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ABSTRACT

This Site Environmental Report for Calendar Year 1996 describes the environrhemal
monitoring programs at the Weldon Spring Site Remedial Action Project (WSSRAP). 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 levels and regulations, and to summarize trends
and/or changes in contaminant concentrations identified through environmental monitoring.

In 1996, the maximum total effective dose equivalent (TEDE) to a hypothetical individual
who was employed full-time at th]é nearby Missouri Highway and Transportation Department
Maintenance Facility (MHTD) w!as 2.7 mrem (0.027 mSv). The maximum TEDE to a
hypothetical individual at the bol'undary of the Weldon Spring Quarry was 0.0051 mrem
(5.1E-5 mSv). The maximum TIiEDE to a hypothetical individual who frequents the Weldon
Spring Vicinity Properties was 0'0934 mrem (3.4E-5 mSv). These estimates are below the U.S.
Department of Energy requirement of 100 mrem (1 mSv) annual total effective dose equivalent
for all exposure pathways. ' ' '

The combined collective population dQsé equivalent for the population assumed to
frequent the Busch Memorial C_on_'éervation Area (160,000 individuals) and employees of the
MHTD facility (nine individuals){was 0.19 person-rem (1.9E-3 person-Sv). Results from

radiological air monitoring for the, National Emission Standards for Hazardous Air Pollutants ‘

(NESHAPs) program indicated that all estimated total effective dose equivalents were less than
the U.S. Environmental Protection Agency (EPA) standard of 10 mrem (0.1 mSv) per year.
L ¢

Comprehensive monitoring indicated that emissions of radiological compounds in airborne
and surface water discharges from!the Weldon Spring site consisted primarily of Rn-220 gas,
isotopes of thorium and radium, |and natural uranium. Airborne Rn-220 emissions were
estimated to be 128 Ci (4.7E12 Bq), while emissions from a combination of thorium, radium,
and natural uranium isotopes to surface water was estimated to be 0.028 Ci (1.0E9 Bq), for a
total of 1,630 g (1.6 kg). There was no measurable impact to any drinking water source.

Various State and Federal permit levels are monitbred under National Pollutant Discharge
Elimination System (NPDES) permits. Permit levels were maintained during 1996, except for

five occasions when the settleable solids limit was exceeded at storm ‘water outfalls. .

~ DOE/OR/21548-676, Rev. 0 _ _ il
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Exceedances occurred at Outfall NP 0002 in June and October. at Outfall NP-0010 in April and
June, and Outfall NP-0016 in June.
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The ‘Weldon Sprmg Slte Remed1a1 Action Project (W SSRAP) is part - of the

U.S. Department of Energy (DOE) Environmental Restoration Program, one of thé remedial

action programs under the dlrectxon of the DOE Office of Environmental Management. This

Site Environmental Report for Calendar Year 1996 summarizes the environmental mom'toring
results obtained in 1996 and presents the status of Federal and Stare compliance activities.

1 INTRODUCTION

; : !
DOE requirements. for envxronmental monitoring and protectlon of the public, the

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

Protection Program, DOE Order 55400 S, Radiation Protection of the Public and Environment,

and the implementation gmde for DOE Order 5400.5: . Environmental Regulatory Guide for

Radiological Effluent Momtor;ng and Environmental Surveillance (Ref. 1).

- In 1996, envrronmental momtormg activities were conducted to support remed1a1 action
under the Comprehensive Envzronmental Response Compensation and Liability Act (CERCLA),
the Clean Air Act (CAA), the Nanonal Envzronmental Policy Act (NEPA), the Clean Water Act
(CWA) and other appllcable regulatory requirements. The momtonng program at the WSSRAP

has been designed to protect the pubhc and to evaluate the effects on the environment, if any.
from remediation activities. -~ !

-

_ The purposes of the Sire Environmental Report for Calendar Year 1996 include:

i Providing general mformatlon on the WSSRAP and the current status of remedial
acnvmes

Present'mg summary . data and interpretations for the 1996 environmental
monitoring program. = .

Providing information regarding ongoing remedial actions.

° Repomng comphance with Federal, State and local requirements and DOE
standards.

DOE/OR/21548-676, Rev. 0 . 1
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e  Providing dose -estimates for radiological compounds as appropriate for the
WSSRAP. : &

] 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 St. Louis (Figure 1-1). The site consists of two main
- areas, the Weldon Spring Chemical Plant and raffinate pits and the Weldon Spring Quarry, both
located along Missouri State Route 94. Access to both the site and quarry is restricted by locked
chain link fences with on-site security. '

The Weldon Spring Chemical Plant is a 67.2 ha (166 acres) area which operated as the
Weldon Spring Uranium Feed Materials Plant (WSUFMP) until 1966. Buildings were
contaminated with asbestos, hazardous chemical substances, uranium, and thorium. (Building
dismantlement was completed in 1994.) Radiological and chemical (polychlorinated biphenyls
[PCBs], nitroaromatic 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 approximately 10.5 ha (26 acres) (Figure 1-2).
These pits are radiologically contaminated with uranium and thorium residues and chemical
contaminants including nitrate, fluoride, PCBs, and various heavy metals. .

The Weldon Spring Quarry is a former 3.6 ha (9 acres) limestone qixarry 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, semivolatile organic compounds, nitroaromatics, and asbestos.

DOE/OR/21548-676, Rev. 0 o 2
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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 6,974 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 Memonal
Conservation Area) and to the University of Missouri (agricultural 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
ordnance works property was transferred in May 1955 to the AEC for construction of the
WSUFMP, now referred to as the Weldon Spring Chemical Plant. Considerable 'e)l(plosives
_decontamination was performed by the Atlas Powder Company and the Army prior to WSUFMP
construction. From 1958 until 1966, the WSUFMP converted processed uranium ore
concentrates to pure uranium trioxide, intermediate compounds, and uranium metal. A small
" amount of thorium was also processed. Wastes generated during these operations were stored
in 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 buming wastes from the manufacture of TNT ahd 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. Louis.
- These materials were contaminated with uranium and radium. Other radioactive materials in the
quarry include drummed wastes, uncontained wastes, and contaminated process equipment; ‘

The WSUFMP was shut down in 1966, and in 1967 the AEC returned the facility to the
Army for use as a defoliant production plant to be known as the Weldon Spring Chemical Plant.
The Army started removing equipment and decontaminating several buildings in 1968.
However, the defoliant project was canceled in 1969 before any process equipment was installed.

DOE/OR/21548-676, Rev. 0 6



|
{
o |
WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1996 . © . 7123/97

t

The Army retamed responsibility for the land and facilities of the chemical plant, but the 20.6 ha
(51 acre) tract encompassing the Weldon Spring raffinate pits was transferred back to the AEC.

The Weldon Spring site was placed in caretaker status from 1981 through 1985 l’ when
custody was transferred from the Army to the Department of Energy. In 1985, the DOE
proposed designating control and decontamination of the chemical plant, raffinate pits, and
quarry as a major project. 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 Priorities 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, ‘.a.nd waste history of the
Weldon Spring site is available in the Remedial Investigation for Quarry Bulk Wastes (Ref. 2)
and the Remedial Investigation for the Chemical Plant Area of the Weldon Spring Site (Ref. 3).

1.3  Geology and Hydrogeology ;

t

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 nonhem half of Missouri over 10,000 years ago
(Ref. 4).

b
N

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

There are three bedrock aquifers underlying St. Charles Couniy The shallow aquifer
consists of Mississippian Limestones and the middle aquifer consists of the Ordovician
Kimmswick Limestone. The deep aquer includes formatlons from the top of the Ordovncum

. DOE/OR/21548-676. Rev. 0 o1
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St. Peter Sandstone to the base of the Cambrian Potosi Dolomite. Alluvial aquifers of
Quaternary age are present near the Missouri and Mississippi Rivers.

The Weldon Spring Quarry is located in low limestone hills near the northern bank of
the Missouri River. The 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 dolomite. Near the quarry, the carbonate rocks dip to the
northeast at a gradient of 11 m/km to 15 m/km (58 ft/mi to 79 ft/fni) (Ref. 4). Massive
quaternary deposits_ of Missouri River alluvium cover the bedrock to the south and east of the

quarry.
1.4 Surfacé Water System and Use

The chemical plant and raffinate pits area is located on the Missouri-MissisSippi River
surface drainage divide (Figure 1-4). There are eight surface water bodies at the chemical plant
area: four raffinate pits, Ash Pond, Frog Pond, the chipped wood storage area pond, and the
material stagmg area (MSA) pond. Portions of Ash Pond were capped in late 1994. As a result
of the cappmg Ash Pond does not accumulate water unless the valve on the dlscharge 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. 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
common to the Ozark Plateau physiographic province (Ref. 4). |

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 August A. Busch Memorial
Conservation Area are used for public fishing and boating. No swimming is allowed in the

DOE/OR/21548-676, Rev. 0 8
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conservation aréa, although some may occur. No surface water is used for irrigation or as a

public drinking water supply. The northern and western portions of the site, including the Frog

Pond and Ash Pond areas, drain to tributaries for Busch Lakes and Schote Creek, which in tum
“enter Dardenne Creek, which ultimately drains to the Mississippi River. |

Two sedimentation basins minimize the discharge of sediment from the site during
remediation efforts. One basin is downstream of Ash Pond and collects Ash Pond runoff water
as well as all waters that discharge at Qutfall NP-0003 (see Section 7). The second basin
* collects water from the northeast section of the site and discharges to Outfall NP-0002.

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
surface 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 gi'oundwater. Past dewatering activities in the quarry suggesi that the
sump interacts directly with the local groundwater. Bulk waste removal, which included
“removal of some sediment from the sump area, was completed at the quarry during 1995. The
surface area of the sump remains at 0.07 ha (0.2 acres). The quarry pond is not used for any
operational or public water supply and is maintained by the DOE within an access-controlled and
restricted area. Quarry restoration, including the backfilling of the sump, is expected to begin
in 1998 following additional dewatering.

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 a levee system around the University's experimental farms (Ref. 5). The slough
receives contaminated groundwater migrating from the quarry, causing increased uranium
concentrations in the slough. The slough is used for recreational ﬁshing. ‘

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

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

DOE/OR/21548-676, Rev. 0 10
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‘Area, an island in the Missouri RIVCI' wtuch covers 1,031 ha (2, 548 acres) (Figure 1- 4) The
wildlife areas are managed for multlple uses, including timber, fish and wildlife habitat, and
recreation. Fishing comprises a relatxvely 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 com, soybeans milo, winter wheat, and legumes (Ref. 6). The Busch and Weldon Sprmg
Conservation Areas are open year—round and the number of annual visits to both areas totals
about 1,200,000. . | | "-

!
!

Much of the chemical plaint a}reai consists of maintained grassl%mds and old fields (65.5 ha
[162 acres]) that are periodically mowed. ' Grasses and forbs are found in this habitat including
big bluestem, timothy, red tip grass, foxtail, fescue, thistle, and goldenrod. :

The quarry is surrounded :t}y the Weldon Spring ‘Conservzfition Area, which consists
primarily of forest with some old field habitat. Prior to bulk wasté removal, the quarry floor
consisted of old-field habitat containing a variety of grasses, herbs, zind 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 slope and upland forest including cottonwood, sycamore, and
oak (Ref. 5). ; : ' 5

|
|
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 alxhost every winter and cool
weather interrupts periods of heat and humidity in the summer (Ref. 7).

Long-term meteorological records (since 1870) for the St. Louis area were examined to
obtain information relevant to the Weldon Spring site. The average annual temperature is
12.8° C (55.1° F). The average daily maximum and minimum temperatures are 19° C
(66.2° F) and 6.5° C (43.8° F), respectively. Maximum temperatures above 32.2° C (90° F) -
occur 35-40 days per year. Minimum daily temperatures below 0° C (32° F) occur about

DOE/OR/21548-676, Rev. 0 . 11
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111 days of the year. -Temperatures below -18° C (b° F) are infrequent, occurring only 2-
3 days per year. Mean annual precipitation in the area is approximately 94.0 cm (37.0 in:).

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

- 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 humidity, solar radiation, barometric pressure, and precipitation
accumulation. Data from this station are used to assess meteorological conditions and air
transport and. diffusion characteristics, which help determine possible impacts of airborne
releases. In addition, precipitation data are used to correlate water level fluctuations and
contaminant concentrations in surface water and groundwater wells.

On-site meteorological data recovery exceeded 99% in 1996. 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. '

1.7 Land Use and Demography

The population'of St. Charles County in 1996 was 255,066. The county's population
increased by 20% from 1990 to 1996. Urban areas occupy about 6% of county land, and
nonurban areas occupy 90%; the remaining 4% is dedicated to transportation and water uses.
The two communities closest to the site are Weldon Spring and Weldon Spﬁng Heights, about
3.2 km (2 mi) to the northeast. The combined population of these two communities in 1994 was
_1',208 (Appendix A). No private residences exist between Weldon Spring Heights and the site.

~ Francis Howell High School and the Missouri Highway and Transportation Department
are both within 1 km (0.6 mi) of the site. Francis Howell High School is about 1 km (0.6 mi)
northeast of the site along Missouri State Route 94. The school employs approximately 200
faculty and staff, and about 2,820 students attend school there (Appendix A). Students and staff
generally spend about 7 hours to 8 hours per day at the school. The buildings are also used for
‘other activities, such as athletic events and school meetings. The Missouri Highway and
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TABLE 1-1 Monthly Meteorological Monitoring Results for 1996
_ _ AVERAGE
TOTAL PRECIP AVERAGE_TEMP WIND SPEED PREDOMINANT
'MONTH (CM) (DEGREES C) (M/SEC) WIND DIRECTION
January 4.92 -2.1 3.98 s
February 0.53 1.9 4.02 SsSwW
March 1 8.01 4.8 4.07 N
April 2113 14,7 3.93 SSW
May 12.55 19.2 2.90 SsSw
June 12.22 22.9 2.23 SSW
July 10.14 23.6 2.23 Ssw
August 2.66 24.3 1.88 SSwW
September 9.59 18.5 2.19 NW
October 7.61 13.9 - 3.04 Ssw
November 16.69 3.5 2.73 S
December 1.98 1 .8‘ 3.44 WNW
Annual 108.03 12.0 3.05 SSW (12.1%)
Average/ {43.04 in.) '
Total

Transportation Department, located adjacent to the northemm boundary of the chemical plant,
employs nine full-time employees (Appendix A). About 300 ha (741 acres) of.land east and
southeast of the high school is owned by the University of Missouri. The northern third of this
: land is being developed into a high-technology research park. The conservation areas, operated
by the Missouri Department of Conservation, employ 25 full-time and part-time employees,
“including seasonal help during the summer months (Appendix A).

DOE/OR/21548-676. Rev. 0

14



WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1996 . . 7i23i97

2 ENVIRONMENTAL PROTECTION/RESTORATION PROGRAM OVERVIEW
2.1  Project Purpose

The U.S. Department of Energy (DOE) is respon51ble for the remedial action acuvmes
at the Weldon Spring site. The program is known as the Weldon Spring Site Remedial Action

Project (WSSRAP). The major goals of the WSSRAP are to eliminate potential hazards to the
public and the environment posed by the waste materials on the Weldon Spring site and, to the .

extent possible, make surplus | real propeny available for other uses.

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

under the Comprehensive Environmental Response, Compensation and Liabiliry Act (CERCLA)
of 1980, as amended by the Superfund Amendments and Reauthorization Act (SARA) of 1986.
Remedial actions at the site are subject to CERCLA requirements because the site is listed on
the EPA National Priorities List (NPL). Section 3 of this document further discusses applicable

"Federal. State, and local compliance requirements and the current status of compliance activities

at the Weldon Spring site and incorporating Narional Environmental 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 into the following four separate operable units:
Weldon Spring Quarry Bulk Waste, Weldon Spring Chemical Plant, Groundwater, and Quarry
Residuals. The Weldon Spring Quarry ,Bulk Waste Operable Unit includes 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 surface waters within the chemical plant boundary and vicinity
propemes The Groundwater Opemble Unit includes the groundwater at the chemical plant and
vicinity areas. The Quarry Residuals Operable Unit includes the quarry proper (post -bulk waste
removal), surroundmg areas, surface waters and groundwaters.

DOE/OR/21548-676, Rev. 0 : 15
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2.3 Environmental 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, General Environmental Protection Program, was
deveiop’ed. At the WSSRAP, environmental monitoring is conducted as required by DOE
Order 5400.1 to measufe and monitor effluents and to provide surveillance of effects on the
environment and public health. In addition to these objectives, environmental monitoring
activities support remedial activities under the CERCLA. This requires a careful integration of
- WSSRAP activities to implement all the environmental and public health requirements of the
CERCLA, DOE orders, and other relevant Federdl and State regulations.

The WSSRAP also complies with DOE Order 5400.1 requirements for preparation and

maintenance of an Environmental Protection Program Implementation Plan (EPPIP) (Ref. 8) and .

an Environmental Monito'rz'ng Plan (EMP) (Ref. 42). The EPPIP details the programs in place
at the WSSRAP to provide management direction, environmental protection goals and objectives,
the remedial status of the project, and the overall framework of the environmental protection
program at the WSSRAP. The EMP details the schedule and analyses for performing effluent
momtormg and envxronmemal surveillance activities:

The WSSRAP environmental protection program involves radiological and chemical
environmental 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
Jor Hazardous Air Pollutants [NESHAPs]) or permit levels and requirements (e.g., National
Pollutant Discharge Elimination System [NPDES]). Environmental surveillance consists of
analyzing environmental conditions within or outside the facility boundary for the presence and
concentrations of site contaminants. The purpose of this surveillance is to detect and/or track
the migration of contaminants. Surveillance data are used to assess the presence' and magnitude
of radiological and chemical exposures and to assess the potential effects to the general public
“and the envu'onment '

The WSSRAP environmental monitoring program involves sampling various media for
radiological constituents; primarily U-234, U-238, Ra-226, Ra-228, Th-230, and Th-232. These
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radionuclides are the primary radio'logical\ contaminants of concern at the Weldon Spring site.
Radiological 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 ‘radon.

Radiological monitoring is also conducted on NPDES discharges, streams, lakes, ponds,
groundwater and springs.

