DOE control. However, for reperting purposes, it is referred to as a critical
receptor.

Each critical receptor focation includes a low volume air particulate sampler (~40 lpm).
and a high volume air sampler (~950 lpm). Low volume samples are coliected- on mixed
cellulose ester membrane filters approximately 1.5 m (5 ft) above the ground, and are exchanged
and analyzed for gross alphe activity on a weekly basis. High volume samples are collected on
large glass fiber filters approximately 1.2 m (4 ft) above the ground, and are also exchanged
weekly but composited and analyzed quarterly for isotopic radionuclides. It is the high volume
sampling resuiis that are used to demonstrate NESHAPs compliance at the WSSRAP.

At the beginning of each calendar quarter, the high volume filters collected over the
previous quarter are composited to form eight distinct samples, one for each critical receptor
location and background station. The samples are analyzed for isotopic thorium, total uranium,
Ra-226, and Ra-228. Background concentrations (ie., those measured at AP-4012) are
subtracted from the results for each critical receptor location to obtain net measured
concentrations. '

6.4.2 Net Measured Radionuclide Concentrations

Based on the sample analysis results obtained from the critical receptors, net measured
concentrations for each radionuclide during each quarter are listed in Table 6-4. The resulting
anmial averages are compared to the limiting levels listed in Subpart H of 40 CFR 61,
Appendix E, Table 2. As shown on Table 6-4, there were no exceedences of the NESHAPs
limits for net concentrations in 1998,

The net concentrations in Table 6-4 are alsc expressed in terms of percentage of the
NESHARPs limit for each radionuclide. To demonstrate compliance with 40 CFR 61, Subpart H
requiremenis, the sum of the fractions obtained from dividing each radienuclide concentration by
the listed NESHAPs limit must be less than one. The maximum value for this sum is 13.75%, or
(.14, as measured at the WSSRAP administration building.
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6.4.3 Dose Estimates

The net measured concentraticns of radionuclides are combined with the maxirum
exposure scenario at each critical receptor location to estimate committed effective dose
equivalents (CEDEs) according to the following formula:

CEDE (mrem) = Concentration (uCi/nt’) x DCF (mrem/ (i}
x Exposure Duration (hriyr} x Breathing rate (' /hr)

where:

+ Concentration is the net airborne concentration measured for a specific radionuclide
at a specific morstoring station.

¢+ DCF 15 the 50-year radioisotopic dose conversion factor listed for the inhalation
exposure pathway in EPA’s Federal Guidance Report No. 11 (Ref 30),

+ EBxposure duration represents the maximum time an individual is expected to be in the
vicinity of a particular critical receptor.

» Breathing rate of 1.2 m*hr (424 f*/hr) is assumed, as provided in ICRP Report
No. 23, Repori of the Task Group on Reference Man (Ref. 25),

Table 6-5 shows the CEDEs and associated errors calculated for each quarter at each
critical receptor location. No dose equivalent is calculated for concentrations measured at the
background location, since the purpose of this analysis is to estimate CEDEs in excess of
naturally occurring background levels. At locations where several different exposure scenarios
have been identified (c.g., at the high school and the wildlife area), dose equivalents are
caiculated only for the individual exposed for the maximum duration. In cases where net
measured concentrations are negative (.., below background), the resulting dose equivaient is
assumed to be zero,

Total annual CEDEs are calculated by summing the quarterly contributions of each
radionuclide at each monitoring location. Total errars are derived by calculating the square root
of the sum of the squares. The highest annual dose equivalent to 2 member of the public is
estimated o be 00198 +/- 00475 mrem, based on the exposure scenario of an individual
residing near the Busch Memorial Conservation Area,
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6.4.4 Compliance Assessment

Subpart H of 40 CFR 61 states the following: “emissions of radionuciides to the ambient
air from Deparimeni of Energy facilifies shall not exceed those amounis that would cause any
member of the public fo receive in any year an effective dose equivalent of 10 mremir.”
According to DOE Order 5400.5, the total effective dose equivalent (TEDE) includes the 50-year
CEDE from internal deposition of radionuclides and the effective dose equivalent (EDE) due to
penetrating radiation from sources external to the body. Because the WSSRAP emits no
" radionuclides that could result in an appreciable submersion dose potential to members of the
public, the external dose equivalent. portion of the TEDE is not applicable to NESHAPs dose
calculations. In addition, ingestion of radiomuclides other than raden is not an applicable
paihway for a potentially maximally exposed individual at any critical receptors. Thus, for the
purpose of demonstrating NESHAPs compliance, the EDE as defined in 40 CFR 61 is assumed
to equal the CEDE from internal deposition by the inhatation pathway. The contribution of dose
due to external sources to the EDE is discussed separately in Secticn 6.6 and Appendix B.

Results of isotopic radicnuclide monitoring at critical receptor locations demonstrate that
airborne emissions from the WSSRAP contributed a maximum committed. effective dose
equivalent of 00198 +/~ 0.0475 mrem/yr. This value, which represents the maximum dose
equivalent calculated for al! critical receptor locations, is significantly below the NESHAPs limit
of 10 mrem/yr, ' '

All 1998 critical receptor monitoring data used o calculate CEDEs and demonstrate
compliance with the 10-mrem/yr standard meet the criteria specified in 40 CFR 61, Subpart H,
for monitoring and test procedures {including a quality assurance program), compliance and
reporting procedures, and record keeping requirements, In addition, a8 mentioned in
Section 6.4.2, net measured concentrations of individual radioisotopes are all below the limiting
levels and praportional limits specified in the Code of Federal Regulations {(CFR).

Data quality cbiectives for precision and accuracy, as cutlined in the Plan for Menitoring
Radionuclide Emissions Other Than Radon at Weldon Spring Site Critical Receptors (Ref. 20),
have been achieved for all four quarters of the year. Based on verification and validation of each
reported value, overall completeness of the data is greater than 95%. One-tailed Student’s t-tests
performed at the 95% confidence level indicate that no quarterly or annnal concentrations are
statistically above background at any of the critical receptors.

6.5 Additional Informatien

No unplanned releases to the atmaosphere ocourred in 1998,
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Releases from the WSSRAP are primarily.due to diffuse sources. Effective dose
equivalent estimates are based on critical receptor moniforing, and therefore account for both
point source and diffuse source emissions.

6.6 Supplemental Information

Although not required by 40 CFR 61, this supplemental information is provided to assist
the DOE in guidance development and in future interactions with the EPA. Information includes
the following: coilective population.dose equivalent and airborne releases of radiomuclides,
status of compliance with 40 CFR 61 Subparts (G and T, details of non-storage radon ermissians; a-
discussion of radionuclide emission points, and the status of the site quality assurance program
for radionuclide emissions measuremerds.

6.6.1 Collective Population Dose and Airborne Release Estimates

Dose Estimates. Statistical tests performed at the 95% confidence level for each
NESHAPS monitoring result indicated no above-background concentrations. However, a total
1998 collective population dose equivalent was calculated for locations that were considered
exposure points. Exposure points are defined as lecations where there is a potential for members
of the public to be exposed to above-background concentrations of airborne radioactive
particulate, radon gas concentrations, external gamma radiation, and radionuclides in food or
water. All four pathways are addressed for the collective population dose esiimate.

Using a 52-week background average, statistical testing at the 95% confidence Jevel for
radon gas and gamma exposure measurements at perimeter and critical receptor monitoring
locations indicated above background levels at the following locations: radon monitoring
stations RD-3001, RD-3002, and RD-3003; and pamma monitoring stations TD-2004 and
TD-3003. When compared with the 104-week background average, all seven low volume air
particulate chemical plant perimeter monitoring stations and critical receptor Station AP-4008
exceeded background levels. The high volume monitoring results, however, indicated no dbove
background concentraticns of airbome radionuclides.

Environmental thermolumingscent dosimeter {TLD) stations TD-2004 and TD-3003,
which menitor direct exposure, are located along the Weldon Spring Chemical Plant perimeter
adjacent o the Missouri Highway Maintenance facility, just northeast of the chemica! plant
perimeter, and west of the TSA near the Weldon Spring Ordnance Works (WSOW),
respectively. Of the seven perimeter monitoring stations that exceeded the average background
radioactive particulate concentration, those likely to be frequented by members of the public are
AP-2001 (MHTD facility), AP-2005 and AP-2008 (WSSRAP offices), and AP-3004 (WSOW).
Of the three above-background perimeter radon monitoring stations, only RD-3003 {western
perimeter) is in an area likely to be frequented by members of the public. The Rn-220
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. concentration at RD-3003 was assumed to represent the Rn-220 conceniration inhaled over the
course of 1998 by WSOW remediation workers.

Ancther potential general population exposure is from the consumption of water,
sediment, and fish from the Angust A. Busch Memorial Conservation Area. Three lakes at the
conservation area receive runoff from the Weldon Spring site and are used for fishing and
boating. The 1998 collective - population dose calculation included assessments for nine
emplovees of the Missouri Highway and Transportation Department (MHTD) facitity, 300
- employees at the WSSRAP, 150 employees at the WSOW, and 165,895 users of the Busch
Memorial Conservation Area. The estimated total coliective population dose equivalent was
1.43 person-rem (0.0143 person-8v) for 1998, Calculations are presented in Appendix B,
Section D.

Airborne Release Estimates. During 1998, statistical analysis of annual average high
volume monitoring results used for the NESHAPs report indicated no locations where airborne
radionuclide concentrations were greater than background. However, all seven low volume
monitoring stations along the chemicel plant perimeter (see Figure 4-1} indicated annual average
concentrations that - were statistically greater than the 104-week average background
concentration. The net annual average gross alpha concentrations at these stations were
incorporated into & series of box models to estimate the total radioactive airbore particulate
release from the site for 1998. The box model approach provides conservative results and is
used in place of Gaussian plume dispersion modeling, which is generally inappropriate for
estimating ambient pollutant concentrations at receptors close to a source such as the perimeter
monitors at the WSSRAP. Calculations are presented in Appendix B, Section E to estimate the
radionuclide-specific activity releases during 1998, Specific radionuclide release activities are
listed in Table 5-2.

6.6.2 Subparts Q and T of 40 CFR 61

The repulations contained in Subpart Q pertain to Rn-222 emissions from radium-
containing storage or disposal facilities. Initial radon flux measurements at the disposal cell are
currently planned for the year 200 construction season.

The regulations contained in 40 CFR 61 Subpart T apply only to sites that are V.. listed in,
or designated by, the Secretary of Energy under Title I of the Uraninm Al Tailings Control Act
of 1978 or regulated under Title I1 of the Uranium Mill Tailings Controf Act gf 1978 " Subpart T
does not apply to the Weldon Spring site since it does not fall inta the applicable categories.
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- 6.6.3 Radon Emissions from WSSRAP Non-Storage Sources
6.6.3.1 Rn-220 Emissions

Potential Rn-220 sources at the Weldon Spring site are the TSA, which was used for the
storage of the quarry bulk wastes, and the four raffinate pits used for the storage of wastes from
past uranium refinery operations, Radiological characterization of the raffinate- pits waste
indicated Ra-228 concentrations ranging. from 4 pCi/g (0.148 Bg/g) to 1,400 pCi/g (51.8 Bg/g).
Remediation activities included. dredging/dewatering of the raffinate pits, sludge consolidation in .
Raffinate Pit 4, excavation of sludge from the Raffinate Pits 3 and 4, chemical solidification and
stabilization of the sludge in the C8S facility, and subsequent disposal of the stabilized sludge in
the disposal cell. These activities all resulted in increased Rn-220 emissions to the atmosphere.

The chemical plant perimeter is monitored for radon gas at 10 locations using ajpha track
radon monitors. Statistical analysis of the results at the 95% confidence level indicated that three
monitoring locations, RD-3001, RD-3002, and RD-3003, had annval Rn-220 concentrations
greater than background levels. To estimate the airborne Rr-220 emissions from the chemical
plant during 1998, the above background alpha-track radon detector Rn-220 results. were
incorporated inte a series of box models. The estimated off-site Rn-220 release from the
chemical plant was 14.2 Ci (5.25E11 Bg). Calculations and assumptions are provided in
Appendix B, Part F.

6.6.3.2 Rn-222 Emissions

The primary non-storage source of Rn-222 during 1998 was the four raffinate pits that
were used for the storage of waste resulting from past uranium refinery operations. Radiological
characterization of the raffinate pits waste indicated Ra-226 concentrations ranging from 1 pCifg
(0.037 Bq/g) te 1,700 pCi/g (63 Ba/g). As stated in Section 6.6.3.1, the raffinate pit remedial
activities have exposed radium-bearing waste 1o the atmosphere.

The chemical plant perimeter is monitored for radon gas at 10 locations. Statistical
analysis of the monitoring results during 1998 indicated that the average radon concentration was
greater than backgrouad levels at Station RD-3002. Based on box modeling, the estimated off-
site Rn-222 release from the chemical plant was 2.8 Ci (1.04E11 Bq). Calculations and
assumptions are provided in Appendix B, Part F. :

6.6.4 Effluent Monitoring Requirements

The site water treatment plant, quarry water treatment plant, and chemical stabilization/
solidification plant were in operation during 1998 and were potential point sources of radioactive
airborne particulates. The WSSRAP has developed a plan to continuously monitor air
concentrations of radioactive particulates resulting from remedial activities, at designated critical
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receptor locations in accerdance with 40 CFR 61.93, Paragraph (b)(5). This approach is
contaited in the Plan for Monitoring Radionuclide Emissions Other Than Radon at Weldon
Spring Site Crifical Recepiors (Ref. 20), which has been approved by EPA Region VII. Tlie
report includes a discussion of the WSSRAP quality assurance program and data quality
objectives for measurement of radionuclide emissions from the Weldon Spring site. This
program conforms to the requirements of 40 CFR. 61, Appendix B, Method 114, and ensures that
emission measurements are representative and are of known precision and accuracy.
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7. SURFACE WATER PROTECTION
7.1 Highlights of the Surface Water Program |

The following are highlights of the 1998 surface water program. These items, and others,
are discussed in detail in this chapter,

» The mass of uranium migrating off site in storm water and treated effluent, 23 8 kg/yr
{52 4 1bfyr}, was onty slightly greater than the 1997 mass of 22.2 kg/yr (48.9 Ibiyr) {(see
Tables 7-5 and 11-1). The increase was the result of greater precipitation during 1998,

¢ Forty-seven batches of water were released from the site and quarry water treatment
plants during 1998, in compliance with all National Pollutant Discharge Elimination
System (NPDES) permit conditions.

e The overall results of the whole effluent toxicity (WET) tests indicate that the site and
quarry water treatment plant effluent was not toxic to test organisms during 1998,

» Total uranium levels in the Femme Osage Slough were within historical ranges.
7.2 Program Overview

The environmental monitoring and protection program for surface waters at the Weldon

~ Spring Site Remedial Action Projeci (WSSRAP) is prescribed in the Environmental Monitoring

Plan {Ref 8) and includes monitoring discharge points permitted under the NPDES program and
streams, ponids, and lakes under the surface water monitoring program,

The effiuent, 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 peals of this program are to maintain compliance with the NPDES permit requirements and
to protect the health of downstream water users and the environment by characterizing water
released from the site. In accordance with the WSSRAP policy, that all surface water be closely
monitored and treated (as necessary) to meet Federal and State requirements, the Project
Management Contractor (PMC) uses the water sampie data to develop strategies to minimize the
discharge of waterbarne contaminants from the site.

In addition, the surface water monitoring program monitors off-site water bodies for
uranium contamination and temporal changes in uranium levels. The data generated from this
monitoring are used in conjunction with NPDES menitering te measure the success of the
project'’s geal te clean up the site with no long-term increase in contaminant discharge or
degradation of the off-site water bodies.
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7.3 Applicable Standards

The WSSRAP is subject to, and complies with, Executive Order 12088, which requires
all Federal facilities to comply with applicable pollution control standards. Effluent discharges
from the site for 1998 were authorized by four NPDES permits issued by the Missouri
Department of Natural Rescurces (MDNR). The MDNR requires specific parameters to be
monitored at outfalls listed in each permit. Each parameter is assigned either effluent Jimits or.a
"monitoring only” status, which means the concentrations are reported but not-limited by -the
permit.  Sampling frequencies and reporting requirements for the two major permits,
MO-0107701 and MO-DI08987, are suminarized in Tables 7-1 and 7-2. These permits were
reissued on March 4, 1994, and June 17, 1998, respectively. An application to renew Permit
MO-0107701 was submitted on September 1, 1998, and renewal is pending.

The Borrow Aren land disturbance storm water permit, MO-R100B69, issued
September 1, 1994, and reissued on May 29, 1998, has no specified monitoring or reporting
requirements, A program was developed in the Environmental Monitoring Plan (Ref. 8) for
monitoring settleable solids and, under certain circumstances, oil and grease. The results of this
monitoring were used to measure the effectiveness of erosion control and 1o improve controls, if
required.

Permit MO-G670203 was issued on December 5, 1997, for the discharge of hydrostatic
test water from the chemical plant site. Sampling frequency and reporting requirements and
resuits are discussed in Secticn 7.6.1.2.4,

Effluent discharges are also regulated by Department of Energy (DOE) Order 5400.5,
which calls for a best available technology evaluation if the annual average uranium
concentration at an outfall exceeds the derived concentration guideline (DCG) for natural
uranium (600 pCi/l [22.2 Bqg/l]). Measures are also taken to keep uranium concentrations as low
as reasonably achievable (ALARA).

The primary criteria used to develop the surface water monitoring program were the
Missouri Water Quality Standards for drinking water supplies established under the Missouri
Clean Water Commission Reguiation 10 CSR 20-7.031 and the U.S. Environmental Pretection
Agency primary and secendary maximum contaminant level concentrations for drinking water.
A table of applicable drinking water standards that includes contaminants routinely monitored in
the surface water program can be found in Section 8.
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Table 7-1 Weldon Spring Chemical Plant Storm and Sanitary Water {NPDES Penrit MO-0107701)
and Quarry Storm Water (MO-0108887) Monitoring Requirements
LOCATICN
NF-000Z, NP-D003™, NP-0004,
PARAMETER NP0305, NP-0010, NP-1005 KP-0005
Sampling Frequency once/tuartar ancefquarter
Flow . EPD fmonitor only} GPD {monitar anly]™
Settloabls Solids 1.0 mlthr —_
TSS mgh (monitot cnly)" 30745 mgf™
Mitrate and Nifvite as N~ mafl {monitor aniy) —
Uranilim, total mgfl {monkar ondy}* —
Gross alpha, heta™ pCiA {menitor only) -—
_ pH & - 9 standard units 6 - 8 standard units
Fecal coliform - 400/1000 calonies/
104 mi®
BOD — 30/45 mgh™
MOTE: Refer to Figure 7-1 for NPFDES manitodng locations.
* Fermit requires reporting in both mg/l and pCifl and netification of MEBINR if uranium concentration in any
sample exceeds 2 mgh.
.- Gross beta was z2dded to the peemlt on June 17, 1998,
s Does not apply to quary storm watier Cutfall NP-1005.
{a) Frequan-::y is oncefmonth.
(k) Limit is 50 mgA if ercsicn contral is not designed for 8 one in 10 year, id—huur gtonm,

{c) " Monthly average/daily maxirmum. '

{d) NPDES permit MC-0107701 includes sampling of creozole cunstimanb& Cu and Zn in the chipped
waod storage area pand prior ta discharge to Quifall NP-0003. See Table 7-2 for limits.

{e} Manthly averagefweekly average. '

— Not Applicable.
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Table T-2 Efiuent Parameter Limits and Monitering Requirements for Sike Water Treatment Plant
{NPDES Pemnit MO-B107701) and Quarry Water Treatment Plant (NPDES Pemnit
MO-0108987} Quifalls*
| LOCATION LOCATION

PARAMETER NP-0007/NP-1001 PARAMETER NP-0007/NP-1004
Gross o pCifl Tl Ph, total 0.20/0.40 mg/l
Gross p pCifi™ Mn, total 0.50/0.10 my/
Uranium, total pleIr"""" Hag, total 0.005/0.004 mg/l
Re-226" pCi™ Se, total D.05/0.02 mgi™

Ra-228" pei™ Cyanide, Amenable 0.05/0.0075 mg/**
Th-230™ prli™ 2.4-ONT 1.1/0.22 pg/l

| Th-232" pCifl™ Flucride, total 12/4.0 mg/**
Flow GPDY Nitrate and Mitrite as M 100 mg/|
CoD 80 (B0) mg_m Sulfata as S0y 1000/500 mafl
T35 50 (30} mgd Chlaride g II[']“
pH 5-9 standard units FPriorlty Pellutants™ rgﬂq!l
Az, tatal 0.20/0.10 mgA™* Whole Efluent Texicity !
Cr, total 0,40/0,10 mg/i** Pe-2107 pCiT
cu /A, 00 m H*‘ Re-227 pCi/IT
Cu-Site 1.0{0.66) m Raden™ pCifl

| Zn-Site 5.0{3.33) mg.ﬂ Crecsote-site™ TR

WOTE: Referto Figures 7-2 and 7- 3 for NPDES monitﬂﬂng Iocaﬂﬁns

*  Frequency = ance per batch unless otherwise noted,

b Deleted frem quarry pamnit {(MC-0108987) an July 17, 15988,

{a) Monitoring only.

i) Water treatmeant plants designed for an average concantration of 30 pCil {1.11 8qgA) and naver to

axcesd concentratians of 100 pCift (3.7 BEgfl). Leachate receiving primary traatment only iz nat
sublact t¢ this plant dasign goal.

(c) Once/month.

{d} Quarry only,

{a] Daily maximum {monthly average).

{f Priority pollutants are listed in 40 CFR 122.21 Appandix B, Tablas Il and 111,

{q) Limi# applies t¢ chemteel plant; monitoring only at quarmy,

{h) Annual monitoring.

1} Guartarly monitoring.

{j "Mo statistical difference between effiuant and upstream rasuits at 95% confidence level ”

(k) Once per bateh for each batch sampled within a period of 30 days following introduction of CWSA
water {which has failed thesa limits} to the SWTP.

[} Includes: asenaphthylene, acenaphthene, benzofajanthracenes, dibenzofa,hjanthracene,
banze{ajpyrens, benza (K} fiusranthens, chrysene, fluoranthene, flusrene, Indeno (1,2 3-cd) pyrene,
naphthalene, and phenanthrense.

{m) Caily maximum - 2.5 x Q.L., monthly average - 1.5 x Q.L. Q.L. - quantifieation [eval as set by most
recent edition of Standard Methods ((Q.L. taken a3 practical qguanttfication limit [PQL].

{m) Folychlorinated biphenyls {PCBs) have a limit of 1 pa/l
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Surface water, other than NPDES outfalls,. is also monitored under the requirements of DOE
Order 5400.5, Radiation Protection of the Public and the Envirorument, which designates DCGs
for ingestion of water.

7.4 Hydrology Description of the Site and Quarry

Separate suriace water monitoring programs have been developed at the chemical plant
and guatry due to differences in the topography and hydrologic conditions. Bath programs take
into account the mechanisms controtling surface water source areas.

7.4.1 Weldon Spring Chemical Plant and Weldon Spring Raffinate Pits

The chemical plant area is located on the Mlssuun-hdissmmppl River surface drainage
divide (Figures 7-1 and 7-2). The topography is gently undulating and generally slopes
northward to the Mississippi River and, more steeply, southward to the Missouri River. Streams
do not run through the property, but because the site is elevated above surrounding areas,
drainageways originate on the property and convey storm water off site. Surface drainage from
the western portion of the site, which includes Ash Pond, the chipped wood storage area
(CWSA), and areas adjacent to the temporary storage area (TSA) and the raffinate pits drains to
tributaries of Busch Lake 35 and then to Schote Creek, which in turn enters Dardenne Creek,
ultimately draining to the Mississippi River (Figure 7-1). Ash Pond accumulates water when a
valve is closed in the discharge stmicture, If Ash Pond water has a uranium concentration greater
than 600 pCi/l (22.2 Bq/l), the valve remains closed. If the ponded water is below 600 pCy/] after
the runeff event, it may be released, otherwise it is stored in the pond or transferred for
treatment. The MSA basin (SW-2015) was a temporary holding pond that collected storm water
runoff from the material staging area. This basin was eliminated, along with the entire MSA,
carly in 1998, The CWSA basin is operated by sampling for parameters prescribed in permit
‘MO-0107701. If the parameters are within the limits the water is discharged to the Ash Pond
diversion channel, if not, the water is transferred for treatment. All water that discharges at
Qutfall NP-0003 flows through Sedimentation Basin 4 before reaching Qutfall NP-0003.

Surface water drainage from the north and east sections of the chemical plant, which
includes part of the disposal cell outer berm, discharges to Dardenne Creek from Schote Creek
after first flowing through Busch Lakes 36 and 35 (Figures 7-1 and 7-2). Frog Pond and the
asbestos storage area were removed from the watershed during August 1998 and the area was
remediated. Storm water runoff and leachate from the imterior of the cell is coliected in
Retention Basins 1 and 2 for sampling and/or treatment.
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Runoff from a farge portion of this area entered Sedimentation Basin i until Frog Pond was
removed and the area remediated during August 1998, Subsequently, flow to the sedimentation
basin was from a much reduced area.

Runoff from the southern portion of the chemical plant site (Figures 7-1 and 7-2) that
includes the site water treatment plant, Building 434, and parking and equipment areas for the
Chemical Stabilization and Solidification (CS8) Facility, flows southeast to the Missouti River
via the Southeast Drainage (Valley 5300). All storm water runoff from this area, except for
minor flows from the Building 434 srea and some roadside ditches, flowed thmugh a
sedimeniation basin just upstream of Outfafl NP-0005 during 1998, :

The four raffinate pits, located in the southwestern portion of the chemical plant area do
not discharge to the surface and collect only direct precipitation. Water from the raffinate pits
has been, and will continue to be, treated at the site water treatment plani before release. A
portion of Raffinate Pit 4 was remediated and confirmed clean during 1998, Storm water from
the remediated portion flows to Outfall NP-0004.

7.4.2 Weldon Spring Quarry

Surface water bodies in the guarry area are the Femme Osage Slough, the Little Femme
Osage Creek, and the Femme Osage Creck (Figure 7-3). These water bodies do not receive
direct runoff from the quarry, but are sampled to monitor potential changes due to the movement
of contaminated groundwater from the fractured bedrock of the quarry through the fine-grained
alluvial materials,

The Femme Osage Slough is located directly south of the quarry and is known te receive
contaminated groundwater from the quarry through subsurface recharge. There is no natural
surface flow from the slough; it is essentially land locked. The Little Femme Osage Creek is
located west of the quarry and discharges into the Femme Osage Creek approximately 0.5 kin
(0.3 mi) southwest of the guarry. The Femme Osage Creek then flows into the Missouri River,
Although there has been no evidence of impact from contaminated groundwater on the creeks via
stream emergence, they are monitored to detect any changes in the system.

The quarry decontamination pad is ne longer used and was demonstrated to have no
surface contamination. Storm water runoff from the quarry decomtamination pad area is directed
to storm water outfall NP-1005 (Figure 7-3). If the pad is used in the future, all water will again
be treated untit it is again demonstrated as having no surface contamination.

7.5 Monitoring

Sections 7.5.1 and 7.5.2 discuss monitoring requirements at NPDES ouifalls and surface
water locations at the chemical plant site and the quarty.
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7.5.1 National Polluiant Discharge Flimination System Monitoring

The NPDES permits issued to the site identify the parameters io be monitored. The
permit requirements for the two major permits are shown in Tables 7-1 and 7-2 and the
* requirements for the two minor permits are discussed in the text. Physicai, chemical, and
radiological parameters were menitored at all storm water outfalls, the quarry water treatment
plant and site water treatment plant outfalls. The Enviroimental Moniioring Plan (Ref. §) also
reflects the requirements of the NPDES permits.

I addition to the permitted outfalls, samples were collected upstream of NPDES storm
water Outfall NP-0002 from sampling location SW-2019 (Sedimentation Basin No. 1), and
upsiream of NPDES storm water Qutfall NP-0003 from location SW-2010 {Ash Pond) and
SW-2017 (Ash Pond diversion channel). Quarterly samples were also collected from Ash Pond,
when possible, to monitor the effects of materials stored in those areas on contaminant levels in
the storm water runoff The MSA pond was eliminated during 1998. Prior to elimination,
samples were collected for uranium analysis before the accumulated pond water was discharged.

7.5.2 Surface Water Monitoring

The foliowing two subsections discuss surface water monitoring requirements at the
chemical plant site and the quarry.

7.5.2.1 Weldon Spring Chemical Plant and Weldon Spring Raffinate Pits |

Under the surface water monitosing program, Dardenne Creek, and Busch Lakes 34, 35,
and 36 were sampled quarterly for total uranium (Ref. 8). Samples were analyzed on the site
Kinetic Phosphorescent Analyzer (KPA). This monitoring was conducted to measure the effects
of surface water discharges from the site on downstream surface water, The raffinate pits were
previously monitored as surface water, but are now monitored under treatment plant operations
sampling.

7.5.2.2 Weldon Spring Quarry

Six locations within the Femme Osage Slough were ménitored to determine the impact of
groundwater migration from the quarry. Surface water locations SW-1003, SW-1004, and
SW-1005 (Figure 7-3) were monitored quarterly for total wranium because of past significant
contaminant levels in these areas, fluctuations in concentrations due to changes in water levels in
the slough and groundwater potentiomstric surface, and the potential for these surface water
contaminants to impact groundwater south of the slough, The remaining locations {(SW-1007,
SW-1008, and SW-1009) were sarapled quarterly to provide sufficient data to determing any
changes in these areas. Locations SW-1003, SW-1004, and SW-1005 were also monitored
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semiannually for nitroaromatic compounds because these locations are downgradient from the
area of greatest nitroaromatic groundwater contamination.

7.6 Monitoring Results

Analytical results of the momtonng of surface water and NPDES outfalis are presented.in
the following subsections.

7.6.1 Nationai Pollutant Discharge Elimination System Program Monitoring Results

Radicchemical, chemical, and physical analvtical results for NPDES outfalls are
presented in subsections 7.6.1.1 and 7.6.1.2.

7.6.1.1 Radiochemical Analysis

The 1998 average uranium concentrations at the storm water discharge points ranged
from 1.0 pCi/l {0.037 Bg/l) at NP-1005 1o 83.1 pCi/l (3.07 Bg/ty at NP-0003, which are (.15%
and 12.2%, respectively, of the DCG for natural uranium. Average anmual gross alpha
concentrations ranged from 1.8 pCi/l (0.067 Bg/l) at NP-1005 to 61.2 pCi/l (2.26 Bg/l) at
NP-0003. The anmual average radionuclide concentrations for all the permitted storm water
outfalls are shown in Table 7-3. Uranium concentration averages were calculated on a flow
weighted basis for all storm water outfalls except for Outfall NP-1005. Only two samples were
collected for Outfall NP-1005, and both were non-detect for uranium, Flow weighted averages
(rather than straight averages) were caiculated for uranium levels at the outfalls to estimate the
total uranium that migrated off site during 1998. The averages were flow weighted by summing
the total daily flows {liters) for the days the samples were collected and summing the total
activity (pCi) for the days the samples were collected. The sum of the activity for all samples
was then divided by the sum of the flow for all samples, to give the flow-weighted average for
the year.

The site water treatment plant (SWTP) and quarry water treatment plant {QWTP) were
both in operation during 1998, Four batches were discharged from the QWTP and 43 batches
were discharged from the SWTP. No daily maxtmum or monthly average limits are established
for uranium;, however, the design of the treatment plant is based on achieving an average of
30 pCi#l {1.11 Bg/l) uranium with a maximum never to excecd 100 pCifl (3.7 Bq/l). The average
. uranium concentrations for the site and quarry water treatment plants were well below this level
at 3.11 pCi/l {0.12 Bg/l) and 0.38 pCi/l {0.01 Bg/l), respectively (Table 7-5). In addition, the
SWTP averaged 10.15 pCi/l (0.38 Bg/l) for gross alpha and 23.68 pCifl (G.88 Bg/l) for gross
beta. The QWTP averaged 0.75 pCifl (0.03 Bg/1) and 3.85 pCi (0.14 Bag/l), respectively for
these same parameters (Table 7-4). In addition to effluent monitoring, the NPDES permit for the
quarry, MO-0108987, required that river sediment sampling be conducted annually upstream and
downstream of the quarry water treatment plant outfall (NP-1001). The river sediment was
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Table 7-3 1998 Annual Average NPLES Results for the Weldon Speing Chamical Plant ang Quarry
Storm Water Qutfalls .
. _ _ _ LOCATIONS _

PARAMETERS NP-0D02 NP-0003 NP-DDO4 NP-0D05 NF0D10 NP-1005
Mumber of sample 12 12 7 12 12 2
events
pH rangs {a} {a} {by {a} {a) (a)
Nitrate {as M) mg/ 1.68 2.4 By 0.85 .12 NS
Total suspended 447 80 1,535 g2 46 174
golids mgh
Settieable solids 1240(e) 134e). Titic} 12/0{c) 8/0(c} 210(c)
milfl/hr
Arsenic mgi 0.006{10}™ 0.005 0.037(4) 00042} <0.0031} WS
Chromium rngil 0.002{10) 0.018 0.106(4) 0.004(2) 0.004{1) NS
Lead mgH 0.010010) 0.008 0.0454) 0.002() «0.013(1} NS
Thalium mag/l 0.003{10) 0.002 0.003{4) 0.002(2) <0.008(1} NS
Total uranium pCifl 22.3% 831" 2346 10.0* 10.7* 1.0
Gross alpha pCifl 241 812 20.7(6) Ha 86 18
Graoss beta 2450 14.8(7) 20.3(6] T.7[7) 8.7{7} 7.5
Radlum-Z26 sCil 0.23{2) 0.80 <0.72(1) g.01(1) 0.30{1) NS
Radium-228 oCil 0.90(2) 0.90 <0.94({1) <0.84{1) 1.34(1) NS
Thoriurm-228 pCiA 0.2502) 0.34 2.68{1) <0.45(1) <0 431} NS
Thorium-230 pCii D.24{2) 1.07 1.85{1) <0.51{1] =D.45(1} NG
Thorium-232 pCifl 0.242) 030 0.77(1} <0,55{1) <0.50{1} NS

[a) All pH readings were in the permitied range of 8.0 to 8.0

{b} Cne pH measuremsent was above tha uppet Hmit of 9.0,

(e} Top number is number of samplas, bottorn number is number of resuits above daily maximum limlt of
1.0 miffhr,

(d) The number in parenthesss indicates the number of sampfes analyzed for the specified paramater, if

*

NS
Mote:

It diffars from tha number of sample evants.
Flow propartional averages.

Mot Sampled.

1 pCifl = 0.037 Bafl.

sampled for uranium at locations SD-4090Q (upstream)} and SD-4091 (downstream) {see
Figure 7-3). The cne-time sampling results were 0,81 pCig (0.03 Bygfg) at SD4090 and
0.67 pCi/g (0.02 Bg/g) at SD-4051,

Radium and thorium were monitored once per month, (as required by the permit) in both

site and quarry water treatment plant batches. While there were some isolated incidents at the
site water treatment plant of levels elevated above past averages, (Ra-226 had a maximum value
of 7.56 pCy/i [0.28 By/l}, Ra-228 had a maximmm value of 5.83 pCi/l [¢.22 Bq/1], Th-228 had a
maximum value of 2.72 pCi/l [0.10 Bg/1], Th-230 had a maximum value of 2.8 pCi/l [0.10 Bg/1],
annd Th-232 was less thar 1.0 pCifl [0.037 Bg/l] for all samples), they were below DCG levels
and returned to within normal range in subsequent samples. Annual averages for radium and
thorium at the SWTP and QWTP are shown in Table 7-4.
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Tahle 7-4 Site and Quarry Water Treatiment Plant Annual Averages for Radium and Thorium (pCifly
PARAMETER QUARRY WTP {NP-1001) SITE WTP (NP-0007)
Ra-226 0.28 (1M 1.14 {17151
Re-278 1.75 (1/4) 1.90 {5415)
Th-228 0.06 (4/3) 0.36 (12/16]
Th-230 0.26 (#44) 0.58 (6115)
Th-232 .11 (44) 0.12 {14715}
Grags alpha 0.75 (2/4) 10,15 [18/43}
Ciress beta A5 (1) 23.58 (7/43)
> Number of results below detection limit {including uncansnrad valyes)ftatel number of sampies.

Mote; 1 pCifl = 0.037 Byl

Ac-227 and Rn-222 were monitored once and Po-210 twice for 1998 in the quarry
effluent. Ac-227 had an uncensored value of 2.3 pCi/l (0.09 Bg/l} with a detection limit of
16.0 pCifl (0.59 Bg/1); Po-210 was detected at 0.9 pCi/l (0.033 Bg/l) in one sample and was not
detected at a detection limit of 0.130 pCifl (0.005 Bq/l) in the other; and Rn-222 was not detected
at a detection limit of 24.7 pCi/l (0.91 Bg/l).

Estimated quantities of total natural uranium released off site through surface water
runoff and treatment plant discharges are presented in Table 7-5. The total velume of storm
water at the three major outfails was measured with totalizing flow meters. Where flow meters
were not available, the flow was determined by total precipitation and runoff’ curve numbers
cited in the U.S. Department of Transportation Design of Roadside Drainage Charmels (Ref. 34).
When flow meters were not operational for a peried of time, runoff curve mumbers were
calculated using flow and precipitation data from periods when the meter was operational, Total
uranjum released from the treatment plants was calculated using flow meter and effluent
concentration data. Qutfall NP-1005 is not included because only two samples were collected
during 1998 and no uranium was detected. The estimated mass of uranium released off site in
storm water and treated effluent during 1998 was 23.8 kg (52.47 lb). This is a shght increase
over the calculated amount released during 1997 (22.15 kg (48.83 1b). This may be attributed to
the increased precipitation during 19938 (over 1997). :

Table 7-6 shows the annual average uranium concentrations of NPDES outfalls from
1981 to 1998, Concentrations in 1998 increased at Outfafls NP-0002, NP-0010 and NP-0GO7
and decreased from 1997 concentrations at Outfalls NP-G003, NP-0005 and NP-1001. Historical
trending of uraniom for Qutfalls NP-0002, NP-0003, and NP-0005 is discussed in Section 11.1.
Radium and thormm were both periodically monftored at Outfalls NP-0002, WP-0003, and
NP-0005 throughout the year to monitor the effects and effectiveness of remediation. The
parameters for each outfall are discussed in the succeeding paragraphs.

Outfall NP-0001 was the outlet of the abandoned process sewer outfall line. Cufall
NP-0001 was physically eliminated during May 1994 and was officially eliminated from the
permit on August 4, 1995,

DOE/OR21548-773, Rev. O 115




WELDON SPRING SITE ENVIRONMENTAL REFORT FOR CALEKNDAR YEAR 1968

THS0D

The average uranium concentration for Outfall NP-0002 in 1998 was 223 pCifl
[0.83 Bo/l), slightly increased over the 1997 average of 14.4 pCifl (0.53 Bgl). This slight
increase may be the result of increased precipitation in 1998. Ne radiological contaminants were
detected above baseline values. Baseline values for contaminants in storm water were set before
soil and foundation removal started. Baseline monitoring and values are discussed in
Section 11.2,  All levels were below the DCGs. Annual average NPFDES results for Quifall
NP-0002 are shown in Table 7-3.

Tabla 7-5 1998 Estimated Annual Release of Natural Uranium frorn NPDES Outfalls
TOTAL TOTAL
DRAINAGE | ESTIMATED RAINFALL| RUNOFF
ARE# % OF AVERAGE URANIUM | vOLUME | vOLUME | TOTAL U {TOTALL
HECTARES | PRECIPITATION | CONCENTRATION My Miyr | RELEASE [RELEASE
OUTFALL (ACRES) AS RUNOFF (pif) (Mgallyr) | (Mgallys} | [Cliyr {kgyr)
NP-0002 30.4 2 22 g 382.91 255 30 s.mxmjﬂ B.3B5
{75.1) (10117} {67.26)
NP-0003 303 T B3.{* ang. 38 108.67 | 9.0bA0" | 13.304
{74,651 (100.48) | (28.71)
NP-0004 57 40™ 93.356" 41.86 18.74 |0387x10-°| 0.575
(14). £11.06) {d.42}
NP-00B5 62 Lo 10.0° 102 65 38.86 0.20x10° | 0571 |
L {20.2} _ {27.21) 10.25
NP-0Q10 2.0 40 10.7* 25.4% 020 [o10ea0®] 0180
(5.0 {674 12.68)
NP-ODOT MIA, h/A ERE NFA 17474 |0.543x10° | 0.788
| {46.17)
P-1001 7 N/A, 038 A 17.28 |opo?xi0™ | 0.MG
[4.96)
TOTAL RA Nid, N, 53321 B21.77 | 16.i8x10°| 23.8
(246.54) | (164.26)

(a)

Drainage Channels (Rel. 34).

(b}

Total runcff measured from flow meatars.

M/A Hot Applicable.
Mot
" Flow-welghted average.

Ta convert from Gifyr to Bgfyr multiply Cifyr by 3.7 x 10'°

Runoff curve number estimated from .8, Dapartmeant of Transportation Design of Roadside
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- Table 7-6 Eighi-Year Annual Average Uranium Congentrations at NPDES Outfalls

OUTFALL ANNUAL AVERAGE TOTAL URANIUM {pCif)

1981 1992 1083 1884 1985 1956 1997 1998
NP-0001T_ | 475 516 1003° 1226° ™ ™ ™ s
NP-D002 158 228 230" 182* 124* .Eq* 14* 22*
NP-D003 456 478 a7 Jaz =Tl a8* 143" 83"
NP-0004 B 3 9 12 i &l bl 73
NP-0005 581 265 133* [ Kl 128* 107+ 18+ 0%
NP-0C10 = - - B2 107 50 2.7 10.7*
WP-0007 - — 0.363 0.74 0.48 1.37 1,50 3.11
NP-1001 - <0.0003 1.881 1.60 1.78 1.09 0.51 . .38
NP-1005 — - - — — ~ -- 1.0c)

* Flow weighted average.

- Nat applizable.

{a) Crutfall removed, flow diverted to NP-0005.

{b) Outtall removed from permit in 1895, added in 1298,
{3} Qutfall added in 1998,

The average uranium concentration for Outfall NP-0003 was 83.1 pCi/l (3.07 Bg/l),
which was much less than the 1997 average of 142.5 pCi/l (5.27 Bq/l). The decreaze may be the
result of the controlled release of the runoff from Ash Pond and upstream remediation. Ash
Pond is used to store materials removed from other areas of the site until they can be placed in
the cell. Ash Pond is managed to avoid discharging water from the pond that is over 600 pCi/l
Except for Ra-226 and Ra-228 in one sample and Th-228 and Th-230 in another single sample,
radium and thorium concentrations were below baseline values {see Tables 11-2 and 11-3). All
values were well below the DCGs for radium and thorium. Annual average values for uranium,
radium, thorium, gross alpha, and gross beta are shown in Table 7-3. Baseline values are
discussed in Section 11.1.3. Ong major contrbutor to NP-0003 is water from upstream of
NP-0003 that flows around Ash Pond in a diversion channel before entering Sedimentation
Basin4. The diversion channel was sampled jusi before it entered Sedimentation Basin 4 to
determine the uranium contribution to Qutfall NP-0003 from the upstream area. The annual
average at SW-2017 was 68.5 pCifl (2.5 Bg/l), which was lower than the Ouifall NP-0003
average of 83.1 pCifl (3.07 Bq/l). Location SW-2017 results are located in Table 7-7.

QOutfall NP-0004 was eliminated from NPDES permit MO-0107701 on March 4, 1954,
but was repermitted on May 22, 1998, The outfall was repermitted because a portion of
Raffinate Pit 4 was remediated upstream of the outfall and storm water from the area flows to
Outfall NP-0004, There was no iminediate flow from the outfall after permitting because
remediation was not yet complete. Some contaminants were elevated in initial discharges
becsuse the area was not vet adequately stabilized and vegetated. These initial discharges
skewed the annual averages to higher levels than they otherwise would have been. After
vegetation was established contaminant levels were greatly reduced.

The anmial average uramum concentration at Outfall NP-GO05 for 1998 was 10.0 pCidl
(0.37 Bg/1), which was much less than the 1997 average of 18.9 pCi/l {6.70 Bg/l). In additicn,

DOEQR/21548-TT2, Ray. O 117




WELDCON SPRING SITE ENVIRONMENTAL REFORT FOR CALENDAR YEAR 1998 FAS00

radium and thorium concentrations were below baseline values. Annual average NPDES results
are shown in Table 7-3 and baseling values are discussed in Section 11.2.

Qutfall NP-0010 was added to NPDES Permit MO-0107701 when it was reissued on
March 4, 1994, This outfall is located near the west end of the nerth perimeter fence in the
construction material staging area (CMSA), and drains a portien of the CMSA. The CMSA is
used to store clean soil, grave!, and other construction material. Contaminated seil -was removed
and the CMSA was completed early in 1996, The annual average uranium concentration for
1998 was 10.7 pCifl (0.37 Bg/l), well below the DCG of 600 pCirt (22.2 Bg/l) and slightly higher
than the 1997 average of 2.7 pCi/l (0.10 Bq/l). The slight increase may be attributed to the use of
an area in the watershed for cell vehicle parking and maintenance. Radium and thorium were not
suspected, and therefore, were not measured at NP-0010, The annzal average NPDES results are
reported in Table 7-3.

Table 7-7 Ash Pond, Sedimentation Basin 1 and Diversion Channel - 1988 Annual Average

Radiological Concentrations (pCL) -
LOCATICN ASH POND SED. BASIN 1 IVERSKON CHANNEL
PARAMETER SW-2010 SW-2018 SW-2017T
Ra226 1.0 NS NS
Ra-228 15 - NS NS
| Th-22¢ 0.7 NS NS
Th-230 1.3 N5 NS
Th-232 0.3 NS NS
[E] 464 55 68.5
Gross alpha 38 N3 NS
Gross beta ay NS NS

NS Mot Sampled.

Ash Pond {(SW-2010) was sampied quarterly, when water was flowing, for gross alpha,
uranium, Ra-226, Ra-228, Th-228, Th-230, and Th-232 to monitor the effects of demoliticn
debris and soil stored in Ash Pond on Ash Pond runoff and subsequently, cn the downstream
outfall, NP-0003, The pond was aiso monitored for uranium when the monthly NPDES sample
was coliected at Outfall NP-0003. The uranium average (based on the quarterly sampling} at Ash
Pond was 464 pCi/l (17.2 Bg/), slightly less than the 1997 average of 484 pCi/l {(17.9 Bg/l) and
below the DCG of 600 pCi/t (22.2 Bg/l). Several samples were collected at the outlet pipe while
the Ash Pond valve was closed. Those results were high because seepage into the pipe between
Ash Pond and Sedimentation Basin 4 is usuaily low in volume but high in concentration. Water
was not being released from Ash Pond at the time the samples were collected. These values
caused the average to be higher than it might have been. Radium and thorium were measurable,
but at levels well below the DCG. Table 7-7 contains the annual average radiological
concentrations for location SW-2010.
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Frog Pond was not an upstream monitoring. location during 1998 because it wag not a
significant source of water to Qutfall NP-G002. Frog Pond was removed and the area remediated
during August 1998. The outlet of Sedimentation Basin 1 {SW-2019) was monitored.
Sedimentation Basin 1 discharges to the channel that leads to Outfali NP-0002 and made up most
of the flow at NP-0002 before Frog Pond was remediated. After remediation, most flow
bypassed Sedimentaticn Basin 1 and went directly to Outfall NP-0002. The sedimentation basin
effluent was monitored to determine.the centribution of the watershed flowing to the basin te
NP-0002 uranium levels. The anmral average for uranium was 5.5 pCi/l {€.2 Bg/l), which is
below the NP-0002 average of 22 pCu*l (0.8 Bg/l}. Table 7-7 contains the annual average
radiological concentrations.

7.6.1.2 Physical and Chemical Results

Analytical results for physical and chemical (as opposed to radiochemical) parameters at
NPDES outfalis and other sample locations are presented in Subsections 7.6.1.2.1 through
7.6.1.2.4.

7.6.1.2.1 Chermical Plant and Quarry Storm Water -

The annual averages for the physical and chemical parameters for storm water Qutfalls
NE-0002, NP-0003, NP-0004, NP-00035, NP-0010, and NP-1005 are shown in Table 7-3. In
addition to the permitied parameters, arsentc, chromium, lead, and thallium were periodically
monitored at some outfalls. Some parameters were periodically present above baseline levels
(se Section 11.1.3), There were also instances of metals that do not have permit limits but were
above the 100 pg/l reporting levels for toxdc pollutants. These were chromium for one sample at
NP-0003; and arsenic, chromium, lead, copper, nickel, and zinc for one sample at NP-0004.
There were also two samples at Qutfall NP-0004 that were above permitted limits. One sample
was above the limit for pH and the other for settleable solids (SS).

The initial discharges from NP-(X04 occurred before the watershed was stabilized and
solids were high in the effluent. This caused high solids and metals levels which skewed the
annual averages to a higher level than they otherwise would have been. The above limit pH was
the result of concrete wash water discharged to the watershed.

Ash Pond {(SW-2010) was sampled quartetdy for polycyclic {or polynuclear) aromatic
hydrocarbons {(PAH), As, Cr, Pb, Tl, PCBs, 2 4-Dinitrotcluene {DNT), and 2.4,6-Trinitrotoluene
(TNT) to monitor the effect of demolition: debris and scils in Ash Pond on contaminants in the
Ash Pond stonm water runcff. [Nitrate {as N) was also monitored, Had contaminant
concentrations appeared to be increasing, monitoring frequencies would have been incrzased. If
increased monitoring were to indicate that Ash Pond water would cause contaminant levels at
Cutfall NP-0003 to exceed permit limits or reporting levels, a valve in the Ash Pond discharge
structure would be closed and the water retained. Analytical results are shown in Table 7-8.
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The chipped wood storage arez pond (SW-2018) was sampled, and resuits received,
before ¢ach discharge from the pond. All parameters were in compliance with the permitted
limits. The resulis are not tabulated because they were all within permitted iimits. Outfall
NP-0003 resuits also reflect the contribution from the chipped wood storage area basin.

Tabie 7-8 Ash Pond - 1298 Annual Average Chemical Concenirations (g}
PARAMETER LOCATION
- ASH POND
(SW-2010)
PAHs 26
As _ 3.9
Cr _ 11.0
Tl 23
Pb 0.
FCEs 0.43+
2,4-DNT 0.05*
. 2.4,6-TNT 0.05*
Nitrate (as N) 3.3 g/l

NS Wot sampled
i Adl non-detect or at the detection limit.
*"' Alt non-detect. D.L. for one paramater was 2.1, all athers were <1.0Q,

7.6.1.2.2 Administration Building Sewage Treatment Plant

Monitoring results for the sewage treatment plant Outfall NP-0006 are given in
Table 7-9. For the second and third quarters, fecal coliform was out of compliance due to plant
upsets. In each instance, the initial compliance sample disclosed the upset and subsequent
samples collected demonstrated compliance after the plant was hmught into proper operation.
All other parameters were in compliance during the year.

7.6.1.2.3 Site and Quarry Water Treatment Plant Physical end Chemical Parameters

Physical and chemical parameters were all within permitted limits (where limits were
assigned) for the site and quarry water treatment plants. Since treatment plant effluent is not
discharged if parameter levels are above permitted limits, the parameter levels are not
summarized here.

During 1998, WET tests were required quarterly for both the site and quarry water
treatment plant effluent. Because the quarry water treatment plant was not in operation for two
quarters during the year, there are only two sample results The WET test is a measnre of
toxicity without quantifying or identifying the toxic constituents. Tests were conducted on both
Cericdaphnia dubia (water flea) and Pimephales promelas (fathead minnow). The tests were
conducted in effluents and in test contrels of upsiream river water and laboratory control water,
No effluent samples failed the WET tests during 1998, indicating that the site and quarry water
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. treatment plant effluents did not cavse the receiving stream to be toxic to test organisms {see
Table 7-2). Whole effluent toxicity test results are summarized in Table 7-10.

Table 7-9 NP-0006, Sewage Treatment Plant Outfall, Monthly Averages of Permitted Parameters
PARAMETER(a) {PERMIT LIMITS)
FC(b)
MONTH TES BOD (4004000
{QUARTER) {30/45 mgl)* {30445 mgA)* ool 100 miy™ pH {8.0-8.0 SU}

January( 1) 8.0 <2 1 {e)
April 2} 8.0 a1 - i¢)
May(2) - - 18 -
July(3) 6.0 <5 1,200 i)
August{d) - ) - <10 -
Octoberf4) 2510 <h 3,800 ()
November4) - . - < -

(a} One sampla analysis required for each calendar quarter,

(b F.C - fecal coliform.
{c} pH values wers between 6.0 and 9.0,

Manthly sveragefweekly average.
b Monthly averagefdaily maximum
== Mot sampled for June hacause laboratory was not under contract.

Table 7-10 1998 Whoie Effiuent Taxicity Test Resuits for the Site and Quarry Water Treatment

Plarnts* .
- PIMEFHALES RIVER LAB
BATCH DAPFHNIA {D)% {F} CONTROL D,P | CONTROL D,P
DATE MORTALITY % MORTALITY | % MORTALITY | % MORTALITY
104 01/05/98 [H 2.5 0,0 0,0
g112 03/30/98 0 5 0.0 00
5124 07113708 0 0 00 0,0
5137 10M12388 g 0 0.0 0,0
Q051 o1f22498 1] o, 0.0 00
[l 05/08/88 [i] 3 0.5 0,0
g Site
i Cluarmy
F Plimephsles
(] Daphnia {Cericdaphnia}

Each test is on four replicates of 10 organtsms. % modslity is basad on 40 organisms.

7.6.1.2.4 Hydrostatic Test Water Results

NPDES permit MO-G670203 was issued on December 5, 1997, for the discharge of
hydrostatic test water. The permit requires that a sample be collected during the first 60 minutes
of each discharge The permit requires that flow, total petroleum hydrocarbons {TPH), TSS and
pH be monitored. There is a daily maximum and monthly average for TSS and TPH; however,
the monthly average and daily maximum are the same. The limit for TPH is 10 mg/] and for TSS
100 mg/l. The pH is limited to a range of 6.0 to 9.0, The discharge monitoring report is required
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to be submitted annually with the first report due October 28, 1998, for the period October 1,
1997, to September 31, 1998. During 1998, there were 18 discharges of hydrostatic test water,
Three samples had at least one parameter that was reported above the permit fimit. TSS was
above the limit in the three batches and one of the batches was slightly above the limits for pH.
The TSS elevated levels were determined to result from a sump that the hydrostatic test water
was pumped from. The pump also accommodated storm water runoff, but the storm water was
removed before the hydrostatic test water was drained to the sump. The sump had a rock bottom
that allowed sediments to accurnulate from the storm water runoff and then be pumped out with
the hydrostatic test water. The elevated pH 15 suspected to be the result of the potable water used
for testing being. above 9.0. The use of the sump was.discontinued and TSS results. were
subsequently in compliance. Hydrostatic results are not tabulated becanse each discharge is from
a different piece of equipment and all samples, except those instances noted above, were in
compliance with permitied limits.

7.6.1.2.5 Borrow Area Land Disturbance Results

NPDES permit MO-R100B69 was reissued on May 29, 1598, and has no specified
monitoring or reporting requirements. - The 1998 Emvironmental Monitoring Plan (Ref. 8),
however, requires that settleable solids be monitored once every ¢alendar quarter, and that oil
and prease be monitored as indicated by operations at the facility. Oil and grease were not
sampled during 1998 because there was no evidence of a problem or potential problem.
Settleable solids results are shown in Table 7-11. Except for two instances, settieable solids
were less than 1.0 ml/V/hr, which is the standard permit limit when limits are set. One resali was
above the 2.5 ml/l/hr reporting level (Ref 8) and was reported in the quarierly discharge
monitoring teport. Another result was below the 2.5 mlA/hr reporting level but above
1.0 ml/fhr.

7.6.2 Surface Water Monitoring Results

Analytical results for surface water monitoring locations at the chemical plant site and
quarry are presented in Subsections 7.6.2.1 and 7.6.2.2.

Tabla 7-11 Bomrow Area Settleable Solids {mkl'hr)

DATE LOCATIONS
NP-DO40* NP-DO4 6=

0403198 =01 MNo flow
06/0u4/98 =01 <11
o738 4.0 240
091758 <01 <01
1042808 0.1 =01

* Morth Borrow Area sedimentation basin.

ik East Borrow Aras sedimentatian basin
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7.6.2.1 Weldon Spring Chemical Plant and Weldon Spring Raffinate Pits

Average uranium levels at off-site surface water locations were slightly lower than the
1997 annnal averages at two locations, slightly higher at four locations, and appreciably higher at
one location. Average annual uranivin concentrations for surface water are shown in Table 7-12,
along with the 1997 fipures and the historic high for the location for comparison. - Surface water

locations are shown in Figure 7-1. Overall, the uranium levels at the downstream sampling -

locations, except for location SW-2005, have remained inthe range of the 1997 results. Location
SW-2002 is at the inlet of Lake 36 and is downstream of Outfall NP-0002. The increase of the
1998 results, compared to the 1997 results, is believed to be due to three factors. The location is
just downstream of a small area that was discovered te be contaminated and is scheduled for
remediation; several of the samples were collected during extremely low flows, which could
have resulted in the water having long contact with the contaminated area; and Lake 36 had been
drained and there would be no water backing up from the lake to provide dilution. The Outfall
NP-0002 average for 1998 was 22.4 pCyl (0.829 Bq), which indicates that the site did not
directly contribute to the elevated ievels.

Table 7-12 Annual Mrerﬁges fﬁr Total Uranium {(pCi1) Concentrations at Weidon Spﬂng Chemical
Plant Area Surface \Water Locations*

LOCATION - AVERAGE MAXIMUM MINIMLM HISTORICHIGH |
SW-2001 1.5 {2.4} 1.5 {3.4} 1.1{1.6} 10 (1993)
SW-2002 55.51(8.2) 133.7 (11.4} 14.1 {5.4) 380 (1984}
SWY-2003 8.8(86.7) 11.8710.8) 6.5 (3.0) B4 (1988)
SW-2004 10.8 (10.0) 13.8(11.2) 7.9({8.2) 39 (1988)
SW-2005™ 21,8 (13.3) 42.3(18.7) 0.2 {8.8) 53.7 (1996
Sw-2012 7.8{8.3} B.6 {8.5} 6.0{3.8) 326 (1DB1)
SW-20M8 1.5 (2.2} 1.6 {3.0} 0.8{1.1) 7.8 {1904}

- 1957 results ate given in parentheses.
- Lake 36 was empty for all or part of 1988, Samples collected of water lawing In and out

Note 1: 1 pCil = 0.037 BgA.
Mote 2. Four samples were collected from each {ocation during the year.

7.6.2.2 Weldon Spring Quarry
Total Uranium.

The average total uranium values continue to indicate that the highsst levels are found in
the portion of the Femme Osage Slough (SW-1003, SW-1004 SW-1005 and SW-1010) down-
gradient of the quarry. The annual averages for the surface water locations are summarized in
Table 7-13. The uranium levels in the Femme Osage Slough are within historical ranges. No
new historic total uranium high concentrations were reported for quarry surface water during
1998,
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Table 7-13 Annual Averages for Total Uranium (pCil) at Weldon Spring Quarry Surface Water
Monitoring Locations*
ANNUAL
LOCATION AVERAGE MAXIMUM MINIMUM HISTORIC HIGH

SW-1003 20,76 [30.27) 39255 (42200 2588 (2110} 262 (1929}
SW-1004 43.88 (25.44) 63.35 {55.81) 28.43 {23.34) 4 000 {1543)
BW-1005 22,96 [(23.87) 29.65 [20.20) 13.77 {18.52) 116 (1981}
SW-1007 10.88 (5.64) 14.97 (7.78} 7.56 {4.11) 54 (19892)
SVW-1009 §.91(4.37) 1416 (8.41) 513 (3.34) 2BE(1801) .
SW-1110 26.92 {19.83) 28.48 (21.20) 2536 (18.07) 156 {1981}

* 1997 results given in parentheses

Mote: 1 pCW = 0.037 Bgfl

Nitrparomatic Compounds

Nitroaromatic compounds were analyzed at SW-1003, SW-1004, and SW-1005 in the
Feme Osage Slough. No detectable levels were observed for any of the six compounds
monitored during 1998, Nitroaromatics will not be monitored at these iocations for the 1999
Environmental Monitoring Plan (EMP).
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3. GROUNDWATER MONITORING

8.1 Highlights of the Groundwater Monitoring Program

The following are highlights of the 1998 groundwater monitoring program. These items,
and others, are discussed in detait in this chapter.

With exception of the Ash Pond vicinity, contaminant levels generally remained
within historic ranges at all chemical plant locations.

Groundwater detection monitoring for the disposal cell was initiated in June 1998

Raffinate pit area enhanced monitoring indicated slightly increased nitrate
concentrations in groundwater at six monitoring locations resulting from raffinate pit
temedial action. Nitrate concentrations decreased at three locations. No other
impacts were detected.

New historic uranium high concentrations were recorded in groundwater monitoting
locations in the vicinity of Ash Pond. These may be attributable to recent remedial -
action in Ash Pond. An enhanced monttoring schedule will be lmplmnerrled in these
locations in 1999,

Statistical evaluations of total uranivm concentrations near the raffinate pits suggest
no upward trends attributable to remedial action efforts.

Monitoring results for Burgermeister Spring were within historical ranges. No new
highs or lows were recarded, and no significant changes are apparent.

Volatile organic compeunds (VOC) trichloroethene and dichloroethene detected in
groundwater in 1996 at the chemical plant continued to be under investigation during
1598 to determine the extent of contamination. The VOC concentrations decreased in
moniter wells nearest the raffinate pits and were essentially constant at locations
south of the pits. A groundwater pumping test was conducted to determine feasibility
of remediation options.

With the exception of MW-1031 (for uranium) nitrogromatic compounds and total
uranium concentrations in groundwater continued to decrease at locations previously
described as having downward trends at the guarry.

Samples from quany rim wells in 1998 averaged greater than 10% lower uranium
concentrations than in 1997 for locations that were historically high, with the
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exception of MW-1031. Locations with historic low uranium concentrations showed
apparent increases in 1998, This suggests that groundwater continues to egutlibrate
in regponse to bulk waste removal.

s Data for 1998 indicated that the level of nitroaromatic compounds continues to
decrease in the groundwater at the quarry as a result of bulk waste removal. Averape
reductions of 40% of trinitrotoluene (TNT) and i8% of dinitroteluene (DNT) were
recorded for quarry rim wells from 1997 to 1998, Statistical analysis of the data
indicates continued downward trends at most monitoring locations.

* Environmental monitoring indicated that the greatest amount of radiochemical and
nitroaromatic contamination in the groundwater is present in the bedrock of the
guarry rim and the alluvial materials and bedrock north of the Fernme Osage Slough.
Overall concentration decreases in these parameters occurred during 1998,

« South of the slough and in the St. Charles County preduction wells, total uraniuom
concentrations in groundwater remained within background ranges, and no detectable.
concentrations of nitroaromatic compounds were identified.

8.2 Program Overview

The groundwater monitoring and protection program at the Weldon Spring Site Remedial
Action Project (WSSRAP) includes sampling and analysis of water coflected from wells at the
Weldon Spring Chemical Plant and raffinaie pits, the Weldon Spring Quarry, vicinity properties,
and from selected springs in the vicinity of the Weldon Spring site. The groundwater protection
program is formally defined in the Growwdwater Protection Frogram Muanagement Plan
(Ref 15). The groundwater monitoring portion of the program is detailed in the Environmental
Marmitoring Flan (EMP) (Ref. 8).

Due o lithologic differences, including those geologic features that influence
groundwater flow mechanics, and the geographical separation of the chemical plant and quarry
areas, separate groundwater monitoring programs have been established for the two sites.
CGreneralized geologic and hydrologic descriptions of the two sites are found in Section 1.3. A
generalized stratigraphic column for reference is provided in Figure 8-1, and hydrogeologic
descripticns of lithologies monitered for the program are in Section 3.4.

8.3 Referenced Standards
Two criteria used to develop the criteria for the groundwater monitoring program are: (1)

the UL.8. Environmental Protection Agency (EPA) QOuality Criteria for Water 1986 (Ref. 35),
which 15 intended to protect public groundwater resources, and (2) the Missouri Drinking Water
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Standards (Ref. 36). These standards are mainly used for comparison of ievels observed in the

St. Charles County well field. Tabie 8-1 identifies EPA water quality standards and Missouri

Drinking Water Standards for contaminants that are routinely monitored in the groundwater
- program. Maximum contaminant 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_ Part 141, Subpart A - General.

Table 8-1 Referenced Federal and State Water Standards _
REFERENCE | . REFERENCE

PARAMETER LEVEL STANDARD PARAMETER. LEVEL | STANDARD
Radlo- Uranium 20 pgl EPA Metals Fe(d) A00 pgd | MOWVS
chemical total{a ) [13.6 pCifl) |

Gross 15 pCi! MOWS Pble) 15 pgh WDNR

alpha

{adjusted}

{c}

| Re-328(b,c) | 5 pCif MOWS Mnid) 50 ugh | MOWS

Rn-222{a.c] | 300 pCiA EPA | _Ha(e) 2.0pgd | MDWS
Misc. . | 2,4DNT(8) | 0.11pgh | MDNR _ . Hite) 100 g | MOWS

TDS(d) 500 mg/t MDWS Safc) S0 ugl | MDWSE
Metals Shic) 6.0 pgl MDWS | Ag{d) 100 ugd | MDWS

Asic) 50 pgfl MOWS . Znid) S.0mgl | MOWS

Bafc) 2 mgi MDWS _

Be{z) 4.1 pgll MOWS Anions Cl{d} 250 MDWS

il

Ca{c) 5 gl MDWS CF-{d) ;?% mgA | MOWS

Cric) 100 ugd MEWS NO3fe) | 10 mgd | MOWS

Cu(d) 1.0mgA MOV S S04(d) | 250 MDWS

mg

{a) Proposad.