Chemical 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 1996 monitoring program -are metals,

~ inorganic ions (nitrate and sulfate), and nitroaromatic compounds. Other non-radiological

parameters monitored as part of the environmental monitoring program include asbestos at site
perimeter air monitoring locations and géochemical parameters such as calcium, manganese, and

sodium at selected groundwater locations: . The geochemical data are used in characterization
and contaminant flow transport studies. '

2.4  Project Accomplishments in:1996 :

Several activities were completed in 1996 under the overall plan for remediation of the

site. All four operable units are currently active, and, major accomplishments for all units are
! 2 % { e
detailed below. ' '

2.4.1 Weldon Spring Chemiéal Plant Operable Unit

2.4.1.1 - Site Water Tréétment Plant. Ongoing dischargés 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 1996, 166,540,000 liters (44 million'gallons)
of contaminated water were treated and discharged.

2.4.1.2 . RCRA/TSCA Storage. The Resource Conservation and Recovery Act
(RCRA) and Toxic Substances Control Act (TSCA) storage facility, Building 434, activities
included the transfer and off-site disposal of approximately 401 containers of 'liquid waste to the
K-25 incinerator in Oak Ridge, Tennessee. One-hundred-one containers were
RCRA/Department of Transportation (DOT) regulated, 16 containers were TSCA regulated, 228
containers wérq both RCRA/DOT and TSCA regulated, and 56 containers were either regulated
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by DOT, Missouri Department of Natural Resources (MDNR), or not regulated. Other activities
included sampling of approximately 40 containers for proposed shipment to the K-25 incinerator
in 1997, returning numerous laboratory samples to the original containers, and compacting
approximately 468 drums of radiological trash and personal protective equipment (PPE).

2.4.1.3 Disposal Cell. The disposal cell design was finalized and construction of
the cell will be initiated through the direct hire organization of the Project Management
Contractor. Bench scale and pilot in situ studies were conducted for developing a treatment for
the nitroaromatically contaminated soils on the temporary storage area.

A revised NPDES permit was obtained in conjunction with obtaining a construction and
operating permit for the disposal cell,leachate recovery system construction. Currently, all
leachate collected during waste placement and prior to cell closure will be treated and released
through Outfall 7.

2.4.14 - CSS Pilot Facility. This facility was used primarily for stabilizing high
selenium brine waste. Cement and fly ash were added to the brine and mixed in the pugmill.
After mixing, the brine was discharged into 0.9 m by 1.2 m by 0.9 m (3 ft by 4 ft by 3 f1)
precast blocks. Approximately 850 cu yd of brine and miscellaneous containers of RCRA waste
were treated and placed at the material staging area (MSA) in the form of blocks.

2.4.1.5 Raffinate Pit Debris Consolidation. Removal of the debris from
Raffinate Pits 2 and 4 was the first step in the overall cleanup of the chemical plant pits. The
debris was removed so that the underlying sludge could be accessed and dispositioned.

Debris consolidation activities were conducted from April to December 1996. During
this time, approximately 2,833 m? (3,385 cu yd) of debris were removed from the pits; "mclud'mg
approximately 6,130 drums. Wastes were investigated, classified, removed, handled, and placed
into storage in accordance with the Debris Consolidation Work Plan.

Waste types included process equipment, building debris, polychlorinated biphenyl
(PCB)-contaminated oils and solids, uranium/thorium process ores and intermediates, asbestos-
containing materials/man-made mineral fibers (ACM/MMF), elemental magnesium and
compounds, and compressed gas cylinders, among others. |
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2.4.1.6 ‘Mixed Waste. The WSSRAP began treatment of mixed wastes under the
‘Federal Facility Compliance Agreement (FFCA) site treatmerit plan in February 1995. The plan
consists of eight treatability groups; (1) aqueous liquids; (2) inorganic sludges and particulates;

(3) inorganic debris, metal, and batteries; (4) contaminated debris; (5) liquid mercury;

(6) reactives and oxidizers; (7) organic liquids; and (8) organic sludges.

The status of each treatability group during' 1996 ‘was as follows:
i Sy i ’ » ’ :
Aqueous Liquids:. Treatment of this treatability group began with batch neutralization
of the acids (four drums) and bases (four drums) waste streams in February 1995. ’_I‘wenty-ﬁve
drums of various metals-contaminated water were treated by batch treatment in a precipitation
tank followed by treatment in the site water treatment plant in December 1995. To complete

treatment of the entire treatability group, three drums of metals-contaminated water were treated

in February 1996.

Inorganic Siudges/PaniculateS' Treatment of this treatability grbup began March 22, '

1996.  Treatment of three entire waste " streams and two partial waste streams has been
completed. |

} Inorganic Debris, Metal, and Batteries: No treatment occurred during this reporting
period. |

~ Contaminated Debris: Treatment of this treatability group began July 11, 1996, with the
treatment of Waste Stream No. 25.

- Liquid Mer'cury:‘ Bench testing and full-scale treatment of this treatability group (two
drums) were completed in March 1995 - :

Reactives/Oxidizers: Bench testing of this entire treatability group, consisting of several

types of wastes, was completed in 1995. Full-scale treatment of the sodium metal waste began
April 5, 1996. '

Organic Liquids: The Project Management Contractor met with representatives from the

U.S. Department of Energy (DOE) Oak Ridge K-25 Incinerator in August 1995, and scheduled B
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these wastes for shipment to the incinerator in January and February 1996. Composite sampling
of approximately 300 drums was completed in October 1_995,', with analysis performed by
Lockheed-Martin, Oak Ridge, Tennessee. Four tanker loads were shipped in January 1996, and
the remaining two tanker loads were shipped in May 1996 due to K-25 operations interruptions.
The entire treatability group was treated. ' '

Organic Sludges: Nine drums from this treatability group were shipped to K-25 for
treatment; however, it was determined that 10 drums were not acceptable for treatment at K-25
at the present time due to their high solids content. '

2.4.2 Weldon Spring Quarry Bulk Wastes Operable Unit

The EPA allowed the Bulk Waste ROD to remain open until June 1996 to facilitate
removal of the northeast slope soils. Removal was completed in May 1996 under Work Package
486. ' '

On April 4th, the Final Bulk Waste Report was submitted to the EPA.

2.4.2.1 Quarry Water Treatment Plant. Due to slow recharge to the quarry
pond. the quarry water treatment plant (QWTP) must be periodically shut down. During 1996,
the QWTP treated and discharged approximately 18,925,000 liters (5 million gallons) of treated
water. All discharges from this plant were within the effluent standards set forth in the
conditions of the NPDES permit for the Weldon Spring Quarry.

2.4.3 Weldon Spring Quarry Residuals Operable Unit

On December 7, 1996, the draft Remedial Investigation for the Quarry Residuals
Operable Unit of the Weldon Spring Site, Weldon Spring, Missouri and the Baseline Risk
~ Assessment for the Quarry Residuals Operable Unit of the Weldon Spring Site, Weldon Spring,
Missouri were transmitted to the U.S. Environmental Protection Agency, Region 7 and the
MDNR for review. Agency comments were received in February v199,7‘ Comments were
incorporated and the final draft versions of both documents were distributed in Apﬁl 1997. .
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2.4.4 Weldon Spring Groundwater Operable Unit | 4 S

The draft remedial investigation and baseline risk assessment reports for the groundwater
operable unit were submitted to EPA and MDNR in 1996. The WSSRAP and the U.S.
Department of the Army worked together to_jointly address the groundwater issues for the
Weldon Spring Chemical Plant and the Weldon Spring Ordnance Works in these joint
documents. - The remedial mvestlgatron was conducted in 1995 and included a joint sampling

effort by the DOE and the U.S. Army Corps of Engineers of all wells in the chemical plant and -

ordnance works areas. The draft final Remedial Investigation and Baseline Risk Assessment was
submitted to the EPA and the MDNR on February 20, 1997.

2.5 Incident Reporting - Environmental Occurrences in 1996
In accordance with DOE Order 5400. 1, Chapter II, 2.(b). field organizations are required
to prepare annual summary repons on environmental occurrence activities and to report this

information in the annual site environmental report.

In 1996, seven off-normal occurrenees of an environmental nature were reported under

DOE Order, Occurrence Reporting and Procé.rsirig of Operations Informarion. Table 2-1 lists -

these environmental occurrences for 1996 and the followmg paragraphs prov1de short
~ descriptions. - _ P -

'

TABLE 2-1 Environmental Occurrencés CY1996/C)

OCCURRENCE OCCURRENCE , ‘ :

REPORT NUMBER DATE : SUBJECT OF OCCURRENCE
1996-0003(a) 04/22/96 | Noncompliance with NPDES Permit.
1996-0004(a) - 04/22/96 - PCB contaminated oil spill.
1996-0005(a) 05/04/96 - | Mislabeled drum emptied into equalization basin.
1996-0008(a) 06/03)96 - ‘Noncompliance wtth annual inspections o‘f backflow

; § : prevention devices.
1996-0010(a) 06/06/96 NPDES vielation at three outfall locations.
1996-0018(a) | 09/26/96 Receipt of notice ef violation from MODNR.
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" TABLE 2-1 Elnvironmen"'ta'l Occurrences CY1996'° (Continued)

OCCURRENCE v OCCURRENCE _ :
. REPORT NUMBER " DATE SUBJECT OF OCCURRENCE
1996-0019(a} 10/21/96 NPOES violations at outfall NP-002. A

(a) Off-normal occurrence.

~ Occurrence 1996-0003 involved an NPDES sample from Outfall NP-0010 from the
construction material staging area (CMSA). The CMSA is under development and undergomz
grading near the outfall for a sedimentation basin. The settleable solids limit for the outfall is
1.0 ml/lhr, and the actual measured settleable solids were 17.0 mVUhr. This was
noncompliance with the daily maximum limit. The MDNR was notified.

Occurrence 1996-0004 involved an oily sheen on a puddle near a suspect PCB area.
Approxunately 18.9 1 (5 gal) of suspect PCB contaminated oil spilled from a 208 1 (55-gal)
drum. Another drum was observed leaking approximately 37.8 1 (10 gal) from a 132 1 (35 gal)
~drum. These two spills together added up to approximately 56.7 1 (15 gal). exceeding half the
reportable quantity at 35.7kg (75 1b). No personal contamination resulted from this occurrence.

Occurrence 1996-0005 involved a subcontract employee who was assigned to empty the
contents of two drums of sodium aluminate product into the site water treatment plant (SWTP)
equalization basin. The employee located a 208 1 (55-gallon) drum, which he assumed to be
sodium aluminate. He opened the drum, added water, and emptied the contents of the drum into
the equalization basin. He'‘then observed a green salt material, a piece of concrete, and a piece
of iron in the bottom of the drum. The material was verified to be radioactive with a meter.
The employee stopped his work and reported his finding to the operator in charge. The
employee was donned in proper personal protective equ1pment for this activity and no exposure
occurred

The contents was determined to be a RCRA hazardous material for barium, based on
'charactenzatxon data. The drum was sent from Building 434 to the SWTP for processmg The
labeling on the outside of the drum was unproper and madequate
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. Occurrence 1996-0008 involved the PMC receiving two written notices from the
Missouri-American Water Company’ (one of the suppliers of potable water to the project)
concerning the requirement under State regulation 10 CSR 60-11.010 to perform an annual
inspection on backflow prevention devices (BFPs). As a supplier of potable water to the site,
Missouri-American is required to notify its customers and the MDNR if annual 'mspectioh
reports are not received on or before 45 days following the annual due date, and the company
normally alerts customers of upcoming inspectioniequirements each year.

The PMC conducted a thorohghvreview of its backflow prevention device inspection

program.

The review resulted in the following findings:

The BFPs (identified on inventory as Nos. 9, 14,15, 16, 17, and 18) identified
in one of the notices f@equired inspection. on February 27, 1996. Copies of the
inspection reports are in PMC files and verify that the devices were inspected
February 27, 1996. In a discussion with a representative of National Fire
Suppression Company (the PMC's inspection subcontractor) it was learned that

' 'copies of the reports were not submitted to Missouri-American Water Company.

A review of PMC records indicated that a total of 18 BFPs were on inventory at
the Project. In accordance with 10 CSR 60-11, BFPs must be inspected within
30 days of the annual inspection due date and the subsequent inspection report
must be submitted within 30 days following the inspection. Two BFPs located
at the quarry (Nos. 12 and 13) were due for inspection on February 15, 1996;
however, due to interim repairé the inspection was postponed to align the
inspection schedule with other BFPs which are due for inspection in June.

Two additional BFPs, which were not listed on the current,'mventory', were
identified; one at the chemical stabilization and solidification (CSS) pilot plant and
the other at the SWTP Train 2. No initial inspection documentation could be
found on these BFPs following installation.

_ Occurrence 1996-0010 involved samples taken on June 6, 1996, showing'noncomp_liance
with daily maximum of 1.0 mV/V/hr for settleable solids at Outfalls NP-0002, NP-0010, and
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NP-01 16. This is a violation of the National Pollutant Dlscharge Elimination System penmt
with the State of Missouri.

Settleable solids for each outfall were:

~ NP-0002 - 1.2 mY/V/hr
NP-0010 - 38 ml/V/hr
NP-0116 - 15 ml/l/hr

The PMC notified the MDNR by telephone within the 24-hour requirement. A letter was
sent to MDNR on June 13, 1996, as required by the permit.

Occurrence 1996-0018 involved receiving a Notice of Violétion (NOV) from the Missouri
Department of Natural Resources. See Section 3.1.1 MDNR.

"Occurrence 1996-0019 involved a storm water sample that was collected at Outfall -
NP-0002 on October 21, 1996. Settleable solids were 16 ml/l/hr, which is above the daily
maximum permit limit of 1 ml/l/hr. The flow at the time was recorded as 2,233 | per miniite
(590 gal per minute). Precipitation was approximately 3.76 cm (1.5 in.) over a short period of
time, and the sample was collected whlle it was still raining, but after the heaviest period of

~-rain.

This outfall is located approximately 30.5 m (100 ft‘) downstream of the outlet of
- Sedimentation Basin 1. Vegetation has been fairly well established in this area and ditches have
been nprapped Most of the flow to the outfall is from Sedimentation Basin 1.

Releases reéported to other agcncies (i.e. the EPA, Nat1onal Response Center [NRC]) are
not dlscussed in this section. Refer to Section 3.2.2.1, Release Reporting. '

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 environmental report, including the groundwater protection management program,
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- : ]
the meteorological monitoring progmm 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 WSSRAP. :

‘

2.6.1 Groundwater Protection Management Plan

' The WSSRAP has a formal groundwater protection and management program in place.
The policies and practices are documented in the Groundwater Protection Program Management
Plan (Ref. 13). 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 pohcws pertaining to groundwater
monitoring, including well mstallanon decontammatlon construction, sampling methods, and
abandonment . methods, are detailed in this plan. The plan also outlines 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 is currently in revision and will be referred to as the WSSRAP Groundwater

* Protection Management Plan, which is expected to be completed in mid-1997. The revised
program will include those practices and pohc1es 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.
‘Additionally, the practices and policies have been reviewed and revised to comply with the
proposed Federal Regulatxon 10 CFR 834 Radzatzon Protecrion of the Public and the
Environment, Draft 1996

2.6.2 Meteorological Monitoring Program

A meteorologxcal station is located at the chemical plant to provxde data to suppon the
. environmental monitoring programs. The meteorological station provides data on wind speed,
wind direction, ambient air temperature, relative humidity, barometnc pressure, solar radiation,
.and precipitation accumulation. Data from this station are used to assess meteorological

condmons and air transport and dnffusnon characteristics, which determine p0551ble impacts of
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airborne releases. In addition, precipitation data are used to correlate water level fluctuations
and contaminant concentrations in surface water and groundwater wells.

Since the completion of a system upgrade in Auguét 1994, meteorolbgical data recovery
has exceeded 99%. -An off-site meteorologist provides monthly data reviews and semiannual
maintenance and performance checks for the station.

2.6.3 Surface Water Management Program

The WSSRAP maintains a surface water management program to ensure effective
implementation of policies detailed in DOE Order 5400.5 and documented in the Surface Water
Management Plan (Ref. 14). This program also incorporates the as low as reasonably
achievable (ALARA) concept in the execution of the program.

This plan identifies existing and potential water sources, water quality categories, and
provides the requirements and methodologies for prbper control, management. and disposition
of site waters. Erosion and water control, and water management for the quarry and site water
treatment plants are also discussed. The key elenients of the plan are source identification,
characterization, monitoring, engineering controls, and management methods. .

2.6.4 Radiation Protection Pfogram .

The U.S. Department of Energy issued 10 CFR 835 (Occupational Radiarion Protection).
in December 1993 in the Federal Register; 10 CFR 835 sets the minimum acceptable
occupational 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. A

As of December 31, 1996, the WSSRAP is in full compliance with all applicable sections
of 10 CFR 835.
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2.6.5 Waste Management Program ff : R T | ;

The waste management program involves characterization of hazardous chemicals and
wastes found on site, proper storage, and management of the waste. This program also
encompasses the transpdnation program, -including packaging and shipping of hazardous waste
samples. During 1996, 1,197 shipments (mostly environmental samples) were shipped off-site,
of which 192 were regulated as hazardous materials. Hazardous and mixed wastes are stored

in the on-site RCRA and TSCA storage faéility (Building 434) at the asbestos storage area, and

temporary storage area until a final treatment or disposal option is available.

© 2.6.6 Waste Minimization/Pollution Prevention Program

The Weldon Spring Site Remedial Action Project (WSSRAP) Waste-Minimization

- Program is outlined in the Waste Minimization/Pollution Prevention Awareness Plan (Ref. 16)

in accordance with the requirements of DOE Order 5400.1. Because long-term, volume-specific
goals for waste minimization are not appropnate for nonoperational facilities, the WSSRAP
adopted "as low as reasonably achievable" (ALARA) goals.

The program is pnmanly geared toward material substitution and source or volunie
reductlon 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
routmely employed at the WSSRAP include | removmg packagmg 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 list of the waste mir’limization activities conducted during 1996.

. Used personal protective equipment (PPE) is being compacted on site into 208 |

' (55-gal) containers for on-site storage. Cbmpaction of the PPE will reduce the

amount of volume of waste placed in the disposal facility. During the period the
WSSRAP generated 468 drums (41,189 kg) of compacted PPE.
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L A surplus material inventory is being maintained for materials and equipment that
can be reused as opposed to buying duplicates or potentially contaminating
duplicate products when they are taken into the radioactive materials management
areas. The inventory consists of approximately 240 materials and/or equipment
that can be used again. ‘

. One hundred sixty-eight nickel/cadmium and 25 lead batteries were sent back to
the manufacturer for recycling.

®  One hundred five cubic meters (126 cu yd) of cardboard and 8,000 alﬁminum
cans were collected by a recycler.