{b} Standard for combined Ra-225 and Ra-228,

(&) Primary madmum contaminant level.

(d] Sacondary maximum contaminant level.

{e) Water Quzlity Standard for Groundwater,

EFA EPA Drinking Vatar Standards for Radionuciides.
MONR ~ Missour Department of Natural Resources
MOWS  Missouri Orinking Water Standard.

Groundwater is also monitored under the requirements of Department of Energy
QOrder 5400,5, Radiation Protection of the Public and the Envirenment, which designates derived
concentration guidelines (DCGs) for ingestion of water equivalent to 100 mrem (1.0 m8v)
effective dose equivalent, based on the consumption of 730 liters/year (193 gal/year) (Tabie 8-2).
As specified in Department of Energy Order 5400.5, liquid efffuent from U.S. Department of
Energy {DOE) activities may not cause private or public drinking waters io exceed the
radiclogical limit of an effective dose equivalent greater than 4 mrem (0.04 mSv/year) per year
or 4% of the DCG.
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Tabla &-2 Derived Concentration Guidelines for Discharge Waters
PARAMETER DERIWED CONCENTRATION GUIBELINE
Matural Uranium a00 pCiA
Ra-228 30 pCiN
Ra-2Z28 100 poil
Th-330 300 pCid
Th-232 50 pCil

Mote: 1 pGil = 0.037 Bgd.

- 8.4 Weldon Spring Chemical Plant
3.4.1 Hydrogeclogic Pescription

The Weldon Spring Chemical Plant is located in a physiographic transitional area
between the Dissected Till Piains of the central lowlands province to the north and the Salem
Platean of the Ozark Plateaus province to the south.

The chemical plant is located on a groundwater divide from which groundwater flows
north toward Dardenne Creek and then ultimately to the Mississippi River, or south to the
Missouri River. Regional groundwater flow for St. Charles County is towards the east.
Localized flow is controlled largely by topographic highs and streams and drainages.
Groundwater movement is generally by diffuse flow with localized zones of discrete fracture-
controlied flow.

The chemical plant and raffinate pit area lithologies consist of two major geologic units,
unconsclidated surficial material and carbonate bedrock. The unconsolidated surficial materials
are clay-rich, mostly glaciaily derived units, which are generally unsaturated. Thicknesses range
from 6.1 mto 15.3 m (20 ft to 50 ) (Ref. 2).

Potential groundwater impacts are assessed by monitoring groundwater from the
monitoring well network at the site. The aquifer of concern beneath the chemical plant, raffinate
pits, and vicinity properties is the shallow bedrock agquifer comprised of Mississippian-age
Burlington-Keokuk Limestone (the uppermost bedrock unit).  The Burlington-Keckuk
Limestone is composed of two different lithologic zones, a shallow weathered zone underlain by
an unweathered zone. The weathered portion of this formation is highly fractured and exhibits
solution voids and enlarged fractures. These features may also be found on a limited scale in the
unweathered zone. The unweathered portion of the Burlington-Keokuk Limestone is thinly to
magsively bedded. Fracture densities are significantly less in the unweathered zone than in the
weathered zone. Localized aquifer properties are controlled by fracture spacing, solution voids,
and preglacial weathering, including structural troughs along the bedrock-unconsolidated
material interface.
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: - Approximately 100 menitoring wells have been uséi:l for groundwater observations and
sampling since 1987, Many of these have been deactivated and abandoned. Fifteen wells were
abatdoned during 1998. Active monitoring was performed in 60 wells in 1998,

All monitoring wells are completed in the Burlington-Keokuk Limestone. Some wells
-that are screened in the umweathered zone of the Burlington-Keckuk Limestone are used to
assess the vertical migration of contaminants. The majority of the wells are completed in the.
weathered unit of the bedrock where groundwater has the greatest potential for contaminant
impact. Where possible, monitoring wells within the boundaries of the chemical plant are
located close to potential contaminant sources 1o assess migration into the groundwater system:
Additional wells are located outside the chemical plant boundary to detect and evaluate potential
off-site migration of contaminants (Figure 8-2).

Upgradient-downgradient water quality comparisons are not practical for the chemical
plant site because it straddles the regional groundwater divide (Ref 37). Background values for
uranium, nitrate, and sulfate were developed by the U.S. Geological Survey (USGS) for the
shallow aquifer (Ref. 37} and are used in lieu of these comparisons.

Springs, a common feature in carbonate terrains, are present in the vicinity of the Weldon
Spring site. Four springs are known to have been historically influenced by chemical plant
discharge water potentially containing one or more of the contaminants of concern (Figure 8-3),
Currently, Burgermeister Spring (SP-63C1 on Figure 8-3) is monttored to determine contaminant
off-site migration potential via spring transport.

The presence of elevated total uranium and niirate levels at Burgermeister Spring, which
is located 1.9 km (1.2 mi} north of the site, indicates that discrete flow paths are present in the
vicinity of the site. A groundwater tracer test performed in 1995 (Ref 54) also indicates that a
hydraulic connection between the WSSRAP and Burgermeister Spring exists.

8.4.2 Monitoring Program
8.4.2.1 Purpese

The 1998 groundwater menitoring program at the chemical plant and raffinate pits focused on .
motitoring known contaminants and determining any groundwater impacts which may result
irom remedial action (soil excavation and sludge removal} at the site. Total uranium,
nitroaromatic compounds, sulfate, volatile organic compounds, and nitrate were monitored
annuaily at selected locations. Total uranium in groundwater was analyzed under the
eftvironmental monitoring program at the chemical plant to monitor potential groundwater
uranium migration and to further establish baseline uranium concentrations prior to source
removal during remedial action. Due to the heterogeneity of uranium distribution in soils across
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the site, all active locations in the chemical plant groundwater monitoring network were analyzed
for total uranium. Analytical results for ail monitored parameters are summarized and discussed
n Section 8 4.3,

Groundwater in the vicihity of the raffinate pits is impacted with elevated nitrate
concentrations. The pits contain ore-refining impurities from uranium ore concentrates that were
digested with nitric acid. Some of the wastes generated and disposed of as raffinate contained
isotopes of thorium and radium. Therefore, groundwater samples from selected locations near
the raffinate pits have historically been analyzed for nitrate; thorium, and radium isotopes, and
total nraninm. Enhanced monitoring (initiated during 1997) designed to detect any groundwater
contaminant impact resulting from raffinate pit remediation sfforts continned through 1998, The
enhanced program included bi-monthly monitoring for nitrate, sulfate, metals, and radiological
parameters at 11 locations in the vicinity of the raffinate pits.

Prior to construction of the chemical plant, the site was part of a Department of Army
Ordnance Works complex developed for the production of the nitroaromatic compounds TNT
and DNT for explosives. One of the first nitroaromatic production lines was located within what
i3 now the chemical plant area perimeter. ‘Wastes generated from the initial operation of these
early production lines were disposed of in open earthen pits which released contaminated
seepage 10 groundwater. Wastewater containing nitroaromatic compounds was transported
through wooden pipé networks. Discrete locations at the chemical plant are known (from
previous sampling) to be impacted with nitroaromatics. Those locations, which were previously
determined to have detectable concentrations of nitroarcmatics in groundwater, were sampled
and analyzed for these compounds in 1998,

The wvolatile organic compound (VOC) trichloroethene (TCE)} was detecied in
groundwater south and east of Raffinate Pits 3 and 4 during 1996. VOC monitoring was
scheduled for monthly monitoring during 1998 {0 determine lateral and wertical extents of the
TCE and to assess the mobility of the contaminant. Unscheduled VOC monitoring was
conducted at many locations during a groundwater pumping test in 1998,

Groundwater moves by both diffuse and discrete flow components under the chermcal
plant. In order 1o monitor the discrete flow component, Burgermeister Spring and two springs in
the Southeast Drainage were monitored during 1998 for total uranium, nitroaromatic compounds,
volatile organic compounds, nitrate, sulfate, and gecchemical parameters. The spring was
sampled during high- and base-flow conditions to monitor the potential impacts to the spring
recharge from surface water runoff in the vicinity of the chemical plant.
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8.4.2.2 Scope

All monitoring wells (except those completed in the unweathered zone) were sampled
annually and anaiyzed for total uranium.  Monitoring wells around the raffinate pits were also
analyzed annually for Ra-226, Ra-228 Th-228 Th-230, Th-232, and nitrate. Nitroaromatics
were analyzed in groundwater from locations that have historically shown detectable
concentrations of these compounds. A summary of moenitoring locations and analytes. may be
found in the 1998 Environmental Monitoring Plan (EMP) (Ref. 8).

The EMP mcludes provisions for inittation of special environmental studies if evidence -
or conditions arise that warrant investigation beyﬂnd the scope of the EMP sampling schedule.
Unscheduled groundwater sampling was initiated in support of the pumping tests in the TCE
contaminated groundwater area during 1998

Burgermeister Spring {(SP-6301) was monitered quarterly for metals, nitrate, sulfate, and
geochemical constituents. The spring was monitored at low flow to measure the groundwater
component of spring discharge. It was sampled twice at high flow for uranium, nitrate, and
sulfate to evaluate the differences between tow flow and high flow. Volatile organic compounds
were monitored monthly at 8P-3303, SP-5304, and SP-6303 during 1998 '

8.4.3 Chemical Plant and Raffinate Pit Monitoring Results
8.4.3.1 Groundwater Monitoring Wells

In 1998, the measured concentrations for uranium, nitrate, sulfate, and nitroaromatic
compounds generally remained within historical ranges at all monitoring wells and springs in the
chemical plant area. Volatile organic compounds which were first detected during 1996 in
groundwater in the vicinity of the raffinate pits were monitored throughout 1998,

Data for all parameters anatyzed during the 1998 monitoring period are presented in the
Cuarterly Environmental Datg Swmmaries. The monitoring data for contaminants of concern
(uranium, radiological parameters,  nitrate, sulfate, volatile organic compounds and
nitroaromatics) are summarized and compared with backeround levels and water quality
standards in the following paragraphs. Data values are presented as reported by the analytical
laboratories.  Compasisons to drinking water standards are not intended to imply that
groundwater from WSSRAP monitoring wells must be in compliance with drinking water
standards.

Radicchemical Parameters. Total uranium, which is measured at all monitoring wells,
continues to impact groundwater near the raffinate pits. In 1998, groundwater from 30
monitoring well locations exceeded the average background level of 2.9 pCy/l (0.11 Bg/l) as
calculated by the USGS (Ref. 37). These values can be found in Table 8-3. A new historic high
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for uranium was recorded during 1998 at MW-3024 (54.9 pCifl or 2.03 Bq/l). Monitoring well
MW-3024 was damaged in early 1997 and restoration of this welil included drilling out the
casing and screen to facilitate installation of new well construction materials. Elevated uranium
values shove the proposed MCL standard have been detected in this location since the weil
repair completion. It is possible that the seal above the well screen was not propérly set. Further
investigation of MW-3024 may be implemented in 1999,

New historic uranium high values were reported for 10 additional locations. These are
located within the northern. one-third of the chemical plant and along the northern bordering
properties. Five of these locations (Mw-znm MW-2003, MW-2005, MW-2021, MW-4013) are.
in the vicinity of, or downgradient from, Ash Pond. One additional location (MW-2002) near
Ash Pond was reported with a S-year high concentration: The elevated uranium values may be
attributable to remediation efforts in the area.

An enhanced groundwater menitoring schedule for total uranium will be implemented
during 1995 to further assess the potential groundwater impacts from Ash Pond area remedial
action. Statistical trending will be performed on selected sets of data from monitoring wells in
the Ash Pond area for the 1999 annual site environmental report,.

Tabie 8-3 Annual Total Uranium Activities (pCi) Abave Background at the Weldun Spring
' - Chemical Flant ~ -

: AVERAGE AVERAGE AVERAGE
LOCATION [pcL) LOCATION {pCiT LOCATION {pGCiN
MW-2017 11.80 MW-2033 &.16* My-4021 8,27
MA-3003 18.85 hyy-3023 9.57 MA-4010 3.48
MW-4011 §.42 MW-3024 549 MW-4022 6,84
MW-4020 203 MYY-3028 6.23 MA-4024 B.40
Myy-2001 748" MW-2012 4,35* MW-2042 4.01
hMW-4015 5. 35" MA-2002 .25 MW-2014 872
MW-4013 5.14* Mw-4023 .48 MW-2003 5487
MW-2021 570" MW-4015 320 Myy-4025 3.5¢
MVW-2005 6 B0 MW-2034 4,08 MA-4015 7.34
MW-2008 4 53~ MW-2041 4,51 MW-4018 8. 15"

Mote 1: Background uranium concentration equals 2.9 pCl/l.

Nnta 2 1 pClit = 0037 Bg/l.
Mew historic high value,

The other radiological parameters (Ra-226, Ra-228, isotopic thorum, gross alpha, and
gross beta) that are measured annually in the raffinate pit wells (MW-3000 series and MW-2044)
were within historic values. These annual averages can be found in Table 8-4. Total uranium
trends for nine locations are discussed in Section 8.4.4,

New thrge-year maximum uranium concentrations were reporied at locations MW-3003,
MW-3023, MW-3026, MW-3027, MW-4001, and MW-4002. The elevated levels are likely due
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to raffinate pit and Ash Pond remediation. Data from these raffinate pit area locations were
statistically evaluated. No upward trends are suggested.

Tahle 8-4 Annual Radiclogical Isotope Activities {pCifl) at the Weldon Spring Chernical Plant

GROSS GROSS
Ra-226 Ra-228 | Th-228 Th-230 Th-232 ALPHA, BETA
LOCATION | (pCift) (pei} (pC) (PG (pCifl} {pCiy (pCI)
MW-2035 | 0.13 0.3 1 =6.10 <0.10 <010 NA_ NA
MW 2036 | 0.27 <01 <0.10 =0.10 <0.50 NA NA
MW-2037 | 0.20 0.70 0,15 0.40 0.10 NA NA
MW_2038 1.20 1.70 0.20 0.30 1030 WA NA
MW-2038__ | 0.50 0.50 0,10 <0.10 0.20 NA NA
MW2040 | 0.10 0.30 0.10 <010 <0.1G NA NA,
MW-2041 0,55 0.29 <018 <0.10 <0.10 NA NA
MNZ2042__ | 0.21 0.23 <010 <D 15 <0.10 A NA
MW-2043__ | <0.10 0.42 <010 <D A2 <010 A NA
MN-2032_ | 0.30 .39 <10 0.24 <010 NA NA
MW-2045 | 015 0.51 <010 D17 <0.10 NA NA
M¥M3045 | D.22 0.53 <0.10 0.22 <0.10 A NA
MW-2047__| 0.44 0.44 0.10 0.16 <0.10 NA NA
MW-2048 | 0.11 0.26 0,10 <0.10 <0.10 NA NA
MW-3003__ | 030 <0.70 0.1 030 0.20 “NA — T NA
MW._S018_ | 0.87 0.71 <0.10 0.15 <010 1.93 7.94
MW-3023_ | <0.10 0.20 0.20 <0.10 0.10 NA NA
MW-3024__ | 0.76 062 | 021 0.12 | <0.10 28 16.9
MW3025___| 0.16 044 1 <0.10 0.11 <010 2.85 15.2
MN3026 | 144 1.21 2.72 452 2.85 108 20.0
MWV-3027_ | 6.50 0.60 0.30 <0.10 0.30 NA NA
NA Mot Analyzed.
Nitrate and Sulfate. In 1998, nitrate and sulfate were measured at 24 monitoring wells in

the chemical plant area that previously exceeded the reference levels. Nitrate levels exceeded
the drinking water standard {10 mg/}) at 21 of those locations {Table 8-5). Average sulfate levels
exceeded background (32 mg/l} at five locations. None of these were above the secondary water
quality standard {250 mg/1) {Table 8-6).

The 1998 nitrate data indicate statistically significant increases in nitrate Jevels for six
monitored locations (MW-2002, MW-2003, MW-2005, MW-3003, MW-3023 and MW-4011)
nerth of Raffinate Pits 3 and 4 since 1997. Three locations south and east of the raffinate piis
(MW-2037, MW-3024, MW-3025) decreased in nitrate average concentrations dunng 1998,
Increases are likely due to soil disturbances during remediation of Raffinate Pit 4. Nitrate s
inclizded in the raffinate pit area enhanced menitoring program.
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Table 8-5 Annual Values of Nitrate (mgf) Levels Exneedlng Drinking Water Quality Standard at the
WWeldon Spring Chemical Plant
LOCATION AVERAGE LOCATION AVERAGE LOCATION AVERAGE -
M-2001 80.5 MWW-2002 91.2 MW-2003 364
MW-2005 162 MW-2032 153 MW-2037 287
MA-2038 251 - MW-2028 - 774 MW-2040 149
WA-2041 133 M-4001 473 AN-3025 307
M-3003 A7e MW-3023 217 MWW-2024 - 208
MW-30268 170 MW-3027 37.2 MW-2011 284
MW-4006 21.4 MY-3028 277 MA-2047 852

Mete 1: Drinking water quality standard aquals 10 mgfl.

Table 8-6 Annual Values of Sulfate (mgf) Above Background at the Weldon Spring Chernical Plant
LOCATION AVERAGE LOCATION AVERAGE LOCATION AVERAGE
MW-2037 17 MW-2038 80.7 MW-2041 33.0

hivy-2045 o4 MW-2045 220

Note 1. Background sulfate cancentration equals 32 mgil.

Ni¢rate trending was not considered- necessary for 1998 data, but was performed for selected
locations for 1997. The groundwater results are not trended annually for the chemical plant
because, at most monitoring locations, sampling frequency has been decr&ased (annual} to a level
that cannot justify frequent trending,

Suifate monitoring was reduced during 1998. Sulfate analytical results show no
significant (>3%) increases at any of the monitored locations during 1998. Sulfate monitoring
will be discontinued at the chemical plant because no groundwater impacts have been observed.

Nitroaromatic Compounds. Nitroaromatic compounds, which are not naturally ocourring
compounds, were detected in 27 monitoring wells (Table 8-7). No new highs were recorded
during 1998, and with the exception at MW-2012, values were within the normal range of
variation for all locations. Increases at MW-2012, which were significant in 1997, were not
obsgerved at this location during 1998,

The drinking water standard for 2,4-DNT of 0.11 pg/l was equaled or exceeded in 13
locations at the chemical plant (see Table 8-7), the majority of which are in the northern one-
third of the site or along the westem perimeter. Elevated nitroarcmatics in groundwater
underlying the northern portion of the site are most likely attributable to a wastewater
impoundment which was located along the northem site perimeter during the sarly active
production of TNT and DNT during the 1540s.
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Table 8-F Anmzal 1998 Averages for Monitoring Locations with at Least One Detectable
_ Concentration of Nitroaromatic Compounds (ug/l) at the Weklon Spring Chemical Plant
LOCATION 1,3,5-TNE 1,3-DNB 2,46-TNT 2,4-DNT 2,6-DNT NB
MWW-20014 0.082 =0.090 <0020 0.073 0.082 <0.030
MW-2002 <0.030 <{(.080 <0.030 0.046 0.28 <0.030
MW-2003 =0.030 <0.080 <0.030 0.080 0.46 =0.030
WVY-2005 {.041 =0.080 <0.030 0.044 2.1 <(.030
MW-20086 .90 (0.078) <0.030 0.18 1.30 0.020
MW-2012 7.2 <0.0B0 25.0 1.50 8.70 <0,030
MW-2013 43 <0.080 .54 Q.16 2.00 <0.030
MA-2014 2.8 (0.071) <0.020 0.16 0.45 <0.030
MW-2032 0.05 <0.090 0.15 0.05 0.15 =0.030
MW-2033 180 <0.060 0.64 0.12 1.50 <0.030.
MVW-2037 0.0o {0.05) <0.030 0.44 0.07 =0.830 |
MW-2038 .13 (9.05} =0.030 0.95 8.18 0.05
MA-2043 <2030 =0.080 <0.030 0.08 =0.010 <0.030
MW-2045 0.03 0.18 =0.030 .13 0.78 =0.03d
MW-2048 3.16 {C.05) 2.88 0.18 12.05 <0.030
MW-2047 <0.030 =0.0390 <0.030 036 0.81 =0.030
MW-3003 <0.030 <0.090 =0.030 0.13 .18 <0.040
MW-3023 <0.030 <0.090 <0.060 0.70 2.30 <0.049
- MAS3025 <0.030 <0080 <0.030 010 0.2 =(.040 -
MW-3028 0.085 <0.080 <0.030 0.10 0.06 <0.040 |
MW-3027 ¢.077 <0.080 <0030 0.04 0.04 <0.040
_ MW-3028 0.40 .. [0.08) =<0.030 .79 013 <0.030
MA-40H 52.0 <0,090 240 0.12 1.80 <0.06
MA-4002 <0.030 <0080 <0.013}) ~ {0.015) 0.023 =0.040
hAN-40065 13.0 =0.090 =0.030 0.10 2.2 =0.040
hAN-4011 =0.030 <0.090 =0.020 =0.030 0.061 <0.040
MW-4015 710 «<0.0580 =0.030 0.082 0.83 <0.030
Volatile Organic Compounds. The VOC groundwater investigation was initiated during

1996 when dewatering activities in Raffinate Pit 4 exposed approximately 2,000 previously-
submerged drums of waste. Whether the wastes from the drums impacted groundwater remains
uncertain. The uncertainty is due to the smalf quantity of pre-1996 groundwater data for VOCs
from monitoring wells in the vicinity of Raffinate Pits 3 and 4. The TCE investigation continued
through 1998 in order to further define the extent of contamination. The 1998 analytical results
are summarized in Table 8-8.

WVOUCs were first detected in 1996 at seven locations in groundwater at the chemical plant
and the Weldon Spring Training Area (WSTA) during 1996, The chlorinated solvent compounds
TCE and 1,2-DCE, which de not naturally occur, were reported above detection limits, TCE was
reported east and south of Raffinate Pits 3 and 4 (MW-2037 MW-2038,° MW-3025, and
MW-5021); and DCE south of the former Frog Pond location (MW-2013). VOCs below
quantification limits were reported at two monitoring locations, MW-2032 (west-northwest of
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Frog Pond) and MW-4001 (west of Raffinate Pit 4). Monitoring continued throughout 1997 and
1998, L

Groundwater sampling for VOC analysis at the above-listed locations and additicnal
locations continued during 1998. - The VOC sampling program was initiated to determine the
lateral and vertical extents of VOC contamination, and to assess mobility of the contaminant,
The lateral extents of TCE were approximately identified to be bounded to the north by the north.
perimeter of Raifinate Pits 3 and 4, to the south by Army Property ‘monitoring well MWS-21, to
the east by Raffinate Pits 1 and 2, and to the west by monitoring well MWS-04. The vertical
extent of the TCE is limited to the weathered bedrock of the Burlington-Keokuk with no TCE
detection in the unweathered zone. ' )

A groundwater pumping investigation was performed in mid-1998. The pumping test
investigation included drilling, well installation, and aquifer testing conducted in the
trichloroethene (TCE)-impacted area south of the reffinate pits from May 18, 1998, through
August 31, 1998. A large diameter pumping well and four smaller observation wells were
drilled, installed, and developed during this time period. A series of aquifer tests way then
performed in the pumping well ta reach the foilowing objectives: '

e Determine the aquifer responses to groundwater withdrawal in the area of TCE
contamination. No previous data of this type existed for this part of the site.

¢ Provide data such as aquifer parameters which are required to evaluate potential
groundwater remediation techniques.

» Obtain groundwater samples to further delineate the distribution of TCE in
groundwater.

Aquifer charactetistics obtained from the pumping test were used to evaluate the
practicality and effectiveness of techniques considered for remediation of TCE in groundwater
for the groundwater operable unit.
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A better understanding of the hydrostratigraphy and hydraulic dynamics in the TCE-
impact area was attained during the drifling and well installation. It is evident from the tests that
the stratigraphy and structure of the weathered Burlington-Keokuk Limestone have significant
influence on the permeability and direction of gromdwater flow in the shallow aquifer beneath
and chemical plant,

The source of the VOCs remained unknown as the investigation continued throughout
1998, Tt is suspected timt these solvent components are trapped in pockets of soil or sudge that
isolate the VOCs from volatilization or-microbial degradation and have migrated to groundwater
via discrete fracture flow. Due to the Iimited areal extent of groundwater impact and low
concentrations of TCE degradation products, it is possible that the VOC introduction to
groundwater is a recent event that may be a response to remedial action in Raffinate Pit 4 or
sludge dredging in Raffinate Pit 3. The resulis of ihe 1998 pumping test investigation were alsc
used to assess whether groundwater remedial action in this area should be considered.

Metals. Eleven locations wers monitored momthly for metals (TCLP metals) for the
enhanced groundwater menitoring in the vicinity of the raffinate pits. The 1998 data from these
locations were compared to historical metals data to assess groundwater impacts resulting from
raffinate pit remediation. No elevated metals were detected during 1998 for this enhanced
MONitoring progrant.

Groundwater Qverview. With few exceptions for nitrate, contaminant levels remained
within historical ranges at the monitoring wells sampled under the environmental monitoring
program. Because contaminant levels have displayed only minor variability over the historical
monitoring period, trend analysis is not conducted annually for the chemical plant monitoring
wells. Select 1998 chemical ptant locations were trended and are discussed in Section 8.4.4,
Uranium, sulfate, and nitrate contamination continue to be concentrated in the area surrounding
the raffinate pits with a small area of elevated uranium and sulfate located near the eastern
boundary of the site. Pockets of nitroaromatic contaminated groundwater continue to be present
in the vicinity of Frog Pand, along the northern perimeter of the site, near Raffinate Pit 4, and
west of the raffinate pits on the Weldon Spring Ordnance Works property. The source of VOC
contamination south and east of Raffinate Pit 3 remains under investigation. The enhanced
groundwater monitoring in the raffinate pits vicinity suggested ne significant impact to
groundwater quality attributable to raffinate pit remediation has occurred.

8.4.3.2 Springs

Springs located in Valley 6300 and Vailey 3300 were monitored for the 1998
environmental monitoring program. Burgermeister Spring (SP-6301) is a perennial spring and is
a localized emergence of groundwater impacted by a recognizable contribution of contaminants
from the chemical plant throughout the year, with the highest concentrations of contaminants
cccurring during base flow stages. During high flow conditions, surface water recharge along
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the path of the subsurface flow mixes: with contaminated flow from the site, and the
concenirations are effectively lowered. The spring was monitored during both high and base
stages during 1998.

Burgermeister Spring samples for uranium, nitrate, and nitroaromatics were within
expected (historical) ranges during 1998. The mean concentrations for nitrate and sulfate during
base flow are 5.21 mg/l and 38.7 mg/l, respectively. These concentrations for high stage flow
are 3.61 mg/l and 39.2 mg/l, respectively. Base flow concentrations for nitrate ranged between
239 mg/l and 9.30 mg/l. Nitrate concentrations are also greater during base flow conditions.
The mean concentration has decreased from 8.07 mg/l in 1997 to 4.18 mg/l in 1998. Base flow
sulfate ranged between 22.4 mg/l and 92.3 mg/l for 1998. Uranium concentrations analyzed in
samples from the spring were between 16.6 pCi/l (0.61 Bq/l} and 154 pCy/l (5.70 Bqg/), with a
mean value of 62 4 pCi/l (2.31 Bg/l). These values are within the histerical range for uranium.
Nitroaromatic compounds were analyzed in samples from base stage flow only. The
concentrations of detected nitroaromatic compounds are within historical ranges. These
campounds include 2 4.6TNT (0.02 pgt to 0.13 pg/l), 24-DNT (0.06 pgl) and 2,6-DNT

{0.04 pg/l to 0.40 pg/).

VOCs were monitored at SP-5303, SP-6301, and SP-6303 during 1998 to assess the
potential for off-site migration of TCE that was detected in groundwater in the vicinity of the
raffinate pits. T'CE was detected at a concentrations 1.1 pg/l dunng two VOC sampling events at
SP-6303. There were no TCE detections at any of the other springs.

Monitoring of Burgermeister Spring will continue for the duration of the project to
determing whether remediation activitios across the northern half of the chemical plant impact
the local groundwater quality.

8.4.4 Groundwater Trending

Statstical Methods

Statistical tests for time-dependent trends of uranium concentraticns were performed on
histotical and 1998 groundwater data representing groundwater in the raffinate pit areas. These
trend analyses were performed for total uranium for each selected monitoring well. The specific
locations, parameters, and iime periods selected for trending analyses are presented in Table 8-9.
The selected locations and time periods were based on the historical site environmental
remediation activities, historical groundwater mwonitoring data, and knowledge of the site
processes. The number of observations and number of data reported as below the detection limit
for each data set are also shown in the summary tables.
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The computer program TREND, developed at Pacific Northwest Laboratory, was used to
perform the formal groundwater trend testing. The trend method employed was the
nonparametric Mann-Kendall test. This program was selected because it can easily facilitate
missing data and does not require the data to conform to a perticular distribution. The
nonparametric method is valid for scenarios where there are a high number of non-detect data
points,

The results of the TREND analyses indicate the potential presence of statisticaliy-
significant trends and their direction upward or downward. The slope of each identified trend
was also estimated with the results reported in concentration units per year. A 95% confidence
interval about each slope line was calculated to indicate the variability (variance) in the values
about this trend line. The trend testing cutput data are to be interpreted as screening indicators
based on existing cumulative data. The results of the analyses are not intended to be used for the
prediction of future concentrations. Rather, the data are to be used to indicate areas that should
be more closely monitored in the future.

The TREND program was selected because it can easily facilitate missing data and does
not require the data to conform to a particular distribution (such as a normal or lognormal
distribution). The nonparametric methed vsed in this program is valid for scenarios where thers
are a high number of non-detect data points. Data reported as trace concentrations or less than
the detection limit can be used by assigning them a common value that is smaller than the
smallest measured value in the data set (i.e., one-half the specified quantitation limit). This
approach is valid since only the relative magnitudes of the data, rather than their measured
values, are used in the method. The TREND program was also used in past analyses of the site
groundwater data. Thus, use of the TREND program offered the advantage of maintaining
gontinuity in the analysis methodology. The two-tailed version of the Mann-Kendall test was
employed to detect either an upward or downward trend for each data set. In this approach, a test
statistic, Z, is calculated. A positive value of Z indicates an upward trend. Likewise, a negative
value of Z indicates a downward trend, The alpha value (or ervor limit) selected for testing was
0.05. In the two-tailed test at the 0.05 alpha level of significance, the null hypothesis of "no
trend” was rejected if the absolute value of the Z siatistic was greater than Z;-o/y, where Z;-0t/3
was obtained from a cumulative normal distribution table. Thus, the absclute value of the
TREND cutput statistic, Z was compared to the table Z.975 value of 1.96. If the absolute value
of the Z cutput statistic was greater than 1.96, then a significant trend was reperted.

One-haif the specified quantitation limit (on the date of analysis) was used in the trend
analysis for all data reported as below the detection limit. The purpose of using one-half the
guantitation limit for non-detect data was to mintmize the potential bias of the data. However, a
consequence of this approach may be that, in some instances, the results may have been
impacted by quantitation limits changing over time. The effect of varying quantitation limits is
more likely to impact the trending analysis in instances where a large number of non-detect data
are present within a given time series. . The summary tables include the total number of data
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abservations and the total number of non-detect data points for each data set so that this factor
may be considered.

Graphs presenting the contaminant concentraticn versus time for each contaminant per
trending location were developed. These graphs were used to identify suspect data outliers only
for each trending anaiysis and are not presented in this report. No statistical tests were

~ conducted for suspect outliers. Data that were suspect were flegged and rechecked for potential

data transcription errors. No obvious errors were identified.

The linear slope of the trend was estimated for all data sets in which an upward or
downward trend was identified. The slope was estimated using a nonparametric procedure
included in the computer codg for the TREND program. The estimates of the trend slope for all
data sets with identified trends are provided in Table 8-9. A 100({1-x)% two-sided confidence
interval about the true slope was alsc obtained by the nonparametric technique. The upper and
lower 95% confidence limit estimates of the slope are included in the far right columns of the
summary table.

Trend analyses are intended to statistically indicate the presence of an upward or
downward trend in contaminani concentration and should not be used as predicting future
concentrations. The trend analyses should be used to identify site locations which may require
close scrutiny during future monitoring.

Chemical Pl 1

The selected wells from the chemical plant that were included in the enhanced raffinate
pit vicinity groundwater monitoring schedule were trended for total nranium to investigate
impacts, positive or negative, from pit remediation. Cumulative results for 1995 through 1998
were evaluated using the TREND program and are summarized below,

Nine locations in the chemical plant area were selected for total uranium trending
analyses. Total uranium trands for 1995 through 1998 data were stationary at all of the tested
locations. Data sets and estimated trend slopes are summarized in Table 8-9.