- Reusable cotton coveralls are being laundered and reused.
. The WSSRAP gave approximately 150 computers and 150 monitors to a local
~ high school under Executive Order 12821, which allows agencies to transfer
educationally related Federal equipment to secondary schools.

e - Approximately 100 vehicle and eqdipmem tires were sent to a recycler.

. One hundred sixty-nine incandescent and 1,206 fluorescent light bulbs were
shipped to a recycler. S '

In 1996, the WSSRAP identified numerous products that contained Class | and Class 2

chlorofluorinated hydrocarbons, which are being phased out by the Department of Energy.

Those products identified were returned to the supplier and substitute materials were obtained.
. The goal for 1997 is to have no ozone depleting substances on site.

2.6.7 Training

Training is a key element of the environmental protection program. Through training,
each employee is instructed in the policies and procedures related to environmental protection.
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The training program can essentially be broken into three main areas: (1) required
reading. (2) special courses taught on site to convey specific policies or issues, and (3) off-site
courses designed to prov’idé instruction for specific areas. Department managers establish
training matrixes for each employee to ensure a comprehensive understanding of posmon
reqmrements and overall pohc1es and program requirements. ‘
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3 COMPLIANCE SUMMARY
3.1 'Compliance Status for 1996

The Weldon Spring site is listed on the National Priorities List (NPL), and therefore the
Weldon Spring Site Remedial Action Project (WSSRAP) is governed by the Comprehensive
Environmental Response, Compensation and 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 statutes, such as the Resource
Conservation and Recovery Act (RCRA), the Clean Water Act (CWA), the Clean Air Act (CAA),
the National Historic Preservarion Act (NHPA), the Safe Drinking Water Act (SDWA),
Endangered Species Act, and Missouri State regulations. Because the U.S. Department of
Energy (DOE) is the lead agency for the site, the National Environmental Policy Act (NEPA)
values must be incorpdrated The requirements of DOE Orders must also be met. Section 3.1.1
is a summary of WSSRAP compliance with applicable Federal and State regulatxons and Section
3.1.2 is a summary of the WSSRAP compliance with major DOE Orders.

3.1.1. Fedefal and State Regulatory Compliance

Comprehensive Environmental Response, Compensation and Liability Act

‘'The WSSRAP has integrated the procedural and _doéumentation requirements of the
- CERCLA. as amended by the Superfund Amendments and Reauthorization Act (SARA). and the
NEPA. as required by the policy stated in DOE Order 5400.4.

The WSSRAP used NEPA and CERCLA supporting documentation to prepare the Record
of Decision for Remedial Action at the Chemical Plant Area of the Weldon Spring Site (ROD)
(Ref. 24). The ROD was signed in September 1993 by the Environmental Protection Agency
and the Department of Energy. This decision document presents the selected remedial action
for the chemical plant area of the Weldon Spring site. The preferred remedy for the chem_ical '
plant area of the Weldon Spring site is removal, chemical stabilization/solidification of selected
site wastes, and dxsposal on site. The ROD identifies monitoring requuements for this remedial
action and for development of a Mzngatzon Action Plan.
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The Engineering Evaluation/Cost. Arralysis (EE/CA) for the Proposed Removal Action at .
the Southeast Drainage (VP-A7 and B4) (Ref. 70) mcorporated the requxred NEPA values as

authorized in DOE Order 451. 15 a (13)

Missouri Department of Natural Resources "

The WSSRAP received a Notice of Violation (NOV) from the Missouri Department of
Natural Resources (MDNR), dated September 26, 1996. The subject of the NOV was the

inadvertent addition of a drum of hazardous waste that failed the toxicity characteristic leaching

procedure (TCLP) for barium to the site water treatment plant equalization basin on May 4,

1996. Please refer to Occurrence Report; Number 1996-0018. The NOV cited Section. -

- 260.380.1(7) of ‘the Missouri Hazardous ‘Waste Management Law for failure to utilize an
“authorized hazardous waste disposal facility'and assessed a $10,000 fine.

During negotiations on this matter, the WSSRAP submitted responses to the NOV on
October 18 and 24, 1996; a conference call was held with the MDNR on November 1, 1996:
and another response was submitted by the WSSRAP on November 15, 1996. These responses
disputed the allegations made by the MDNR. The MDNR issued another letter on November
27, 1996, which reiterated the original citation and added five additional alleged violations. On

December 15, 1996, the WSSRAP responded with a letter that documented compliance with

regard to each alleged violation cited by the MDNR. .The letter also quoted the MDNR's
proposed Rule 10 CSR 11.02, Incennves for Self-Auditing, which provides incentives for self-
disclosure. The letter offered to settle the matter with the MDNR for-a fine of $5.000 and no
. admission of violations. A formal responSe to this letter was received from the MDNR on May
7, 1997. The WSSRAP obJected to MDNR S proposed settlement language in a letter dated May
19, 1997.

Resource Conservation and Recovery Act

'
|

Hazardous wastes at the Weldon Sprmg site are managed (as substantive applieable or

relevant and appropriate requirements [ARARs]) as required by the RCRA.. This includes
characterization, consolidation, ‘inventory, storage, treatment, and transportation of hazardous

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

(WSUFMP) and wastes that are generzited during remedial activities.
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A RCRA rtreatment, 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 ehtirely on site.

A The RCRA was amended by the Federal 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 MDNR in October 1995. The 1996
Annual Update to the Site Treatment Plan for the Weldon Spring Site (Ref. 72) was submitted
to the MDNR by October 15, 1996. The Update included Volume 1: Compliance Plan Volume
~ and Volume II: Background Volume. It is submitted in accordance with Section 2.3 of the

Co)npliance Plan of the Site Treatment Plan. The highlights from the update included (1) the
~ completion of three treatability groups: Aqueous Liquids, Liquid Mercury, and Organic
Liquids: (2) the shipment of organic wastes to the K-25 Oak Ridge Incinerator; (3) the proposal
of a new target date for the treatability group Organic Sludges; and (4) information regarding
the new waste stream: nitroaromatic soils. '

RCRA groundwater monitoring for regulated units is discussed in detail in Chapter 3.

Clean Air Act

CAA compllance requxrements pertaining to the site are found in Title I Nonattamments
Tltle II - Hazardous Air Pollutants (including National Emission Standards for Hazardous Air
Pollutants [NESHAPs]) and Title VI - Stratospheric Ozone Protectlon NESHAPs dose
* calculations for 1996 indicate the highest receptor actmty was below the NESHAPs standard of .
10 mrem (0.1 mSv).

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

“Under Title I, asbestos and radionuclides are hazardous air pollutants. The standards |
establish criteria for the control of radionuclide and asbestos emissions. WSSRAP monitoring
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programs for radionuclides and asbestos are described in detall in Sectl(l)ns 4 and 6 along with

the 1996 status of the monitoring." ! - ,:

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

the threshold limits of 9.07 metric tons per year (mtpy) (10 tpy) of any single hazardous air
pollutant or 22.7 mtpy (25 tpy) of a combination of hazardous air p_ollutants; nor does the project
currently store over 3,780 liters (1,000 gal) of g_aso'line per container on site. Therefore, the
project is not subject to the requirement for vapor recovery systems for gasoline distribution.

However, the Project Management Contractor (PMC) will continue to monitor the various. 7

sources for applicability. -The categories of radionuclide emitters are not yet listed because the
criteria for defining major and area sonrces of these pollutants have not been selected. Upon
promulgation of ‘the Maximum Available Control Technology standards, the WSSRAP will
develop appropriate plans to comply wnh the standard for each of these source categories.

Sections 608 and 609 of Title VI are applicable to the WSSRAP. Séction 608 establishes
requirements for national recycling and emission reduction of Class I and II substances

(chlorofluorocarbons and hydrochloroﬂuorocarbons respectively). The section makes it
unlawful to release, vent, or .dispose of any Class I or II substances. Requirements in
Section 608 apply to servicing, repairing, mamtammg, and disposing of any refrigei‘ation system
(old or new) or air conditioning system ‘(old or new). Section 609 specifies requirements that

‘pertain to servicing motor vehicle air conditioners and applies to all WSSRAP vehicles. The

WSSRAP is complying with Sections 608 and 609'of Title VI of the 1990 CAA amendments by
(1) implementing a phase-out policy of o\zone'-depleting substances by instituting controls in the
purchasing and use of these substances; and (2) obtaining copies of the personnel training
certifications and equipment approval records for personnel and subcontractors that service any
WSSRAP equipment containing Class I' or Class I substances (e.g., refrigerators, heating.
‘ventilating, and air conditioning [HVAC] units, abandoned refrigeration units) or any. WSSRAP
vehicle cooling system.

~ Clean Water Act

Effluents discharged to waters of tho United States are regulated under the Clean Woter

Act (CWA) through regulations promulgated and implemented by the State of Missouri. The -
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Federal government has granted regulatory authority for implementation of CWA provisions to
those states with a regulatory program that is at least as stringent as the Federal program.

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

During 1996, 18,925,000 liters (5 million gallons) of ‘w‘at,er was treated through the
quarry water treatment plant (QWTP) and discharged through the QWTP NPDES outfall. In
the same period, 166,540,000 liters (44 million gallons) of water was treated through the site
water treatment plant (SWTP) and discharged through the SWTP NPDES outfall.

E loodglain Management

The floodplain management Executive Order 11988; 10 CFR Part 1022 is applicable at

the Southeast Drainage area, which lies in the Missouri River floodplain. Mitigative measures

will be taken to minimize any adverse impacts, and the areas will be restored to original

conditions after completion of the removal action. A floodplains notice of involvement was
published in the Federal Register on April 16, 1997. After a 15 day public comment period,
a floodplain statement of findings was published.

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 m'aintains compliance with Federal In;secticide, Fungicide, and Rodenticide
Act - requirements through inspection of controlled pesticide/herbicide storage areas. No
application of restricted-use pesticides occurred during 1996.
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|'
Department of Transportation ll :
. . ‘ | } | 4 1 . . e s - . ’ »
Pursuant to U.S. Department of Transportation (DOT) training requirements, the
WSSRAP continues to conduct on-site training on hazardous material transportation. - 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 !

Currently, the Safe Drin/@'ng Water Act (SDWA) is not an applicable and/or relevant and

appropriate requirement at the'WSSRAP. The SDWA is currently being ¢valuated for its

applicability to the groundwater;and Quarry Residuals Operable Units.

Emergency Planning and Community Right-to-Know_Act

The 1995 Emergency Plahning and Community Right-to?Know Act (EPCRA) Tier II report

was completed and provided on .:January 30, 1996, to the local emergency planning committee
(LEPC) and to the Missouri State Emergency Response Commission (MERC).
The Toxic Release Invenfory (TRI) report was submitted oh June 14, 1996, to thé EPA
for the only chemical (hydrochloric acid) exceeding usage thresholds.

The July 25, 1996, revisici)n to the TRI list madehydrochloriic acid reportable only in the
aerosol form. This report was resubmitted on September 16, 1996.

National Historic Preservation Ag:t

No activity was conducte& during this reporting period that would fall under this Act.
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Cultural Resources

A review of existing file and literature information regarding archaeological and historic
resources of the Southeast Draihage_ area and an archeological field survey and evaluation were
conducted for the DOE in 1990 (Ref. 70). The field survey entailed a surface examination of
the stream bed and exposed cutbacks. One prehistoric lithic artifact (projectile object) was
recovered from the stream bed; the artifact exhibited evidence of extensive water transport and
probably had been redeposited. No archeological remains were observed in the exposed stream
~cutbanks. One historic period site (farmstead location) is located at the creek mouth near the
confluence with the Missouri River; structures associated with this farmstead were demolished
when the U.S. Army acquired the property. No evidence was found of significant cultural
remains in the area directly affected by the stream. Neither the isolated prehistoric artifact nor
the historic farmstead location appears likely to meet eligibility criteria for listing in the National
Register of Historic Places. As engineering design for remediation of the Southeast Drainzige
progressed, other areas outside of the defined stream channel were identified as locations that
~would be disturbed during the work. On April 21-24, 1997, a Phase I archeological survey of
these locations was performed. No archeological sites were found to be located within the
planned construction zone. A survey report will be provided to the State Historic Preservation
Officer. C '

Endangered Species Act , : .

In support of the EE/CA for the Southeast Drainage (Ref. 70) the list of endangered and
threatened species was reviewed. Federal-listed threatened, endangeréd, and candidate species
have been identified by the U.S. Fish and Wildlife Service as occurring in the Weldon Spring
Area (Ref. 70); none of these species are expected to use habitats in the Southeast Drainage.
Several State-listed species also occur in the area, and some may use the drainage. The State
rare wood frog, a forest-floor-dwelling species, has been found in the Southeast Drainagé, éhd
the State rare Cooper’s hawk could use terrestrial habitats along the drainage. The western sand

, darter is a State watch-listed species that has been reported from St. Charles County and may
be present in the lowermost reaches of the Southeast Drainage. However, surveys in the
drainage have not found this species. No critical 'habita't has been identified in the Southeast
Drainage area, and no adverse impacts to threatened or endangered species are expected to result
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from the removal action. Infonnal consultatlons have occurred with the U S. Fish and Wildlife
Service: 1f such species- mrght be affected, the requirement would be appllcable
~ Engineering Evaluation/Cost ‘IAnalysis ('EE/CA) for Southeast Drainage

v \ ‘ : .

The EE/CA for the Sou]theast Drainage (Ref. 70) was completed in August 1996. Under
the proposed action selected m the EE/CA, specific contaminated sediment in accessible areas
of the drainage would be rempved w1th track-mounted equipment and transported by off-road
haul trucks. Implementing the! proposed action would require use of three minimal-access routes
capable of supporting off-road jhaul trucks at slow speed. It is anticipated that all of these routes
could be constructed without addrtlonal clearing and with minimal upgrade. - Access would be
from the south end of Katy Tra11 and from temporary previously dlsturbed off-road routes to the
north and south of the upper Southeast Drainage. Excavated materials would be stored
temporarily at an on-site storage area, with final disposal in the planned engineered disposal cell
for the Weldon Spring site. On the basis of stability testing préviously performed for related
' ~wastes, the waste matenal from the excavatlons would not be treated before disposal (Ref 70).

- Characterization data are bemg used to define the excavation. volumes and depths, which
typically are 0.6 m t0 0.9 m (2 'ft to 3 ft) below the surface. The sediment would be excavated
with track-mounted loaders, the& buckets would be covered with tarpaulins at the excavation site,
and the excavated material would be hauled out of the drainage to haul trucks at the staging
areas. Multiple trips would be made by the track loaders to avoid building a road in the
drainage. The materials would(be hauled to the site from the staging areas in off-road trucks.

Locations selected for soﬂ removal were determined usmg risk-based concentrations
calculated by combining the appropnate intake and risk equatlons for the exposure pathways
identified for both current and future land use scenarios (Ref. 70). The most likely scenario is
that a hunter that would hunt mi the dramage 20 times a year, for 4 hours each .event, over a
-duration of 10 years. - Another hypothetlcal use scenario involves a-child playing in the drmnage
90 times a year, for 4 hours each time, over a 10 year period. Atal X 107 risk level,
concentrations are as follows: Ra- 226, 13 pCi/g; Ra-228, 13 pCi/g, Th-230, 350 pC1/g, and
U-238, 290 pCi/g. The concentration limit for U-238 includes the contribution from U-234, and
the levél for Ra-228 includes the contribution from Th-228. For comparison, the equivalent
risk-based cleanup criteria- for each radionuclide for the hunter scenario are 60 pCi/g for both
Ra-228 and Ra-226, 1,600 pCr/g* for Th- 230 and 1, 300 pCi/g for U-238.
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3.1.2 DOE Order Compliance

3.1.2.1 -~ DOE Order 5400.5, Radiation Protection of the Public and the
Environment. - DOE Order 5400.5 establishes primary standards and requirements for DOE
operations to protect members of the public and' the environment against undue risk from
radiation. The DOE operates its facilities and conducts its activities so that radiation exposures
to members of the public are maintained within established limits. -

The annual dose to the maximally exposed member of the public as a result of activities

- at the Weldon Spring site was below the 100 mrem (1 mSv) guideline for all potential exposure

modes. The 10 mrem (0.1 mSv) annual dose limit for public exposure to airborne emissions.

excluding radon and its respective decay products as specified in 40 CFR Part 61. Narional

Emission Standards for Hazardous Air Pollutants, was not exceeded in 1996. The appropriate

dose evaluation techniques were used to assess 1996 environmental monitoring and surveillance
data in compliance with this requirement.

The annual average uranium concentrations at all NPDES outfallg were below the derived
concentration guideline (DCG) of an annual average of 600 pCi/l (22.2 Bg/l).

Records of all environmental monitoring and surveillance activities conducted -at the

~ Weldon Spring site in 1996 are being maintained .in accordance with the requirement of this

* order. All reports and records generated at the WSSRAP in 1996, pursuarit to DOE order
requirements. presented data in the units specified by the applicable regulation or order.

31.2.2 DOE Order 5820.2A, Radioactive Waste Management. DOE -
Order 5820.2A establishes policies, guidelines, and minimum requirements by which the DOE
manages its radioactive and mixed waste and contaminated facilities. The Weldon Spring site
_ was in compliance with the applicable portions of Chapter IV management of waste containing
Area 11e(2) by-product material and naturally occurring and accelerator produced radioactive
material, Chapter V (decommissioning of radioac_tively contaminated facilities), and Chapter VI
(administrative activities related to the Wasre Management Plan [Ref. 20]). The types of wastes
addressed in Chapters I, II, and III of the_Ordef were not present at the site. While the term
"low level waste" is used in the FFCA site treatment plan abatement order, we expect to be able
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to clarify the definition of these wastes to reflect that they are by product materials as defined
in DOE Order 5820.2A. 1
i i :

3.1.2.3 DOE Order 5400.1, General Environmental Protection Program. The
WSSRAP conducted both radii?logical and nonradiological environmental monitoring prog'rams
at the site and vicinity properties. Environmental monitoring required by DOE Order 5400. 1
was conducted to measure and monitor effluents and to provide surveillance of their effects on
. the environment and public hel‘lilth.

The WSSRAP was in compliance with Order 5400.1 requirements for preparation of an
Environmental Protection Program Implementarion Plan (EPPIP) (Ref. 8). The EPPIP details
programs in place at the WSSRAP to provrde management direction, environmental protection
goals and objectives, and the overall framework for the environmental protection program at the
WSSRAP. The project has- prepared zm Environmental Momtormg Plan (Ref. 42) that is
rev1ewed annually and revised as ECEssAy:

In addition to the plans developed for overall env1ronmental monitoring and protection,
the WSSRAP annually reviews and revises, as necessary, the Groundwater Protection Program
Management Plan (Ref 13) and the Waste Mmzmzzanon and Pollution Prevention Awareness Plan
"~ (Ref. 16) Refer to Section 2.6 for addmonal details.