Seven of the nine locations evaluated for 1995-1998 reported concentrations in 1998 that
exceeded all past 1994, 1995, 1996, and 1997 data for the specific sampling location. These total
uraniumm levels ranged from 2.01 pCi/l to 54.90 pCifl. The 1998 new high concentrations for
these locations are presented in the far right column of Table 8-9.
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8.5 Weldon Spring Quarry

8.5.1 Hydrogeology

The geofogy of the quarry area is separated into three units; upland overburden, Missourl
River alluvium, and bedrock, The unconsolidated upland material overlying bedrock consists of
up to 9.2 m (30 ft) of silty clay scil and loess deposits and is not saturated (Ref. 1). Three
Ordovician-age formations comprise the bedrock at the quarty: The Kimmswick Limestone, the
limestone and shale of the Decorah Group, and the Plattin Limestone. The alluvium along the
Missouri River consists of clays, silts, sands, and gravels 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 erosional contact with the
Ordovician bedrock bluff (Kimmswick, Decorah, and Plattin formations) which also composes
the rim wall of the quarry. The bedrock unit underlying the alluvial materials north of the
Femme Osage Slough is the Decorah Group. Primary sediments between the bluff and the
Femme Osage Slough are inorganic and organic intermixed and interlayered clays, silts, and
sands with some organics.

The uppermost groundwater flow systems at the quarry are composed of alluvial and
bedrock aquifers. The alluvial aguifer is predominantly controlled by recharge from the
Missouri River and the bedrock aquifer is chiefly recharged by precipitation and overland runoff.

At the quarry, 17 monitoring wells are screened within either the Kimmswick-Decorah
(upper unit) or Plattin Formations {lower unit) to moniter contaminants near the quarry within
the bedrock (Figure 8-4). Twelve moenitoting wells were installed 1o monitor contaminants
within the Kimmswick-Decorah Formations comprising and surrounding the quarry. Three other
monitoring wells are located south of the quarry within the Plattin Limestone to assess vertical
contaminant migration. Two monitoring wells, one in the Kimmswick-Decorah Formation and
one in the Plattin Formation, were instalied north of the quarry to monitor upgradient
groundwater quality.

There are 36 monitoring wells completed into the alluvium at the quarry and the Missour:
River. The wells wesi of the quarry monitor the uppermost water bearing unit below the quarry
waier treatment plant equalization basin and effluent ponds. The alluvium monitoring wells
north of the Femme Osage Slough monitor contaminant migration south of the guarry, while
these south of the slough moniter for possible migration of contaminants toward the well field.
The St. Charles County monitoring wells, the RMW seties wells, are designed to provide an
early warning of contaminant migration toward the county production well field. The county
production wells are monitored to verify the quality of the municipa! well field water supply.
Eight groundwater monitoring wells located in the Darst Bottom area approximately 1.6 km
(1 mi) southwest of the St. Charles County well field by the U.S. Geological Survey are utilized
to study the upgradient characteristics of the Missouri River ailuvium in the vicinity of the
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quarry. These wells provide a reference for background values in the well field area and have
been sampled by both the USGS {1992) and the DOE (1994). A summary of background values

071585

used at the quarry is provided in Table 8-10.

Table 8-10 Mean Background Values for Quarry Groundwater Monitoring Locations
KIMMSWICK! ALLUVIALS MISSOUR|
DECORAH UNCONSOLIDATED RIVER
PFARAMETER FORMATIONS{a) MATERIALS{k} ALLUVIUMc)
Tota! Uranium Mean 235 .67 203
(pCi) _
p5% C.1.* -1.18; 5.88 -0.83; 2,15 -271. B78
Radium-Z26 (pCiN} | Mean 0.18 Q.50 1.41
95% C.1* 078 +0. 77 .71+
Radium-228 {pCil) | Mean 0.77 0.48 1.58
p5% C.L* 208 206" 131"
Thottim-228 (pCifl] | _Mean 0.26 0.38 0.24
_ b5 C.1* =0.gav 1.03* .72
Thorum-230 {pCil) | Mean 0.53 0.32 0.8
95% C.L* +0. 55 0. 94 2,93
Thotium-232 (pCifl) | Mean 026 012 0.20
-] es%CLT +0.92* 0. 5o 11.68™
Gross o Mean 675 1 1.54
(pCid}
g5% C.l.* 18.85™ 3.5 118.6™
Gross P Mean 577 58 30
(pCifl)
2% G 3. 08 2.5 3.8
Nitroaramatic Mean Mo detects No detects ot analyzed
Compalnds
Arssnic Mean 1.38 1.83 4.08
fngfl)

- 95% C..* «1.84; 3.70 0.98: 404 -1.28; 946
Banium hMean 144.9 232.0 408.8
{ugfl}

55% C.1* 110.0; 172.8 178.4, 285.8 137.1; 880.0
Nitrate Mean 1.06 011 046
(mgfl) _

85% C.1* 052,273 -0.05; 0.28 -2.33; 3.24
Sulfate Mazn 823 388 aF
{myf) _

5% C.1* 32,6, 132.0 23.1: 545 8.31 68.0

{a) MW-1034 (DOE)
{b) MW-1035 (DOE}
fe) Darat Bottomn Wells {USGS and DOE)

n 85% Confidence Interval about the mean

ae Average radiologicat ermor
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8.5.2 Monitoring Program

Groundwater menitoring is performed in both the alluvial and bedrock aquifers at the
guarry (Figure 8-4). Three separate monitoring programs were employed for the quarry in 1998.
The first program addressed sampling the Depariment of Energy wells and monitoring the quarry
arga to determine contamipant migration and the effects of quarry dewatering and bulk waste
removal, which began in mid-1993 and were completed in late-1995. The frequency of sampling
for each location was based on the distance of the well from the source or migration pathway.
Monitoring wells on the quarry rim were sampled bimonthly for total uranium and aitroaromatic
compounds, due to the changes in concentrations over time, to better establish the trend in
concentrations at these locations, and to monitor the effects of quarry dewatering and bulk waste
removal activities on the groundwater system. All locations were sampled at least annually for
radiochemical parameters.

The second program monitors the 8t. Chazies County well field and the assaciated water
treatment plant. Active production wells, the St. Charles County RMW-series monitoring wells,
and untreated and treated water from the County's public drinking water treatment plant were
sampled quarterly or semiannually for selected parameters. This portion of the monitoring
program was developed by representatives of the Department of Energy, several State regulatory
agencies, and St. Charles County.

The third pregram monitors the equalization basic and the two effluent ponds at the
quarty water treatment plant (Figure 8-4).  Monitoring wells MW-1035 through
MW-1037, MW-1040, and MW-1041 were sampled quarterly and anmually for selected
parameters.  The monitoring program was initially developed to meet the substantive
requirements of 40 CFR Part 264, Subpart F, and 10 CSR Part 25.7, which require the
monitoring of contaminants of concern in the groundwater beneath storage facilities. The
contaminants of concern were derived from the Engineering Evaluation/Cost Analysis for the
Froposed Management of Contaminated Water in the Weldon Spring Quarry (Ref. 38) and the
Baseling Risk Evaluation for Exposure 1o Bulk Waste ar the Weldon Spring Ouarry, Weldon
Spring, Missouri (Ref. 39). Background concentrations of natrally cccurring analytes were
determined from upgradient Iocation south and west of the quarry (Ref. 55).

8.5.3 Weldon Spring Quarry Monitering Resulis

8.5.3.1 Quarry

Radiochemicgl Parameters. Groundwater monitoring wells at the quarry were sampled
for the following radiochemical parameters: total uranium, Ra-226, Ra-228, isotopic thorium,
gross alpha, and gross beta. The uranizm values continue to indicate that the highest levels oceur
in the bedrock downgradient from the quarry and in the alluvial material north of the Femme
Osage Slough. However, uranium concentrations decreased more than 10% in the historically
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high uraninm impacted (>100 pCi) quarry rim bedrock monitoring locations, indicating that
quarry bulk waste remediation was successful in contaminant source removal. Locations shown
with apparently significant aranium increases historically have been relatively low in uranium
activity. These phenomena suggest that groundwater conditions at the quarry are continuing to
improve as a result of bulk waste removal. It should be noted on Table 8-11 that apparent
increased concentrations at some locations may be due to laboratory error.  Sample replicates
collected for on-site KPA analysis were within 1997 ranges. Elevated results could not be
duplicated and no evidence suggests increasing uranium-concentrations at these locations. The
1998 annual averages for the locations that exceed background are summarized in Table 8-11, -

Table 8-11 Annuai Averages for Total Uranium {pCiT} Above Average Background at the Weldon

Spring Quarmy _
ANNLAL AVERAGE
1888 4% CHANGE

LOCATION ANNUAL AVERAGE 1947 to 1998
MY-1002 18.0* . +270%
MW-1004 2200 -11.8%
MAY-1006 1,535 -4, 9%
MUW-1007 &62.0* +30, 8%
MW-1008 1300 -32.9%
MW-1008 8.7 +430%
MA-1011 4.2 N
MY-1013 520 ] ~24.4%

" WW-1014 B&2 -35.0%
MW-1015 218 NC
MW-1018 145 -17.2%
MW-1018 &.8% +300%
MN-1018 39" : +215%
M-1021 4.7 +B5%
MW-1022 5.8* +746%
MW-1023 1 +1 00056
MW-1027 118 -21.8%
MYW-1028 &9 +123%
MWW-1029 5.8 +112%
MA-1030 28 +14 6%
MA-1031 160 +36. 8%
M-1032 1100 =14 1%
MW-1033 g2*% +185%

Mota 1: 1 pCifl = 0.027 Bga.
NG Mo changs, + = % increase or decreasa from 1997 averages

Values that suggested annual average uraniuym Incresses could not be duplicated ar confirmed by on-site
KPA analysis. Mo increasing trends are suggested,
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The proposed U.S. Environmental Protection Agency toial uranium drinking water
standard of 20 ugA (13.6 pCi/! or 0.5 Bq/l) (40 CFR 192.02) was exceeded at MW-1002,
MW-1004, MW-10056, MW-1007, MW-1008, MW-1013, MW-1014, MW-1015, MW-1016,
MW-1027, MW-1030, MW-1031, and MW-1032. All of these monitoring wells are iocated
north of the Femme Osage Slough and have no direct impact on the drinking water sources in the
Missouri River alluvium. The proposed standard is not applicable to groundwater nerth of the
slough because it is not considered a usable groundwater source.

Ra-226, Ra-228, and isotopic thorium (Th-228, Th.230, and Th-232) were analyzed at alt-
groundwater monitoring locations at the quarry. Elevated radium levels were observed at seven
locations in 1998, Tt is likely the elevated isotopic values in these wells resulted from bulk waste
removal activities. Early 1994 operational data from the quarry pond had shown efevated tevels
of 1sotopes of radium and thorium in the runcff from waste removal operations and groundwater
collected in the pond, which likely was due to disturbance of bulk wastes in the quarry. These
levels began to decrease late in 1995 when bulk waste activities were completed and levels
continned to decrease in 1998, The 1998 annual averages above mean background
concentrations plus two standard deviations are summarized in Table 8-12,

Tabte §-12 Isotopic Radicnuclide {pCHY) Concentration Annual Averages That Exceeded Two
Standard Deviations (Upper 95% Confidence Interval) of Mean Background at the
Welklon Spring Quary _ .
LOCATION RA-228 - RA-226 TH-230 TH-232
MW-1002 - - 2.0 -
MW-1004 - - a5 -
MW-1013 - ¥.74 - -
MW-1032 7.51 — 5.9 34
MW=1029 — - 1.9 -
MW-1033 — - a0 -
- Did not excesd two standsrd deviations of mean background values.
MHote 1: Values reported in activity,
Hote 2: 1 pCifl = 0.037 Bqfl.
Nitroaromatic Compounds. Tn 1998, samples from quarry monitoring wells were

analyzed for nitrcaromatic compounds. Six locations yielded detectable concentrations of at
least one of the six compounds analyzed during the 1998 sampling period. None of these
concentrations indicate increasing impacts. These monitoring wells, which have historically
been impacted with nitroaromatics, are situated in the alluvial materiats or bedrock downgradient
of the quarry and north of the Femme Osage Slough. Significant decreases in nitroaromatic
compounds were observed in samples from quarry rim bedrock wells during 1997 and 1998, A
40% decrease in TNT and 18% decrease in DNT (total) from 1996 values were reported for
1897, and from 1997 to 1998 these decreases were 35% and 30% respectively. No detectable
concentrations were observed south of the Femme Osage Slough. A summary of the annual
averages for these locations is provided in Table 8-13.
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Annual Averages for Detectable Concentrations of Nitroaromatic Compounds (/T at the

Table 8-13
Weldon Spring Quarmy _
LOCATION | 1,35-TNB 1,3-DNB 2 46-TNT ? &-DNT 2,8-DNT NB
WY-1002 15.0 013 5 27 0.06 5.00 «0.03
MYW-1004 021 <008 1.0 [ 0.32 <0.03
MW 1008 75,54 <0.0D 1.44 0.08 0.84 <(3.03
MW-1015 2.85 <i3.08 115 <0.03 0.16 <03
MA-1016 012 <0.0D 0.08 <0.03 0.03 <003
1027 <0.03 <000 1.28 0.46 113 <103

The Missouri drinking water quality standard for 2,4-DNT (0.11 ng/) was exceeded only
at MW-1027 north of the Femme Osage Slough. No MCLs have been established for the other
nmitroaromatic compounds.

Sulfate. Groundwater analyses in 1998 indicated sulfate levels were elevated in the
monitoring wells in the bedreck of the quarry rim and in the alluvial materials north of the
Femme Osage Slough. Ten wells exceeded average background levels for sulfate. These wells
are situated north of the slough, downgradient of the area of greatest groundwater impact. Only
one location (MW-1037) exceeded the secondary MCL of 250 mgfl The anmal averages for
these wells are summarized in Table 8-14.°

Tabte 8-14 Annual Averages for Sulfate {mg/) Above Average Background at the Weldon Spring
Quarry

LOCATHON ANNUAL AVERAGE MAXIMUM MINIMUM
M- 1006 173 237 107
MAY-1008 88.7 153 &3
A1 DDE 117 138 88
MA-1014 98.2 101 84.0
MW-1016 134 148 122
MW-1032 207 214 189
MWN-1037 262 285" 217
RA-1038 203 248 142
WA= 042 144 150 131
MNW-1047 144 183 104

¥ Exceeded sacondary MCL of 250 mgfl.

8.5.3.2 St. Charles County Well Field

Radipchemical Parameters. The St Charles County production wells and the
RMW-series monitoring wells were sampled semiantually for the radiochemical parameters
Ra-226, Ra-228, and isotopic thorium. Grosy alpha, and total uranizm were analyzed quarterly.
A summary of the radiochemical annual averages is provided in Table 8-15. The annual averages
for total uranium in the well field remain at background. No production well exceeded the
proposed groundwater standard of 20 pg/l {13.6 pCi/).
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The St Charles County preduction wells, the RMW-.geries wells, and pretreated
(MW-RAWW) and treated water (MW-FINW) from the St. Charles County water treatment
plant were sampled quarterly for gross alpha. The antual averages for these locations are within
the statistical variation of background ranges for groundwater cccurring in the Missourd River
alluvium. ' _

Table 8-15 Summary of Annual Averages of Radiochemicat Parameters (pCif) for the St. Chades
County Well Field -

TOTAL GROSS ]
LOCATION URANIUM | ALPHA RA-226 RA-228 TH-229 TH-230 TH-232 .
MW-1024 0.70 321 0,31 .69 0.21 0.1% 0.10
MW-RIMW 0.72 NA 0.43 1.07 0.06 0.10 20,10
MA-RMAZ 453 5.44 1.03 <0.8 0.08 0.10 0.07
MW-RMWA 0.62 2.5 0.57 1.31 <0.07 <0.07 <002
MW-RMWE 1.58 2.50 n.58 074 <020 0.08 <008
MW-PWOZ <0.67 2.04 “0.75 1.23 <{(}3.25 <0.45 <018
MW-FVVO3 <067 354 0.38 1.76 <007 <(0.08 <0.08
MW-PW04 062 132 0.30 1.08 <i.4 <10 <05
MW-PWGO5 0.43 1.86 0.52 1.77 <. <0, 0d <0.04
MA-FWOG 0.55 3.76 0.78 1.30 <0.2 0.48 <008
MW-PWO7 0.47 . 545 0.49 1.76 <046 0.10 <0.40
MW-PWOB 0.88 3.46 0.58 1.23 0.03 0.34 <0.04
MVW-PWOS 0.25 2.78 .65 1.92 <028 0.10 <018
MW-RAVWW 0.21 176 056 0.49 <0.25 - 0.0t <518
MVW-FINGY 0.28 147 4% 115 <0.10 <0, 04 <0,101

Note 1: 1 pCIA = 0,037 Bol.

The Missouri Drinking Water Standard of 15 pC#1 (0.555 Bqg/l) for gross alpha was not
exceeded at any of the production wells. The St. Charles County treatment plant finished waters
were in compliance with the gross alpha level of 10 pCi/l as established in 40 CFR 141 and
endorsed in Department of Energy Order 5400.5.

The Missouri Drinking Water Standard of 5 pCi/l (0.185 Bg/l} for combined Ra-226 and
Ra-228 was not exceeded at any of the St. Charles County production well locations. No water
quality standards have been established for isotopic thorium in drinking water,

Nitroaromatic Compounds. The St Charles County production wells and the
RMW-series monitoring wells were sampled quarterly for the six nitroarematic compounds. No
detectable concentrations were observed at any of these locations.

Sulfate. The St Charles County preduction wells were sampled semianmvally and the
RMW-geries monitoring wells were sampled quarterly for sulfate. The sulfate concentrations in
the well field were slightly elevated above pre-1995 levels for 1998 at MW-PW02, MW-PWO03,
MW-PW04, and MW-PWO0S as they were in 1996 and 1997, Most likely these levels are not
related to any quarry operations. . The elevated sulfate values are thought to reflect natural
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increages across the quarry area because a location upgradient monitoring location, MW-1035,
has also been increasing in sulfate since 1994. The 1998 annual averages for the wetl field are
summarized in Table B-16. The secondary MCL for sulfate is 250 mg/l; this standard was not
exceeded at any location in the well field.

Metals. Arsenic and barium were the only metals monitored during 1998 at the
St. Charles County well field. The primary MCL for arsenic {50 ug/l) was exceeded at location
BMW-2. The MCL for barium (2,600 pg/l) was not exceeded at any location. None of the
values for either metal exceeded their respective MCL’s in samples from the public water supply
wells or from the St. Charles County water treatment plant (Fable 8-16).

Table 8-16 Annual Averagas for Sulfate (maf), Arsenic (ua/), and Barium {ugd} in the Si. Charles
County Yell Field

LOCATION SULFATE ARSENIC BARIUM
MW-1024 8,01 NE NS
MR 337 8.57 462
M-RMWZ 20.1 124 342
MV-RMW3 34.0 37.0 462
MW-RMW4 | 294 12.1 _ 226
MW PWz 17 240 - ai5_
MW-FW04 120 <2.40 308
NMW-EWG5 g8.8 <2.40 336
MW-FAADG 1125 : <240 ’ 341
MW-PFWWDT . 8156 - =240 ) ' 4350
MW-FWO08 34.7 2.85 474
MW-PW02 355 2.80 490
N-RAW 61 <2.40 366
M-I 105 2.40 839

NE Mot Sampled

8.5.4 Trend Analysis

Statistical tests for time-dependent trends at the Weldon Spring Quarry were performed
on historical data from select groundwater wells. Trending was performed on total vranium,
nitroaromatic, and sulfate data in 1998.

Trend analyses were performed at 16 monitoring locations based on historical data or
knowledge of the quarry groundwater system. Total uranium trends were analyzed at locations
down-gradient of bulk waste sources and in areas of possible impact south of the slough.
Nitroaromatic compounds were analyzed for locations -down-gradient of bulk waste sources.
Sulfate trend analyses were performed for locations down-gradient of bulk waste sources and all
locations adjacent to the south side of the slough, due to recent changes in levels in sulfate in this
area,
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The computer progtam TREND, previcusly described in detail in Section 8.4.4, was used -
to perform the formal groundwater trend testing. The trend method employed was the
nonparametric Mann-Kendall test. The results of the TREND testing are shown in Tables 8-17
through 8-19.

Quarry Trend Resuits

Cumzlative results for each analyte that was evalvated frem 1995 through 1998 using the
TREND program are summarized below. Remedial actions that addressed comamination source
areas at the site were completed in 1995, The trending results for the quarry area from 1995
through 1998 were also compared to past trending results performed in 1998 for 1994 through
1997. The results of these analyses are also summarized below by analyte.

Nitroaromatic Compounds

Ten locations near the quarry were selected for trend analyses of nitrearotnatic
compounds. Of these locations, six are bedrack wells and two are alluvial wells. The results of
the nitroaromatic analyses for the monitoring wells near the quarry are presented in Table 8-17.
In total, 39 trend analyses were performed on the nitroaromatic compounds st the 10
groundwater monitoring well locations.

Based on the results of the analyses, no upward trends were identified in groundwater
from the bedrock wells or alluvial wells that were analyzed for the 1995 to 1998 period. The
results of ihe recent analyses are the same as indicated in the previcus tests conducted using 1994
through 1997 data, with the following exceptions. All of the nitroaromatic compounds at
MW-1004 and one nitroaromatic compound (2,4-DNT) at MW-1027 changed from a stationary
to a downward trend, Two nitroaromatic compounds (2,.4-DNT and 2,6-DNT} at MW-1015, one
nitroaromatic compound (2,4,6-TNT) at MW-1027, and two nitroaromatic compounds (2,4-DNT
and 2,6-DNT) at MW-1030 changed from & downward trend to a stationary trend. :

Downward trends were indicated for at least one nitrcaromatic compound at five of the
locations that were tested using the 1995 through 1998 data. The decreasing trends are most
likely the result of bulk waste removal at the quarry.

As shown in Table 8-17, one location {MW-1015) had a reported concentration of
.04 mg/l of 2,4-DNT and one location (MW.1027) had a reported concentration of 3,90 mg/l of
2,4,6-TNT in 1998. These concentrations for 2,4-DNT and 2,4,6-TNT exceeded all past 1994,
1995, 1996, and 1997 data for the respective sampling locations.
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T raniym

Sixteen locations near the guarry were selected for total uranium trend analyses. Of these
locations, eight are bedrock wells and eight are alluvial wells. The sampling locations included
one bedrack well and one aliuvial well estimated to represent background conditions.

Total uranium trends for 1995-1998 data were stationary at all locations except three
lpcations as shown in Table 8-18. The tiree locations with upward or downward trends are alt
bedrock monitoring wells. An upward trend is indicated based on the 1995 through 1998 data
for MW-1032, The previous data for MW-1032 also indicated an upward irend based on the:
1994 through 1597 data.

The recent data for MW-1031, previously reported as indicating an upward trend based
on the 1994 through 1997 data, appear io indicate a change to a stationary trend.

A downward trend is indicated based on the 1995 through 1998 data for MW-1004 and -
MW-1027. A stationary trend was previously reported for both of these wells, based on the
analysis of the 1994 through 1997 data.

The recent data for MW-1015 and MW-1030, previously reported as indicating a
downward trend based on the 1994 threugh 19%7 daj:a, appear to indicate a change to a stationary
trend.

One of the 16 locations that was evaluated for the 1995-1998 time frame had reported
concentrations in 1998 that exceeded all past 1994, 1995, 1996, and 1997 data for the specific
sampling location. This uranium leve] was 12.00 pCi/l at MW-1023, The 1998 new high
concentration for this locaiion could not be substantiated in a replicate sample and the
12.00 pCi/t value was not considered a new historic high for uranium.

Sulfate

Twenty-cne locations near the quarry were selected for suifate trend analyses. Of these
locations, 10 are bedrock wells and 11 are alluvial welis, The sampling locations included one
bedrock well and one alluvial well estimated to represent background conditions.

As shown in Table 8-19, sulfatz sampling data for 1995 through 1998 for two locations
indicated an upward trend. Both of these locations displayed an upward trend based on the prior
analysis using the data for 1994 through 1997 The locations with upward trends are both
bedrock wells. The apparent increases at these locations may be sulfate returning to natural
concentrations following dilution due te flooding in the last few years.
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The recent data for three saﬁpIing locations (MW-1016, MW-1031, and MW-1035),
previously reported as indicating an upward trend based on the 1994 through [997 data, appear
to indicate a change to a stationary trend.

The 1595 through 1998 data for eight well locations indicated downward trends. Two of
these wells are bedrock wells, including the estimated background well, MW-1034. Of the eight
locations currently displaying downward trends, two of these locations (MW-1018 and
MW-1023} were previously estimated to be stationary based on the 1994 through 1997 data.

The results for the remaining 11 samplmg locations for the penod of 1995 through 1998
indicated stationary trends.

Two of the 21 locations that were evaluated for the 1995-1998 time frame had reparted
concentrations in 1998 that exceeded all past 1994, 1995, 1996, and 1997 data for the specific
sampling location. These sulfate levels were 104 mg/l at MW-1002 and 123 mg/l at MW-1029.
The 1998 new high concentrations for these locations are presented in the far right column of
Table 8419

8.6 Waste Treatment Facilities
8.6.1 Monitoring Program -

Groundwater monitoring wells have been placed around four waste management units;
the quarry and site water treatment plant equalization basins, the temporary storage area, and the
disposal cell (see Figures 8-2 and 8-4), These wells were installed to detect contaminants in the
uppermost water unity beneath these storage facilities in order to comply with the requirements
of 40 CFR 264, Subpart F, and 10 CSR 264, Subpart F. The menitoring parameters were derived
from previous evaluations performed and documented in the Fngineering Evaluation/Cost
Analysis for the Proposed Management of Contaminated Water in the Weldon Spring Queorry
(Ref. 38), the Baseline Risk Evaluation for Exposure to Bulk Wastes at the Weldon Spring
Quarry, Weldon Spring, Missouri (Ref. 39), and the Weldon Spring Site Disposal Cell
Groundwater Monitoring Plan (Ref. 40).

The detection monitoring program consists of quarterly sampling for the following
parameters:

Total praniym,

Anions {nitrate, sulfate, chloride, and fluoride).

Metals {arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver).
Nitroaromatic compounds,
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Annual sampling is performed for the following parameters:

Radiochemical parameters (Ra-226, Ra-228, Th-230, Th-232, U-234, and 1-238).
Polychlorinated biphenyls (PCBs).

Polynuclear arematic hydrocarbons (PAH). _

Pesticides (endrin, lindane, methaxychlor, toxaphene, 2,4-D, and 2,4,5-TP Silvex).

Constituent concentrations #t the monitoring wells for 1998 were compared with
previonsly determined baseline concenirations for each well. If there was statistically significant
¢vidence of contamination (concentration exceeds baseline by three standard deviations), a
program of increased monitoring and/or an evaluation of the leachate collected within the liners -
of the basins or storage area was initiated.

8.6.2 Site Water Treatment Plant and Temporary Sterage Area Monitoring Results

i Collection of baseline data for the wells surrounding the equalization basin for the site
water treatment piant and the temporary storage ares was completed in Decentber of 1994, The
baseline dataset for each monitoring well was established with a minimum of eight samples
collected on a quarterly basis. A summary of these baseline data for wells MW-2035 through
MW-2043 can be found in Table 8-20. Mopnitoring data collected during 1998 were compared
with the baseline data to identify significant changes in groundwater cuality potentially
attributable to operation of these facilities.

Baseline concentration for the metal barium was slightly exceeded at MW-2039, Despite
the changes in the groundwater barium values, there is no evidence that the integrity of the water
treatment facilities or TSA basins has been compromised. There were no elevated metals
detected in collected Jeachate and no increased volume of leachate at these facilities.

Uranium was slightly elevated above baseline at MW-2042. No impact from the water
treatment plant equalization basin is suspected. The values are below the proposed drinking
water standard of 13.6 pCifl (0.5 Bg/1).

Nitrate baseline way not exceeded at any location at the site water treatment facility
equalization basin, All locations at the water treatment plant and TSA are stable or decreasing in
mitrate concentrations. Sulfate baseline was exceeded at MW-2042. None of the locations
exceeded the secondary drinking water standard of 250 mg/l in 1998,
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Nitroaromatic compounds were detected at locations MW-2037, MW-2038, and
MW-2043. These detectable nitroaromatics were below baseline concentrations at all monitoring
locations. No PCBs or pesticides were detected at any of the detection monitoring locations, No
locations exceeded uranium baselines. All 1998 data for the site water plant and temporary
storage area are sutnmarized in Table 8-21.

8.6.3 Quarry Water Treatment Plant Monitoring Results

Monitoring wells MW-1035 throngh MW-1039 were instalied in 1991 to monitor the
shallow groundwater in the vicinity of the quarry water treatment plant. In 1993, two additional
monitoring wells, MW-1040 and MW-1041, were installed closer to the equalization basin to
better monitor the waste storage unit. Baseline was established for these newer wells utilizing
1994 and 1995 quarterly data. Monitoring wells MW-1038 and MW-1039 were deleted from
this monitoring program because they were located cross gradient from the equalization basin at
a distance too far to adequately monitor the basin and are possibly downgradient of contaminant
sources in the quarry.

The concentrations in the welts were compared to baseline for the parameters. The
baseline parameters for each well are presented in Table 8-22 and the summary of 1998 detection
monitoring results is presented in Table §-23 Samples were also analyzed for nitroaromatic
compounds, pesticides, and PCBs, The baselines and analytical results are not shown in gither
table because these compounds do not naturally occur and have not been detected in the
monitoring system. '

The 1998 results of the comparison of the monitoring data to baseline indicated that no
radiological parameter was above baseline during the year. Total uranium and metals levels
were within baseline for all wells in the water treatment facility detection moniiorning netwaork.
The ions chioride, fluoride, and sulfate were slightly ‘elevated above baseline concentrations.
These values are not believed to be attributable to any quarry operations. lIon values are
similarly increasing at the upgradient monitoring locations.

Monitoring wells MW-1037 and MW-1040 had ievels that exceeded baseline for suifate
during 1998. These increases reflect a regional sulfate increase in the quarry vicinity and are not
believed to be due to contamination.
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Chioride baseline' concentrations were exceeded in samples coliected from monitoring
wells MW-1035, MW-1036, and MW-1040. The sources of these excursions are unknown, but
it is unlikely that the water treatment facility is contributing to the chlotide concentrations
because one of the wells, MW-10335, is hydraulically upgradient from the facility. Monitoring
wells MW-1037 and MW-1041 do not exceed baseline and are located closer to the treatment
facility than MW-1035, A potential source of chioride is the deicing agent applied to Missouri
State Route 94, which is routed along the northem perimeter upgradient of the quarry water
treatment facility.

The remainder of the monitoring parameters remained within baseline for each well. No.
detectable concentrations of nitroaromatic compounds, PCBs, polycyclic (or pelynuclear)
aromatic hydrocarbons, or pesticides were reported for 1998,

8.6.4 Disposal Cell Groundwater Monitoring

1n the Record of Decision for the Chemicad Plant Area of the Weldon Spring Site (Ref. 9),
substamtive requirements of Federal and State hazardous and/or solid waste regulations have
been identified as applicable or relevant and appropriate requirements (ARARs) for the selected
remedy. 40 CFR 264, Subpart ¥, 10 CSR 25-7.264(2XF), and 10 CSR B80-3.01G{3) were
identified as relevant and appropriate requirements for the disposal cell.

Groundwater monitering requiretments under the Resource Conservation and Recovery
Act (RCRA) {40 CFR 264) specify that a monitoring system must consist of a sufficient number
of wells installed at appropriate locations and depths to yield groundwater samples from the
uppermost aquifsr that represent the quality of background water and provide detection of
contamination. There is no set mumber of wells required under the RCRA, but the Missouri
Sanitary Landfill regulations (10 CSR 80.3) specify a minimum of one upgradient and three
devmgradient wells.

Monitoring wells MW-2045 through MW-2048 (installed during 1996), and previously
existing well MW-2032, caomprise the disposal cell groundwater detection monitoring network.
These detection monitoring wells were sampled quarterly during all of 1997 and early 1998 to
provide baseline data. A statistical summary of baseline data is presented in Table 8-24, Semi-
annual detection monitoring began it mid-1998, after waste placement activities were initiated.
In accordance with 10 CSR 25-7 264(2)(F), a surface water monitoring program is also included
in the detection monitoring program. Spring 6301 {Burgermeister Spring) has been identified as
the downgradient location for this program. Sampling of this spring will yield samples
representative of the quality of surface water hydraulically downgradient of the dispesal cell.
The following subsections describe the methods of statistical comparisens used to assess the
1998 disposal cell groundwater detection monitoring data.