3.2 Current Issues and Actions
3.2.1 Current Issues

3214 National Emission Standards 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 has been
mandated per 40 CFR 61.93 (b)(5), whereby air concentrations are monitored at six designated
critical receptor locations on and around the Weldon Spring site. The WSSRAP plan is
contained in the Plan for Monitoring ' Radionuclide Emissions Other Than Radon at Weldon
Spring Site Critical Receptors (Ref. 21), which has been approved by the U.S. Environmental
Protection Agency (EPA). The EPA 3has‘ also approved the WSSRAP plan to report annual
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monitoring results and effective dose equivalents at critical receptor locations via the annual site
environmental report.

3.2.2 Cﬁrrent Actions

e 3.2.2.1 Release Reporting. No reportable releases occurred during this reporting
period.

3.2.2.2 Functional Appraisal - Environment, Safety and Health, and Quality
~ Assurance. As a result of a request from the DOE, an internal assessment of environmental
satety and health functional areas at the WSSRAP was performed in December 1996. The
assessment specifically evaluated the following areas of concern: ‘

¢ Timeliness of reporting. :
. Incident investigation (incident critique). _
o PMC oversight of environmental safety and heaith functional areas.

o Adherence to procedures.

The final report for Assessment No. 96-PMC-ESH-027 was issued on February 19, 1997,
and included four Items of Concern (see Project Quality Department Assessment File 96-PMC-
ESH-027 for details). Based upon the acceptance of the PMC's response to each item of
concern, the assessment ‘was closed on March 31, 1997. '

3.3 Sufnmary of Permits for 1996

Various permits were maintained by the WSSRAP for remedial activities inélu'ding
NPDES, excavation, and ﬂoodplain permits. Table 3-1 providés a summary of all NPDES
permits. Three active NPDES permits covered discharges from the site water treatment plant
(MO-01077701), quarry water treatment plant (MO-0108987), and storm water discharges from -
the Borrow Area and Borrow Area haul road (MO-R100B69). An NPDES permit construction
permit for the leachate collection removal system of the cell was issued in January 1997.
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3.4  Site Remedial Mitigation Action Plan '
: : i
' i
The progress of the mitigative actions for the remediation of the Weldon Spring site is
reported annually in the annual site environmental report in accordance with 'DOE
Order 5440.1E. Information on the unplementauon of the Mirigarion Action Plan for the
Remedial Action ar the Chemical Plant Area of the Weldon Spring Szte (Ref. 18) and the
effectlveness of the mitigation actlon are reported annually.
Construction activitiés at the Weldon Spring site are managed by using good engineering
practices for control of surface water runoff at, and -from, the site. During 1996, four
sedimentation basins and two retention ponds were in place at the chemical plant area in

preparation for soil excavation activities planned for 1996. Surface water protection during 1996

included erosion prevention 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 observed during 1996.

The wetlands mitigation agreement was signed in 1994 and construction of the
replacement wetlands for the chemical plant area, Borrow Area, and haul road is scheduled to
be completed in August 1997. Construction activities eliminated some wetlands in these areas
during 1996. Development of the replacement wetland on the Busch Memorial Conservation
Area was initiated in 1996; the development will be monitored to ensure establishment of viable
wetland features. ‘ .

Topsoils and subsoils from the Borrow Area that are being stored for restoration have
been stockpiled at the Borrow Area. Stockplle heights and slopes have been limited to 15 ft and
3:1 and stockpiles have been seeded and mulched to control erosion. Erosion control measures
have also been 1mplemented at the Borrow Area and the haul road. Stockpiles are routmely
mspected for erosion. Two sedimentation ponds have been constructed at the Borrow Area and
surface water has been monitored to measure the effectwe removal of settleable materials.
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TABLE 3-1 Summary of WSSRAP NPDES and Construction Permits

, : DATE RENEWAL
, : DATE 'DATE | OR EXTENSION -
PERMIT NO.. | (a) ISSUED EXPIRED {b) REQUEST DUE ~ SCOPE AND COMMENTS
MO-0107701 0 03/03/94 03/04/99 Y 0.9/04/98 Covers storm water, ‘sanitary, and SWTP discharges.®
M0-0108987‘- O ] 06/09/94 }.06/10/99 Y | 01/10/99 .| Covers QWTP discharge.
MO-R100869 0 09/01/94 06/11/97 N 12/11/96 * ] Storm water discharges from the borrow area and haul -
‘ road operations. :
(a) Permit type, O = Operating, C = Construction

{b) Permit extended/renewed? N = No, Y = Yes
QWTP Quarry water treatment plant -
SWTP Site water treatment plant
b See Section 3.5
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During the development of the Borrow Area in 1996 VCthle and equipment noise levels
were monitored to ensure that nuisance noise levels remained at acceptable levels. Roadways

were sprayed with water on an as-needed basns for dust control durmg the active construction

periods at the Borrow Area.

Air, surface water, and groundwater have been monitored as part of the routine
environmental monitoring activities at the chemical plant area. Results of that monitoring are

detailed extensively in this report.

Eligibility surveys for archeologlcal or historic sites were conducted on the 30.5 m
(100 ft) site perimeter around the chemical plant site, and no sites were found that would require
avoidance or data recovery. Confirmation letters in regard to this decision have been received
by the State Historic Preservation Officer. ‘
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4 RADIATION AND ASBESTOS MONITORING PROGRAMS

" The Weldon Spring Site Remedial Action Project (WSSRAP) operates its environmental
mdnitoring and surveillance program in accordance with U.S. Department of Energy (DOE)
Orders and with the Environmental Monitoring’ Plan (Ref. 42). This section describes
monitoring results for radon, external gamma radiation, airborne radioactive particulates,
_contamination control surveys, and asbestos at various site perimeter and off-site locations. A
program overview, summary of applicable standards, actual monitoring results, and an
assessment of any associated environmental impacts are provided below for each parameter
mentioned in the plan. .

4.1  Highlights of Radiation and Asbestos Monitoring
: .

. Statistical analysis at the 95 % confidence level indicated that one integrated radon
track-etch monitoring station at the chemical plant/raffinate pits area exceeded
annual average background levels in 1996. This monitoring station was located
within the site boundary. No integrated radon track-etch stations along the site
perimeter or at critical receptor locations were statistically. greater than
background levels '

e Statistical analysis at the 95% confidence level indicated that four modified
Rn-220 track etch monitoring locations in the chemical plant/raffinate pits area
exceeded 1996 average background levels. The highest above background Rn-220
concentration was 57% of the DCG for Rn-220.

. Gross TLD results for 1996 for the chemical plant perimeter, quarry perimeter,

an'd‘ off-site locations ranged from 53 mrem/yr (0.53 mSv/yr) to 95 mrem/yr

- (0.95 mSv/yr). Statistical analysis of the results indicate at the 95% confidence

level that one quarry station and four chemlcal plant/raffinate pit stations
exceeded background levels. *

. Asbestos analyses performed during 1996 showed fiber concentrations at all
‘ monitoring locations to be in compliance with the U.S. Environmental Protection
Agency (EPA) acceptable clearance levels for schools. -
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o Statistical analysis at the 95% confidence level indicated all 17 low volume -
airborne particulate momtormg stations had annual average concentratlons that .

were indistinguishable from background levels.

4.2 Radon Cas Monitoring Pr()gram

'4.2.1 Program Overview

: f ‘ ! _

Both U-238 and Th-232 are naturally occurring radionuclides in soil and rock. Radon
gases (i.e., Rn-222 and Rn-220) are naturally occurring radioactive gases found in the uranium
and thorium duocay series. A fraction of the radon produced from the radioactive decay of
naturally occurring U-238 and Th-232 diffuses from soil and rock into the atmosphere,
accounting for natural background airborne radon concentrations. Radon is produced at the
Weldon Spring site from these natural sources as well as from the.contaminated waste materials

present at the site.

Airbome radon concentration is 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, although secondary contributors include oceans, natural gas, geothermal
fluids, volcanic gases, ventilation from caves and mines, and coal combustion. Radon levels in

the atmosphere -have been observed to vary with height above the ground, season, time of day,
and location. The chief meteorologlcal parameter govemmg airborne radon concentration is

atmospheric stability; however, the largest variations in atmosphenc radon occur spatially

(Ref. 73)

Two types of track etch.detectbrs_are used at the WSSRAP to measure ambient levels of

‘radon gas: standard "F-type" detectors, which measure a combination of Rn-222 and Rn-220

gas (results are termed "integrated"), and modified "M-type" detectors, which indirectly indicate
ambient levels of Rn-220 only. "F-Type" and "M-type" track etch detectors are used in

- conjunction to distinguish Rn-222 and Rn-220 concentrations by analyzing the relative response

of paired sets of these detectors at each monitoring location where they are deployed.

In 1996, a“pair of standard "F-type" radon track etch detectors was deployed at each of

'35 permanent monitoring locations: five at the Weldon Spring Chemical Plant (WSCP)
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_ perimeter, seven at the Weldon Spring Quarry (WSQ) perimeter, 14 at the raffinate pits area,
two at the chemical stabilization and solidification (CSS) pilot facility, and seven at off-site
locations. One pair of detectors was temporarily deployed in 1996 near Train 2 at the site water
treatment plant. Most radon track etch monitoring locations are identified with an "RD" prefix
and are shown in Figures 4-1, 4-2, 4-3, and 4-4; however, monitoring locations adjacent to the

CSS pilot facility are identified by ET-3015 and ET-3016 and are shown in Figure 4-5.°

Monitoring locations are distﬁbu;ed around the chemical plant, raffinate pits, and quarry
perimeters to ensure adequate detection of radon under varying meteorological conditions.
Locations RD-4005 and RD-4009 monitor background radon concentrations. "F-type" track etch
detectors are sensitive to all isotopes of radon and are deployed quarterly.

Modified "M-type" alpha-track detectors. were deployéd in 1996 at 22 monitonng
locations: five at the WSCP perimeter, two at the WSQ perimeter, seven at the raffinate pits
area. one at the CSS pilot facility, one near Train 2 of the site Water treatment plant, and six at
off-site locations (including two background locations, RD-4005 and RD-4009). Specific
locations are identified in Section 4.1.3. These detectors were placed in conjunction with
"F-Type" track etch detectors to distinguish radon from thoron concentrations. Using Pearson's

~method (Ref. 49), separate concentrations of radon and thoron were calculated for these stations. -

. The WSSRAP radon monitoring program also uses electret detectors. Like track etch
detectors, electret detectors provide‘ a passive means of measuring radon gas concentrations in
air. Twenty-eight pairs of electret detectors that measure Rn-222 only were placed at the
- following monitoring locations: 22 in the chemical plant and raffinate pits area (including three
along the chemical plant perimeter), four at the quarry perimeter, and two off site. Ten pairs
of electrets that indicate Rn-220 were deployed at the following locations: six in the vicinity of
the raffinate pits and temporary storage area (TSA), two 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 radon progeny monitors (also called working level

monitors) complete the environmental radon monitoring network. Continuous radon gas
monitors are sensitive to both Rn-222 and Rn-220. A continuous radon gas monitor was placed
at the Francis Howell High School during spring and fall of 1996. Four additional monitors
~were placed in on-site work zones throughout the year to evaluate local airborne levels of
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Rn-222 and Rn-220 present as a result of remediation activities. On-site locations mcluded the
raffinate pits and Train 2 of the site’ water treatment plant ' ' ' : l o
 Working level monitors are sensitive to the short-lived decay products of Rn-220 and
Rn-222. Results are recorded in milli-working levels (nWL). Working level monitors are used
in work zones in conjunction with continuous radon gas monitors to determine the ‘degree of
equilibrium of radon (or thoron) gas with its decay products. The working level monitors
- operated during 1996 at the Francis Howeu High School, quarry trailers, raffinate pits, CSS
pilot facility area, TSA and AP-2005.

4.2.2 Applicable‘ Standards “

As ‘established by DOE Order 54b0.5 , the DOE annual public dose equivalent limit is
100 mrem (1 mSv). Dose limits for the inhalation of radon and thoron progeny and gas,

however, are based on working levels, and concentrations in air and are addressed independently -

in the Order.
, The derived concentration guide (DCG), which is a limiting airborne concentration of a
specified radionuclide, is specified by DOE 5400.5 to be 3 pCi/l (100 Bq/ m?>) above background

for both radon and thoron in unrestricted (off-sne) areas.

4.2.3 Monitoring Results

Table 4-1 summarizes quarterly and annual average integrated radon concentrations as

~ measured by F-type track etch detectors. Since radon is naturally occurring, concentrations '. '

measured at each monitoring location were compared to measured background concentrations

“to determine whether any significant differences existed at the 95% confidence level. Only

locations with integrated radon concentrations statistically greater Vthan 'backgroun'd were

compared to the DCG for radon by subtracting the average annual background concentration '

from the gross annual average concentration measured at a glven location.

The results obtained from the pair of F-type track etch detectors at’eaéh location were
averaged to determine the quarterly average integrated radon concentration. These averages
were then used to calculate the annual average integrated radon gas concentration. The annual
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TABLE 4-1 1996 Track Etch Integrated Radon Results@

1ST

ANNUAL

- 2ND 3RD 4TH ANNUAL )
LOCATION | QUARTER | QUARTER | QUARTER | QUARTER | AVERAGE | STANDARD |STATISTICALLY | PERCENT OF
I.D. pCin'®! pCin'® “pcin® pCin® pCin® DEVIATION | SIGNIFICANT ‘! | GUIDELINE'"
, WELDON SPRING QUARRY .
RD-1002 0.2 0.4 0.7 0.6 0.5 0.2 N/A
RD-1003 0.1 0.1 0.2 0.6 0.3 0.2 N/A
RD-1004 0.1 0.2 0.4 0.6 0.3 0.2 N/A
RD-1005 0.1 0.2 0.4 0.6 0.3 - 0.2 N/A -
RD-1006 0.1 0.2 0.4 0.6 .03 0.2. " N/A
RD-1008 - 0.1 0.3 0.2 0.5 0.3 0.2 N/A
RD-1009 0.1 0.2 0.3 .06 . 0.3 0.2 . N/A
- WELDON SPRING CHEMICAL PLANT
RD-2002 0.1 e L 0.6 0.4 0.4 N/A
RD-2004 0.1 0.3 - 0.5 . 0.6 0.4 0.2 N/A
RD-2005. 0.1 0.4 0.3 0.6 .. 0.4
RD-2006 0.1 0.1 0.3 0.5 - 0.3 0.2 N/A
RD-2007 0.2 0.1 0.3 0.5 " 0.3 0.2 - N/A
RD-2025 0.1 0.4 0.3 0.6 0.4 0.2 N/A
Train 2 0.1 0.2 0.5 0.3 0.2 N/A
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TABLE 4-1 1996 Track Etch Integrated Radon Results'® (Continued)

. 1ST 2ND 3RD 4TH ANNUAL ANNUAL : ,
LOCATION | QUARTER | QUARTER | QUARTER | QUARTER | AVERAGE | STANDARD |STATISTICALLY | PERCENT OF

1.D. : pCii® pcin'® pCin'® pCin® pCin® DEVIATION | SIGNIFICANT ¢ | GUIDELINE'?

: . WELDON SPRING RAFFINATE PITS
RD-3001 0.5 0.6 - 0.9 2.8 1.2 1.1 N/A
RD-3002 0.1 '0.3 0.7 1.0 0.5 0.4 N/A
RD-3003 0.2 0.4 0.7 .06 0.5 0.2 N/A
RD-3004 0.1 0.1 0.5 0.6 0.3 0.3 N/A
RD-3005 0.2 0.2 0.4 0.5 0.3 0.2 N/A
RD-3007 0.2 0.4 0.7 0.8 0.5 0.3 N/A
RD-3008 0.2 0.4 0.5 0.8 0.5 0.3 N/A
RD-3009 0.2 0.3 0.4 0.7 0.4 0.2 " N/A
RD-3010 0.2 0.5- 0.6 1.0 0.6 0.3 N/A
RD-3011 0.1 0.2 0.5 0.6 0.4’ 0.2 N/A
RD-3012 - 0.2 0.4 0.7 0.9 0.6 . 0.3 N/A
RD-3013 0.7 0.7 1.5 2.7 1.4 0.9 X N/A
RD-3014 1.7 1.0 0.4 5.0 - 2.0 2.1 N/A
RD-3015 0.2 0.7 2.1 3.1 15 1.3 N/A
CSS PILOT FACILITY ' £

ET-3015 0.1 0.3 0.3 0.2 0.1 ; N/A
ET-3016 0.3" 0.2 0.6 0.4 0.2 , N N/A
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TABLE 4-1 1996 Track Etch Integrated Radon Results®® (Continued)

1ST 2ND 3RD 4TH ANNUAL ANNUAL

‘LOCATION QUARTER QUARTER QUARTER QUARTER AVERAGE STANDARD | STATISTICALLY | PERCENT OF
1.D. pCin'! pCin'® pCin® pcint® | gcin® DEVIATION | SIGNIFICANT ‘! | GUIDELINE'Y
7 ' OFF SITE ,
RD-4001 | 0.1 0.2 0.5 0.4 0.3 0.2 o N/A
RD-4002 01 | 01 0.2 0.4 0.2 0.1 : N/A
RD-4003 | . 0.1 - 0.1 0.4 0.5 03 . |.- 02 : - N/A-
*RD-4005 | 0.1 - 0.2 0.4 05 0.3 . 0.2 e NA
RD-4007 | - 0.1 0.1 05 0.4 0.3 0.2 N/A
RD-4008 | - 0.1 - - - 01 - N/A
*RD-4009 0.1 0.1 0.4 0.5 0.3 0.2 N/A
- (a) Results include natural background levels except where otherwise noted.
(b) To convert from pCi/l to Bg/m3, multiply by 37.
(c) - Statistical significance is determined by comparing the annual average concentration for a monitoring location with the annual
: background average concentration, using a one-tailed Student’s t-test at the 95% confidence level.
(d) Percent of guideline is calculated by taking the annual statron average minus the average of the background stations, divided by the -
- . DOE concentration guideline for Rn-222 of 3 pCi/l (100 Bq/m 3) annual average above background for uncontrolled areas. :
(e). Missing detectors.
(f) No percentage calculation performed for above background monitoring locations within the site boundary

Background station.
N/A No percentage calculation performed for background locations or Iocatuons not statistically greater than background

.- No measurement taken.