DOE/OR/21548-773, Rev. 0 169
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8.6.4.1 Data Summaries

Data from the semiannval sampling events of 1998 were tabulated according to

- parameters and sampling location. Non-detections were tabulated with the value of one-half the

detectior: limit, with the exception of those locations whers the entire data set were reperted as

non-detects. Volatile compounds, semi-volatile compounds, and PCBs were not tabulated

because no detections were reported in either baseline or detection monitoring results. The

detection monitoring data for the first and second semiannual sampling event for 1998 are
summarized in Table 8-25 and Table 8.26, respectively.

8.6.4.2 Statistical Methods

The initial step was to select appropriate methods 1o statistically compare analytical
results for each parameter from the compliance well locations (MW-2032, MW-2043,
MW-2046, and MW-2047) to the upgradient location (MW-2048) results. Two major limiting
factors in this selection process were: (1)} the large variations in the mumber of non-detections
between parameters, and {2) pre-existing contamination for sote parameters at the compliance
well locations, ST :

Statistical method selections were initially based upon the number of non-detections as
suggested in the EPA guidance document Statistical Analysis of Groundwater Momitoring Data
af RCRA Facilities (Ref. 41). The second consideration for method selection was evidence of

pre-existing contamination,

Method selections for each parameter are summarized in the

following.
Table 8-24 Baseline Statistical Summaries for the Disposal Cell Detection Wells and Burgermeister
Spr . !

Parameter . MW-2032] MW-2045] MW-2046 MW-2047]  MW-2048 SP-6301
Chiaride Mean 0.56 66.07 17.58 7.96 10.05 1313
[{mafl) 5id Dev 4.25 5.87 0.70 113 1.09 2.83
Fluaride Mean 0.28 0.07 .08 .17 .12 0.18
[(mg/y Std Dav 0.30 0.08 D.10 0.26 011 0.07)
Mitrate Mean 54.51 1.41 1.81 80.84 0.83 8.07
{madl Std Dev 34.02 0.37 0.40 2278 .22 8.40
Sulfate Meaan 3884 31.97 53.70 3013 178.90 53,18
| {mg} Std Blav 12.45 5.65 3.08 4.64 21.08 19,30
Aluminum Mean 227.7 70.80 143.20 144.30 2280 42160
| {padly Std Dev 1557 44 75 768.4 131.50 17.82 234.70
Antimony -|Mean 8.9 7.49 2.5 8.44 B.84 360
{19 f) Std Dev 7.51 8.32 gv0 877 7.58 1.76
Arsenic Mean 1.31 1.24 1.75 1.33 1.22 1.69
{9/ Std Dev 082 0.64 0.80 0.86 0.48 0.55
Barum Mean 257.4 181.80 19(.40 248.20 48.88 88,43
{ugf} Std Dev 61.08 22,98 3444 42.75 4.91 31.92
DOE/ORIZ1548-773, Rev. § 170
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Table 8-24 Baseline Statistical Summaries for the Disposal Cell Detecilon Wells and Burgermseister

Spring (Continued) _ _

Parameter MW-2032| MW-2045] MW-2046 MW-2047 MW-2i48 SP-83M
Barylllum Mean 0.32 0.31 0.52 0.28 0.23 0.57
| { g} Sid Dav 0.4 0.23 1.08 0.20 0.15 0.58
Cadmium Mean (.88 0.71 .76 0.78 0.76 1.17].
{paf Std Dev 1.29 0.83 0.84 0.84 .95 1.51
Caleium Mean 1231 87.05 138,50 125.40 106.00 53.60
| (pgil) Std Dy 38.21 7.57 16.00 17.02 8.59 28.82]
Chromium Mean 2.45 19.24 3.28 2.58 1.68] 242
g} Std Dev 1.94 20.65 1.63] 2.10 2.52 1.50
Lithlum Mean 0.44 815 5.54 45.62 7.30 10.72]
[(ug/l Std Dev 6.04 8.27 385 18.65 3.40 5.57)
| Magnasium Mean 40.18 40.52 44.20 76.08 3B.25 13.08
{pafly Std Dev 8.21 4 60 6.07 7.47 .01 713
Manganese Mean 22.21 102,60 74.78 68.22 6.46 9.56
(el Stg Dav 13.51 33.26 3012 47.47 3.84 5.38
Mercury Mean 0.13 0.09 0.30 {.08 .12 Q.06
(g Std Dev 0.2 0.07 0.87 0.08 0.18 g.02
Molybdenum | Mean 3.27 6.03 3.21 872 2,68 2.33
| {pafl) Std Dev 300 4.54 2.56 3.19 2. 1.28
Hickel Mean 578 37 80 .88 159,25 2.53 268

Hi Std Dev 0.47 94.26 1.16 3.61 1.25 2.82
Potassium Mean 2.45 279 2.99 2.51 7.67 2.7
[{pay Std Dev 0.82 0.43 (.85 070 12,20 0.84
Selenium Mean 2.88 1.64 1.81 274 10.75 1.81]
[{pgfl) St Dev 1.93 .80 0.77 1.45 1.45 0.71
Sitver Mean 3.44 1.48 1.71 1,67 1.48 0.84
| (pgflh St Dav g8.47 1.04 1.14 1.14 1.03 0.41
Sodium Mean 41.2 18.21 26.12 34 322 T2.54 18.76
[{mg) Sid Dev 20.23 3.23 2.06 7.28 3.95 B.O1
Thallium Mean 2.78 1.80 4.83 205 2.4 2.81
[ {pe1) Std Dey 1.56 1.58 1.45 1.22 1.42 1.48|
Wansadlum Mean 2.32 .46 5.20 420 2.52 3.87
| (g 1] Std Dev A28 546 8.02 5.78 4.02 357
Finc Mean 8.07 10.21 1273 10465 10.31 §.54
{ngfl Std Dev 7.05 7.93 7.58 7.90 7.53 7.98
C.o.D. Mean 2.53 4.58 272 2.81 4.37 8.37
(gt Std Dev 0.12 5.29 118 1,13 1.78 4.19
Cyanide Mean 2.5 1.60 1.258 132 134 1.53
[ {mgA) Std Dev 4.2 1.26 0.74 1.08 127 0.49
T.0.8. Mean T712.8 485.70 544.50 825.90 701.40 206890
 {pg) Std Dev 217.8 28.81 38.74] B8 B9 84.05 100.70]
T.0.C. Mean 5.31 6.93 9.73 8.41 7.15 7.88
| {pgfl) Std Dew _8.37 11.77 15.50 15.09 8.68 5.81
T.O.X Mean 27.64 17.88 71.14 i1.58 2046 11.44
 {pet] Std Dev 22 87 10.84 227.20 11.83 48.14 5.89|
1,3.5-TNE Mean .05 0.02 1.97 ND ND 0.03
{pefl} Sid Dev 0.84 0.01 .88 - - 0.05)
1,3-ONB Mean 0.05 013 .12 0.05 ND 0.06
| {pgil} Std Dev 0.01 0.02 0.10 0.01 - 0.02
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Table 824  Baseline Statistical Summaries far the Disposal Cell Detection Wells and Burgermeister

Spring (Coniinued} _ _

Parameter MW-2032| MW-2045] MW-2046.  MW-2047| MW-2048 SP-8301
2,4.6-TNT Mean 2.14 ND 1.95 ND ND 0.13
g/l Std Dev 1.75 - 081 - - 0.09
2 4-DNT Mean .07 0.12 0.20 .30 ND 0.05
(/i) St Dev 0.03 .02 0.26 - .08 - 0.04
2,6-DNT Mean 0.62 0.58 21.94 0.70 ND 0,18
(g Std Dev 0.43 0.13 16.68 0.21 . 3,13
Nitrobetizene | Mean ND ND N ND NCH ND
[ {pad) Std Dev - - - - - -l
Ra-278 Mean 0.38 0.31 0.3 0.4 .21 0.22
{pCim Std Dev 0.14]  0.25 0.12 017 0.18 0.10
Ra-225 Mean 1.17 0.72 0.7B 0.53 1.23 1.28
{pCifi) Std Dav 1.23 0.73 1,02 .58 1.17 0.87
Th-228 . |Mean 0.09 0.23 c.08 0.09 0.08 0.27
{pCin} Std Dev 0.06 0.66 8.05 0.08 0.04 0.29
Th-230 Magn 0.18 0.19 0.15 0.18 612 0.28
{pCin} Std Dev 0.18 0.24 0.11 ¢.18 0.09 0.38
Th-232 Mean _ 0.08 0.08 0.04 0.05 0.05 0.18
(pCif) Std Dev 0.14 0.08 0.04 0.05 0.04 0.23
Totgl Uranium | Mean 3875 0.83 0.83] 1.1 1.49 9023
{pCifl) Std Dev 0.88 0.44 0.30 018 0.20 35.84
pH KMean T.18 7.01 7.08 733 7.11 6.82
{5td. Units} Std Dev 0.28 0128 0.10 0.18] . g.10 012
Spec. Cond.  |Mean _ 1191 910.5¢ $28.50 1138.00 1060.00 380.80
{pmhosfom) | Std Dev 3283 77.1 82.77 161.70 24.87 54.33

KD Mot Detacted
Not Calculated

Table 8-25 Statistical Surmarles for the Dispesal Cell Detection Wells and Burgermeister Spring 17
Semiannual Sampling 1998

Paramater MW-2032] MW.2045] MW-2046]  MW-2047]  MW-2048 SP-8301
Chlgride Mean 668 60,40 17.30 .82 846 3.587
{mgA) 5td Dev 0.27 3.71 0.33 0.56 0.62 0.02
Fluctide iMean 0.23 .12 0.08 017 0.38 Q.19
(/) Std Dev 0.02 0.01 0.0 0.08 0.02 0.01
Mitrate Mean 18.60 1.85 2.00 g97.08 1.33 2 hh
[{mgy 8id Dev 278] .~ 0.09 0.06 4712 0.12 0.06
Sulfate Mean 27.30 21.55 45,70 25563 220.00 22.48
fmafl) Std Dev {148 2.00 _1.48 213 8,28 01n
Aluminum Mean 100,70 32.50 76,00 111.00 8,30 2.00
[fug) Std Dev 45.0¢ 23,86 37,49 23.16 4.20 R
Antimany Maan ML ND ND ND ND ND
[€pgfly Std Dav - - - - - :
Arsenic Mean ND HD ND MO 3.10 ND
(g Std Dev - - - - 1.27 -
Barium Maan 201.80 191.30) 178.50 328.00 42 40 89 60
(g} 5td Dev B.08 1372 12.40 2267 1.95 1.83
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Tabie 5-25 Statistical Summaries for the Disposal Cell detection Wells and Burgemmeister Spring, 1%
Semiannusl Sampling 19888 {Continuad) : '

Parameter MW-2032| WMW-2045] MW-2048]  MW2047]  MW-2048 SP-8301
Beryllium Mean .47 0.64 0.39 0.56 Q.10 . ND
{ug/) Std Dev 018 0.24 017 a7 0.08 -
Cadmium Mean ND KD D ND ND ND|
| (g1} Std Dev - - - . - - -
Caleium Mean 9570 54.60 13.50 14,30 11.40 36.50
(Mg} Std Dav 212 5.85 0.41 223 0.38 0.84]
Chromium Mean 438 46,13 3.08 275 3.30 ND
|{ugf1} Std Dev 1.55 26.65 1.85 1.30 0.23 -
Cobatt hean ND 510 [ [n) ND ND KD
{ug/) Std Dev - 278 - =i - -
Coppar Mean 5.40 3.08 393 4.13 2.28 428
| {1gfl} 5td Dav & 60 2.00 185 205 0.28 235
Iron Mean 167.00 282,80 244.80 238.80 9.60 189500
m,ﬂ] Std Dev 49,77 14?.8_:1 125,30 91.84 564 13228
lead Msan ND NC ND ND KD WD
(g1} Std Dev - - - - - -
Lithium Mean 8.65 - ND 443 48,13 7.53 - .98
{pgdl) Btd Dav 1,68 - 2,40 22.68 0.48 0.95
| Magnesium Mean 2213 47.25 41.70 85,15 42.85 7.84
(g} Std Dav 0.57 213 13 8.53 1.18 .19
Manganese | Mean 8.6% 87.15 29.73 4373 1.53 2643

{pgi) Std Dev 1.38 20.82 1177 233 0.33 038
Mercury Mean MDD ND WD ND WD WO
[ {pg) Std Dev - - - - - -
Malybdenum  [Msan MD 938 ND WD 1.40 MDD
(g} Std Dev - 8.71 . - 0.88 .
Nickel Meaan HD 569.80 ND ND ND WD
{ug/) Std Dev -] 25617 - - - -
Potassium Mazn 230 1.70 35.80 1.70 250 2,38
| (g} Std Day 1.08 0.56 8.12 0oz 0.11 1.08
Selenium Mean 333 1.88 255 460 12.20 1.20
(gl Std Dev 1.54 1.5 0.88 1.49 1.02 0.00
Sitver Mean 3.83 ND 383 N KD N
{g/M) Std Dev 1.85 - 1.65 - - -
Sodium Mean 26.10 13.70 30.10 26.30 £5.70 8.37
[{mgfl) St Dev 1,41 2.60 (.39 8.40 318 0.20
Thallium Mean 2.24 ND ND HD NC ND
(sl Std Dev 1.18 . - - - -
Yanadiym Mean B.03 893 12.00 13.05 WO 6.28|
(g Std Dew 1.48 Q.78 1.14 0.54 - 015
Zing Meaan . 1415 11.43 18.695 14 88 8.08 1268
{pgMm &td Dev 4.15 401 4 [0 3.89 3.48 258
C.00, Mean ND 14.60 7.80 N MD 24.50
{1} Std Dev - 1335 10.25 - - g15
Cyanide Mean HD 0.57 ND HD a.79 ND
[{mgfl) Std Dev - 0.28 - - 2.91 -
T.0.5, Mexan 474,00 453.00 SAE6.00 Q60,00 832,00 187.50
| (ugdt 5td Dav 22.00 40,00 14,00 Z31.80 15.00 12.40
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Statistical Summaries for the Disposal Cell Detectlon Wells and Burgermmeister Spring, 1

Table 8-25
. Semiannual Sampling 1998 {Continved)

Farameter MW-2032 MW-2045| MW-20d8 MW-204T7|  MW-2048 SP-83M
T.C.C. Mean 0.09 0.95 1.75 0.87 3.52 4.24
g/ Sid Dav 0.34 0.31 0.11 0.32 0.57 0.06
T.0X. Mean 246.80 9.2% .23 21.46 32.00 558
g/l Std Dev 345.60 5.88 6.00 25.85 26.75 2.31]
1,3,6-THB Maar a4.07 003 3.08 .03 HD WD
(L) Std Dev 0.01 0.01 0.26 (.02 - -
1.3-DNR Mean ND 0.16 0.05 .08 ND ND|
| (pafy St Dewv - 0.01 0.01 0.1 - -
2.4 8-TNT Maan 017 ND 2.78 HD ND ND|-
[(agM) Std Dev 0.03 - 0.13 . - .
2 4-ONT Mean 0.07 014 Q.18 0.38 N MND
(9] Std Dev 0.09 0.01 0.04 0.05 - -
2 6-0ONT Mean 0.21 .81 g.53 0.84 1%] WD
(Lol Std Dev 0.03 0.02 2.08 0.09 - n
Nitrcbenzena | Mean D ND ND ND N ND
(gl Sid Dav - - - - - -
Ra-226 Measr 0.50 018 .15 0.23 Q.37 013
(peim Std Dev 0.70 0.20 0,11 0.18 0.39 0.05
Ra-228 Mean 0.56 1.12 0.51 0.49 .81 1.55
(pCif} St Dy .30 0.7 0.08 .10 .11 1.53
Th-228 Mean Q.08 0.08 .04 .08 316 0.1
{(pCifl) Std Dev 0.01 0.00 0.01 0.05 0.08 0.03
Th-230 Maan 0.24 0.11 0.04 .14 0.0% .35
{pieli) Std Dev 0.06 .05 0.1 0.0v 002 Q.07
Th-232 Mean 0.02 003 0.03 o.M 0.09 .11
(pCiM) Std Dev 0.00 0.01 0.01 0.00 0.01 0.02
Total Uranium | Mean 3.20 Q.70 1.00 1.00 1.70 20.50
{pioiiy Sid Dev 1.31 0.23 0.50 0.0 2.11 2.59
pH Mean 7.49 8.85 E.98 E.B6 7.19 .83
{Std. Units) 5id Dev 0.28 0.60 0.18 0.28 0.18 026
Spec. Cond. Mean ¥i7.00 822,00 g27.00 1329.00 146,00 158.00
{umhosfcm) Sty Dy 325.00 12 (0 18.00 253.20 A3.00 8.00

WD Mot detactad

- Mot Calculated
Table 8-28 Statistical Summaries for the Disposal Cell Detection Wells and Burgermeister Spring 2™
Semiannual Sampling 1998

Parameter MW-2032] MW-2045| MW-2048 MW-2047 MW-2043 SP-6301
Chloride Mean 4.16 F3.43 1915 522 .80 14.00
(mgA) Std Dev 0.66 7.80 1.28 3.40 0.15 3.8
Fluoride Mean 025 0.25 0.25 0.25 0.14 0.25
(rngfl) Std Deavy 0.00 .00 0.00 0.00 0.01 Q.00
Mitrate Mean 8.70 1.87 1.78 897.35 0.79 89.23
[{mgfl) Std Dav 4 .60 010 0.70 72.76 0.19 0.05
Sulfate Mean 16.23 24.06 44.85 25.25 245.50 44.20
{maA} Std Dev (.98 2.51 230 3.00 5.92 0.54
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Table 8-28 Statistical Summaries for the Disposal Cell Detection Wells and Burgermeister Spring, 2™
Semignnual Sampling 1998 (Continued)

Parameter MW2032| MW-2045] MW-2048]  MW-2047]  MW-2048 §P-8a |
Aluminurm Maan 183.25 55.50 56.33 142.00 28.01 287.30
(g1} Std Dav 56.84 14,38 27.14 17.46 12.82 48.86)
Anfimony hMean MD ND HD ND ND ND
(1) Sid Dev - : - - - -

: Arsanic Mean 2.74 ND 1.89 ND ND ND

| | {pgh) Std Dev 172 - 1.28 - - -

5 Barium Mean 158,50 157.30 18080 290.50 #1.55 127.00
{10/} Std Dev 17.48 5.88 13.33 33.57 0.28 2587
Berylium Meaan 023 021 .19 0.20 0.47 ND{.
(g Std Dev 0.29 0.33 0.29 0.31 0.15 -
Cadmbim Mean ND ND ND ND NL} ND
{pa Std Dey - - - - - -
Calelum Mean 6645 85.85 130.50 116.60 108.30 74.43
{maf} Sid Dev 5.18 5.52 .00 7.59 310 2.11
Chremium Mean 478 289.43 1.50 1.458 ND 1.10
(gl Std Dev 1.1% 2584 89 1.75 221 - 0.24
Cobalt Meaan NDH 3.0 ND ND N .54
(g Std Dev - 2.27 - - - 0.38
Copper Mean 4.B8 2.93 2.80 4.45 MO 3.72
(o1} Std Dev 1.50 672 0.80 0.86 - 0.56
Iran Mean 447.30] 4051.00 184.80 435.60 50.53 282.30
(g} Std Dev 184.45 840.37 83.27 163.10 17.84 85.65
Lead Mesin 1.51 ND 1.73 1.39 0.67 1.16
0] Std Drev 081 - 1.20 1.08 .27 0.63
Lithium Mean B.05 7.13 785 35.48 16.23 11.58
| fgdl) Std Dev 440 785 2.3a 8.73 1.67 3,36
\Magneslum __|Mean 29.75 46.16 40.73 71.38 42.08 18.93
| {(mgA} Std Dev 1.44 1.687 D.64 4.02 1.32 0.28
Manganese | Mean 24.03 38.90 24.88 40.63 5.03 B.55
[ (g} Std Day g.70 25.83 7.32 13.20 G.5§ 887
Mercury Mean ND ND HD ND ND WD
(T} Std Dev - - - - - -
Molybdenuim {Mean 3.86 35870 2.03 A.06 HD 2.35
| (gl Sid Dey 1.40 30.89 243 1.75 - 0.38
Mlckal Mean .13 492.50 8.60 4.83 ND 1.11
| (pgdl) Std Dev 1.52 284.58 2.99 Z.03 - 073
Fatassium Mean 6.51 2.32 3.51 2.45 283 3.00
| {mge] Std Dev b.4b 0.05 D42 0.88 1.448 {.08
Seleniurm Mean 1.71 239 1.1 1.71 11.60 290
(pg) Std Dav 0.18 1.42 0.18 0.18 D.B8 127
Sitver Mean ND ND []%] ND ND NG
(/1) Std Dev - - - - s .
Sodium Msean 14.53 14.83 30.00 27.35 &0.80 20.08
[ {mgf) Std Dev 1.3T7 0.48 0.58 249 2.458 0.33
Thadlivm Mean NC 2.78 213 ND 4.268 2.35]
(gt} Std Dev - 1.83 1.45 - 1.649 1.14
‘Wwanadium Measn 3.40 6.38 4.38 4.65 15.53 1.24
| (pafl) Std Dav 5.47 8.45 7.90 B.70 0.26 0.45
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Table 826  Statistical Summaries for the Disposal Cell Detaction Wells and Burgemeister Spring, 2™
Semiannual Sampling 1998 (Continued) _

Paramatar MW-2032] MW-2045] MW-2046 MW-2047 MW-2048 5P-63M1
Zing Maan 17.15 12,43 20,85 .00 11.40 8.73
(gA) Std Dev 2.39 B.32 5.19 24.55 0.34 189
.00 Mean 6.38 4,32 £.65 4.85 ND 25.85]
{ug/ Sid Dev 3.85 3.18 370 2.71 - 3472
Cyanide Mean ND ND NG | 242 297 HD
(g} Std Dev - - - 0.17 0.88 -
T.D.E. Mean 340.00 488.70 453.50 BYT.50 £20.80 Jaz.50
| {pafl) Std Dev 34.64 11.55 109.58 B5.35 348.72 5500
T.0.C Mean 0.74 1.57 1.80 .93 196 213
g/ Std Dev .19 0.50 0.26 0.1¢ 0.31 0.2
T.0X% Mean 775 7.38 38,10 513 10.03 13.00
{pgly Sid Dav 2.87 1.868 1,34 1.75 207 5.35
135-THE  |Mean 0.02 0.04 3.40 0.04 ND ND

i Std Dev 0.01 0.02 0.23 0.02 - -
1,3-DNB Mean ND 0.16 ND 0.07 ND ND
[(nal) Std Dev - 0.02 - G.01 - -
246-TNT __ |Mean 0.08 ND 2.78 ND ND ND
(pgm Std Dev 0.01 - 0.21 - - -
2 4-ONT Mean ND Q.14 0.18 0.37 ND ND
{padly &td Dev - .01 0.03 .08 - -
26-DNT Mean .10 0.81 943 072 HD 0.40
[{nar) Std Dev 0.0z 0.06 155 0.13 - 6.01
Nlirohenzene |Mean " ND ND ND WD NG ND
(g Std Dev - - - - - -
Ra-226 Mean 0.25 048 0.24 0.79 ND .15
(pCiH) Std Dev 0.11 0.05 0.10 0.48 - .10
Ra-228 Mean ND N[ 0.8 ND ND ND
{pCH) Std Dey - - 0.28 . - =
Th-228 Mean 0.23 0.12 020 0.23 in] 0.27
{pCut) Std Dey 0.14 0.08 0.13 0.15 - 0.14
Th-230 Mean 0.36 0.23 0.37 0.20 0.13 0.36
(i) Std Dev 0.27 0.08 4.18 0.16 0.09 0.07
Th-232 Mezn .10 009 0.11 0.08 .04 0.11]
= Std Dev 0.05 0.02 0.09 0.00 0.02 .05
Total Mean MO ND M ND MO 101.88
Uranium
{pCl) Std Dev - - - - __ - 34.70
pH Mean 746 7.32 737 7.48 7.0 5,90
(3td, Units] ;i Std Dev 0.52 0.29 016 0.11 0.28 0.12
Spec. Cond. | Mean 582 .00 g74.00 £84.00 1,352.00 1,058.00 1,114.00
{umhosicm) | Std Dev £4.00 12.00 7.00 307.00 42.00 12.00

WD Mot Detected
- Mot Calculated
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$.6.4.3 Parametric Analysis of Variance

Compliance well parameters for which at least 85% of the data set results were quantified
were compared to the upgradient weil using a parametric one-way Analysis of Variance
{ANOVA) method. The parameters meeting this criterion are listed in Table 8-27. The
parametric ANOVA procedure is used to determine whether differences between the mean
concentrations of the compliance wells and the mean concentration of the upgradient well are
statistically significant. Compliance welis that failed this comparison were further analyzed to
determine if the failures could be attributable to pre-existing concentrations in-the upgradient
well  Pre-existing condition determinations were made by making ANOVA statistical
comparisons to upgradient wells using baseline data collected prior to cell waste placement. The
data sets analyzed with the ANOVA method and results are summarized according to parameter
in Table 8-27.

8.6.4.4 Nonparametric Analysis of Variance

Parameter data sets in which 50% to 85% of the results were quantified were analyzed
using the one-way nonparametric ANOVA Kruskal-Wallis test (Ref. 41). The nonparametric
ANQOVA, procedure is used to determine whether differences between the median concentrations
of the compliance wells and the median concentration of the upgradient well are statistically

Table §-27 Paramsters Analyzed Using Parametric ANOVA

PARAMETER % RESULTS SEMIANNUAL, 1988 DATA PRE-EXISTING LEVELS
QUANTIFIED ANOVA FAILURES ABOVE UPGRADIEMT
CONDITIONS®
Chlorde 100 MW-2045, MW-2046 MW-2045 MW-2045
Fluoride 85 Mo compliance well None
Mitrate 100 MW-2047 MW-2032, MW-2047
Sulfate 100 Mo compliance wells MNone
Barium 100 All complance wells Al complanes wells
Calcium 1430 MW-2032 MW-2045 | MW-2032, MW-2048 MW 2047
Iron g5 MW-2045 MW-2046, MA-2047 | All compliance wells
Magnesiurm 100 MW-2047 | All compliance wells
lianganese 100 MW-2045, MW-2048, MN-2047 | MN-2045 MW-2045 MW-2047
Sodium 100 No compliance welis | None
Wanadium 100 All compliance wells {MW-2045) | MW-2032 MW-2048, MW-2047
Zing 100 My/-2045, MW-Z047 MW-2048 _
TDS 100 MAC2047 MYW-2022, MW-2047
TOC 80 Mo compliance wells MW-2046
TOX, B0 MN-2046 Hone
Urshium a5 MA-20A2 MW-2032
pH 100 Mo comgliance wells None
Spec. Cond. 100 No compliahce walls Mane
* As determined from Bassline ANOWVA Staflstical Analysis, 1887-1998.

Boid-Listed Locations  Failures which cannet be shown to be attributable to pre-existing slevated concentrations.
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significant. Compliance wells that did not successfiily pass comparisons to upgradient mean
concentrations were further analyzed to determine if the failures could be attributable to pre-
existing concentrations in the upgradtmt well. Pre-existing condition determinations were made
bj,r making ANOVA statistical comparisons to the upgradient well using baseline data collected
prior to cell waste placement. The parameters analyzed using the nonparametric ANOVA
method and the comparison results are summarized in Table 8-28.

8.6.4.5 Test of Proportions

Parameter data sets in which only 10% to 50% of the results were quantified were
analyzed using a test of proportions tests. These tests are used to determine whether differences
in proportions of nondetections between the compliance wells and the upgradient well are
statisticatly significant. Compliance wells that did not successfully pass comparisons to
upgradient mean coucentrations were further analyzed to determine if the failures could be
atfributable to pre-existing concentrations in the upgradient well. Pre-existing condition
determinations were made using comparisons o upgradient baseline data collected prior o cell
waste placement, The daia sets analyzed using the test of propottion method and {:nmpansnn
results are summarized in Table 8-29.

Table 8-28 Parameters Analyzad Using Nonparametric ANOVA
EEMI-ANNUAL, 1858 - .
DATA NQN-PAHAHE‘I‘R!C PRE-EXISTING LEVELS
% RESULTS ANOVA FAILURES ABEOVE UPGRADIENT
PARAMETER QUANTIFIED CONRITIONS"
Aluminum 75 Myy¥-2032 MW-2032, MAW-2048, MW-3047
Chromium 65 MW-2032 Mvy-2045 MW-2045, MW-2046, MA-2047
Lithittm iz Mo compliance wells MW-2047 _
Molybdenum 50 MA-2045 MA-2045, MA-2047
Potassium 80 No compliance welis Hone
Selenlum 75 Mo compliance welis Mone
1,3,5-THE 65 MW-2032, MW-20d7 MW-2032 WW-2045
24-DHT a0 MW-2046, MW-2047 MW-Z048, MW-2047
26-DONT an MW-2046 MW-2047 Mvy-2047
| Ra-226 70 No compliance wells MV-2047
Ra-228 75 MW-2045 MW.2032
Th-230 70 ho compliance wells MW-204 7
* Az determined from Baseline ANOWA Statistical Analysls, 1987-1993.
Bold-Listed Locations  Fallires which cannot be shown to be attributable to pre-sxisting elevated concentrations
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Table 8-29 Parameters Analyzed Using Tests of Proporiions
SEMI-ANNUAL, 1998 PRE-EXISTING LEVELS
% RESULTS DATA NON-PARAMETRIC ABOVE UPGRADIENT
PARAMETER GIJANTIFIED ANOVA FAILURES CONDITIONS”
Beryllium 40 No compliance walls Mone
Cobalt 15 Mo compliance wells Mw-2045
Coppar 50 Mu compiiance wells MA-2045 MYW-2047
Sihvar 10 MW-2032, MW-2048 MNone
Thaillium 10 MW-2032 MNone
coD 20 No compllance wells MWN-2045 MW-2058, MW-2047
Cyanide 240 Mo compliance wells MA-2032
1,3-OMNB 40 Mo compliance wells MWL-2032, MW-20435, MW-2046
24 8-TNT 40 Mo compliance wells MW-20082, MW-2048
-

As determined from Daseline ANOVA Stetistical Analysis, 1097-1998.
Bold-Listed Locations

Failures which cannot be shown to be atidbutable to pre-existing elevated concentrations

8.6.4.6 Pre-Existing Contamination Parameters

Sample sets in which the first semiannual 1998 results of parameters failed upgradient

comparisons, and that did not have baseline data comparisons that suggest that elevated
concentrations pre-existed (listed in bold-faced type in the third columns of Table 8-27, 8-28,
-and 8-29) were not further compared to upgradient results. These were individually compared to
the location-specific baseline results for the parameter established during 1997 and early 1998
prior to waste placement into the disposal cell This was done to determine if the 1998 data
results above baseline are statistically significant. The statistical method selection was also (as
described above) based upen the percentage of quantified data peints: parametric ANOVA for
85% to 100%; nonparametric ANOVA for 50% to 85%; and, test of proportions for less than
50% quantified data points per data set, respectively. The parameters, locations, selected
statistical comparison and results are listed in Table 8-30.

Table 8-30 Summary of Semiannual 1898 Resulis Requirng Baseline Data Intra Well Comparisons
STATISTICAL METHOD
FOR INTRA WELL INTRA WELL BASELINE
PARAMETER LOCATIONS COMPARISON COMPARISON RESULTS
Calcium M-2045 ANOVA WW-2045 FAILED
Chromiurm hW-2032 Naonparametric ANOVA MW-2032 PASSED
Sibver MW-2032, MW-2048 | Tast of Proportion MWW-2032 and MW-2046 PASSED
Thalllum MW-2032 | Tast of Proportion MW-2032 FASSED
Yanadium MW-2046, MW-2047 | ANOVA MW-2045 and MW-2047 FAILED
Zing MW-2047 ANCWA, MW-2047 PASSED
1,35-TNB MW-2047 Monparemetric ANCWA MW-2047 FAILED
TOX MW-2046 Nonparametric ANCVA MW-2046 PASSED
Ra-228 MN-2045 Naongarametric ANOWA MW-2045 PASSED
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8.6.4.7 No Statisticat Comparisons

Parameters that had no detection reported for any compliance wetl location were not
statistically compared to upgradient values. These parameters included antimony, arsemic,
cadmium, lead, mercury, nitrobenzene, PCBs, semivolatile and volatile compounds {with the
exception of 1,2-DCE).

8.5.4.8 Disposal Cell Detection Monitoring Summary

Due to previously existing contamination, difficulties are encoumtered- when making
statistical comparisons of detection wells to upgradient wells. The contaminants are
heterogenously dispersed, further complicating the statistical compatisons.

Locations that were identified as having pre-existing contamination and that did not pass
_ interwell comparisons were selecied for imtra-well comparisons. With the exception of the
monitored analytes listed as failures in the right-hand column of Table 8-28, all statistical
comparisons indicate no detsction of contaminant increases for the first semiannual 1993
sampling event.