. DOE/OR/21548-676, Rev. 0 ' 55



WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1996 7i23/97

standard deviation reported reﬂeets the error propagated by taking the sample standard deviation
of the mean 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 yielded an annual background
average integrated radon concentration in 1996 of 0.3 pCi/l (11 Bq/m?). This result is consistent

. ‘with previous years’ monitoring results.

Based on measurements from modified track etch detectors at locations where a combined
release of Rn-222 and Rn-220 was suspected, Rn-220 concentrations were estimated using

Pearson's method (Ref. 49). Locations with Rn-220 concentrations statistically greater than

background at the 95% confidence level were'compared with the DCG for thoron. Results are
presemed in Table 4-2.

Although results in Tables 4-1 and 4-2 may appear inconsistent for a given monitoring

station. this is to be expected since "F- -type" detectors have a higher response function for

Rn-222 than for Rn-220. 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 radon concentration is

contributed by thoron (see results for RD-3001 and RD-3002, Tables 4-1 and 4-2), the thoron

results using Pearson’s method is larger than the integrated result.

Radon concentrations measured by 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. Track etch results, rather than electret results, are used in
: performma off-site dose calculations. ‘

Historical average background concentrations of Rn-222 and Rn-220 gas near the site are |

both typically 0.2 pCi/l (7 Bq/m?). Contmuous radon and working level measurements at the
Francis Howell High School taken in 1996 indicate background levels of both Rn-222 and
Rn-220 gas and progeny . On-site work zone measurements, however, indicate elevated
concentrations of both Rn- 222 and Rn- 220, particularly in localized areas where remedial actions
_involve the disturbance of raffinate sludge. The maximum hourly Rn-222 and Rn-220 -
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TABLE 4-2 1996 Thoron Concentrations as Determined ‘U‘si,ng Paired F-type and M-type Track Etch Detectors'®

, ANNUAL ANNUAL :
FIRST QUARTER |SECOND QUARTER | THIRD QUARTER | FOURTH QUARTER| AVERAGE STANDARD STATISTICALLY |PERCENT OF
STATION ID (pCin)' pcin'® (pcim'® pcim® {pCifl) DEVIATION - | SIGNIFICANT (x)'! { GUIDELINE!Y!|
Weldon Spring Quarry B
RD-1002 0 0.4 0.7 0.5 0.4 0.29 N/A
RD-1006 0 0.1 02 0.1 0.1 0.08 N/A
Weldon Spring Chemical Plant -
RD-2002 - 0.3 | .04 ’ 0.4 0.07 N/A
|RD-2004 ‘. 05 . ° 04 - 0.5 0.07’ X o
RD-2006 2 0.0 00 0.0 0.0 N/A
RD-2007 : 0.0 0.0 00 0.0 " N/A
RD-2025 - - 0.0 0.1 0.1 0.07 N/A
) T cain 2 - - 0.0 0.0 0.00 N/A
Weldon Spring Raffinate Pits
RD-3001 0.7 ' 3.1 1.9 1.70 X 57
RD-3002 X - 15 0.7 . 1.1 0.57 X 30
RD-3003 - 0 0.5 05 0.6 0.4 0.27 N/A
RD-3004 - 0.3 0.5 0.4 0.14 N/A
RD-3005 0.2 0.4 0.3 014 - N/A
RD-3010 o 0.4 0.2 ‘0.0 0.2 0.19 - N/A
RD-3014 1.8 03 36 0.5 1.7 1.38 X N/At®
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TABLE 4-2

1996 Thoron Concentrations as Determined Using Modified Track-Etch Detectors (Continued)

" ] ANNUAL ANNULAL :
FIRST QUARTER | SECOND QUARTER | THIRD QUARTER | FOURTH QUARTER|. "AVERAGE STANDARD STATISTICALLY |PERCENT OF
STATION ID (pCim® {pCiny®! pcim'® tpcim™® {pCin) DEVIATION | SIGNIFICANT (x)'®' | GUIDELINE'?
RD-3015 0 0.4 0.2 . 0.2 0.20 N/A
Off-Site
RD-4001 0.2 0.1 0.2 0.07 N/A
RD-4002 - 0.1 0.1 0.00 N/A
RD-4003 - 0.0 0.2 0.1 0.14 N/A
RD-4005* 0.3 0.3 0.00 N/A
RD-4007 - - 0.1 0.1 0.00 - N/A
RD-4009° 0 0 0.3 0.2 0.1 0.15 N/A
2 Background station
(a) Results include natural background levels.
{b) To convert from pCifl to Bqlm multiply by 37.
{c) " " Statistical significance is determined by comparing the annual average concentration for a monitoring location with the annual background average concenlrauon using
a one-tailed Student’s t-test at the 95% confidence level. .
(d) Percent of guideline is calculated by taking the annual station average minus the annual average of the background station, divided by the DCG for Rn-220 of 3 pCi/l
(100 Bq/ma) annual average above background for uncontrolled areas. .
(e} - No percentage calculation performed for above-background monitoring locations within site boundary.

N/A No percent of guideline calculated for stations not statistically greater than background.

' DOE/OR/21548-676, Rev. 0
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TABLE 4-3 1996 Electret Radon-222 Results'@
, 18T 2ND 3RD 4TH ANNUAL ANNUAL
LOCATION | QUARTER | QUARTER | QUARTER | QUARTER | AVERAGE | STANDARD
1.D. (pCim'® (pCi/m'® {(pCim'® (pCim'd! (pCim® DEVIATION .
ET-1002 0.4 0.5 0.5 0.5 0.5 0.05
ET-1004 05 = 0.5 '
ET-1009 0.5 0.4 0.5 0.5 0.5 0.04
ET-1010 0.6 0.5 0.7 0.6 0.6 0.05
ET-2004 0.5 0.4 0.6 0.5 0.5 0.08
ET-2006 0.5 0.4 0.4 0.5 0.5 0.02
ET-2008 0.5 05 0.5 0.5 0.5 0.03
ET-3001 0.3 0.4 0.9 0.4 0.5 0.23
ET-3002 0.5 1.00 0.7 0.6 0.7 0.19
ET-3003 0.2 0.4 0.7 0.5 0.4 0.17
ET-3004 0.2 - 0.3 0.5 0.4 0.4 0.10
ET-3005 0.5 0.4 0.7 0.4 0.5 0.14
ET-3006 0.0 0.3 0.6 0.4 03 0.22
ET-3007 0.7 0.9 0.8 0.4 0.7 0.17
ET-3008 0.5 0.6 1.0 0.5 0.7 022
ET-3009 0.3 0.5 1.0 0.7 06 0.25
ET-3010 0.4 | 0.3 0.7 0.6 0.5 '0.15
ET-3011 0.4 0.3 0.8 0.6 0.5 019
ET-3012 0.3 0.3 0.8 0.5 0.5 0.20
ET-3013 0.8 0.7 1.1 0.5 0.8 0.22
ET-3013TSA 0.5 0.7 0.8 0.6 0.6 0.10
ET-3014 0.7 0.7 0.8 0.3 0.7 0.17
ET-3015 0.4 2.3 0.6 0.5 0.9 0.78
ET-3016 0.3 0.3 0.6 0.6 0.5 0.14
ET-3017 0.2 0.2 0.3 0.5 0.3 0.13
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£ Background station. v

WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALEN'DAR YEAR 1996 7123197
TABLE 4-3 1996 Electret Radon-222 Results {Continued)
1ST 2ND 3RD ATH ANNUAL ANNUAL
LOCATION | QUARTER | QUARTER | QUARTER | QUARTER | AVERAGE | STANDARD
1.D. {(pCiMm'd? (pCim» (pCim'e! (pCim® (pCim'® DEVIATION
ET-3018 0.4 0.4 0.7 0.5 0.5 0.14
ET-4003 05 0.3 0.5 0.4 0.4 0.08
ET-4009* 0.4 0.5 0.5 0.5 0.5 0.04
(a) Results include natural background levels. -
(b) To convert from pCi/l to Ba/m®, multiply by 37.
= Background station. -
Measurement not collected.
TABLE 4-4 1996 Electret Radon-220 Results'®
1ST 2nD | 3RD 4TH ANNUAL ANNUAL
LOCATION | QUARTER | QUARTER | QUARTER.| QUARTER | AVERAGE | STANDARD
I.D. (pCim'®! (pCim'® (pCi/m'® (pCi/m® (pCi™® | DEVIATION
ET-1002 . 0.8 - 1.8 1.5 13 . 1.3 0.35
ET-1010 0.4 0.4 0.3 0.7 04 0.14
ET-3006 2.4 1.3 2.7 2.8 2.9 0.58
ET-3010 0.6 1.0 1.1 0.7 0.9 0.24
ET-3013 1.0 1.3 1.8 1.4 1.3 0.31
" ET-3013TSA 1.0 1.9 0.8 10 1.2 0.44
ET-3015 1.9 0.9 S 1.2 .09 1.2 0.42
£T-3016 0.4 0.6 1.1 0.5 - 0.6 0.27
ET-4003 05 0.2 07 0.4 0.5 0.18
ET-4009* 0.1 0.4 0.7 0.5 0.5 0.22
(a) Results include natural background levels.
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1

concentrations recorded on site in 1996 were approximately 42 pCi/l (1.6E3 Bq/mjt_) and

440 pCi/l (1.6EA Bq/m3), respectively, and were measured in August in the northeast portion -
of Raffinate Pit 4. Monthly average continuous radon and thoron concentrations at Raffinate -

Pit 4 tend to be on the order of 10 times lower than the maximum values reported here. These

values are higher than comparable measurements taken using track etch and electret detectors

because the continuous monitors are placed in the immediate vicinity of work zones within the
raffinate pits, while track etch and electret detectors are placed along the raffinate pit berms and
site perimeter fence. _ o _ i . ! _

4.2.4 Data Analysis - I -

Statistical analysis of the track etch radon integrated results indicated that, at thet95 %

confidence level, integrated radon levels at one of the 14 raffinate pit locations were greater than
the background station results. The analysis further indicates that, althdugh a number of stations
had annual average results numerically greater than background, the results for other stations
were not statistically distinguishable from background levels. '

Statistical analysis of the mbdiﬁed track etch Rn-220 results indicated t‘hat.- at the 95%

confidence level, measured concentrations at one of the five chemical plant perimeter stations
were greater than the background station results. Furthermore, the analysis indicated that three
of the seven raffinate pit locations exceeded background 1évels. The analysié indicates that the
results for all other stations were statistically indistinguishable from background levels.

4.2.4.1 Chemical Plant, CSS Pilot Facnllty, Site Water Treatment Plant, and
Raffinate Pits. Statistical analysis of four Rn-220 monitoring locations indicated results greater

than background levels. One of the four stations, RD-2004, is located along the northeastern

- chemical plant perimeter.  The remaining three stations (RD-3001, RD- 3002, and RD- 3014) are
located near Raffinate Pit 4. The annual average concentrations for these stations exceeded

background levels by 0.3 pCi/l (11.Bg/m®) to 1.7 pCi/l (63 Bq/m®). These results were -

anticipated, given the decreased water levels in Raffinate Pit 4. The quarterly measured Rn- 220
concentrations for all stations ranged from 0 pCi/l (0 Bq/m?) to 3.6 pCi/l (133 Bg/m?).

Statistical analysis of one radon, morﬁtoring location indicated measured ihtegrated radon
gas results greater than background levels. This station RD-3013, is located between Raffinate
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Pits 3 and 4. The annual average concentration for this station exceeded the annual average
background by 1.1 pCi/l (41 Bq/m3). The quarterly radon measurements for all stations ranged
from 0.1 pCi/l (3.7 Bq/m®) to 5.0 pCi/l (185 Bg/m’?).

4.24.2 Quarry. Statistical analysis of both track etch integrated radon and
Rn-220 monitoring results from all quarry stations indicated that there was no reason to suspect
at the 95% confidence level that these results exceeded background levels. The quarterly
measured results for integrated radon from all quarry stations ranged from 0.1 pCi/l (3.7 Bq/ m?)
to 0.7 pCi/l (26 Bq/m?). Quarterly results for Rn-220 at the quarry stations ranged from 0 pCi/t
(0 Bg/m?) 10 0.7 pCi/l (26 Bq/m?).

4.2.4.3 Off Site. Statistical analysis of both track etch integrated radon and
Rn-220 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 concentrations at any of the
stations were greater than background levels. The quarterly integrated radon concentration
measurements at off-site locations ranged from 0.1 pCi/l (3.7 Bq/m3) to 0.6 pCi/l (19 Bq/m3).
Quaneriy results for Rn-220 at the off-site stations ranged from 0 pCi/l (0 Bq/m?) to 0.3 pCi/l
(11 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
§ years of annual 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 the quarry have shown
a downward trend since the peak of bulk waste removal in 1994. Conversely, measurements
.at the chemical plant and raffinate pits have trended upward since 1993; however, no DCGs
were exceeded in 1996, and estimates of emissions through the end of the project indicate no
-reason to believe that DCGs will be exceeded in the future (Ref. 75). These upward trends are
attributable to ongoing remediation projects in the raffinate pits.
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4.3 Gamma Radiation Monitoring
4.3.1 Program' Overview

Gamma radiation is emitted from natural, cosmic, and manmade sources. The earth
naturally contains gamma radiation-emitting substances, such as uranium, thorium, and
potassium (K-40). Cosmic radiation originates in outer spaée and ﬁlters through the atmosphere
to the earth. Together, _thesé; two sources comprise the majority of natural gamma background
radiation. - The United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) (Ref. 33) estimates the typical gamma radiation dose is 35 mrem/year
(0.35 mSv/year) from the earth and 30 mrem/year (0.30 mSv/year) from cosmic sources. The
total estimated background radiation dose eqmvalem due to gamma exposure is thus
65 mrem/year (O 65 mSv/year)

Gamma radiation is monitored at the site using environmental thermoluminescent
dosimeters (TLDs) at 18 monitoring stations: three at the site perimeter, four along the site
perimeter near the fafﬁnate pits, one near the CSS pilot facility (at ET-3014, shown in
Figure 4-5), four along the quarry perimeter, and six off site. The locations are denoted by a
"TD" prefix on Figures 4-1, 4-2, 4-3, and 4-4. Stations TD-4005 and TD-4009 measure natural
background at locations unaffected by the site. The TLDs are exchanged and read every quarter
of the calendar year.

4.3.2 Applicable Standards

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

4.3.3 Monitoring Resuits
Table 4-5 summarizes quarterly and annual total gamma radiation monitoring results:

The table includes quarterly and annual totals, the annual sample standard deviation for each
station, and whether a station’s annual monitoring results are statistically distinguishable from
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TABLE 4-5 1996 Environmental TLD Results'® :
AST 2ND | 3RD . 4TH ANNUAL , STATISTICALLY
: QUARTER| QUARTER| QUARTER| QUARTER| TOTAL . [STANDARD/| SIGNIFICANT !
LOCATION | (mrem)'®' | (mrem)*® | (mrem)'® | (mrem)®' | (mrem/yr)'® | DEVIATION )
WELDON SPRING QUARRY L
TD-1002 14.2. 14.0 17.2 14.8 60 1. |
TD-1003 | -17.2 17.0 119.7 18.0 72 1 X!
TD-1006 | 15.0 124 | 156 15.6 - 59 2 i
TD-1009 14.6 13.1 15.9 14.7 58 1 ,
| 'WELDON SPRING CHEMICAL PLANT =~ B
TD-2025 16.2 | 14.1 17.4 16.9 - 65 1 ‘
TD-2004 17.0 16.8 .| 18.6 18.7 7171 X
TD-2006 | 16.2 | 155 | 17.3 16.5 66 1
‘ WELDON SPRING RAFFINATE PITS o
TD-3001®| 20.0 20.7 *+ | 303 95 5 X
TD-3003 17.7 | 15.9 21.7 21.1 76 . X
TD-3004 | 15.3 14.3 17.8 16.5 64 2
TD-3005 19.6 183 | 23.2. | 205 | 82 2 X
ET-3015®'| 14.0 sl 33.4 - . 95 13 X
: OFF SITE
TD-4001 16.1 15.4 17.3 17.7 66 1
TD-4002 13.1 12.3 14.3 14.4 - 54 1
TD-4003 12.9 122 14.2 | 14.0 53 1
*TD-4005 | 15.2 16.0 | 15.8 15.8 63 1
TD-4007 14.9 14.5 15.8 15.4 61 1
*TD-4009 | 15.3 14.8 16.6 15.8 63 1
¥ Denotes background location.
(@) Results include natural background gamma raduatnon ,
(b) To calculate the annual total, missing data were replaced with the average of the recorded_
: quarterly results for a given station. -
(c) To convert from mrem to mSy, divide by 100.
(d) Statistical significance is determined by comparing the total annual concentration for a

monitoring location with the total annual background concentration, using a one-tailed
Student’s t-test at the 95% confidence level. - '

No measurement. taken,
Denotes lost or damaged TLD.
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background levels as determined by a one-tailed Student's t-test at the 95% confidence level.
As shown in the table, two detectors were damaged or missing during the year, resulting in
missing quarterly data for those stations.

-Gamma background levels for. 1996 were determined by averaging the annual total
measurement from the two background stations. The annual average result from these stations
was 63 mrem/year (0.63 mSv/year) with a standard deviation of | mrem/year (0 01 mSv/year).
This average background is comparable to the UNSCEAR 1982 estimate of 65 mrem/year
(0 65 mSv/year) (Ref. 33).

4.3.4 Data Analysis

A Statistical analysis of TLD results revealed that, at the 95% confidence level. six stations
had annual results greater than background levels. These stations included TD-1003, located at
the quarry; TD- 2004 located along the northeastern penmeter of the chemical plant; and
TD-3001. TD-3003, TD-3005, and ET-3015. located around the raffinate pits and TSA. ‘The -
analysis further revealed that results for all other stations were indistinguishable from
backgropnd levels.

4.3.4.1 Chemical Plant/Raffinate Pits. Annual total TLD gamma radiation
measurements at the chemical plant and raffinate pits ranged from 64 mrem (0.64 mSv) to
95 mrem (0.95 mSv). These results are generally higher than previous years for these areas due
to qual;ry bulk waste storage at the TSA and remediations at the raffinate pits, including the
. dewatering of Raffinate Pit 4.