Streamlining the statistical reviewing process is currently under consideration. This
includes decreasing the complexity of the analysis by reducing the number of analytes and using
alternative comparisons exclusively for all focations. The streamlining elements are expected to
be considered and implemented incrementally.
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9, BIOLOGICAL MONITORING PROGRAM
9.1 Biological Program Highlights

¢ The U.S. Department of Energy (DOE) conducted its second year of monitoring the
establishment of wetlands created as mitigation for disturbance of wetland habitat at
the Weldon Spring Site’ Remedial Action Project (WSSRAP) Borrow Area (see
Section &.4.2).

» Total vranium results for sunfish coliected from Busch Lakes 33 and 35 were well
within background ranges {see Section $.4.1).

9,2 Program Description

Many of the biological sampling activities directed by DOE Orders 5400.1 and 5400.5
such as preoperational monitoring, effluent menitoring, and environmental surveillance are used
ta support the National Environmental Policy Act (NEPA} and Comprehensive Environmental
Response, Compensation and Liability Act (CERCLA) biological monitoring program and may
include the collection and analysis of water, soil, foodstuffs, and biota samples.

Activities for the hiological monitoring program are selected from the results of pathway
analyses. Exposure pathways identified for human and ecological receptors are identified in
Section 2.1 of the Eavironmental Monitoring Plan (Ref 8). Complete pathways are those that
show a link between one or more contaminant sources, through one or more environmental
transport processes, to a lmman or ecelogical exposure point. These exposure pathways are used
to direct biological sampling activities and determine the type of data that need to be gathered,
documented, and reported.

Results of biological monitering also provide data for the human ingesiion pathways and
dose calculations to native aguatic organisms. The remaining pathways are monitored to support
biclogical risk assessment studies and compliance with environmental surveillance requirements.

9.3 Applicable Standards

DOE Order 5400.5 addresses the protection of native agquatic organisms from the
potential bioaccumulation of radionuclides. The Order states that the dose absorbed by such
organisms shall not exceed 1 rad per day from exposure to the radioactive material in liquid
wastes discharged to natural waterways.

The biclogical monitering program provides supporting data on the possible ingestion of
biota by humans for the dose estimates in Section 5. These calculations were based on the
guideline from DOE Order 5400.5 stating that members of the public should not be exposed to
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. radiation sources as a consequence of all routine DOE activities in any one year that could cause
an annual effective dose equivalent greater than 160 mrem {1 mSv).

9.4 Aquatic Monitoring

Biota are primarily exposed to radionuclides and other contaminants of concern at the
Weldon Spring site by aquatic patlways. Contaminated surface water runoff from the site to off-
site lakes and streams provides the main route of exposure to biota. Studies have been conducted
to determine the uptake of contaminants on biota at on-site and off-site properties. - Uraninm-is
the main contarminant menitored in off-site susface water.

9.4.1 Fish Monitoring

The Environmental Monitoring Plan (Ref. 8) requires that sunfish samgples from Busch
Lake 35 be collected every other year or if annual average wranium concentrations in the lake
waters are found to be statistically higher than the average concentration found in previous yeass.
Sunfish samples were collected from Busch Lakes 33 and 33 during 1998, Busch Lake 33 will
be used as a background location. Sampling locations are shown on Figure 9-1.

Total uranivm results for Busch Lakes 33 and 35 sunfish sampies were 0.0008 pCi/g and
0.0154 pCi/g, respectively. Both of these results are well within ba,ukgruund ranges. Laboratory
quality control results were also within acceptable limits.

9.4.2 Wetland Monitoring

As mitigation for the disturbance of approximately 2.2 acres of wetland habitat at the
Borrow Area, the DOE has partialiy funded the construction of a 57 acre wetland complex.
These wetlands are located within the August A Busch Memorial Conservation Area, northeast
of Lake 33. Figure 9-1 shows the wetland complex location.

In accordance with the Wetland Project Plan for COE Permit Application (Ref. 42), the
DOE is responsible for establishing five acres of replacement wetlands. Monitoring the
establishment of these replacement wetlands began in 1997, and will continue through calendar
vear 1999, The monitoring includes the collection of hydrological data {(water depth, duration,
extent, and saturation) and biological data (vegetation, avifauna, and herpetofauna) from the
constructed wetlands. Results of the monitoring conducted in 1998 indicate that the site is highly
suitable for development of a sustainable wetland. Further discussion and results can be found in
the 1998 Wetlmnds Monitoring Report for the Weldon Spring Site Remedial Action Project
(Ref. 22}.
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9.5 Terrestrial Monitoring

The Environmental Monitoring Plan (Ref. 8) stipulated that monitoring of terrestrial
foodstuffs would be conducted only if annual average air monitoring results indicate above
background concentrations of radionuclides at critical receptor sites. Since annual air monitoring
results did not show above background air monitoring results at these sites, foodstuff sampling
did not take place in 1998
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10, ENVIRONMENTAL QUALITY ASSURANCE PROGRAM INFORMATION
10.1 Quality Assurance Highlights

o Average relative percent differences calculated for groundwater, surface water,
National Pollutant Discharge Elimination System (NPDES) samples and springs were
within the 20% criterion recommended by the Contract Laboratery Program (CLP).

¢ The data validation program accepted 99.7% of the data-selected for validation
qualifying in 1998,

10.2 Program Overview

The environmental quality assurance program includes management of the quality
assurance and quality contrel programs, plans, and procedures governing envircnmental
monitaring activities at the Weldon Spring Site Remedial Action Project (WSSRAP) and at the
subcontracted off-site laboratories. This section discusses the environmental mcmltonng
standards at the WSSRAP and the goals for these programs, plans, and procedures.

The environmental quality assurance program provides the WSSRAP with reliable,
accurate, and precise monitoring data. The program furnishes guidance and directives to detect
and prevent quality problems from the time a sample is collected until the associated data are
evaluated and utilized. Key elements in achieving the goals of this program are compliance with
the quality assurance program and environmental quality assurance program procedures;
personnel training; compliance assessments; use of quality control samples;, complete
documentation of field activities and laboratory anaiyses; and review of data documentation for
precision, accuracy, and completeness.

10.2.1 Quality Assurance Program

The FProject Managememt Contractor Qualily Assuronce Program (QAP) (Ref 43)
establishes the quality assurance program for activities performed by the Project Management
Contracter (PMC}. The QAP requires compliance with the criteria of DOE Order 414 1,

10.2.2 Envirenmental Quality Assurance Project Plan

The quality assurance requirements for WSSRAP environmental data operations are
addressed in the WSSRAFP Environmental Onallty Assurance Project Plan (EQAPIP) (Ref. 44).
The EQAPJP outlines the appropriate requirements of U.S. Environmental Protection Agency
{EPA) QA/R-5 (Ref. 45) for characterization and routine monitoring at the WSSRAP. The
EQAPjJP 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 document is to specify the quality assurance requirements for
envirenmental data operations of the WSSRAP. The EQAP;P is also supported by standard
operating procedures {SOPs), the Sample Management Guide (Ref. 46), the Environmental
Safety and Health Plan (Ref A7), the Environmental Monitoring Plan (EMP) (Ref. 8), and
sampling plans written for specific environmental sampling tasks.

10.2.3 Sample Management Guide

. The Sample Mmagement Guide (SMG) (Ref 46) summarizes the -data -guality
requirements for collecting and analyzing environmental data. The SMG describes
administrative - procedures for managing environmental “data and governs sampling plan
preparation, data verification and validation, database administration, and data archiving.
(uidance on developing data quality objectives for specific investigations is also detailed. The
SMG details the specific requirements of the EQAPP.

10.2.4 Environmentzl Monitoring and Quality Assuran ce Standard Operating Procedures

SOPs have been developed for routine activities at the WSSRAP. Environmental
monitoring SOPs are generally administered by the Envircnmental 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 document contrel requirements of the Projeci Management Contractor

Cuality Assurance Program (Ref. 43).

10.2.5 Evaluation and Presentation of Data

Analytical data are received from subcontracted analytical laboratories. Uncensored data
have been used in reporting and caleulations for this site environmental report where available.
Uncensored data are those data that do not represent a ND {nondetect) and instead repert
mgtrument responses that quantitate to values below the reported detection limit. These types of
data are designated by parentheses around the data value, for example "(1.17)". When there was
no instrument response, nondetect data were used in calculations of averages at a value of one-
half the detection limit (DL/2). The EPA recommends the use of the DL/2 value for statistical
manipulation of data when the percentage of nondetects in the data set is small and uncensored
data are not available (Ref. 48).
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10.2.6 Independent Assessments and Appraisals

The environmental programs are assessed by the Project Quality Department. They
evaluate compliance by performing surveillances and independent assessmenis of the
environmental programs and generate assessment reports to track deficiencies and corrective
actions.

10.2.7 Subcontracted Off-Site Laboratories Programs

Subconiracted off-site laboratories that performed analyses used for the preparation of
this report use Contract Laboratory Program (CLP) methodologies when applicable. For certain
analyses (such as radicchemical and wet chemistry) the laboratories are using EPA 600 (drinking
water), or methods that are reviewed and approved by the Project Managememt Contractor
(PMC) prior to analysis of each sample. Each of the subcontracted off-site laborateries has
submitted a site-specific Quality Assurance Project Plan (QAP|P) to the WSSRAP and controlled
coptes of their standard operating procedures. The QAPjPs and SOPs are reviewed and
approved by the PMC before any samples are shipped to the laberatory. Changes to the standard
analytical protocols or methodology are documented in the controlled SOPs.  All of the
laboratoties currently being used by the WSSRAP have had a preliminary assessment of their
facilities to make sure that they have the capability to perform work according to the
specifications of their contracts. Quality assurance assessments are performed routinely to
inspect the laboratory facilities and operations, to ensure that the laboratories are performing
analyses as specified in their contracts, and to check that WSSRAP data documentation and
records are being properly maintained.

10.3 Applicable Standards

Applicable standards for environmental guality assurance include: (1) use of the
appropriate analytical and field measurement methodologies; (2) collection and evaluation of
quality contrel samples; (3} accuracy, precision, and completeness evaluations; and
(4) preservation and security of all applicable documents and records pertinent to the
environmental monitoring programs.

10.3.1 Analytical and Field Measurement Methodologies

Analytical and field measurement methedologies used at the WSSRAP comply with
applicable standards required by the DOE, EPA, and the American Public Health Association.
Analytical methodologies used by subconiracted laboratories for environmental monitoring
follow the EPA CLP requirements {metal and organic methodologies) and the EPA drinking
water and radiochemical methedelogies or methods that are reviewed and approved by the PMC
prior to analysis of each sample. Field measurement methodologies typically follow the
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American Public Health Association Standard Methodologies for the Examination of Water and
Wastewater (Ref. 49).

10.3.2 Quality Control Samples

Quality control samples for environmental monitoring are collected in accordance with
WSSRAP SOPs that specify the frequencies of guality contrel sample collection. Quality control
samples are taken in accordence with guidelines in the EPA CLP (Ref. 30). :

Descriptions of the QC samples collected at the WSSRAP-are detailed in Table 10-1.
10.3.3 Accuracy, Precision, and Completeness

At a minimum, 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.

10.3.4 Preservation and Secority of Documents and Records

Requirements for preservation and security of documenis and records are specified in
DOE Order 414.1, All documents pertinent to environmental monitoring are preserved and
secured by the departments that produce them.

10,4 Quality Assurance Sample Results

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

10.4.1 Duplicate Results Evaluation

Two kinds of duplicate analyses were evaluated in 1998, matrix duplicates and secondary -
duplicates. The matrix duplicate analyses were performed at subcontracted lzboratories from
aliquots of original samples collected at the Weldon Spring site. A secondary duplicate is an
additional aliquot of the original sample split by the WSSRAP and placed intc a separate
container and sent to a secondary laboratory. Matrix duplicates were used to assess the precision
of analyses and also to aid in evaluating the homogeneity of samples or analytical interferences
of sample matrixes.
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Table 101 QC Sample Description _
TYPE OF QC SAMPLE CESCRIPTION
Water Blank (WE} MonHors the purity of distilled water used for fiald blanks and decontamination of

sampling equipment, Watar Hanks are collected directly from the distiled water
regervoir in the WSSRAP laboratory.

Fisld Blank {FE}

Monitors potential contaminants, such ss dust or volatile compounds, that may be
infroduced at the sie of sample collaction. Flald Manks are collacted In the fiaks &t
the same time of sample collection activities.

Equipment Blank (EB)

Monitors the effectiveness of decontarnination procedures used on non-dadicatead
sampling equipment Equipment blanks include ringate and fitker blanks. '

Trip Blank {15)

Manitors volatile organic compounds that mey be Introduced during transporiation
or handling gt the laboratory. Trip blanks shall be collected in the WSSRAP
laboratory with prepurged distilled water.

Field Replicate (FR)

Maonlbors Rald conditions that may affect the reproducibility of samples collected
from a given location. Field replicates are collected In the flald at the same location.

Blind Duplicats A duplicate that provides an unbiased measure of laboratory precision. Blind
dupllcates are addonal aliquots of tha rowting sample taken in the field and given
an allered identification code to conceal the samples identily from the laboratory.

Matrix Splke® (M5} Assesses matrix and accuracy of laboratory measurements for a given matrix type.

The results of this analysks and the routine sample are Used to compute the parcent
recovery for each parameter.

Mt Dupllcate* (OU)

Assesses matrix and precision of laboratory measurements for inorganic
paramstars in a given matric type. The results of the matrix duplicats and the
routlne sample ars used to compute the relative percent difference for each
parametar, .

Matrix Splke Duplicate® {MD)

Asgess matrix and precision of jaboratory measurements for orgenic compounds.
The matrix spike duplicates is =piked in the ezme manner as the matrix spike
gample. The resutts of the matrix spike and matrix spike duplicate are used to
determine the relative parcent difference for organie paramsters.

Secondary Duplcate {S0) A dupticate that compares tha primery fakoratary with a secondary labaratory,
providing an additional check on the perfermance of the primary laboratory. The
secondary duplicats ls an eddiional aliquot of the routine sample that |s sent to a
sacondary laboratory.

* A laboratory sample is split from the parent sample.

Generally, matrix duplicate samples were analyzed for the same parameters as the
original samples at the rate of approximately one for every 20 samples. Secondary duplicate
samples were collected on a monthly basis. Typically, duplicate samples were analyzed for more
COMMON parameters €.g., uranium, inorganic anions, and metals.

When matrix and secondary duplicate samples were available, the average relative
percent difference was calculated. This difference represents an estimate of precision. The
equation used {as specified in the USEPA Contract Laboratory Program, Inorganic Scope of

Wark, [Ref. 507} was:
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RPD = |S-D|{(S+D¥2) x 100
where § = the normal sample
D = the duplicate analysis

The relative percent difference was calculated only for samptes whose analytical results
exceeded five times the detection lemis,

Table 10-2 summarizes the data of calculated relative percent differences for
groundwater (including springs) and surface water (including National Pollutant Discharge -
Elitnination System [NPDES]) samples. Both the matrix duplicates and the secondary duplicates
are summarized together. Parameters that were not commonly analyzed for and/or ‘were not
contaminanis of concern were not evaluated.

Table 102 Summary of Cajculated Redalive Perceni Differences

PARAMETER N{a} AVGE_RPD MIN. RPD MAX. RPD
Argenic 27 5.68 0.00 44 7
Chemical oxygen Damand i 6.60 0.00 222
Chiloride g 1.63 0.00 412
Chromium a4 8.3 0.00 71.00
Fluoride 30 206 0.0 9.50
Lead 24 7.00 0.00 51.00
Manganese 28 - 383 0.00 2080
Mercury [ 548 0.00 13.1¢
Mitrate-MN 41 1.55 0.00 7.00
Salenium 26 463 0.00 21.00
Sulfata 30 ) 1.90 0.00 8.40
Total Suspended Solids 40 10.45 g.co 50.00
Uranium, Total 32 515 .00 ¥4.20

{a) Diata Population

The results in Table 10-2 demonstrate that all average relative percent differences
calculated were within the 20% criterion as recommended in the CLP (Ref 50 and 51). Asa
result, duplicate sample analyses in 1998 were of acceptable quality.

10.4.2 Blank Sample Results Evaluation

Varigus types of blanks are coliected by the WSSRAP to assess the conditions and/or
contaminants that may be present during sample collection and transportation. These conditions
and contaminants are monitored by collecting samples to ensure routine samples are not heing
contaminated. Blank samples evaluate the:

. Envircnmental conditions under which the samples (i.e., volatile analyses) were
shipped {trip blanks).
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. Ambient conditions in the field that may affect a sample during calléction
{field/trip blanks).

) Effectiveness of the decontamination 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).

» Presence or absence of contamination potentially introduced through sample
preservation and/or sample containers.

Seciions 10.4.2.1 throngh 10.4.2.4 discuss the sample biank analyses and the potential
impact of blank contaminaticn upon the associated samples.

To consider whether samples were potentially impacted by blank contamination, all
samples in the same analytical batch as the blank were reviewed, I the samples and blank had
roughly the same concentration, the samples had been potentially contaminated. For all
parameters except radiochemical parameters, the sampie concentration had to be above the
detection limit and be less than five times the blank concentration to be potentially contaminated.
For radiochemical parameters ic be potentially impacted by blank contamination, the
concentration had to be above the detection limit and the normalized absoluie difference (NAD)
had to be less than 2.58.

nap=—AZBL
NEmE + Err}
- where:
S = concentration of the sample
B = concentration of the blank
Err, = error associated with the sample

Errg = error associated with the blank
10.4.2.1 Trip Biank 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.
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In 1998, 102 trip blanks were analyzed for volatile organic compounds. Detections for
acetone were found in nine blanks, methylene chloride in six blanks, toluene in one blank and 2-
‘butanane in two blanks. All environmental samples associated with the 18 blank detections
lisied above were evaluated. Thirty-one samples were potentially impacted, 14 samples detected
acetone, and 17 samples detected methylene chloride. None of the other samples evaluated

exceeded the recommended CLP criterion.

10.4.2.2 Field Blank Evaluation

Field blank samples are collected zi monitoring locations just prior to, or immediately
afier, actual samples are collected. The field blanks are collected to assess the ambient air
conditions at the semple locations and are generally for the parameters of concern, such as
uraniurm, anions, metals, and nitroaromatics.

In 1998, four field blanks were collected. Table 10-3 presents the ratio of detects to total
number of blanks collected for each parameter having results above the detection limits. The
table also presents the ratio of potentially impacted samples to the total number of samples
analyzed with the blank. In cases where there were no detects in any blank, the ratio of
potentially impacted samples to the total mymber of samples iy not applicable.

Table 10-3 Summary of Field Blank Parameter Resulis

NUMBER OF DETECTS/NUMBER NUMBER OF POTENTIALLY
PARAMETER OF BLANK ANALYSES IMPACTED SAMPLES

Arsenic 0 OF 3 {0%) MiA,
Barium 1 of 3 {33%) 0 of 8 (0%}
Cadmitim 0 of 1 (0%} N/A,
Chiaride 0 of 1 (0%} Nf&
Chromium 1 of 1 {100%} 7 of 7 (100%)
FlucHde 0 of 1 {0%:} NiA
3ross Alpha 1 of 2 {50%) 13 of 15 (B7%:)
Gropss Beta 2 of 2 {100%) 28 of 31 (30%)
Lead 0 of 1 (0%} Mg
Mitrate as N 1 of 1 {100%:) 0 of 4 (0%)
Hitroaromatics 0 of 4 (0%} MNiA
Radium-226 O of 1 (0%} MNiA
Rad|um-225 0 of 1 (0%} N,
Sslenium O of 1 (0%} A
Silver. 0 of 1 (0%} [ 12

| Suffate 1 of 4 {26%) 0 of 5 {{%)

| Thorium-228 0 of 1 {0%) MNiA
Thorium-230 0 of 1 (0%} Mg
Thonurm=232 0 of 1 {1%) MNfA
Uranium, total 2 af 4 {50%) 13 of 14 (33%)
Volstiles 1 0f 1 (100%} 10f6 (17%)
Sei-volatilas 0 of 1 (0%} MNiA

MNiA Mot applicable
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10.4.2.3 Equipment and Bailer Blank Evaluation -

Equipment and bailer blanks are collected by rinsing decontaminated equipment and
bailers with distilled water, and collecting the rinse water. This procedure is used to determine
the effectiveness of the decontamination process. At the WSSRAP, most of the groundwater
samples are collected from dedicated equipment, and surface water s collected by placing the
sample directly into a sample container. There were twe equipment blanks collected in 1998 for
non-soil sampling. There were no hits in either sample.

10.4.2.4 Distilled Water Blank Evalnation

Water blank samples are collected to evaluate the quality of the distilled water used to
decontaminate sampling equipment and to assess whether contaminants are present in the water
used for field and trip blanks. Water blank samples also serve as laboratory blanks, Generally,

. the water blanks were analyzed for contaminants of concern and were collected at the same time
as field blanks. :

In 1998, nine water blanks were collected. Table 10-4 presents the ratio of detects to the
total number of blanks collected for each parameter that had results above the detection limit.
The table also presents the ratio of potentiaily impacted samples to the total number of samples
analyzed with the blank. In cases where there were no detects in any blank, the ratio of
potentially impacted samples to the total number of samples is not applicable. In cases where
there were no samples analyzed with the blank, a zerc has been placed in that column and no
percentage has been shown.

Table 10-4 Summary of Distilled \Water Blank Parameter Resulis

NUMBER QF DETECTS/NUMBER NUMBER OF POTENTIALLY

PARAMETER OF BLANK ANALYSES IMPACTED SAMPLES
Arsenic 1 of B {12%) 1]
Barium 3 of § {38%) 0 of B [0%}
Cadmium 0 of B (0%} N/A,
Chloride O of 8 (0%} MiA,
Chromium 0 of & (0%} MiA
Fluoride 0 of § (0%} A
Lead 0 of 5 (0%} MrA
Mercury 0 of B (0%} M4
Mitrate as N 8 of 5 {59%) 6 of 11 (54%)
Hitroaromatics 0 of 8 (0%) MNiA,
PAHs 0 of B {0%) M
PLBs 0 of & (0%} MrA
Radium-226 3 of 8 (38%) 1]
Radlum-228 1 of 8 {12%) 0
Selenium 0 of 5 (0% MiA,
Sulfate 0 of & (0% M
Thonum-228 0 of B (0%) NFA,
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Summary of Distiled Water Blank Parameter Results (Continued)

Tabls 10-4
NUMRER OF DETECTS/NUMBER NUMBER OF POTENTIALLY
PARAMETER QF BLANK ANALYEES IMPACTED SAMPLES
Thorum-230 4 of B (50%) 1 of 1 (100%)
Thorum-232 0 of 8 {0%) NiA,
Lranium, Total 4 of B [50%) 1 of 4 {25%:)
Volatiles T of g (17%) 0

MNIA Mot Applicable

10.5 1998 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 data peints represent the number of parameters
analyzed (e.g., toluene), not the number of physical analyses performed (e g., volatile crganics
analyses).

Table 10-5 identifies the number of quarterly and total data points that were selected for

data validation, and indicates the percentage of those selected that were complete. Data points
presented in this table include ail sampie types.

Table 10-5 WESRAP Validatlon Surmmary for Calendar Year 1998
NO. CF DATA ' NO., OF
NOC. OF DATA POINTS VALIDATED

CALENDAR POINTS SELECTED FOR PERCENT DATA POINTS

QUARTER COLLECTED VALIDATION SELECTED RE.ECTED COMPLETENESS™
Quarter 1 19,730 2018 10.2% 0 100.0%
Quartar 2 17,070 2279 13.3% 10 90.6%
Quarter 3 12,785 1,807 14.1% 2 08.0%
Quarter 4 23,444 2,087 8.9% 14 98.2%
1898 Totat 73,034 5191 11.2% 28 98.7%
(a) Completensss is a measurs of accaptable data, The value is given by

Completeness = (# validated - #relected)
# validated

Reflacts all validatable data for the calendar year.

Table 10-6 identifies validation qualifiers assigned to the selected data points as a result
of data validation. The WSSRAP validation technical review was performad in accordance with
the U.S. EPA Comtract Laboratory Program Statement of Work for Inorganics Analysis
(Ref. 50), the U.S. EPA Contract Laboratory Program Statement of Work for Organic Analysis
(Ref. 48), and the Laboratory Data Validation Guidelines for Evaluating Radionuclide Analysis
(Ref. 51). For calendar year 1998, 100.0% of data validation has been completed. Data points
presented in this table include groundwater, surface water, spring and seep water, NPDES, and
NESHAPs samples only.
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Table 10-7 identifies the average accuracy and precision for anion, metals, nitroaromatic,
radiochemical, and miscellaneous parameters. The accuracy values are based on the percent
recoveries of the laboratory control samples, and the precision values are based on the relative
percent difference between laboratory control sample duplicates. The data population size
associated with each accuracy and precision value is listed as "N." Data points presenied in this
table include groundwater, surface water, spring and seep, and NPDES samples only.
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11. SPECIAL STUDIES

This section highlights significant activities and efforts at the Weldon Spring Site
Remedial Action Project that support and assist in the implementation of environmental
-protection policies. In addition, short term environmental studies are described that support
regulatory requirements not specifically covered by U.S. Department of Energy (DOE)
Order 5400.1 ar that were not planned in the Environmenial Monitoring Plan (Ref. 8).

11,1 Qff-Site Migration of Uranium in Storm Water

In an effort to determine the effact of site activities on the off-site migration of uranium
in storm water at the three major National Pollutant Discharge Elimination System (NPDES)
outfalls {NP-0002, NP-0003, NP-0005), the data for the years 1987 threugh 1994 were reviewed
and corrected for several factors, as required, to normalize the data. The corrections were for
precipitation, watershed areas, and runoff coefficients and are outlined in the Weldon Spring Site
Environmenial Report for Calendar Year 1994 (Ref. 52).

These data have been updated with the inclusion of 1995, 1996, 1997, and 1998 data.
This recent data did not require correction. The annual mass, annual precipitation, and mass per
inch of precipitation atre tabulated in Table 11-1. The anmual precipitation and total annual mass
discharged off site through 1998 are plotted in Figure 11-1, Figure 11-2 and Figure 11-3. The
mass per inch of precipitation and annual précipitation are plotted for 1987 through 1998 for all
three outfalls in Figure 11-4.

Table 11-1 _ Mass of Uranium Discharged from NPDES Storm Water Cutfalls™

YEAR 1987 | 1888 | 1989 | 1980 | 1991 | 1902 | 1993 | 1904 | 1005 | 1996 | 1997 | 1098

| (PPT){inches) | 358 | 338 | 285 | 45.1 J6.9 | 334 | 647 1347 | 383 | 430 ! 3.5 { 496
NP-0002 (kg} | 42 25 22 23 2z 4 a5 a6 205 [ 143 {23 84 |
Mass/Inch of 117 0.74 o.7r7 0.73 0.87 1.22 1.21 1.03 0.52 0.33 0.0v7 oy
PPT (kg/in} _ _ _ _ _
WP-0003 (kg} | 362 176 kL 177 | 73 i 163 49 128 | 19.1 92 1133 |
Massfinch of 011 | 549 | 123 | 039 (198 | 225 |288 141 | 032 | 044 | 081 027
PPT (kgfin)
WP-0005 (kgy | 36 26 113 25 - |27 16 | 12 5.0 4.0 0.5 0.57
Massfinch of 106 | 077 |05 |05 (073 |048 | 057 [ 034 | 013 | 009 | 002 {004
PET (kgfin)
Total Mass 442 227 72 757 132 132 260 .| 87 32 | IF4 | 220 | 223
Kgta)

PPT Frogipitation .

{a) Includes CQuifalls NP-DD02, NP-00032 and NP-QO05. Other outfalls are negligible.
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Storm 11 NE-0002

Qutfall NP-0002 -is downstream of the Frog Pond area and receives runoff from the
eastern section of the chemical plant. Figure 11-1 jndicates that uranium migrating off site
initially decreased ar increased in relative proportion to annual precipitation before remediation
started. Building dismantlement occurred in 1992, which appears to have incieased the mass of
uranium migrating off site, althowngh precipifation was less than the previous year. With the
completion of building dismantiement, the positive cosrelation of uranium versus precipitation
resumed until 1995 when precipitation increased and uranium decreased. This trend continued -
into 1996.

Mass reduction in 1995 was presumed to be due to precipitation patterns, since the
reductions were similar at all three outfalls, although activities in the three watersheds differed.
The reduction in 1996 is believed to be due to action of the sedimentation basin in additicn to the
removal of contaminated soil and building foundations. The downward irend continued in 1997,
During 1997, storm water was diverted around Frog Pond, and Frog Pond was removed in mid
1998. Total mass at Qutfall NP-0002 increased slightly for 1998. Increase in precipitation
during 1998 is suspected as the canse,

Storm Water Quifall NP-0D03

Figure 11-2 indicates that uraninm migrating off site sharply decreased from 1987 to
1589 at Outfall NP-0003. The reduction for 1988 is assumed to be due to precipitation patterns
since there was no other activity in the watershed. The reduction in 198% was due to
construction of the Ash Pond diversion channel, which began in November of 1988 and was
completed in April of 1989, aleng with lower precipitation in 1989. Prior to construction of the
diversion channel, most of the water in the watershed flowed through Ash Pond, which is a
highly contaminated area. Foltowing construction of the diversion channel, the only water that
flowed from Ash Pond was precipitation that fell directly on the pond area.

Construction of the diversion channel made the fluctuations in annual uranium mass at
Qutfall NP-0003 highly dependent on the flow from Ash Pond. During the summer, and other
dry periods, there may be little or no flow from the pond. As a result, the diversion channel flow
(from a much less contaminated area of the site} made up the bulk of the flow. This caused
overal] lower uranium levels at the outfall during periods of normal precipitation. During winter,
when the Ash Pond scils have become saturated and precipitation amounts generally have been
higher, flow from Ash Pond increased and concentrations at the outfall trended higher.

The mass in 1990 was again reduced over the previons year, although precipitation was
much higher. This may have been a result of precipitation patterns and/or the times the samples
were taken (i.e., no flow from Ash Pond). During 1991 and 1992, precipitation was less than in
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1990, but uranium mass was higher. Again, this presumably was due to precipitation patierns
and the timeg of sample collection.

Uranium mass increased greatly in 1993 because precipitation increased dramatically and
Ash Pond discharged throughout the year. Mass decreased in 1994 with the decrease in
precipitation and a soil cover placed over the South Dump area of Ash Pond duning the middle of
the year. Mass was again reduced in 1995 with an increase in precipitation. This was likely the
result of precipitation patierns. (because reductions were similar at all three outfails) and the
construction during 1995 of a sedimentation basin immediately upstream of -Outtalt NP-0003.
Mass increased slightly in 1996 due to increaged precipitation and the storage of contamitated
soil and debris in Ash Pond. With the storage of soil and debris in Ash Pond, the water is
managed and is not discharged to the sedimentation basin unless it is less than the 600 pCi/l
(22.2 Bq/l) Derived Concentration Guideline (IDC(G). With the storage of contaminated materials
in Ash Pond, the mass of uranium at Qutfall NP-00G3 is expected to be highly dependent cn
precipitation and water discharged from Ash Pond. The mass of uranium discharged during
1997 was slightly higher than that discharged during 1996, even though precipitation was much
less, This was likely the result of the storage of contaminated materials in Ash Pond. During
1998, total mass at Outfall NP-0003 was less than during 1997, even though precipitation was
much higher. The decrease is assumed to be the result of management of Ash Pond water and
the removal of contaminated materials from Ash Pond durihg 1998,

Storm Wat Il NP-0003

Figure 11-3 indicates that the mass of uranium migraiing off site at Outfail NP-0005 has
been generally proportional with anmal precipitation. Construction of the site water treatment
nlant, which began in 1992, appears to have had little effect on the ontfall, even though it
involved substantial earth disturbance for construction of the effluent and equalization basins. A
siltation basin was constructed to settle sediments from the water flowing off the treatment plant
area. The storm water from the site water treatment plant siltatien basin has historically been
less than 10 pCi/l {0.37 Bg/D) for uranium. The other major source for the Outfall (until it was
remediated in 1996) was a watershed that drained the highly contaminated Building 301 area.
This area was partially capped during 1994 to decrease the concentraticn of uranium in storm
water leaving the area.

The concentration of uranium in storm water from individual sampling events was highly
dependent on precipitation rates, periods between precipitation, and the ratio of flow from the
sedimetitation basin and the Building 301 area. The mass of uranium migrating off site was
reduced in 1995 and again in 1996, The reduction in 1995 is likely the result of precipitation
patterns, because all three outfalls had similar reductions. The watershed for NP-0005 was
remediated during 1996, This resulted in another reduction in uranium mass leaving the site in
1996, The mass of uranium migrating off site &t Outfall NP-0005 for 1997 was much reduced
over 1966 because 1997 was the first complete year where the watershed was almost completely
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remediated. Uranium mass is expected to remain close to background levels at Outfall NP-00G3.
The total mass at Outfall NP-0005 remained iow for 1998, despite the increased precipitation,
because the area has been remediated and there was very little soit disturbance in the watershed
during 1998,

Masg of Uranium Per Inch of Precipitation

Figure 11-4 and Table 11-1 indicate that mass of uranium migrating from the site per
inch of precipitation has relatively flat trend lines for the three-major outfalls since 1995. This
indicates that, all other factors remaining constaat, the mass of uranium migrating off site is
dependent upon annual precipitation and the contamination level in the watershed. Outfalls.
NP-0002 and NP-0005 show similar levels, with NP-0003 showing relatively higher levels. This
is to be expected because the Outfall NP-0003 watershed contains Ash Pond, which is a highly
contaminated area. Variations may be. due to precipitation pafterns, soil disturbance, or
remediation and in the case of Outfall NP-0003, the storage of contarminated materials in Ash
Pond. Outfalls NP-0002 and NP-0005 have trended down as a result of remediation efforts in
the watershed. Ouifall NP-0003 increased slightly for 1997 because of the storage of
contaminated tnaterials in Ash Pond, but decreased during 1998 despite the increase in
precipitation. The mass per inch of precipitation is expected to trend downward with the
completion of remediation in the watersheds of the major outfalls.

Annual Migration of Urani , from the WSSRAP

The mass of uranium that migrated off site from the three major cutfalls in 1987, before
any remedial actions were taken, was 442 kg (972 1b). During 1998, 22.3 kg (49.2 Ib) of
uranium migrated off site, a2 95% reduction from the 1987 mass. Table 11-1 shows the mass of
uranium that tigrated off site during the intervening years. Mass has fluctuated from year o
vear with precipitation levels, remedial actions, land disturbance, and foundation and
contaminated so0il removal. The masses during 1995 and 1996 were at similar levels of 38.2 kg
(84 Ib) and 37.4 kg (82 Ib). Because contaminated soil removal was completed for major
sections of the site during 1996, levels for 1997 were reduced even further, The slight increase
for 1998 over 1997 may be attributed to increased precipitation. Qutfall NP-0003 mass has not
followed this trend because the contaminated soil removed from other areas of the site is stored
in Ash Pond, which is in the NP-G003 watershed. Ash Pond is managed to prevent water greater
than 500 pCil (22.2 By/D) from discharging from Ash Pond, therefore, effluent at Outfall
NP-0003 will not exceed 600 pCi/l (22.2 Bq/l). Additional efforts will be made, if required, to
keep uranium migrating from Qutfatl NP-0003 as low as reasonably achievable.

11.2 Baseline Monitoring at NPDES Outfalls NP-0002, NP-0003, and NP-0005

The NPDES storm water Outfalls NP-0002, NP-0003, and NP-0005 were sampled once a
month for Ra-226, Ra-228, Th-228, Th-230, Th-232, 24-dinitrotoluene (DNT),
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2,4, 6-trinittotoluene (TNT), hazardous substance list (HSL) metals, pelychlorinated biphenyls
(PCBs), and polycyclic {or polynuclear) aromatic hydrocarbons (PAHs) starting in September
1994 and comtinuing through February 1995, These parameters were analyzed to establigh
baseline concentrations before removal of contaminated building foundasions. The averages for
the 6 months of baseline monitoring are shown in Tables 11-2 and 11-3. Radium and thorium
were either detected at very low activities or not detected. The chemical parameters were also
present at low levels. Baseline concentrations were calculated by using the averages in
Tables 11-2 and 11-3 and adding two standard deviations. The baseline concentrations have
been and will be used by datz reviewers for comparison to sample data in -conjunction -with-
Procedure ES&H 1.1.7T, Envirommental Deta Review and Above Normal Reparting. .

Table 11-2  Average Radiclegical Concentrations (pCiT) for Siorm Water Outfadls NP-0002, NP-0203,
NP-0005 Baseline Monitoring for September 1944 to February 1995
LOCATION Ra-228 Ra-228 Th-228 Th-230 Th-232
NF-0002 0.45 .88 0.53 034 .35
NE-0003 0.40 0.83 0.37 0.38 .35
NP-0005 0.48 0.94 0.31 0.29 0.26
MWate: 1 pCil = 0.037 BgA
Table $1-3 Average Chemical Concentrations (ug/M) for Storm Water Cutfalls NP-0002, NP-0003, and
NP-0005 Baseline Monitoring for September 1994 to February 1895
LOCATION :

PARAMETER NP-0002 NP-0003 NP-}H}5
2,4-ONT <0.2{a) <0_2{a) =0.20{a)
246-TNT <0.26(a) <0.26{b} <().26(a)

Af 1.240" 1.302% 3.8682*
Sb <11.87(a) <11.67(a) <11.67(a)
s 3.07 378 237
Ba 5097 582.13 20.85
Be 0.48 0.37 0.3¢
Cd 1.42 1.42 1.42
Ca g1.100* T&.433" 67.600%
or 518 5.0% 677
Co 3.40 3.40 3.83
| Cu 7.20 582 7.03
Fe 1503 1.152% 2 855"
b 789 333 4,33
Li 14.23 495 433
A 12.215° 14.467 12.352
Mn 1685.85 41.28 T3.67
Hg 0.24 0.08 0.08
Mo 5.13 F15 5.70
Ni 10.23 70.63 12.40
K 521" 5.03* a7
Se 2.38 3.23 1.4
1.83 1.93 1.67
I_¢F 2.81 1.88 1.85
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13 Awerage Chemical Concentrations (ugd) for Storm Yater Outfalls NP-0002, NP-0003, and NP-0005

Table 1
__Baseline Monitoring for September 1994 to February 1585 {Continusd
LOCATION -
PARAMETER ____NP-ODD2 NP0003 NP-D005

Y 4 47 4.58 8.45

Zn 5540 31.28 48.75

PCBs [ES] . 1.0{d} _ 1.6{d)

FPAHs =200} <20(=} =20{er}
. mg/.

{a} All nondetect. .

b} Al nondetect with one detact of 0.0491 pgi. ;

{g) N.D. at <1.0 except 1 detect at 0.16 pg/i and one Aroclor-1229 H.D. ai DL of 2.0 pgil.
{d} Except one Aroclor-1221 N.D. at D.L. of 2.0 pogi.

{a} All M.D. with the maximum D.L. being 20 ug/l.

11.3 Pilot Pumping Fest in the TCE Ares of the Chem ical Plant

The volatile organic compound (VOC) inchloroethene (TCE) was detected in
groundwater along the southern perimeter of the chemical plant. Initial TCE concentrations
detected in 1996 in this area ranged from 0.5 pgll to 1,300 pgld. The maximum contaminant
level (MCL) for TCE is 5 ng/l. In order to evaluate potential response actions te the TCE
contamination, pilot pumping tests of the upper Bulington-Keokuk were performed during 1998
in wells constrcted in the TCE impacted area to:

. Determine the aquifer responses to groundwater withdrawal in the area of TCE
contamination. No previous data of this type existed for this patt of the site.

. Provide data such as aquifer parameters which are required to evaluate potential
groundwater remediation techniques.

» Obtain groundwater samples to further delineate the distribution of TCE in
groundwater.

11,3.1 Scope

The following is intended to summarize the pumping test activities with prnmary
emphasis on presenting environmental data gathered during the investigation. Detailed
descriptions of aquifer tests, data analysis, hydrogeclogical findings and conclusions may be
found in the Completion Report for the Pilot Pumping Test for the Groundwater Operable Urit
at the Weldon Spring Site (Ref. 12},
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11.3.2 Field Investigation

A large diameter pumping well (MW-3028) and four smalier observation wells
(MW-3029, MW-4027, MW-4028, and MW-4029) were installed in the TCE impacted area
beginning in May 1998. The wells were screened in the uppermost water bearing
hydrostratigraphic unit at the chemical plant the weathered Burlington Keokuk Limestone. The
- pumping well was installed in & linear bedrock low, or paleochannel. Top of bedrock
information gathered from previous investigations was used to-select the most favorable location
within the paleochannel. The four ohservation well locations were selected to. optimize the
monitoring of aquifer responses during the pumping tests. The locations at the pumping weil and
observation wells are shown on Figure 11-5. Constant head hydranlic conductivity tests were
performed during installation of two of the wells (MW-3028 and MW-40627),

Pumping tests conducted during the investigation included a step drawdewn test, a short
term constant discharge test, and a long term constant discharge test. Groundwater drawdown
and recovery were measured in theé pumping well and at least four observation locations (up to
25 locations including previcusly existing wells, during lotg term pumping) during the tests,
Approximately 280,000 gal-of groundwater were pumped and treated at the SWTP during the
tests.

Groundwater quality in the TCE area was evaluated during the pumping tests by
sampling the pumped groundwater during various stages of the tests. Forty-seven samples were
collected between June 10 and July 31, 1998. The majority of the samples were for TCE and
dichloroethene (DCE) analyses. Other parameters analyzed included nitrate, sulfate, iron,
manganese, hitroaromatic compounds and uraniom. The TCE and DCE analyses were used to
evaluate the potential for contaminant concentration changes or trends that may occur in
response to aquifer pumping. The remaining parameters were analyzed to assess general
groundwater quality in the vicinity. ' :

11.3.3 Investigation Findings

During the pumping tests it was determined that a sustainable pumping rate in the TCE
area is less than 16.7 gal/min. Hydraulic capture was cbserved over a large portion of the TCE
area during long-term pumping, with drawdown response measured at an observation location
620 # from the pumping well. Heterogeneous and anisotropic aquifer conditions were identified.
The orientation of the paleochannel significantly influences groundwater hydraulics in the TCE
area. A summary of aquifer hydraulic properties determined by radial flow are presented in
Table 11-4. Detailed descriptions of the analyses as well as alternative methods of analysis and
conclusions are found in the Completion Report for the Pilot Pumping Test for the Groundwater
Operable Unit at the Weldon Spring Site (Ref. 12),
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Table 11-4 Aquifer Propedies by Radial Flow Analysis

R K {cmfsec)
Test _ Wethod Well {EL) T {gpd/m} b=19ft
Step-Pumping [Birsoy and Summers (1880) [ MW-3028 0 TEX 1.8%10%
(Ref. 10}
Step-Recovery |Thels Racovery (1935} w MWY-3028 v 6.4x 107 1.6 x10*
Harrill's (1570) Correction
{Refs. 12 and 13}
Short-term Theis Recovery {1935) MW-3028 o 4.8x10° 1.2 107
Recavery {Raf 12 :
Shortterm | Thels Recovery {1935) MW-2029 48.5 40x10° 1.2 % 107
Recoveary {Ref. 12}
l.ang-term Theis Recovary [1935) MVW-30728 0- 204.5 1.1 x10° 28x 107
Recovery {Ref. 12} -15x10° -3.8x15°
Long-tenm Coopar and Jacob (1546) - varous Various 8.8 x10° 1.7 210
Pumping Digtance-Drawdown {(Ref. 25)
R= Radius of pumping influence
T= Transmissivity
K= Hydrauile: conductivity
b= Saturated thickness of aquifer

Groundwater samples were collected prior to, during, and afier the conciusion of the pilot
pumping test investigation. Groundwater collected prior to pumping tests included samples from
the pumping well (MW-3028); two of the new cbservation wells (MW-4027 and MW-4029);
four off-site monitoring locations (MWS-003, MWS-004, and MWS-112); and Burgermeister
Spring (SP-6301).  Analytical resulis of all groundwater samples collected during the
investigation are sumnmarized in Table 11-5.

The results for the off-site wells and Burgermeister Spring indicate that of the fve
locations, TCE was detected in monitoring well MWS-021 at 182 pg/ and in MWS-004 at
0.69 ngfl. MWS-02! is located approximately 51.8 m (170 ft) to the southwest of MW.3028
-(Figure 8-2). The remaining locations were reported as non-detects. Mo pentachloroethene
(PCE) was detected in the off-site wells or in Burgermeister Spring.

From the one-time sampling event for the observation wells, it was noted that MW-4029
exhibited a high level of TCE contamination (412 pg/t}. No PCE was detected in this well
Results from observation well MW-4027 indicated TCE levels (4.0 pug/f) to be less than the

MCL, while PCE was detected at 23 ug/l. This well location is adjacent to the soil boring
location where PCE was detected in 501l gas at 185 parts per billion by volume (ppbv) during the
1997 s0il gas survey.
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Groundwater was collected exclusively from the pumping weli during the pumping tests.
In monitoring well MW-3028, concentrations of TCE ranged from 370 wg/l 1o 717 ug/l, which is
significantly greater than the MCL of § ug/l. PCE was detected during the shost-term pumping
test at 21 pg/l; the remaining samples were primarily non-detects (82% of data). These data
ranged from 1 pg/l to 6.8 pg/l. DCE was feported at estimated values ranging from 8 pefl to
16 pg/l, well below the MCL of 10G pg/i for this parameter.

Tt was observed that TCE concentrations decreased during Day 2 of the long-term pump
test 1o the lowest value detected throughout the study (370 pg/t), then increased rapidly through
Day 5. At this point, concentrations declined again, and during Days 8§-10, ‘concentrations were
below the initial value detected during well development, After 10 days of pumping, however,
TCE concentrations increased to the highest values seen throughout the study (717 pg/l} and
remained well above 500 pg/l for the remainder of the study. It was noted at this time “pink
water” was observed during sampling of the well, indicating a connection with monitoring well
MW-2037, which exhibits high levels of TCE. Rhodamine WT dye (which produces a pinkish
tint to water) had been injected into MW-2037 on May 9, 1998, for the performance of a tracer
test.

The observation wells have been scheduled to be routinely s.'amplad for VOC and
geochemical parameter analyses during 1999, Data from these samples will be included in
subsequent annual site environmental reports.
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DOE ORDERS

5000.3B, Occurrence Reporting and Processing of Information

5400.1, General Environmental Protection Program -

5400.3, Hazardous and Mixed Waste Program

5400.5, Radiation Protection of the Public and the Environment

5480.1B, Environment, Safety and Health Program for Depariment of Energy Operations
5480.4, Environmenial Protection, Safety, and Health Protection Standards

5482.1B, Safety Analysis end Review System

414.1, Quality Assurcmce

S820.2A, Radioactive Waste Management

REGULATIONS

10 CFR 830.120, Ouality Asswronce

10 CFR 1022, Department of Energy, Compliance With Floodplain/Wetlands Environmental
Review Requiremenis

36 CFR Part 800.5, Protection of Historic and Cultural Properties _

40 CFR Patt 61, National Emission Standards for Hazardous Air Polluiants

40 CFR Part 141, National Primary Drinking Water Regulations

40 CFR 264, Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and
LDisposal Facilities

40 CFR 761, Polychlorinated Riphenyvis, Mamacturing, Processing, Distribution in Commerce,
and Use in Prohibitions

40 CFR 761.125, Requirements for PCB Spill Cleanup

10 CSR 20-7.031, Water Quality Standards

10 CSR 25-7, Hazardous Waste Muonagement Commission - Rules Applicable 1o
Ovwners/Operators of Hazardous Waste Facilities

PROCEDURES

ES&H 1.1.7, Environmental Dara Review and Above Normal Reporting
ES&H 9.1.2, Surface Water Management
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APPENDIX A
Unpublizhed Documents
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. 726 MINNESOTA AVENUE -

KANSAS CITY, KANSAS 85101
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- -Mr. Staphen H. McCracken.
Project Manager

Weldon Spring Site

Route 2, Highway 94 South
St. Charles, Misscuri 63303

Dear Mr. MaoCracken:

As requested, we have reviewed the DOE "Draft Plan for

. Mhnltaq;ng Radionuclide Emissziong Other Than Radon at Weldon
Spring Site Critical Recaptors.” Tha concapt that you plan to

follow memts the raqulraments af 40-C.F. R. 61 and you should

procaad as planned.

Yearly determlnatlnns of 2irborne concantrations and
assessments of effective dose equivalents at critical receptors
nest the monitoring reguirements of NESHAP. We alse concur with
your Qualifty Assurance Plan .and the reparting plan you have get
forth in the document.

When the temporary storage facility monitoring plan for -
raden is developed, we will he available %o evaluate the draft if
you so desire. cCall me if I can be of any further assistance.

Sincerely,

LTS

" Robert E. Dye :
Regional Radiatlnn Raprasentatlve
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CALLER —_ Debbie Fapen -

ADDRESS _ffarcis Weoell MofpScheol

PHONE NUMBER __3/¢- fa6-§773

CONCERN OR QUESTIONMW- o

HOW IT WAS ADDRESSED __

FOLLOW-UP NEEDED |
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TELECON

DATE AND TIME__ /0 > 35" 8-, 3//?/?5
.PERSONRECEWNGTI—IECALLQM fellen
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A Dose from the Chemical Plant and Raffinate Pits to a Maximally Exposed Individunal.

The following dose assessment is for a maximally exposed individual employed full-time
{2,000 hours/vear) at the former Weldon Spring Ordnance Works (WSOW) during 1998
located to the west of the chemical plant perimeter. This scenario was developed because
1998 monitoring results along the westem siie perimeter indicated above background
levels of radioactive airborne particulates, radon gas, and external exposure. Remediation
workers were assumed to work at the former WSOW for the entire year.

1. Tnhalation :

a. Airborne Radioactive Particulates: Low-volume radioactive airborne particulate
monitoring results for 1998 exceeded the 52-week background average at six
perimeter stations: AP-2002, AP-3003, AP-3004, AP-2005, AP-3014, and
AP-2025. When compared to a 104-week background average, eight stations
were found to be statistically significant: the six listed above, plus AP-4008
(Weldon Spring Ammy Training Area guardhouse) and AP-2001 (Missouri
Highway and Transportation Department maintenance facility). The maximally
exposed individual was conservatively assumed o be a W3OW remediation
worker who was located near the western perimeter fence of the Welden Spring
Chemical Plant area. After subtracting the 104-week background average of
1.22E-15 pCifml, the highest net annual average radioactive airbome particulate
concentration was 9.0E-16 nCi/mi, recorded at Station AP-3004 located jnst west
of the TSA. The gross alpha monitoring result was assumed to consist of the
radiomiclides present at the TSA.  An effective dose conversion factor (DCF) of
5.0E-12 puCifYml per DAC was developed for the TSA, and was based on the
radionuclide activity fraction assumptions listed in the Imternal Dosimetry
Program Yechmical Basis Manual (Ref, 56).

Inhalation dose conversion factors used to develop the effective DCF were
obtained from EPA Federal Guidance Report No. 11 (Ref. 30). A breathing rate of
1.2 m'/hr was assumed for the dose estimate.

CEDE (inhalation of radioactive = net airborne particulate concentrations

airborne particulates) (WCi'mi) x 1 DAC/effective derived air
concentration for the TSA (uCifmi) x
exposute time (hr) x 2.5 mrem/DAC-hr

= 9.0E-16 pnCifml x 1 DAC/5.0E-12 nCi/ml
x 2,000 hr x 2.5 mrem/DAC-hr

DOE/ORIZ1S48-#73, Rav. 0 B-1
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= (.9 mrem {0.009 mSv)

b. Radon and Thoron Gas: The annual average Rn-220 gas conceniration measured
by collocated F-type and M-type alpha-track detectors at monitoring station
RD-3003 (collocated with AP-3004) was found to be statistically greater than the
annual average background concentration. RD-3003 indicated a net Bn-220
concentration of 0.4 pCi/l (14.8 Bg/m’). Radon {Rn-222) gas levels did not
exceed background levels at these monitoring locations during CY1998.

Radon concentrations are often expressed in terms of working levels. One
working level is defined as any combination of radon decay products in one Iner of
air that will result in the ultimate emission of 1.3E5 MeV of alpha snergy. For
Rn-220, one working level {(WL) is equal to 7.43 pCi/l at 100% equilibrium and
results in a dose equivalent of 420 mrem. Realistically, however, only partial
equilibrium can exist between Rn-220 gas and is decay products, and the daughter
equilibrium ratio (the parameter that is used to quantify percent equilibrium)
typically does not exceed 1% in an outdoor envirenment. The historical daughter
equilibtium ratio for Rn-220 at the WSSRAP averages 0.5% (Ref 53). Radon
exposures can aiso be expressed in terms of working level months (WLm), where
one WLm is defined as an exposure of one WL received in one working month
{170 hours).

The committed effective dose equivalent (CEDE) to the mawimally exposad
individual is determined by separately considering the contribution to dose from
both Rn-220 gas and Rn-220 decay products. Dose comversion factors for Rn-220
gas and decay products were taken from ICRP 32, Limits for Inhalation of Radon
Daughiers by Workers (Ref. 57).

CEDE (Rn-220 gas) = Rn-220 concentration x breathing rate x exposure
time x Rn-220 dose conversion factor

0.4 pCifl x 20 Ymin x 2,000 hours x 60 min/hour x
3.33E-7 mrem/pCi

= (1,32 mrem {0.0032 m8v)
CEDE (Rn-220 decay - = Rn-220 concentration x exposure time x daughter
products) equitibrium ratic x 1 WL/7.43 pCi/l x 1 working

menthf1 70 hours x 420 mrem/WLm

0.4 pCi/l x 2,000 hours x 0.005 x 1 WL/7.43 pCi/l
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x 1 month/170 hours x 420 mrem/WLm

1.33 mrem (0.0133 m3v)

CEDE (Rn-220 gas +
decay products)

.65 tnrem (0.0165 mSv)

Summary results for a. and b., CEDE (inhalation) = 2.6 mrem (0.026 mS8v).

2. External Gamma Pathway: Statistical analysis of environmental TLD results indicated
that the annual! exposure at station TD-3003 was greater than background (see
Section4.2). This station measured a gross anmal dose equivalent of 30 mrem
(0.80 mSv), based on 8,760 hours of continzous exposure. Given the background
gamnma dose equivalent of 58 mrem (.38 mSv), the net annual gamma dose equivalent
was 22 mrem (0.22 mSy). The effective dose equivalent (EDE) due to gamma
exposure for a maximally exposed individual (MEI) at the WSOW area 15 thus;

EDE (external) = (gross TLD result ~ background TLID result) x exposure time

(80 — 58) mrem/fy x 2,000 hr x 1 y/8,760 hr

Il

I

5.0 mrem (0.050 mSv)

3. Ingestion Pathway. Because no bodies of water exist at the WSOW area, fishing,
swimming, and ingestion of contaminated water do not constitute realistic scenarios.

The total effective dose equivaient {TEDE) is therefore:

TEDE = CEDE (inhalation) + EDE (external)
= 7.6 mrem (0.076 m8v)

B. Dose from the Weldon Spring Quarry to a Maximaily Exposed Individual

Because no air monitoring results at the guamry exceeded background levels in 1998, and
ingestion pathways are implausible {access to the quarry area is restricted by a chain link fence),
no dose assessment is necessary for an individual located near the quarry.

C. Dose from the Vicinity Properties to a Maximally exposed Individual

Burgermeister Spring, located at the Busch Memorial Conservation Area, contains elevated
concentrations of radium, thorium, and uranium, Tt is assumed that an individual walked past

DOEARIHSAE 773, Rev, O B-3
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Burgermeister Spring once a week during 1998, stopping during each visit to drink one cup
(0.237 1) of water from the spring. Since there are 52 weeks in a year, the individual ingests
(52 x 0.237) liters of water, or 12.3 liters (3.24 gal). Noe radiological exposure is calculated for
the individual for inhalation or external exposure because environmental monitoring results
indicated radioactive air particuiate, gamma exposure, and radon to be no greater than
background levels at this location.

The maximum net concenirations recorded mm 1998 for the radioouclides detected in
Burgermeister Spring and their corresponding dose conversion factors (DCFs) for ingestion are:

1998 MAXIMUM _
RECORDED CONCENTRATION | DOSE CONVERSION FACTOR FOR
RADIONUCLIDE (poin™ INGESTION [mremipCi
Total Uranium 154 2.69E-4 [Solubie)
Ra-225 0.636 1,33E-3
Ra228 3.85 12463
Th-228 0,383 3.56E-4
Th-230 0.457 5.46E-4
Th-232 0.184 2.73E-3
Fta-224 0.383 3.86E4
Pb-212 0,383 4.56E-5

(a] Ra-224 and Pb-212 concenirations derived from measured Th-228 concentration, based on assumption of secular
equilibriurm.

The above DCFs are derived or taken directly from EPA’s Federal Guidece Repori No. 11
(Ref. 30),

The total effective dose equivalent (TEDE) is calculated by summing the doses contributed by
each radionuclide present in the water, as shown below:

TEDE (ingestion of contaminated water) = TEDE {total uranium} + TEDE {Ra-226) + TEDE
{Ra-228) + TEDE (Th-228) + TEDE {Th-230) + TEDE (Th-232) + TEDE (Ra-224} + TEDE
{Pb-212)

and

TEDE (ingestion of contaminated water for a given radiomuclide) = Concentration {pCifl) x
Volume of Water Ingested (L) x Dose Conversion Factor (mrem/pCi)

TEDE (total uranium) = 154 pCi/l x 12.3 1 x 2.65E-4 mrem/pCi

=0.51 mrem
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TEDE (Ra-226) =0.936 pCil x 12.3 | x 1.33E-3 mrem/pCi
=0.0133 mrem

TEDE (Ra-228) =3.85 pCifl x 12 3 1 x 1.44E-3 mrem/pCi
~ {1.068 mrem

TEDE {Th-228) = 0,383 pCil x 12.3 1 x 3.94E-4 mrem/pCi
= 0,0019 mrem

TEDE (Th-230) = 0457 pCifl x 12.3 1 x 5.48E-4 mren/pCi
=0.003]1 mrem

TEDE {Th-232) = 0.184 pCi/l x 12.3 1 x 2.73E-3 mrem/pCi
= 0.0062 mrem

TEDE (Ra-224) = 0.383 pCifl x 12.3 i x 3.66E-3 mremy/pCi
= 0.0172 mrem

TEDE (Pb-212) ={.383 pCifl x 12.3 1 x 4.56E-5 mrem/pCi

= 0.0002 mrem

Thus, the TEDE for all radionuchdes combined is (0.51 + 0.0153 + 0.068 + 0.0019 + 0.0031 +
0.0062 + (.0172 + 0.0002) mrem, or 0.62 mrem {6.2E-3 mSv),

D. Collective Population Effective Dose Equivalent (CPEDE}

Exposura points are locations where members of the public are potentially being exposed to
above-background concentrations of (1) airborne radioactive particulates, {2) radon gas
concentrations, (3) external gamma radiation, or {4) radionuclides in food or water. All four
pathways are addressed for the CPEDE. Exposure to above-background radionuclide
concentrations in food or water is applicable only for users of the Busch Conservation Area, a
recreational area adjacent 1o the chemical plant/raffinate pits area.

Exposure points, by definition, must be located where there is potential for public exposure as
a result of activities performed at the site or from materials stored at the site. If there is no
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reason to suspect that environmental monitoring results are different from the appropriate
background monitoring results, then the area surrounding the emvironmental monitoring
station is not be considered an exposure point. Therefore, neither the population near that
station nor the population beyond the station would be included in the CPEDE.

A collective population dose assessment is performed at the exposure points where above
background environmental monitoring results are obtained and a potential for public exposure
is suspected. All five applicable pathways are addressed for this estimate.

1.

Airborne Radioactive Particulates

In 1998, annual average airhorne radionuclide concentrations {as measured by high
volume nronitors) at all critical receptor locations were indistinguishable from backgreund.
However, a statistical anatysis of low volume monitcring results indicated that, at the 95%
confidence level, seven chemical plant perimeter locations had ambient gross alpha
concentrations greater than the 104-week background average. Four of these stations,
AP-2001, AP-2005, AP-2008, and AP-3004, are in areas likely to be frequented by
members of the public. Station AP-2001 is located near the Missouri Highway and
Transportation Department Maintenance Facility, where nine employees worked
approximately 2,000 hours each in 1998. Stations AP-2005 and AP-2008 are located near
the WSSRAP office buildings and trailers, where approximately 300 employees work an
assumed average of about 2,500 hours per year. Because the area is under DOE control,
these individuals are not considered members of the public, but are treated as such for
purposes of determining a collective population effective dose equivalent. Station
AP-3004, west of the TSA, is near the Weldon Spring QOrdnance Works (WSOW)
remediation project, where approximatety 150 employees were assumed to have werked
2,000 hours in 1558,

The annual gross alpha concentration at Station AP-2001 was 2.4E-16 pnCi/l above the
104 week background average. The annual gross aipha concentration at Stations
AP-2005 and AP-2008 were 3.6 E-16 pCi/ml and 6.0E-16 nCi/ml, respectively above the
104-week background average. The AP-2008 result is used in the calculation below for
the CPEDE because it is higher than the resuit measured by AP-2005. It is assumed that
the pross alpha concentration at AP-2001 and AP-2008 is contributed by the radionuclides
common to the disposal cell. As stated earlier, it is assutned that the gross alpha
concentration at AP-3004 is contributed by the radionuclides common to the TSA. The
generic equation used to calculate CPEDE due to inhalation of radioactive airborne -
particulates is:

Collective Population Effective Dose Equivalent (inkalation of air particulates) = Net
aitborne particulate concentration (uCi/ml) x Appropriate Effective Derived Air

DOEOR21548-773, Rev. 0 B-&
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Concentration {uCi/ml)-' Exposure time {hours) x 2.5 mrem/DAC-hr x nnmber of
individuals :

CPEDE (AP-2001) = 2.4E-16 pCi/ml x 1 DAC/59E-12 pCifml x 2,000 hr x
2.5 mrem/DAC-hr x 9 persons x 1E-3 rem/mrem
= (,00183 person-rem {1.83E-5 person-Sv)

CPEDE (AP-2008) = 6,0E-16 pCi/ml x 1 DAC/5.9E-12 pnCi‘m! x 2,500 hours x
2.5 mrem/DAC-hr x 300 persons x 1 E-3 rem/mrem

= (.191 person-rem {1.91 E-3 person-Sv)

CPEDE (AP-3004) = 9.0E-16 pCifml x 1 DAC/S.0E-12 pCiml x 2.5 mrem/DAC-hr
2,000 hr x 150 persons x 1E-3 rem/mrem

={.135 person-rem (1.35E-3 person-Sv)
2. Radon/Thoron Gas Exposures

Statistical analysis of annual integrated radon (Rn-220 and Rn-222) alpha track menitoring
results indicated that all critical receptor stations had concentratiens that were
indistinguishable from the annual average background concentration. However, the
annual average Rn-220 result at Station RD-3003 exceeded the background concentration
by 0.4 pCifl. Although not a critical receptor location, RD-3003 is collocated with
AP.3004 on the western site perimeter near the TSA, and is near the WSOW remediation
project.

Using the CEDE calcuiated in Section A of this Appendix and assuming that 150 full time

emplovees worked on the WSOW remedistion project during 1998, the CPEDE due to
inhalation of Rn-220 and its decay produets is:

CPEDE (RD-3003) = 1.65 mrem x 150 persons x 1 rem/1,000 mrem
=0.248 person-rem (2.48E-3person-Sv)
3. Extemal Gamma Pathway
The two ahm"e:-ba,ckg;mund. gamma monitoring locations likely to be frequented by

members of the public in 1998 were Station TD-2004, located near the MHTD facility,
and Station TD-3003, located near the WSOW remediation project. The generic equation
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used to calcnlate collective population effective dose equivalent due to external exposure
13

CPEDE = Net measured exposure (mirem)} x exposure time hr/8,760 hr x # person x
1 rem/1,000 mrem. '

CPEDE {TD-2004) = 8 mrem x 2000 hi/8,760 hr x 9 persons x
I remy/1,000 mrem

= 0.016 person-rem (1.6E-4 person-Sv)

H

CPEDE (TD-3003) 22 mrem x 2,000 h/8760 hr x 150 persons x

1 rem/1,000 mrem
= 8.753 person-rem {7.53E-3 person-Sv)
. Ingestions of Food or Water

Exposure tc above-background radionuclide concentrations in food or water by a
significant human population is applicable only for visitors to the Busch Conservation
Area, a recreational area adjacent to the chemical plant/raffinate pits area. Three of the
lakes at the area (i.e., Lakes 34, 35, and 36) receive runoff from the Weldon Spring site
and are used for fishing and boating activities, The Missouri Department of Conservation
conducted a year long survey to determine the number of visitors to the area, the types of
activities in which users participate, and the amount of time allocated for these activities

(Ref. 30).

Fishing at the Busch Conservation Area averaged 2.5 hours per visit for the approximately
160,000 visits to the area for that purpose (assuming a fish-caught to time-spent ratio of
0.4 fish’hour and a 0.50 ratio of fish kept to fish caught for a total of 80,000 fish).
Assuming that one person keeps one fish, the population of concern would be 80,000
persons. For the water and sediment ingestion scenartcs, boating is the activity assumed
to provide the potential for incidentat water and sediment ingestion. An estimated 5,985
visits were made for the putpose of boating with an average of 5.7 hours per visit.
Assuming that each visit constitutes one individual, the total pepulation would be 5,985
persons. Each of these ingestion scenarios is further addressed in calculations a, b, and ¢
below.

a. Collective dose estimate due to ingestion of fish obtained at the Busch Memorial
Conservation Area,
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Assuming that each person of the 80,000 population consumes one fish and that
the edible portion of a fish has a mass of 200 g, the average consumpticn rate
specific to the affected population is 0.35 g/person/day.