4.3.4.2 " Quarry. The annual total gamma radiation measurements from TLDs at
the quarry ranged from 58 mrem (0.58 mSv) to 72 mrem (0.72 mSv). These results are
» comparable to previous years for this area. '

4.3.4.3 Off-Site. The annual total gamma radiation measurements from TLDs at
off-site l_ocations ranged from 53 mrem (0.53 mSv) to 66 mrem (0.66 mSv). These results are
comparable to previous years for these areas.
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4.3.4.4 ~Five Year Trend Analysis of. TLDs Gamma radiation ex'posure

monitoring resﬁlt_s.for the last five years are shown graphically in Figure 4-7. The graph shows
yearly monitoring resuit totals for the chemical plant, raffinate pits, quarry, and'(ll)ff-s'ite
locations. The results include the natural background dose rate. Resuits indicate a rijlarked
increase around the raffinate :pits area due to the startup of remedial activities in the raffinate
pits. . However, no regulatory exposure limits were approached as a result of this increase.
4.4 Radioactive Air Particulate Monitoring ’

4.4.1 Program Overview

Radioactive air particulates are airborne dust particles that contain radioactive
contaminants. Background concentrations of radioactive air particulates are affected by the soil

concentrations of naturally occurring radionuclides, soil. moisture content, meteorological

conditions, and geological conditions. ~Many areas on site contain above background
concentrations of soil contamination, which can result in increased airborne radioactive

particulate concentrations. Increased airborne radioactive particulate emissions from the site can - -

result from wind erosion of contaminated soils pi]es or remedial work activities, such as moving
. L . i}
equipment and vehicles in contaminated areas.
The WSSRAP monitors radioactive air particulates weekly using 17 continuous permanent
low volume air samplers: seven at the site perimeter, five at the quarry, and at five off-site

locations. These locations are denoted by an "AP" prefix on Figures 4-1, 4-2, 4-3, and 4-4.

In addition, six temporary. low-volume air monitoring stations are deployed around the chemical

-plant perimeter. These portable air particulate samplers are deployed at temporary stations when

current activities warrant their use. The low volume samplers collect airborne particulates by
drawing ambient air at a flow rate of approximatély 40 I/minute through mixed cellulose ester
filters with a 0.80 micron pore size. The filters are then analyzed on a gas flow proportional
counter to detérmine the amount of long-lived gross alpha activity in the particulates present on
the filter surface. ' '
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4.4.2 Applicable Standards
The DCGs for inhalation of various radioactive air paniéulatés are speciﬁéd in
Chapter I of DOE Order 5400.5. - . | oo

4.4.3 Monitoring Results

The annual average long-lived gross alpha concentrations and standard deviations for the
17 permanent low volume stations are summarized in Table 4-6. Annual averages were
calculated using uncensored weekly air particulate analysis results.. Uncensored data refers to
all results, including those near or below the minimum detectable concentration (MDC). The
DOE Environmental Regulatory Guide for Radiolbgipal Effluent Monitoring and Environmental
Surveillance (Ref. 1) requires the use of uncensored data to minimize any bias in arithmetic
averages and standard deviation calculations. o ‘

TABLE 4-6 1996 Radioactive Air Particulate Gross Alpha Results

_ : , NUMBER OF
ANNUAL AVERAGE| SAMPLE VALUES
MONITORING |LONG-LIVED GROSS ABOVE :
STATION ALPHA- | ' STANDARD MDC®/TOTAL | STATISTICALLY
IDENTIFICATION | CONCENTRATION | _* DEVIATION ~ NUMBER OF SIGNIFICANT
NUMBER | (x1E-15 pCiimh®! | {x 1E-15 pCi/ml) SAMPLES (X)i
AP-2001 - 1.565 N 0.540 51/51
AP-2002 152 . | © 0534 53/53
AP-3003 152 . 0.503. ' 53/53
AP-3004 1.56 .0.577 ‘ 53/53
AP-2005 - 1.49 . 0.699 53/53
AP-4006 1.41 : 0519 52/53
AP-4007 1.41 ~.0.525 53/53
AP-4008 148 .| = o0.548 53/53
AP-1009 - 1.48  0.561 51/53
AP-1010 1.61 10.655 14/14
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- TABLE 4-6 1995 Radioactive Air Particulate Gross Alpha Results (Continued)

NUMBER OF
ANNUAL AVERAGE SAMPLE VALUES
MONITORING |LONG-LIVED GROSS ABOVE A :
STATION ALPHA STANDARD MDC®//TOTAL | STATISTICALLY
IDENTIFICATION | CONCENTRATION DEVIATION NUMBER OF SIGNIFICANT
NUMBER {x1E-15 pCi/m1)'® | {x 1E-15 pCi/ml) SAMPLES (x)@
AP-4011 1.40 0.488 51/52
AP-4012@ 1.40 0.552 52/53
AP-3014 1.49 0.470 53/53 -
AP-1015 1.39 0.472 53/53
AP-1016 1.41 0.418 52/53
AP-1017 1.47 0.459 52/52
AP-2025 1.37 0.434 53/53

(a)

Indicates background monitoring station. Background concentration is a 2-year average.

{b) ‘The annual average gross alpha concentrations include background and were calculated using
’ uncensored data, which includes resuits less than reported minimum detectable concentrations.
(c) MDC - minimum detectable concentration.

Multiply by 37,000 to convert uCi/ml to Bg/ml.
(d) Statistical significance is determined by comparing the annual average concentration for a

monitoring location with the 2-year (104-week) background average concentration, using a one-
tailed Student’s t-test at the 95% confidence level.

The typical MDC for low volume air particulate sampling at the WSSRAP is

3.3E-16 uCi/ml (1.2E-11 Bg/ml).- This MDC is low enough to allow detection of Th-232,
which has the lowest DCG at the site of 7.0E-15 xCi/ml (2.6E-10 Bg/ml) (DOE 5400.5). If an
individual inhales airbome contaminants at the DCG for one year, the resulting committed
effective dose equivalent is 100 mrem (1 mSv). :

4.4.4 Data Analysis

Statistical analysis of the annual results from the low volume airborne particulate

samplers indicated no reason to suspect that reAsults' at any of the stations were greater than
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background levéls. ‘Back_gr'ound Station AP-4012 had Z.iA 104-week average of 1.40E-15 piCi/ml.

4.4.4.1 Chemical Plant/Raffinate Pits. The average concentrations at the
chemical plant/raffinate pits perimeter ranged from 1. 37E-15 uCi/ml (5. 07E-11 Bq/ml) to
1.56E-15 ny/ml (5.77E-11 Bq/ml). These results are comparable to those measured in; l995

| |

4.4.4.2  Quarry. The average concentrations at the quarry perimeter ranged from
1.39E-15 pCi/ml (5.14E-11 Bg/ml) to 1.61E-15 pCi/ml (5.96E-11 Bq/ml) These results are
lower than those measured durmg 1995 and previous years. _. o
, 4.4.4.3 Off-Site. The average concentrations at off-site locations ranged! from
1.40E-15 uCi/ml (5.18E-11 Bq/ml) to 1.48E-15 uCi/ml (5.48E-11 Bq/ml). These results are
similar to those measured durmg previous years.

4.5 Radioactive Contamination Control Monitoring
-4.5.1 Program Overview

The unrestricted area radioactive contamination control monitoring program ensures that
areas used by the general public are not contaminated by radioactive materials migrating from
the site as a result of remedial activities. Monitoring couosists of in situ measurements (fixed

contammatxon) and swipe sample (removable contammatlon) collectxon

The unrestricted area radioactive contamination control monitoring program includes

radiological surveys in both the controlled and uncontrolled areas at the site. Sue roadways are

“monitored to ensure that contammanon is kept from these accessible areas.

- During 1996, 20 roadway areas outside the site controlled areas were rout'mely surveyed.
These surveys continue to confirm that radioactive contammanon has not been carried into
unrestricted areas.

~ Direct survey in situ measurements are made with a beta-gaxnma detector or alpha
scintillation detector. One-minute measurements are collected to provide the total (removable

plus fixed) radioactivity within the tested area. If the total radioactivity measurement is greater
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than the most consen}ative DOE radiological limit for removable activity (20 dpm/100 cm?) for
the radioactive constituents present on-site. then a swipe is taken at that location. The swipe is
wiped over an approximate area of 100 cm? (15.5 in.?), using a dry cloth or paper swipe. The
swipe is analyzed using an alpha scintillation detector. The count rates are.corrected for detector
efficiency and background, and the removable radioactivity is reported in dpm/100 cm?.

. 4.5.2 Monitoring Results

The site roadway surveys indicated an annual removable average alpha radioactivity level
for'avll monitoring locations of <3 dpm/100 cm?. The highest level was 12 dpm/100 cm?. The
average minimum detectable activity (MDA) for alpha radioactivity was 3 dpm/100 cm?. The -
roadway surveys indicated: an annual average total alpha radioactivity level for all monitoring
locations of <17 dpm/100 cm?; the highest level was 50 dpm/100 cm?. The average MDA for
fixed alpha radioactivity was 17 dpm/100 cm?.

The 1996 'site roadway .surveys further indicated a range of fixed beta-gamma
radioactivity of <490 dpm/100 cm? to 1,394 dpm/100 cm?, with an average of
606 dpm/100 cm?. The average MDA for beta-gamma radioactivity was 490 dpm/100 cm?.
The annual averages are based upon actual results, whether negative, positive, or zero.

'4.5.3 Data Analysis

_ The site monitoring results show fixed contamination presenf in a few locations. but at

levels well below the DOE uranjum surface contamination guidelines for unrestricted use
| (5,000 dpm/100 cm?). The contamination was probably caused by airborne uranium deposits
that occurred during the operational period of the Weldon Spring Uranium Feed Material Plant.
Little removable contamination was found. No increase in removable contamination levels has
been measured since the monitoring program was initiated in 1987. ‘

4.6 Airborne Asbesfos Monitoring

During 1996 environmental monitoring for asbestos was conducted at the Francis Howell
ngh School (AP- 4006) and at the Weldon Spring site perimeter (AP-2002, AP-2005, and
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AP-3004). These locations are 1dent1ﬁed in Flgures 4-1 and 4- 3 Fﬂters were collected weekly |

and shxpped off-site 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. If 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 off-site laboratory for TEM analysis.

Lt
|
[

The results of environmental samples collected at Francis Howell High School and the
site and quarry perimeters are provided in Table '4-7; A total of 197 PCM samples were -
collected with 146 samples indicating results above the detection limits. The range of samples
above the detection limit (as measured by the PMC).was 0,001 fibers per milliliter of air (f/ml)
t0 0.006 f/ml. No samples were resubmitted for TEM analysis. All results of the environmental
air samples collected from thesit’e and quarry perimeters and Francis Howell High School were
below the fiber concentration limits of 0.01 fibers/ml established in the EPA's accept'able

clearance levels for schools. These results indicate that asbestos fibers were effectively

contained during the year.

TABLE 4-7 S‘ummary of Asbestos Air Monitoring Results ',

NUMBER OF
SAMPLES/SAMPLES
A ABOVE DETECTION o o
. LOCATION LUMIT  RANGE (f/mi) AVERAGE (f/ml)
AP-2002 ' . 48/38 . 00006 -]  0.001
AP-2005 49/36 0-0.006 0.001
AP-3004 - 49/36 ~ 0-0.005 , 0.001
AP-4006  51/36 0:0.004 ©0.001

!
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=

5 RADIATION DOSE ANALYSIS

This section evaluates the effects of atmospheric releases and surface and groundwater
discharges of fadiological contaminants from the Weldon Spring Site Remedial Action Project
(WSSRAP). Potential annual dose equivalents to the general public have been calculated and
are presented here. These calculations are compared against U. S. Department of Energy (DOE)
guidelines contained in DOE Order 5400.5.

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

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

5.1 Highlights

. The largest TEDE to a maximally exposed individual from all pathways combined
' was 2.7 mrem (0.027 mSv), estimated for an individual who works full-time at
‘the Missouri Highway and Transportation Department Maintenance (MHTD)
facility. This value represents 2.7% of the DOE guideline of 100 mrem (1 mSv)

above backgrbund levels.

o The collective population dose equivalent was estimated to be 0.19 person-rem
(1.9E-3 person-Sv) . for users of the Busch Memorial Conservation Area and .
employees of the MHTD. '

5.2 Pathway A_nalysis
In developing specific elements of the WSSRAP environmental monitoring program,

| potential exposure pathways and health effects of the radioactive and chemical materials present
on site are reviewed annually to determine which pathways are complete This pathway analysis
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i : : , ‘
is detailed in the site Environmental Monitoring Plan (Ref. 42). As required by DOE Order

5400.1, evaluation (_)f each exposure pathway is based on the sources, release mechanisms, 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

contammant sources, or between one or more environmental transport processes, to an exposure '

point where human or ecologlcal receptors are present. If it is determined that a link exists, the
pathway is termed complete. Complete pathways are used in assessing radxologlcal and
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
evaluated 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 1996 and were thus mcorporated into radiological
dose estimates. These are Liquid (B), Liquid (C), Airborne (A), Airborne (B), and External.
Assessments of potential exposure routes in the Feasibility Study for Remedial Action ar the
Chemical Plant Area of the Weldon Spring Site (Ref. 69) have shown that the dose potentlal for
pathways not listed in Table 5-1 is negligibly small. :

TABLE 5-1 Complete Radiological Exposure Pathways for the Weldon Spring Site

' . : APPLICABLE TO
EXPOSURE - . 1996 DOSE

PATHWAY ‘ PATHWAY DESCRIPTION ESTIMATE
Liduid(A') : lngestlon of groundwater from local wells downgradient N

from the site.

Liquid(B) Ingestion of game and fish inhabiting wildlife area. Y
Liquid{C) Ingestion of surface water and sediments. _ Y
Airborne{A) Inhalation of particulates dispersed through wind erosion Y

and remedial action..
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TABLE 5-1 Complete Radiological Exposure Pathways for the Weldon Spring Site
(Continued) : ‘

. , ' » APPLICABLE TO
EXPOSURE 1996 DOSE

PATHWAY PATHWAY DESCRIPTION _ ESTIMATE
" Airborne(B) inhalation of radon emitted from contaminated ' A Y

soils/wastes.. .

External Direct gamma radiation from contaminated soils/wastes. . Y

" As shown in Table 5-1, the Liquid (A) pathway is not applicable to the 1996 dose
estimate for the WSSRAP. Concentrations of radioactive contaminants in the production wells
near the Weldon Spring Quai'ry are currently comparable fo background concentrations (see
Section 8.4). In addition, 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 (0.10 mSv) effective dose equivalent annually
due to airborne emissions other than radon at off-site receptor locations.

. DOE guideline -of 100 mrem (1 mSv) total effective dose equivalent for all
exposure pathways on an annual basis (excluding background).

5.3 Radiological Releasé Estimates
5.3.1 Airborne Radiological Releases

Because annual average airborne Rn-220 concentrations at three chemical plant perimeter
air monitoring stations exceeded background levels in 1996, an estimate was made to determine

the total activity of Rn-220 gas released off site for the year. Off-site airborne releases of other
radionuclides in 1996 were not calculated because perimeter concentrations of Rn-222 gas and
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ACTIVITY OF ACTIVITY OF _
RADIONUCLIDES RADIONUCLIDES MASS OF .

| RELEASED TO AIR |RELEASED TO WATER| RADIONUCLIDES | HALF-LIFE

RADIONUCLIDE (Ci) ‘ L (Ci) RELEASED (grams) (Yrs)
U-238 - 1.28E-2 . 3.8E4 4.47E09
U-235 : - . 6.00E-4 . 280 . 7.04E08
U-234 . - . 1.28E-2 @ 2 2.46E05
Th-232 ' - . 1.49E-4 1,350 1.40E10
Th-230 g : '3.008-4 | 1:43€-2 7 54E04

Th-228 - 2.43E-4 2.96E-7 1.91

Ra-228 = . L 1.28E-4  4.71E-7 5.76
Ra-226 B T | 8.39E-4 - 8.39E-4 1,600
Rn-222 - . N/A | N/A 3.82 days
Rn-220 ‘ 128 N/A - N/A 55.6
' ' seconds

Total Activity . | 128 27982 1,630 | NA

: i : . ]
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radloactwe air pamculates were not distinguishable from background for the year. Furthermore
Rn-220 levels at the quarry were at background levels, thus no release estimate was made for
the quarry. Table 5-2 shows the estimated airborne activity release of radionuclide to the
envuonment, the corresponding mass released, and the half-life for each radionuclide. | '
_ _ |

As shown in Table 5-2, the estimated off-site Rn-220 release to the atmosphere was
approximately 128 Ci (4.7E12 Bq). Raffinate Pit 4 is the primary source of Rn-220 emissions
at the Weldon Spring site. Calculations and assumptions are provided in Appendix B.

TABLE 5-2 Radionuclide Emissions to the Environment

N/A Not analyzed for this radionuclide.

-- Not distinguishable from background at penmeter monitoring locatlons
Muitiply by 3.7E10 to convert Ci to Bq. ' :
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5.3.2 Waterborne Radiological Releases '

4 During 1996, intermittent surface water runoff transported isotopés of uranium, thorium,

and radium from the site through six major discharge routes. These include two water treatment
plant outfalls and four storm water outfalls (see Section 7). These outfalls were monitored
monthly as required under the site National Pollutant Discharge Elimination Systém (NPDES). -
Natural uranium concentrations measured in runoff 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). All
results are listed in Table 5-2.

5.4 Exposure Scenarios

" Dose calculations were performed for the maximally exposed individual, collective
‘population, and NESHAPs critical receptors for applicable exposure pathways (see Table 5-1)
to assess dose from the Weldon Spring site. First, conditions were set to determine 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
equivalént’ for a collective population was calculated. A third set of dose equivalent calculations
was performed to meet NESHAPs requirements (see Section 6). | '

Statistical testing indicated background levels of radioactive air particulates at both high
volume NESHAPs critical receptor monitoring locations and low volume perimeter monitoﬁng
locations during 1996. Calculations using perimeter and off-site monitoring data determined the
collective population dose equivalent to be less than 1 person-rem per year (0.01 person-Sv)
from all pathways combined. Since all off-site low volume air particulate samplers and radon
gas detectors (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 ta:get
populations where complete exposure pathways were found to exist.