Fish samples were collected in 1998 as part of the WSSRAP biological menitoring
program. Based on a total uranium concentration of 0.G19 pCi/g obtained from a
composite of sunfish samples collected in Lake 35 and the population specific
consumption rate detived from Missouri Department of Conservation data, the
estimated population effective dose equivalent is:

Population Dose Equivalent (fish ingestion)

consumpticen rate x totel wranium concentration in fish x exposure time x total
soluble uranium dose conversion factor x persons

0.55 g/day x 0.019 pCifg x 365 day x 2.69E~4 mrem/pCi x 80,000 perscns x
! rem/1,000 mrem

0.082 person-rem (8.21E-4 person-5v)

b. Diose estimate dve to incidental ingestion of water at the Busch
Conservation lakes:

- Assume that each person of the 5985 population makes one
boating visit on an annual basis and 5% of the visit is spent
swimming (0.285 hours/visit).

- Using the average total uranium surface water content of 8.3 pCifl
obtained from Lake 35 in 1998, and an ingestion rate of 0.05 Vhour
{Ref. 30) the estimated population dose equivalent is

Population Dose Equivalent (water ingestion)

ingestion rate x average total uranium concentration in Lake 35 water x exposure
time % total seluble uranium dose conversion factor x number of individuals

005 Vhr x 83 pCil x 0285k x 2.69E-4 mrem/pCi x 5,985 persons x
1 rem/1,000 mrem

0.0002 person-rem {2.0E-6 person-Sv}
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C. Dose estimate due to ingestion of sediments at the Busch lakes:

- Assume thaJ; each person of the 5,985 population makes one
boating visit on an annual basis and 3% of the visit is spenmt
swimming (0.285 hours/visit).

- Using the average total uranium concentration of 26.6 pCifg in
sediment obtained from Lake 35 as part of a 3-year study (spanning
1991-94), (Ref 15) and an ingestion rate of 200 mg/day, the
estimated population dose equivelent is:

Population Dose Equivalent (sediment ingestion)

I

ingestion rate x total uraninm concentration in sediment x exposure time x total
soluble dose conversion factor x number of individuals

200 mg/day x 26.6 pCi/g x 0.285 hr/person x 2.65E-4 mrem/pCi X 5,985 persons x
1 g/1,000 mg x 1 day/24 hr x 1 rem/1,000 trem

0.0001 person-rem (1.OE-6 person-5v)

Therefore, the CPEDE obtained from ingestion of food or water at the Busch Memorial
Conservation Area is:

Dose (fish ingestion) + Dase {water ingestion) + Dose (sediment ingestion)

0,082 + 0.0002 + 0.0001 person-rem

0.0823 person-rem (8.23E-4 persen-Sv)

The 1998 total collective population effective dose equivalent (CPEDE) for all applicable
pathways addressed in this section is:

CPEDE (aitberne particulates) + CPEDE (Rn-220 gas and decay products} + CPEDE {gamma
exposure) + CDEPE {ingested food, water, and sediment)

0328 + 0248 + 0,765 + 0.0823 person-rem

1.43 persen-rem (0.143 person-Sv)

DOE/GRIMSE-TTS, Rev. O B-10




WELDON SFRING SITE ENYIRONMENTAL REFORT FOR CALENDAR YEAR 1558 orises

E. Airbormne Radioactive Release Estimates

During 1998, statistical analysis of annual average high volume monitoring results indicated no
locations where airtborne radionnclide concentrations were greater than backgreund. However,
seven low volume monitoring stations along the chemical plant perimeter indicatad annual average
coticentrations that were statistically preater than the 104-week average background
concentration. These stations were AP-2001, 2002, 2005, 2008, 3003, 3004, and 3014. The net
annual average gross alpha concentrations at these stations were incorperated into a series of box
models to estimate the total radioactive airbomne particulate release from the site for 1998, Table
B-1 summarizes the approximate activity ratios for the radionuclides contained in the waste
common to each area of the site where an elevated annual average concentration was documented
(see Section 4). The table alsc identifies the sources believed to be responsible for each station
that indicated elevated readings for the vear.

The box model approach provides conservative resulis and is vsed in place of Gaussian plume
dispersion modeling, which is generally inappropriate for estimating ambient pollutant
gongentrations: at receptors close to a source, which is the case for the perimieter monitors at the
WSSRAP. Parameters required for inclusion in the box models include; net average gross alpha
concentration {kisted in Table B-1); the range of wind directions (measured out from the source}
encompassing the area in which a given monitoring station is located, including the average wind
speed and directional frequency (percentage of time that the wind blew toward those directions)
for that range; the estimated release height at the fence line; and the box length, which is the
distance between two points along the fence line drawn on either side of & monitoting station.
(These two points are the midpoints between a given monitoring station and the next closest
station along the site perimeter.} Table B-2 summarizes the parameters and assumptions used in
the modgling.

The radioactive particulate release rate from the chemical plant is estimated by applying the
following equation for each monitoring station result:

Release Rate (Cify) = Z; I[Box Length (m) x Release Height (m} x Wind Speed (m/s} x Net
Annual Gross Alpha Concentration (C¥/m®) x 3.1536 E7 sec/y x Directional Frequency]

where i = monitoring station
and j= radionuclide

For example, for Station AP-2002, the total release rate is determined as follows:

Total Radioactive Airbome Particulate Release Rate (AP-2002) = 610 m x 3 m x 28 mfs x
0.62 E-15 Cifm® x 3.1536 E7 secfy x 0.369
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AR

= 1.13 E-5 City

The radionuclide-specific aithorne particulate release rates based on annual results from Station
AP-2002 are subsequently determined by smltiplying the total AP-2002 release rate by each
activity ratio listed in Table B-1 for the contributing source. Radienuclide-specific activity
releases calculated for all monitoring stations are shown in Table B-3. The total activity release
for each radionuclide released from the chemical plant area is found by summing the results in
each column of the table.

Table B-1 Sources and Activity Ratios Correspanding to Elevated Gross Alpha Concenirations at Perimeter
Low Volume Monitoring Stations

Statlon Net WESRAP Source
1 Concentration Coniributing to
Above Elevated Activity Ratlos
Background Concentrations

{H.thm"j U234 | U235 | U-238 [ The228 | Th=230 | Th-232 Ra-225 Ra-Z28
AP-2001 0.24E-15 Dispasal Cel 013 | ool | 012 | o 0.61 0.07 NiA KA
APD00T 0.62E-15 Dispczal Call 213 0.0 042 207 051 0.0¢ MR M/A
AP-3003 0ESE-15 Raffinate Pit 4 013 X3 G412 0.07 061 Q.07 A HiA
AP-3004 & E-15 TEA : 0.050 0.003 0,084 0,022 0752 Q.08 0.052 0.040
AP-2005 0.38E-15 Dispoaal Cell .13 [iXi]] 042 0.07 061 Q.07 NiA N/&
AP-2008 QEE-15 Disposal Cell 013 0.0 212 0.07 061 0.07 HiA A
AP-3014 0.3E-15 Fafinata Pit 4 013 0.0 212 0.07 061 2.07 Nih Mi&
AP-HX5 0A8E-15 Disposal Codt 013 0.01 iz 0.07 0,61 0.07 HiA Mi&
MR Acthity ratios for Ra-226 and Ra-228 are negliglble as comparad to the Ested lsotepes of uranium and therium.

Table B-2 Parameters and Assumplions Used in Box Modeling to Datermine Radicactive Airbome
Parficulate Release Rats from the WSSRAP for 1998

Box Model

Monitoring Rarge of Wind Average Wind MHrecthonal Box Length Refease Haight
Statlon Directione (Wind Speed For Range Frequency ) (i)
Blowling F (e}
1 AP-2001 2362503003, 75 a2 14.0% 286 3
CAVEWL WWNWY
2 AP-2002 145,257 - 213.75° 258 N.I% Ga2 3
(SRE, 5. S5W, 5W,

WaW}

3 & P-3003 168.75% - 191 .25° 31 11.2% 453 3

—i5____

4 AP-3004 78.75" - 123.75* 1.8 8.3% 6810 3
(E, ESE}

] AP-2005 30375 - 11.25° 3z 19.4% 423 3

{NENNW,N)

G AP-2005 281,257 - 303,75 31 S.4d4% 183 3
(MY

7 AP3014 101,25 - 168.79* 22 18.4% RZF 3

(ESE SE, 34E}
& AP-2025 191 257 - 258, 79* 9 21.% 366 a3
(S5 SV WEW)

DOEOR21548-773, Rew. O
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Table B-3 Radionuclide-Specific Actvity Release Rates Corresponding to Monitoring Stations with Gross
Alpha Resulis Greater Than Background for 1898

Station cunm“:nﬂan Releose Rates
(Clin™ 234 L-235 U238 Th-228 Th23 | Thaa2 Ra-276 Ra-228

AP-2001 291E-06 478E-07 | 29MEDB | 248E7 | 20ME-O7 | 1.77E-D8 | ZOMELT NiA NEA
AF-2002 S.4TE0S 451E06 | 34TE-07 | 417E-06 | 243E-06 | 212E05 | Z.43E-0B PEIA NIA
AP-3003 B BZE-DE 1.15E-06 | 8.82E-08 | 1.06E-08 | B17E-0F | S.3BE-06 | 6.ATE-D? [Ty N/A
AP-3004 8.19E-08 SESE-O7 | Z4EC-0E | S.24E-07 | 1.80E-O7 | £.16E-08 | 295607 | 428EOF | A.ZBE.OY
AP-2005 8.54E-08 116E-06 | BG4E-GB | 1.07E-08 | 6.26E-07 | G.46E-06 | 8.26E-07 A A
AP-2008 1.74E-D8 226E07 | tTAEDE | Z00E-07 | 1.22E0F | 1.06E-08 | 1.22EO7 NrA MiA
AP-3014 401E-D6 G38E07 | 4XIE-0B | SSUE07 | S43E07 | 209E.06 | 3.43E07 NIA NIA&
AP-2025 8.00€6 1TOSE-D6 | S.09E-07 | 9.71EC7 | SH6EQ7 | 453E06 | 5.66E-07 MFA, NiA

Tolal Releass Rates GEOE-08 | 4.80E-07 | S.10E-08 | 2.49E-08 | 345E-05 | 2.55E-D06 | 428E-UF | 3.28E-07

F Radon-220 and Radon-222 Release Estimates

Annual average Rn-222 and Rn-220 concentrations at chemical plant track etch perimeter
‘monitoring stations were calculated based on the results of paired F-type and M-type deteciors.
The results indicated that the average Rn-222 concentration at perimeter station RD-3002 was
0.2 pCi/l above background, while Rn-220 levels were statistically greater than background at
perimeter stations RD-3001, RD-3002, RD-3003, and RD-3016, all located along the western
chemical plant perimeter. The annual average Rn-220 concentrations at these three stations were
0.2 pCifl, 0.4 pCi/l, 0.4pCif, and 0.3 pCifl, respectively, above the combined background
concentration of 0.1 pCifl for the year (sce Section 4, Table 4-2). A series of box models was
used to calculate the total Rn-222 and Rn-220 release rate from the chemical plant based on these
results, assuming that the major source of Rn-222 and Rn-220 emissions at the chemical plant
during 1998 was Raffinate Pit 4 {based on the close proximity of Raffinate Pit 4 to the westem
perimeter). S

Parameters required for inclusion in the box models include: net average Rn-222 and Rn-220
concemration; the range of wind directions {measured out from the source) encompassing the
area in which a given monitoring station is located, including the average wind speed and
directional frequency {percentage of time the wind blew in those directions) for that range; the
estimated Ro-222 and Rn-220 releass height at the fence line; and the box length, which is the
distance between two points along the fence line drawn on etther side of a monitoring station.
(These two points are the midpoints between a given tonitoring location and the next closest
station aleng the site perimeter) Table B-4 provides a summary of the parameters and
assumptions used in the modeling scheme.

DOE/ORIMS548-773, Rev. 0 B-13
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Tabie B-4 Paramaters and Assumptions Used in Box Meodsling to Determine Raden and Thoron
Falease Rates from the WSSRAP for 1908 .
AVERAGE
WIND
RANGE OF WIND | SPEED NET
DIRECTIONS FOR . BOX RELEASE RADON/THORON
BOX MONITORNG WIND BLOWING RANGE HRECTIONAL | LEMGTH HEIGHTY CONCENTRATION
MODEL STATION FROM} [rv's) FREQUENCY {mj {am) [pCIM)
1 RD-3001™ 16878514125 31 119% 434 3 0.2
L£:)]
P R O=-3002 45 - 148 25 21 227% 305 3 02 04
[ME-SE}
E) RO-2003% 248 75° - 45° 28 145% 274 a 4
{N-NE}
4 RO-3015% 1.25° - 58.25° 26 B7% 00 ) 0.3
{NE-NNE}
{a) Only Rn-220 considerad because Ain-222 concentration was indisinguishabla from background.

The fellowing calculation is used to estimate the Rn-222 and Rn-220 release rate from the
chemical plant for each model;

Release Rate (Cify) = Box Length () x Release Height (m) x Average Wind Speed {m/s) x Net
Rn-222 + Rn-220 Concentration {(pCi/l) x 1E-12 CipCi x 1,000 {/m’ x 3.1536E7 s/y x Directional
Frequency

Box Model | (RD-3001)

Rn-220 Release Rate = 488 m x 3 m x 3.1 m/s x 0.2 pCil x 1B-12 C¥pCi x 1,000 Vm® x
3,1536E7 oy x 0,112

=13.2 Cify (1.19E11 Basy)

Box Model 2 (RD-3002):

Rn-222 + Rn-220 Release Rate =303 mx 3 m x 2.1 m/s x {0.2 + 0.4) pCi/l x 1E-12 Ci/pCi x
1,000 ¥m’ x 3.1536E7 sfy x 0.227

= 8.3 Cify (3.05E11 Bq/y)

Release Rate (Rn-222, RD-3002) = 2.75 Ci/g (1.02E11 Bq/y
Release Rate (Rn-220, RD-3002) = 5.55 Ci/g {2.05E11 Bg/y)

DOE/ORZ1548-F73, Rew. [t B-14
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Box Model 3 {(RD-3003}):

Rn-220 Release Rate = 274 m x 3 m x 2.8 m/s x 0.4 pCil x 1E-12 Ci/pCi x 1,000 Vm® x
3.1536E7 sfy x 0.144

= 4.2 Cify (1.56E11 Ba/y)

Box M 4 -3016%

Rn-220 Release Rate = 200 m x 3 m x 2.6 ms x .3 pCifl x 1E-12 Ci/pCi x 1,000 Vm’ x
3.1536E7 x/y x 0.087 -

= 1.28 Cily (4.75E10 Bg/y)

The total estimated Rn-220 release rate from the chemical plant area is the sum of the results of
the 4 box models, or approximately 14.2 Cify {(5.27E11 Bgfy).

DOE/OR/Z1548-773, Rev. § B-15
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DESTRIBUTION LIST

FEDERAL - ELECTED OFFICIALS:

The Honerable John Ashcroft
U.8. Senate

316 Hart Office Building
Washington, D.C. 20510

Joe Messmer

U 8. Senator John Ashcroft

8000 Maryland Avenue Suite 440
St. Louis, Missouni 63101

The Honorable Christopher $. Bond
U.S. Senate

274 Russell Office Building

. Washington, D.C. 20510

Patrick Werner

11.S. Senator Christopher 8. Bond
8000 Maryland Avenue Suite 440
5t Louis, Missourt 63101

The Honorable Richard Gephardt
U.S. House of Representatives

1226 Longworth House of Representatives
Washingten, D.C. 20315-2503

Ms. Mary Renick

Administrative Assistant

U.5. Representative Gephardt

11140 Scuth Town Square Suite 201
St. Louis, Missoun 63123

The Henorable Kenny Hulshof
U1.8. House of Representatives
412 Cannon HOB

Washington, D.C. 20515
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David O’Brien

U.5. Representative

317 Lafayette
Washington, MO 63090

The Honorable James M. Talent
U.S. House of Representatives
1022 Longworth House -
Washington, D.C. 20515-23062

Ms. Barbara Cooper, District Director
1.8, Representative James M, Talent
555 N. New Ballas Road Saite 315

St. Louis, Missouri 63141

The Honorable Willtam L. Clay

U 8. House of Representatives

2306 Rayburn House Office Building
Washington, D.C. 20515-2501

Ms. Pearlie Evans, District Assistant
U8, Representative William L. Clay
5261 Delmar Avenue

St. Louis, Missouri 63108

STATE - ELECTED OFFICIALS (by district)

The Honorable Mel Carnahan, Governor
State of Missouri

216 State Capitol Building

Jefferson City, Missouri 65102

The Honorable Ted House
D-2nd District

Missouri State Senator

Reom 227, State Capitol Bldg.
Tefferson City, Missouri 65101
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The Honeorable Steve Ehlmann
R-23rd District St. Charles
Missouri State Senator

Room 428-A, State Capitot Bldg.
-Jefferson City, Missouri 65101

The Honorable William Leutkenhays
D-12th District fosephville

Missouri House of Representatives
Room 233 A, State Capitol Bldg.
Jefferson City, Missouri 65101

The Henorable Jon Dolan

R-13th District Wentzville

Missouri House of Representatives
Room 133B-C

State Capitol Building

Jefferson City, Missouri 65101-6806

The Honorable Cindy Ostmann
R-14th District St. Peters

Missouri House of Representatives
Room 115-F, State Capitel Bldg,
Jefferson City, Missouri 65101

The Honorable Jon Bennett
D-15th District 5t. Charles
Missouri House of Representatives
Room 109-E, State Capitol Bldg.
Jefferson City, Missouri 65101

The Henorable Rich Chrismer
R-16th District St. Peters

Missouri House of Representatives
Room 101-1, State Capitol Bldg.
Jefferson City, Missouri 65101

DOE/OR/Z21548-773, Rev. 0 C-3



WELDON SPRING SITE ENVIRONMENTAL REFORT FOR CALENDAR YEAR 1598 0715/58

The Honorable Don R, Kissell
D-17th District St. Peters

Missourt House of Representatives
Room 410A, State Capitol Bldg.
Jefferson City, Missouri 65101

The Honorable Charles Gross
R-18th District §t. Charles
Room 201D, State Capitol Bldg.
Jefferson City, Missouri 65101

COUNTY - St. Charles County Government (by district)

The Honerable Yoe Ortwerth
County Executive

$t. Charles County Courthouse
100 North Third Street Suite 318
St. Charles, Missouri 63301

The Honorable Terry Vamer
District #1, County Council

St. Charles County Courthouse
100 North Third Street

St. Charles. Missouri 63301

The Honorable Shirley Sisco
District #2, County Coungcil

St. Charles County Courthouse
100 North Third Street

St. Charles, Missouri 63301

The Honorable Robert Schnur
District #3, County Courxil

§t. Charles County Courthouse
100 North Third Strest

St. Charles, Missouri $3301
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The Honorable Doug Funderburk
District #4, County Council

St. Charles County Courthouse
100 North Third Street

St. Charles, Missouri 63301

The Honorable Sally A. Faith
District #5, County Council

St. Charles County Courthouse
100 Nerth Third Street

St. Charles, Missouri 63301

The Honorable Dan Foust
District #6, County Council

St. Charles County Courthouse
100 North Third Street

&t. Charles, Missouri 63301

The Honorable Cart L. Bearden
District #7, County Council

St. Charles County Courthouse
100 North Third Street

St. Charles, Missouri 63301

COUNTY - St. Louis Connty

Mr. GR “Buzz"” Westfall
County Executive

St. Louis County

Administration Building, 9™ floor
41 South Central Avenue
Clayton, Missouri 63105

Mr. Lee Brotherton
Administration Building, 9* floor
41 South Central

Clayton, Missouri 53105
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Conn Roden

County Health Department
111 South Meramec 2™ Floor
Clayton, Misscuri 63105

CITY - Elected Officials - Mayor

The Honorable Vickie Boedeker
Mayor, City of Wentzville

Post Office Box 308
Wentzville, Missouri 63385

The Honorable Thomas W, Brown
Mayor, City of 5t. Peters

Post Office Box 9

St. Peters, Missour: 63376

The Honorable Clarence Harmon, Mayor
City of St. Louis

City Hall, Roorm 200

Market and Tucker Streets

5t. Louts, Missour: 63103

The Henorable Harry Slyman

Mayor, City of Lake St. Louis

1000 Lake St. Louis Boulevard Suite 16
Lzke St. Louis, Misscuri 63367

The Honorable Stephen Kochanski
Mayor, City of Cottleville

P.O. Box 387

Cottlevilie, Missouri 63338

The Henorable Donald I Licklider
City of Weldon Spring

4950 Sammelmann Road

St. Charles, Missouri 53304
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0Ff1G/ag

The Honorable Paiti York
Mayor, City of St. Charles
St. Charies City Hall

200 North Second Street

St. Charles, Missouri 63301

The Honorable Paul F. Reaaud
Mayor, City of O'Fallon

138 South Main Street
{¥Fallon, Misscuri 63366

CITY - Weldon Spring Heights Board of Trustees

. Catherin Davis — Chairperson

16 Weldon Spring Heighits
St. Charles, MO 63304

Elaine Wiegert
4 Weldon Spring Heights
St. Charles, MO 63304

Don Romero
19 Weldon Spring Heights
5t. Charles, MO 63304

Tom Van Oordt
22 Weldon Spring Heights

- 5t. Charles, MO 63304

Tom Nelson
25 Welden Spring Heighits
5t. Charles, MO 63304

Stephen Kiersch

Weldon Spring Heights
Board of Trustees

27 Weldon Spring Heights
St. Charles, Missouri 63304
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FEDPERAL AGENCY - U.5. Environmental Protection Agency

Wr. William Rice

U.S. Environmental Protection Agency
Region VII

726 Minnesota Avenue

Kansas City, Kansas 66101

Ms, Denise Jordan-kzaguire
Sr. Regional Representative
ATSDR ¢/0 EPA Region VI
726 Minnesota Avenue
Kansas City, Kansas 66101

Mr. Dan Wall (4 copies)

Superfund Division

I8, Environmental Protection Agency
Region VII

726 Minnesota Avenue

Kansas City, Kansas 66101

FEDERAL AGENCY - U. 8. Ariny Corps of Engineers

Dan Mroz

Program and Project Management Division
Atten: CEMRK-MD-H

U.S. Corps of Engineers

Kansas City District

601 East 17® Street

Kansas City, Missouri 64106

Mr. Mike Green CEMRK-ED-GH
Engineering Division

U.S. Army Corps of Engingers

601 East 12 Street

Kansas City, Missouri 64106

Mr. Karl 1. Daubel
Environmental Coordinator
Weldon Spring Tramning Area
7301 Highway 94 Scuth

St. Charles, Missouri 63304
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Ray Allison

1.8, Corp of Engineers
7293 Highway 94 South

St. Charles, Missouri 63304

FEDERAL AGENCY - IS, Department of Interior

Mr. Jim Barks

1.8, Geological Survey
1400 Tndependence Road
Mail Stop 200

Rolla, Missouri 65401

Media Contact List

Mr, William H. Allen, Science Writer
St. Louis Post-Dispatch

9030 N. Tucker Blvd..

St. Louis, Missouri 63101

Dennis Miller & Julie Gerke (2 copies)
St. Charles Journal

152% (id Highway 94 South Suite 103
St. Charles, Missouri 63303

Mr, Mike Trask

St. Charles Journal

1529 Old Highway 94 South
Suite 108

St. Charles, Missouri 63303

Mr, Tom Uhlenbrock

St. Louis Post-Dispatch

90 North Tucker Boulevard
St. Louis, Missoun 63101

Ms. Judith Vandewater

5t. Charles Post

1355 South Fifth Street

St. Charles, Missouri 63301
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Mr. Evan Forrester
KMOV-TV Channel 4
(me Memorial Drive

5t Louis, Missoun 63102

STATE AGENCY - Missouri Department of Natural Resources

Mr. David A, Schorr

Director, Missouri Department of Natural Resources
Post Office Box 176

Jefferson City, Missouri 65102

Mr. Robert Geller {5 copies)

Missouri Department of Natural Resources
Post Office Box 176

Jefferson City, Missonri 65102

Mr, Larry Erickson

Missouri Department of Natural Resources
Post Office Box 176

Jefferson City, Missouri 65102

Mr. Glenn Carlson

Missouri Depariment of Natural Resources
7295 Highway 94 South

St. Charles, Misscuri 63304

Mr, Bruce Stewart

Missouri Department of Natural Resources
Hazardous Waste Program

1738 E. Elm Street

Jefferson City, MO 65101

STATE AGENCY - Missouri Department of Conservation

Dan Dickneite

Planning Division Chief

Missouri Department of Conservation
Post Office Box 180

Jefferson City, Missouri £5102-0180
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STATE AGENCY - August A. Busch Memonrial Wildlife Area

Mr. Mike Schroer, Manaper

August A Busch Memorial Wildlife Ares .
Route 2, Box 223

St. Charles, Missouri 63304

Mr. Jim Garr

August A, Busch Memorial Wildlife Area
Route 2, Box 223

St. Charles, Missouri 63304

STATE AGENCY - Missouri Department of Health

Mr, Gale Carlson

Ervvironmental Specialists [V, MPA
Bureau of Environmental Epidemiclgy
Missouri Department of Health

Post Office Box 570

1730 East Eim

Jefferson City, Missouri 65102

STATE AGENCY - Fish and Wildlife Research Center

Mr. Gary Novinger

Fish and Wildlife Research Center
Missouri Department of Conservation
1110 College Avenue

Columbia, Missouri 65201

STATE/COUNTY WATER (point of contact)

Mr. Thomas Aaron

5t. Charles County Water Department
1635 Scouth Highway 94

Defiance, Missouri 63341

Mr. Lynn Bultman, Manager
Missouri American Water Company
1250 Motherhead Road

P.O. Box 390

Cottlevilie, Missouri 63338-0390
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Mr, Roger Dunajcik, Environmentai Sanitarian
St. Charles County Health Department

305 N. Kingshighway

St. Charles, Missoun 63301

Mr, Terry Gloriod

Vice President for Production

5t. Louis County Water Department
535 North New Baltas Road

St. Louis, Missouri 63141

Mr. Dave Visintainer

City of St. Louis Water Division
Chain of Rocks Plant

10450 Riverview Drive

St. Louis, Missouri 63137

Mr, Ken Hogan

City of St. Louis Water Division
Howard Bend Plant

14769 Olive

Chesterfield, Missouri 63017

Mr. Jerry J. Brabander

Field Supervision

.8, Fish and Wildlife Service
Calumbia Field Office

608 Cherry Street

Columbia, Missouri 65201

FEDERAL - US. DOE - Headquarters

James J. Fiore, EM42

Directar, Office of Eastern Area Programs
1.8, Department of Energy

19901 Germantown Road

Germantown, MD 20874
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James M. Owendoff, EM40
Forrestal Building

U.S. DOE reem 5b050

1000 Independence Averue SW
Washington, DC 20585-0113

Mr. Jim Wagoner, EM-421

Director, Off-Site Programs Division
.S, Department of Enetgy

Division Cloverleaf

19901 Germantown Road
Germantown, Maryland 20874-1290

Mr. Robert Boettner, WSSRAP Offsite Mgr Div
Cloverleaf Building, EM-421

1U.8. Department of Energy

19901 Germantown Road

Germantown, Maryland 20874-1290

FEDERAL - U.S. DOE - Oak Ridge

Mr. Steven L. Wyatt {3copies)

U.5. Department of Energy

Qak Ridge Operations Office
Public Information Office, Rm 102
Turnpike Bldg.

Post Office Box 2001

Oak Ridge, Tennessee 37831-80352

Mr. Rod Nelson, EW-$0 :

Assistant Manager for Environmental Management
Qak Ridge Operations Office

1.5, Department of Energy

Post Office Box 2001

Oak Ridge, Tennesses 37831-8545

Distribution
Office of Scientific and Technical Information
U8, Department of Energy
Past Office Box 62
Qak Ridge, Tennessee 37830
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Mr. Peter J. Gross, SE-32
Environmental Protection Division
Qak Ridge Operations FB/220%
1.8, Depariment of Energy

Paost Office Box 2001

Oak Ridge, Tennesses 37831-8730

Mr. J.C. Hall, Manager

Oak Radge Field Office FB/3022
U.S. Department of Energy

Post Office Box 2001

{Oak Ridge, Tennessee 37831-8738

Manager for Environmental Safety and Quality
{Oak Ridge Operations

U.8. Department of Energy

Post Office Box 2001

Oak Ridge, Tennessee 37831-8738

COUNTY - Libraries

Kisker Road Branch

St. Charles City/County Library
1000 Kisker Road

St. Charles, Missouri 63303

Spencer Road Branch

8t. Charles City/County Library
425 Spencer Road

5t. Pefers, Missouri 63376

Kathryn M. Linneman Branch
St. Charles City/County Library
2323 Eln Street

St. Charles, Missouri 63301

Middendorf-Kredell Library
2750 Highway K
'Fallon, Missouri 63366
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. COUNTY - School Districts

Francis Howell School District

Mr, Donald J. McChueen, Consultant
Shannon & Wilson Inc.

11500 Qlive Blvd, Suite 3276

St. Louis, Missouri 63141-7126
314-872-8170

Mz, Robert Shoewe, Principal
Francis Howell High School
7001 Highway 94 South

St. Charles, Missouri 63304

Jerry Burbes

Francis Howell High School District
4545 Central Schoo!l Road

St. Charles, Mo 63304

Dan Brown

Francis Howell High School District
4545 Central School Road

St. Charles, Missauri 63304

Lee Brittenham

Superintendent

Francis Howell School District
4545 Central School Rd.

St. Charles, Missouri 63304

COUNTY - Weldon Spring Citizens Commission

Ms. Helene Diller, Administrative Assistant
Weldon Spring Citizens Commission

100 North 3cd Street, Room 107

St. Charles, Missouri 63301

Shannen Dougherty
Lindenwood University
Box 468

209 South Kingshighway
St. Charles, MO 63301

DOE/OIRIZIS48-773, Rey. 0 C-15




WELDHON SPRING SITE ENVIRCHNMENTAL REPORT FOR CALENDAR YEAR 1992

Mr. Richard Hampel
3 Whiting Bay Court
St. Charles, MO 63304

- Mr. Larry Sharp
2355 Canyon Drive
$t. Charles, MO 63303

John Urbanowizc

Weldon Spring Citizens Commission
4231 Weatherton Place

St. Charles, Mo 63303

Ms. Daryl Anderson

Weldon Spring Citizens Commissicon
3129 Essex Drive

St. Charles, Missouri 63301

Mr. Glenn A, Hachey

Weldeon Spring Citizens Commission
3441 Bluff View Drive

§t. Charles, Missouri 63303

Mr, Paul Thomas Mydler
Weldon Spring Citizens Commission
1000 S. Main Street

St Charles, Missourn §3301

Other agencies/companies/organizations

Mr. Jerry Branbander
Columbia Field Office

8. Fish and Wiidlife Service
608 E. cherry Street Room 207
Columbia, Missouri 63201

Mr. Bill Ferdinand

Quivra Mining Company

6305 Waterford Boulevard Suite 325
QOklahoma City, Ok 73118
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Mr. Jack Stein, Director

Envirenmental Engineering & Site Serwces Departmcnt

Anheuser Busch
One Busch Place
St. Louis, Missouri 63118

Mr. Richard Hoormann, County ngram Director

University of Missouri-Cooperative Extension Service

260 Brown Road
St. Peters, Missouri 63375

Ms. Jody Lally

Beston University School of Public Health

Environmental Health Department
Talbot 3C

30 East Concord

Beston, MA 02118

Mr. Mark Lusk

ASI _

477 North Shoup Ave Suite 107
Idaho Falls, ID 83402

Ms. Mary Picel (4 copies)

EID Division

Argonne National Laboratory

Q700 Sonth Cass Avenue, Building 900
Argomne, [, 60439

Chris Byrne

Progam Manager--Air, Land, and Water
St. Louis County, Department of Health
111 5. Merames

Clayton, Missouri 63105

Mr. Robert M. Wester, President
B.M. Wester and Associates, Inc.
215 Indacom Drive

St. Peters, Missourl 63376
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Stakeholders

Charles and Robyn Ackerman
2771 Santa Ynez
St. Charles, Missouri 63303

(ilenn & Lolle Boettcher
107 Summerset
St. Charles, Misscuri 63304

Ms. Elzine Blodgett, Chair
4023 Graybridge East

St. Peters, Missouri 63376
Margaret Culver

202 Wolfrum Read

Weldon Spring, Missouri 63304

Mrs. Kay Drey
515 West Point Avenue
University City, Missouri 63130

Paul & Jayne Ewalt
7133 Bentoak Court
Kirkwood, Missouri 63122

Mr. George Farhner

892 California Trail
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