- The scgnarios 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
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| here. Estimates of health risks are based on epndemlologlcal data collected from large groups

of people exposed to radiation under various circumstances; therefore, statistical models ‘are not

" applicable to single individuals. Dose equivalents to 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 dosé 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 guideline of 100 mrem (1.0 mSv) total effective dose
equivalent (TEDE) is prov1ded
|
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 ahd the
number of persons exposed. Exposure points are locations where members of the public are
potentially exposed to'airbom;a radioactive particulates, radon gas, external gamma radiation,
or abdve-background radionuclide concentrations in water or-food. The committed effective
dose equivalent is calculated by; estimating radionuclide concentrations in the air, water, _anci food
at a given exposure point and applying standard breathing rates and dose equivalent conversion
factors. These concentrations and reasonable €XpOSure scenarios are used to estimate the amount
of radioactivity 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 describe;j in

International Commission on Radiartion Protection (ICRP) Reports 26 and 30 (Ref. 26 and 27)

for a 50-year committed effective dose equivalent. - Fifty-year committed effective dose
equivalent (CEDE) conversion factors were obtained from the EPA Federal Guidance Reporz
No 11 (Ref. 28) . o : ‘.

5.5 Dose Equivalent Estimates

Dose equivalent estimates for the . exposure scenarios were calculated using 1996
monitoring data. Calculations for dose 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 hm:ts
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TABLE 5-3 Exposure Scenarios for Weldon Spring Site Radiological Dc;se Estimates

" DOE/OR/21548-676, Rev. 0

"ESTIMATED
EFFECTIVE | PERCENT
_ ' : DOSE OF DOE
EXPOSURE : ; EXPOSURE | EXPOSURE/ EQUIVALENT |GUIDANCE
SCENARIO | PATHWAY'| ACTIVITY MEDIA | DURATION | INTAKE RATE | CONCENTRATION (mrem) LIMIT
WSCP/WSRP | Liquid(B) N/A N/A N/A NA | N/A- ‘ N/A N/A -
Hypothetical : ) ,
Individnal Liquid(C) N/A N/A N/A N/A N/A N/A N/A
External Working at Direct 2,000 hours| 8 mrem/'yr N/A . 1.82 1.82%
. MHTD facility | Exposure '
Airborne(A) N/A N/A N/A N/A N/A N/A N/A
Airborne(B) Working at Air 2,000 hours| 1.2 m3mhour® | Rn-220 0.25 pCill; 0.83 0.83%
- MHTD facility : 0.5% equilibrium
wsa ~ Liquid(B) - N/A N/A° N/A N/A N/A N/A N/A
Hypothetical -
Individual Liquid(C) N/A N/A N/A N/A N/A N/A N/A
_ External | Walking near Direct 5 hours 9 mrem/yr N/A 0.0051 0.0051%.
| WSQ perimeter | Exposure ' :
Airborne(A) | N/A N/A N/A N/A N/A N/A N/A
Airborne(B) N/A N/A N/A N/A i N/A N/A . N/A
80




WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1996

~ 7/23/97

TABLE 5-3 Exposure Sceriérios for Weldon Spring Site Radiological Dose Estimates (Continued)

_ ESTIMATED
EFFECTIVE | PERCENT
., S . I DOSE | OF DOE
EXPOSURE | - | EXPOSURE [ EXPOSURE/ : EQUIVALENT |GUIDANCE|
SCENARIO | PATHWAY | ACTIVITY MEDIA | DURATION | INTAKE RATE | CONCENTRATION |  (mrem) LIMIT
WSVP Liquid(B) ‘| Consumption of Fish N/A 6.5 g/day A‘,O.O‘OS pCi/g 10.0034 0.0034%.
Hypothetical | " | fish from slough’ ) B
Individual - e ' ‘ - o o 2
, | Liquidic) CN/A N/A L NA N/A N/A N/A N/A
. | External |. - N/A NIA NTA CN/A . NA- | o NA = | NA
Airborne(A) N/A N/A | NA | NIA N/A N/A N/A
Airborne(B) N/A N/A N/A C N/A N/A N/A N/A
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TABLE 5-3. Exposure Scenarios for Weldon Spring Site Radiological Dose Estimates (Continued)
COLLECTIVE _
POPULATION | PERCENT
_ DOSE OF DOE
EXPOSURE EXPOSURE EXPOSURE/ EQUIVALENT |GUIDANCE
SCENARIO PATHWAY ACTIVITY MEDIA DURATION | INTAKE RATE [ CONCENTRATION | (person-rem) LIMIT
Collective ° Liquid{B} | Fishing at Busch Fish N/A 0.55 g/day 0.038 pCi/g 0.16 . N/A
Population Lake 36 ' ‘ '
' {population =
5,985)
Swimming at Sediments 0.285 200 mg/day 91.1 pCi/g 0.00035 N/A
Liquig(C) | Buseh Lake 36 Atipersen _
(population = ~Water 0.285 0.05 liters/hour 56 pCi/l 0.0013 N/A
5.985) hr/person ’
External Working at . Direct 2,000 hours 8 mrem/yr N/A 0.016 N/A
MHTD Facility | Exposure
Airborne(A) N/A N/A N/A N/A N/A N/A N/A
Airborne(B) |  Working at Air 2,000 hours| 1.2 m*nhr'® | Rn-220 0.25 pCi/; 0.007 N/A
MHTD Facility 0.5% equilibrium
N/A  Indicates measurements for radioactivity for a media/exposme pathway at background levels.

WSCP
WSRP
wsQ

‘WSVP

Weldon Spring Chemical Plant.

Weldon Spring raffinate pits.

Weldon Spring Quarry. ‘

Weldan Spring vicinity properties.
Muitiply by 0.037 to convert pCi to Bq.
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TABLE 5-3 Exposure Scenarios for Weldon Spring Site Radiological Dose Estimates (Continued)

Multiply by 0.01 to convert mrem to mSv.
Multiply by 0.01 to convert person-rem to person-Sv. : :
(a) A breathing rate of 1.2 m 3/hour is used for an adult male engaged in strenuous actwuty A breathmg rate of 0.96 m3/hour would be
. used for an adult male engaged in light activity. Reference values for adult females are 1.14 m3/hour for strenuous activity and -
0.91 m®/hour for hght activity.
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The 1996 total effective dose equivalents (TEDEs) for hypothetical maximally exposed
individuals‘ near the chemical plant and raffinate pits, quarry, and vicinity properties are
2.7 mrem (0.027 mSv), 0.0051 mrem (0.051 uSv), and 0.0032 mrem (0.032 pSv) respectively.
These values represent less than 3% of the DOE standard of 100 mrem (1 mSv) above
background for all exposure pathways. In comparison, the annual average exposure to natural

background radiation in the United States results in a TEDE of approximately 300 mrem -

(3 mSv) (Ref. 71). - The collective population dose equivalent is 0.19 person-rem
'(0 0017 person-Sv) for recreational users of the Busch Memorial Conservation Area and
employees of the Missouri nghway and Transportation Depanment (MHTD) facnhty
Assumptions are detalled in the followmg sections.

5.5.1 Radiation Dose Equivalent' From the Chemical Plant and Raffinate Pits to a
Hypothetical Maximally 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 zidjacent to ‘the site.
Therefore, all calculations of dose equivalent due to- the applicable pathway of airborne
radioactive particulate inhalation assume a realistic residence time'thai is less than 100%. A
full-time employee at the MHTD maintenance facility was considered to be the maximally |
exposed individual to airborne releases of radionuclides from the chemical plant area.

The low and high volume samplers near the MHTD facility indicated no above- |
background concentrations of airborne radioactive particulates from the WSSRAP. However,
because both the annual average Rn-220 concentration and environmental TLD result (Stations .
RD-2004 and TD-2004) exceeded background levels for the year, a dose estimate was calculated
based on these measurements.

The exposure scenario assumptions are as follows:
o Inhalation dose occurs to the maximally exposed individual while working outside

the MHTD Facility near the Weldon Sprmg chemical plant perimeter for a total
of 2, 000 hours per year.
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e  Net Rn-220 concentmtlon of 0.25 pCi/l (9.3E-3 Bq/l), measured at RD- 2004 on

the northeastern boundary of the chemical plant '_ : "

J Daughter equ1hbrium 'latio of 0.5% for Rn-220, based on several. months of
- measurements made 'during Raffinate Pit 4, debris consolidation activities m 1996.
¢  Net annual gamma cxposure rate of 8 mrem/year (for contmuous exposure),
measured at TD-2004 at the northeastern boundary of the chemical plant ‘For

1996 a leap year contmuous exposure time is 8, 784 hours :

. Effective dose equ1valent conversxon factor of 0. 42 rem/WLM 4. 2 mSv/WLM),

' 1mp11ed by 10 CFR 835

| :g ' . e

Based on the exposure scenario and assumptions described above, a maximally exposed
mdmduaj working at the MHTD facxhty received a total effective dose equivalent of 2.7 mrem
(0.027 mSv) from external exposure and inhalation of Rn-220 gas and progeny.

3.5.2 Radlatlon Dose From the Weldon Sprmg Quarry to a Hypothetical Maxlmally
Exposed Individual - i . :
This section discusses the estimated TEDE to a hypothetical individual assumed to
frequent the perimeter of the Weldon Sprmg Quarry. The only private residence adJacent to the
» quarry site is monitored as a critical receptor and all 1996 monitoring results indicated no above
o background exposure pathways Therefore all calculations of dose equivalent due to applicable
- pathways assume a realistic occupancy time of 5 hours/year, based ona hypotheucal individual
who hikes along the southeastern b'oundary of the quarry The 5 hours/year assumption
- represents tw1ce the value esnmated for hikers at the Weldon Spring Conservation Area
| (Ref. 30). , ‘ ; ‘
1 o - J : .
Exposure scenario assumptions particular to.this dose calculation are as follows:
. No contribution from ingéstion pathways W_as assumed because access to the
quarry was controlled by:24-.hour security and a 2.4 m (8 ft) chain link fence

i
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topped with barbed wire. Fishing, swimming, and dnnkmg water from the
quarry pond were not considered to be realistic exposure pathways.

o No contribution from inhalation pathways was assumed because quarry air
~ particulate and radon gas monitoring stations indicated background concentrations

for the year.. '
*  The individual hiked around the southeastern perimeter of the quarry

5 hours/year.

. The net gamma radiation exposure (méasured at TD-1003) was 9 mrem/year
(0.09 mSv/year) above background. This value is based on continuous exposure
(8,784 hours in 1996).

The total effective dose equivalent to the hypothetical maximally exposed individual at |
the quarry was 0.0051 mrem (5.1E-5 m_Sv) from direct gamma exposure.

5.5. 3 Radiation Dose From Vicinity Propertlw to a Hypothetlcal Maximally Exposed
Individual :

This section discusses the estimated total effective dose equivalent to a hypothetical
individual assumed to frequent the Femme Osage Slough, south of the quarry. This scenario
provides a conservative but plausible exposure assessment. No private residences are adjacent
to the slough (it is situated on land currently managed by the Missouri Department of
Conservation (MDC) as part of the Weldon Spring Conservation Area); therefore, all
calculations of dose equivalent due io_the applicable pathways of fish and ingestion (Liquid B)
assume a realistic occupancy time of 62.5 hours/year. This scenario uses the applicable
exposure pathways listed in Table 5-1 and is based on a hypothetical individual who fished at .
the Femme Osage Slough in 1996.

Exposure scenario assumptions particular to this dose calculation include the following:
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a
. Annual average radloactlve particulate concentrations at the quarry penmeter were -
indistinguishable from background; therefore, no inhalation dose due to

: radxoactwe air pamculates was ca.lculated for an individual at the slough!.

. No contribution to the estimated dose was included from radon p‘rogeny
concentrations assocmted with the Airbome (B) pathway, because the slough is
contaminated only w1th uranium and is covered with water. Consequently,
above-background concentrations of radon are not expected at this location. ‘

t

o The average total uranjum concentfation in a composite sunfish sample' taken
from the Femme Osage Slough was 0.005 pCi/g  (1.9E-4 Bg/g) (see
Section 9.3.1.1). o ' -

*  The freshwater fish consumption rate was 6.5 g/day (0.23 oz/day) (Ref. 32).

,( . " ° L

° No contribution from pathway Liquid (C) was included because the stagnant. water

~ conditions made it unlikely that the slough would be used for recreational
swimming. '

. Dose equivalent converswn factor for ingestion of total uranium of

2.69E-4 mrem/pCi (Ref 28).

The total effective dose equivalent to the maximally eprsed individual at the vieinity
properties from consumptxon of ﬁsh tissue at the Femme Osage Slough was 0.0032 mrem
(0.032 uSv). ; ’

. ) i
5.5.4 Collective Population Dose |

This section discusses the estimated collective TEDE to the populations assumed to be

exposed to radiation from the WSSRAP. Statistical testing at the 95% confidence level for all

_ radioactive air particulate, radon gas, and gamma exposure measurements at critical receptor

monitoring locations indicated that the only statlstlcally s1gmﬁcant results were for gamma
radiation exposure at TD-2004 and Rn-220 concentrations at RD-2004, both located along the _

" northeast WSCP penmeter near the MHTD facility.
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Measurements . made by M-type alpha track detectors and environmental
thermoluminescent dosimeters (TLD) indicated above background results of both annual Rn-220

concentrations and gamma exposure at this location, necessitating a potentlal general populatxon
exposure scenario.

Another potential general popuiation exposure is from the 'consumption of \i/ater,
sediment, and fish from the August 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. Scenarios were developed and a dose assessment was performed for the users of the
MHTD facility and the Busch Memorial Conservation Area in 1996.

, . The scenario used for the Busch Memorial Conservation Area is based on recreational
- use for fishing and boating activities. Only the ingestion pathways Liquid (B) and Liquid (C)

were considered plausible for this assessment. Exposure scenario assumptions pafticular to this

dose calculation are as follows: ‘ ' '

.. The MDC estimates that approximately 160,000 persons per year use the Busch
Memorial Conservation Area (Ref. 30), which is adjacent to the chemical plant
and raffinate pits area, while another 5,895 persons participate in ‘recreational
boating activities. Busch Lakes 34, 35, and 36 receive runoff from the chemical
plant and raffinate pits area, and all three lakes are used for fishing and boating..
Therefore. a population of 165,895 persons was assumed to have potential for
exposure through ingestion of fish, water, and sediment from these lakes.

o The average time per fishing trip was 2.5 hours.
e " The time spent to fish caught ratio is 0.4 ﬁsh/hour and the ratio of fish caught
to fish kept is 0.5. If each fish caught is consumed by a different person, the

affected populatlon would be 80,000 persons.

. The highest average total uranium concentration in a composite sunfish sample
collected from Lake 36 was 0.038 pCi/g (1.4E-3 Bq/g) (see Section 9.3.1.1).
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. The average ume spent at the Busch Conservanon Area per boating mp was
‘ approxunately 5.7 hours (Ref. 30).

)

Each of 5,895 vmtors made only one visit to the area and spent 5% of the time
©swimming. = | :

|
Maximum water an'd sediment concentrations of total uranium were 56 pCi/l
(2.1 Bq/l)i(seve Tabl&'j. 7-11) and 91.1 pCi/g (3.4 Bq/g), respectively (Ref. 59).
, 5 o '

No contribution fror‘fn airborne pdt_hways ‘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, at the 95% confidence level, that .
concentrations of airborne radioactive particulates or radon were greater than
background levels. - ‘ ' - '

For 1996, the estimated populatlon dose equwalent for the Busch lakes scenano was
0.17 person-rem (1.7E-3 person- Sv)

| o -

The scenario used for the MHTD facility is the same as listed in Section 5.4.1." The
“estimated total collective population éiose equivalent at the WSSRAP is 0.19 person-rem in 1996. .
~ Calculations are presented in Appendix B, Section D.

!
i
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6 NESHAPS PROGRAM

This section provides information on 1996 annual atmospheric emissions of radionuclides,
in accordance with the requirements of 40 CFR 61, Subpart H, Narional Emission Standards for
Emissions of Radionuclides Other Than Radon From Department of Energy Facilities. -
Evaluations presented here include airborne emissions data and dose assessment and compliance
information related to sources of radioactive particulate emissions at the Weldon Spring Site
Remedial Actxon Pro;ect (WSSRAP).

6.1 NESHAPs Monitoring and Dose Assessment Highlights

* Results of National Emission:Standards for Hazardous Air Pollutants (NESHAP)
monitoring at the six crivt_ica‘l receptor monitoring locations indicated, at the 95 %
confidence level, no reason to suspect that annual average gross alpha or
radioisotopic air particulate concentrations were greater than background levels.

o The highest dose assessment was for a maximally exposed individual residing .
continuously in the Francis Howell High School. Results indicated an annual
CEDE of 0.9+ 1.58 mrem (0.009+0.0158 mSv) for this individual in 1996.

. The 1996 collective populatioh dose ‘equivalent estimate for nine full-time.
employees of the MHTD and 160,000 users of the Busch Memorial Conservation
Area was 0.19 person-rem (0.0019 person-Sv). ‘

o Radon flux measurements performed in 1996 on the temporary storage area
' (TSA). averaged well below the limit of 20 pCi/m?-S listed in 40 CFR 61,
Subpart Q. :
o Total Rn-220 emissions from the Weldon Spring site were estimated to be 128 Ci

(4.74E12 Bq) in 1996, equating to a CEDE to the hypothetical maximally
exposed individual of 0.83 mrem (8.3E-3 mSv). Off-site Rn-222 emissions in
1996 were neghglble '
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S

6.2  Facility Information |
i |

|

\

I

6.2.1 Site Description

L , ' : |
Specific _information about the Weldon Spring site can be found in Section 1 of this

report.

6.2.2 Source Description

The Weldon Spring site is being remediated in accordance with the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) and the Narional

| ~ Environmental Policy Act (NEPA). It no longer operates as a uranium and thorium processing

plant and has been in mothball status smce about 1966. Therefore, radionuclides are no longer
emitted from the original uranium’ processmg plant sources (i.e., stacks, vents, or pipes)
described in 40 CFR 61, Subpart H. . ’

Most airborne emissions of radionuclides at the Weldon Spring site result from wind
dispersion of surface soils, temporary waste storage areas, Or dust and dirt from building debris
and fugitive dust generated during remedxal actions. ‘The two on-site water treatment plants.and
the chemical stabilization/ solidification (CSS) pilot facility, however consntute potentlal
.emission points (" pomt sources”). - (L . :

o '

The chemical plant buildings - were contaminated with asbestos, hazardous chemncal
substances, and isotopes of uranium, radium, and thorium. (Building dismantlement was
completed in 1994.) Concentrations m bulk samples collected from the buildings range from
background levels to- 20, 000 pCi/g U 238, 190 pCi/g Ra-226, 5 400 pCi/g Ra-228, and
540 pr/g Th-230 (Ref. 3).

Radiologicai and chemical (i.ie., polychlorinated biphenyls [PCBs], nitroaromatic
compounds, metzﬂs, and inorganic ion\s)‘ contaminants can also be found in the soil in several
areas around the site. Most of the 87 ha (215 acres) of the chemical plant site have above
- background concentrations of uranium (>1 pCi/g). Radionuclide concentrations range from
0.3 pCi/g to 2,259 pCi/g U-238, 0.2 pCi/g to 452 pCi/g Ra-226, 0.1 pCi/g to 155 pCi/g Ra-228 .
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~and 0.3 pCi/g: to 123 pCi/g Th-230 (Ref. 21). Approximately 40 ha (100 acres) of 87 ha
(215 acres) of soil have been remediated and wastes are stored.in Ash Pond.-.

The raffinate pits arevradiologica'lly contaminated with uranium and thorium residues and
‘chemical contaminants including nitrate, fluoride, PCBs, and various heavy metals.
Radionuclides concentrations found in raffinate pit sludge range from < 10 to 3,400 pCi/g total
uranium, <8 to 34,000 pCi/g Th-230, <1 to 1,700 pCi/g Ra-226, <4 to 1,400 pCi/g Th-232,

<4 to 1,400 pCi/g Ra-228, and <3 to 1,100 pCi/g Th-228 (Ref. 74).

The quarry bulk waste contains radiological and chemical contaminants including
uranium, radium, thorium, metals, nitrates, PCBs, semivolatile organic compounds,
nitroaromatics, and asbestos. The radionuclide concentrations range from 3.0 to 1,600 pCi/g
U-238. <1 to 2,780 pCi/g Ra-226. 0.7 to 36 pCi/g Th-232, <1 to 2,200 pCi/g Ra-228, and

<1.0 10 6,800 pCi/g Th-230 (Ref. 2). The quarry bulk waste was removed and placed at the
 temporary storage area (TSA) in 1996. o | '

6.3 . Air Emission Data

Most airborne emissions of radionuclides at the Weldon Spring site result from wind
dispersion of surface soils and fugitive dust generated during remedial actions. Modeling such
emission sources is not practical because of the inability to adequately characterize the emission
inventofyA The amount of entrainment can be estimated from fugitive dust emission factors
developed by the U.S. Environmental Protection Agency (EPA) for various materials 'handling
activities, but it is generally recogm'zed that those estimates contain uncertainties.

After evaluating the methods of assessing effective dose equivalents from radionuclide
emissions from the Weldon Spring site, it was determined that monitoring air concentrations at
_critical receptors was the most accurate means of assessing effective dose equivalents to
maximally exposed individuals. This alternative approach has been approved by EPA Region
VII. The designation of the critical receptors and sampling procedures are described in -
Section 6.3. "
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" 6.3.1 Point Sources ‘ ,l

‘Table 6-1 briefly describes Ethe two chemical plant water treatment plants, the quafry
water treatment plant, and the CSS pilot facility and lists their nearest receptor locations.
Because critical receptor monitoring fis performed at the WSSRAP, additional effluent monitoring
under the requirements of 40 CFR “61 Subpart H and U.S. Department of Energy (DOE) Order
5400.5 is not required. In addition. to cntlcal receptor momtormg, engineering calculations have
been performed to assess releases from the quarry and chemical plant water treatment plants and
resulting dose eqmvalents to members of the public. These results indicate a dose equivalent
of less than 0.1 mrem (0.001 mSv) at the nearest receptor location as provided in Table 6-1.

!

TABLE 6-1 WSSRAP Point"Sou‘lrces - '
_ | EFFLUENT CONTROL NEAREST RECEPTOR
POINT SOURCE 1.D. DESCRIPTION EFFICIENCY

DESCRIPTION | DISTANCE

Site Water Treatment. | High Efficieh('cy _ 99.97% for Administration 400 m ‘
Plant Air Particulate - 0.3 micron Building o
: : (HEPA) Filtered * { .DOP :

Quarry Water | High Efficiency | 99.97% for | Residence - 700 m
Treatment Plant Air Particulate | 0.3 micron )
‘ : (HEPA) Filtered | DOP ol | .

CSss Pildt.Facility High éfficiéndy 99.97% for Administration 600 m
: ’ air particulate’ 0.3 micron Building :
(HEPA) filtered popP

i
!

DOP  Dioctylphthalate ’ .

6.3.2 Grouped Sources

¢
l
i
'
i

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

The WSSRAP primary sources for emissions. are diffuse sources that at the most basic
level consist of two areas, a chemical plant area and a quarry area. Due to the many different
and constantly changing activities within these areas, the WSSRAP has chosen to monitor
airborne concentrations at nearby critical receptor locations to demonstrate compliance with the

 NESHAPs standard.

The quarry diffuse source is a 3.6 ha (9-acre) limestone quarry located approximately
6.4 km (4 mi) south-southwest of the chemical plant area. 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 0.2 ha (0.5 acre). The quarry was used as a disposal area for dinitrotoluene
(DNT) and trinitrotoluene (TNT) process wastes; uranium, radium, and thorium 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 a uranium processing facility in St. Louis,
Missouri. A major remediation project involving the removal and controlled temporary storage
of approximately 110,000 m> (144,000 yd®) of contaminated bulk waste was started in 1993 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 diffuse source encompasses 87 ha (215 acres) on
which the Ash Pond storage area (APSA), four raffinate pits, the temporary storage area (TSA).
and the material staging area (MSA) are located.” Airborne emissions from the chemical plant
result from windblown resuspension of radioactive particulates from site soils and chemical plant
building material and debris, and resuspension of radioactive particulates from site operations
- such as'buildingbfoundation removal and soil excavation. During 1996, no NESHAPs critical
‘receptor monitorsbr»periméter air monitors indicated radioactive air particulate concentrations
statistically greater than background levels. Therefore, monitoring data indicated that the
concentration of radioactive air particulates released from both the Weldon Spring Chemical
Plant and Quarry was at background levels.
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6.4  Dose Assessment

Due to the uncertainties associated with modeling airborne radionuclide em1551ons

~ resulting from radioactive sources at the Weldon Spring site, the WSSRAP has chosen a'more

reliable method of critical receptor monitoring. ~ As an alternate to relying on alr-dlspersmn
calculations for demonstrating compliance with applicable standards, these critical receptor
locations are places where members of the public abide or reside and have a potential to
encounter off-site concentrations of radioactive airbomne particulates during WSSRAP
remediation activities. The critical receptor monitoring methodology is described in the
WSSRAP Plan for Monitoring Radionuclide Emissions Other Than Radon at Weldon Spnng Szte

.Critical Receptors (Ref 21), which: has been approved by EPA Region VII.

6.4.1 Sampling Procedure

- As mentioned in Section 3.2.}1.1 of this ‘rep(’m, six designatedi critical receptor locations
surrdunding the Weldon Spring site: have been selected in order to achieve compliance with
NESHAPs requirements. The six locations were 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 six critical receptor locations and the background monitoring

_location are shown in Figure 6-1 and are described in Table 6-2. They include: the common
boundary of the Weldon Spring Chemical Plant and the Missouri Highway and Transportation .

Department (MHTD) maintenance facility (AP-2001); the WSSRAP administration building
(AP-2005);." Francis Howell High School (AP-4006); the August A. Busch Memorial
Conservation Area (AP-4007); the Weldon Spring Training Area on the Department of the Army
property (AP-4008); and 150 m (0.1 mx) from the residence nearest to the quarry (AP-4011).
Daniel Boone Elementary School in New Melle, Missouri, is the designated background
monitoring location (AP- 4012) Techmca.lly, the WSSRAP administration building is consxdered

‘an on-site receptor rather than a critical receptor because its occupants are not members of the

general public, and the -area is under DOE control. However, for reporting purposes, it is
referred to as a “critical receptor.” ' : B

Each critical receptor location includes a low volume air particulaté Sampler (~40 lpm)
and a high volume air sampler (~950 lpm). Low volume samples are collected on mixed

. cellulose ester membrane filters approximately 1.5 m (5 ft) above the ground, and are exchanged -

T
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- TABLE 6-2 Exposure Scenarios and NESHAPs Dose Estirﬁates for 1996

' ESTIMATED DOSE
- . TOTAL ~ EXPOSURE . EQUIVALENT
CRITICAL RECEPTOR - SAMPLE ID INDIVIDUALS DURATION (mrem)/PERSON
MHTD facility - ' - |Ap2000 | 9 2,000 hrjyr - 0.07+0.23
| WSSRAP administration building AP-2005 275 | 2500hiyr | 0.15+0.33
Francis Howell High School - Assessment 1 AP-4006 3,020 | 2,250 hriyr 0.23:0.41
Francis Howell High-School - Assessmeént.2 - AP4006 | . 19 | 8760 hrlyr | _090:1.58
~ | Busch Memorial Conservation Area | AP-4007 25 - 2,600 hefyr | 0.03£0.27
Weldon Spring Training Area | AP-4008 1®0 12,000 hriyr 0.08+0.29
Nearest quarry residence o AP-4011 : [ | 8,760 hriyr 0.49+1.32
Aa) " One individual residing full-time on school properties.
(b} One employee working full-time on Army property.
(c) One individual living at residence. .

- hr/yr. Hours per year. ‘
‘Multiply by 0.01 to convert mrem to mSv.
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-on a weekly basis. High volume samples are collected ‘on large glass fiber or membrane filters
approximately 1.2 m (4 ft) above the ground, which are also exchanged weekly. It is the high
volume sampling results 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 seven distinct samples, one for each critical receptor
location and background station. The high volume samples are analyzed for isotopic thorium,
total uranium, Ra-226, and Ra-228. For reporting purposes, the background concentrations are
subtracted from each sample concentration. If background concentrations are greater than the
concentrati'on of the critical receptor sample, a negative net concentration is reported.

6.4.2 Compliance Assessment

Based on the results of the high volume samples, a realistic exposure scenario and dose
estimate was developed for each of the six critical receptor locatlons The assumptions made
for the dose estimates include: ‘

. Breathing rate of 1.2 m>/hour (42.4 ft’/hour) provided in 10 CFR 20: Standards
for Protecrion Against Radiation.

o 50- year committed effective dose equivalent conversion factors. prov1ded in EPA
Federal Guzdance Report No. 11 (Ref. 28),

. ' Exposure duration listed in Table 6-2.

One-tailed Student's t-tests were performed at the 95% confidence level for each station.

The measurements for all the radioisotopes listed in Table 6-3 indicated that there were no
annual values statistically above background levels at any of the critical receptors. However,
NESHAP:S isotopic air monitoring results and the calculated committed effective dose equivalent

' (CEDE) for each critical receptor are listed in Table 6-3. According to the exposure scenarios
(Table 6-2), the maximum dose equivalent calculated was 0.9 + 1.58 mrem (0.009 mSv) CEDE
for an individual residing 8,760 hours/year in the Francis Howell High School. The doses for
the entire year at each critical receptor location are comparable to those calculated for 1995 and
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are well below the NESHAPs limit of 10 mrem (0. 10 mSv) total effective dose equivalent per
year. oy o '

6.5 Additional Information
No unplanned releases to the atmosphere occurred in 1996.

Releases from the WSSRAP are primarily due to diffuse sources. The dose equivalent
estimates listed in Table 6-3 are based on critical receptor monitoring, and therefore estimate
the dose due to both point source andi di;ffuse sourd: emissions. ' L

Datz quality review of precision ‘and accuracy for the NESHAPs high volume samples
established in the Plan for Monitoring Radzonuclldes Other Than Radon at Weldon Spring Site
Critical Receprors (Ref. 21) indicated that the data quality objectives (DQOs) for precision were
met, however; the DQOs for accuracy were not met for the first and second quarters of 1996.
Accuracy tests indicated failure of the Th-230 spiked samples to meet the known value objective
of £50% for 85% of the sdmples. The uranium spiked samples met this objective. Failure of
the Th-230 spikes accuracy is believed to be caused by spike preparation problems rather than-
by laboratory analysis problems.

To remedy the problem with spike préparation and maintenance, a standardized
(premixed) Th-230 solution was purchased and has been used for the spiking of NESHAPs air
filters since the third quarter of 1996. "This resulted in '100% of the Th-230 spiked filters
meeting the DQO for accuracy in the third and fourth quarters of 1996. The accuracy obtained
for third and fourth quarter spiked f'dtersi was within 20 % Of the spiked values.

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: collective population dose equivalent due to airborne releases of radionuclides,
status of compliance with 40 CFR 61 Subparts Q and T, details of non-s storage radon emissions,
a discussion of radionuclide emission points, and the status of the site qua.hty assurance program
~ for radionuclide emissions measurements '
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TABLE 6-3 NESHAPs Isotopic Air Monitoring Resuits With Effective Dose Equivalent Contributions, 1996
AP-2001 1st QUARTER 2nd QUARTER 3rd QUARTER 4th QUARTER ANNUAL
Radionuclide *Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective Dose Net Conoentration Effective Dose Effective Dose
pCilm' Equivalent (mrem) yCilmm Equivalent (mrem) pCilm'3 Equivalent {(mrem) y(:i/m”l - Equivalent (mrem} | Equivalent (mrem)
Total U -8.8E-11 £ N/A 0 £N/A 8.6E-11 £ N/A 0.0052 +N/A 1.65E-10 1 N/A 0.0100 £N/A -1.06E-10 £ N/A 0 1 N/A 0.0152 1 N/A
.Ra~226 - -1.7E-11 £1.08E-10 0+0.004 1.84E-11 £+ 557E-10 | 0.0001£0.0023 6.3E-11.+1.48E-10 0.£0.0006 7.05E-15+1.66E-11 | 0.0001+0.0001 0.0001 +0.0024
Ra-228 1.45_E'~1-018.26E-10 0.0003+0.0019 7.4E-11+8.7E-10 0.0002+0.0020 -2.56-10 £7.13E-10 01+0.0016 | ©.58E-12+8.13E-11 01+0.0002 0:0005 +0.0032
Th-228 1.07E-11 £ 1.34E-10 0.0018+0.0219 | 2.08€-11 +2.06£-10 | 0.0034 1:0.0338 4.62€E-11x1.65E-10 0.0076 +0.0270 6.85E-i2x6.44E-11 0.0011+0.0106 0.01391+0.0496
Th-230 6.13E-112£5.14E-10 0.0096 +0.0803 -2.4E-10 £ 6.49€-10 0+0.101% 4.18€E 11+1.12€-10 0.0065+0.0175 } 1.88E-11x+1.09€-10} 0.0029 £0.0171 "0.0190£0.1317
Th-232 -1.7E-12+£1.48E-10 0+0.1163 -4.9€6-12+ 2.29E-10 0+0.1804 1.74E-11 £6.64E-11 0.0‘-|3710.0523 7.32E-12+£5.75E-11 |. 0.0058 +£0.0453 0.019510.2255
CEDE .0.01171:0.14.3q 0.0089 t0,209§ 0.0378 +0.0614 . 0.00981+0.049§ 0.06821+0.2658
AP-2005 1st Quarter 2nd Quarter 3rd Quarter ath Qua-r\ev Annual
Radionuclide Net Concentration Effective Dose Net Concentration » Effective Dose Net Concentration Effective Dose Net Concentration’ Effective Dose Etfective Dose
pCi/mm Equivalent {(mrem) uCi/mm Equivalent {nirem) pCi/m‘:“ ’ Equivalent {mrem) pCi/m':”, Equivalent {mrem} Equivalent {mrem)
"Total U 4.75E-11 £N/A 0.0038 +N/A -1 .67E-10 £ N/A '0.0126 +N/A 7.58E-10 t N/A 0.0571 tN/A -9.79E-11 £N/A 0t N/A 0.0735 tN/A
Rn-ZiG -5.2E-11 £1.29€-10 01x0.0007 6.17E-12+5.11E-10 0+0.0026 -2.1E-11 £ 1.48E-10 0+0.0008 6.68E-12+1.65E-11 0+0.0001 0.16,0028
Ra-228 2.41E-10+8.38E-10 70.0007 +0.0025 | 1.96E-10+8.B1E-10 | 0.0006 £0.0025 | -2.9E-10+6.76E-10 0+0.0019 1.61E-11 +8.10E-11 01+0.0002 0.0013 +0.0040
Th-228 2.486-11.+1.33E-10 0.0051+£0.0272 | —3.iE-11 +1.96E-10 01+0.0401 3.76E-11 £ 1.11E-10 0.0077+0.0227 ~5.66E-1215.76E~.1J 0+0.0118 0.01281+0.0548
Th-230 0+4.85E-10 0+£0.0947 -2.5€-10+6.62€-10 010;1294 6.97E-11 £9.74E-11 0.0136+0.0190 9,:|8E-1211‘035-10 0.0018&6.0202 .0.0154_t_0.1627
Th-232 8.07E-12+1.46E-10 0.0079+£0.1434 -26-11+2.31€10 010.2271 3.96E-11 +6.00E-11 0.0389+0.0590 5404E-121.5.60E«11 0.0050 +0.0551 0.0518+0.2815
CEDE 0.017510.1740] 0.013210.2645 0.1173+0.0661 0.0068 10.059q 0:1548 +0.3289
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TABLE 6-3

NESHAPs Isotapic Air Monitoring Results With Effective Dose Equivalent Contributions, 1996 (Continued)
AP-4006'® | 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter Annual
Radionuclidt; Net Concentration Effective Dose Net Concentration ‘ Etfective Dose Net Concentration Etfective Doge Net Concentration Effective Dose Eftective Dose
#Cilm'3 Equivalent (mrem) pCi/m!3! Equivalent {(mrem) uCifm!3 Equivalent (mrem} uCiimt? Equivalent {mrem) Equivalent (mrem)
Total U -1.4E-11 £N/A 0.0009 +N/A 3.54E-11 £tN/A 0.0024 £N/A 2.92E-11 1 N/A 0.0020 £ N/A -7E-11 :t‘NIA v 0 +N/A 0.0053 £ N/A
Ra-226 -4.5€-11 4+ 1.38E-10 010.0008 7.4E-11 £5.49E10 0.0003 +0.0025 ~-6.9E-11 +1.51E-10 010.0007 -9.9.8-E-13t1A78E-11 01+0.0001 0.0003+0.0027
Ra-228 3.57E-15+8.25€-10 0.0001+£0.0021 | 9.31€-11 £8.43E-10 | 0.0002+0.0022 -2.9E-10+7.17€-10 -0+£0.0019 1.47E-11 £8.47E-11 0+0.0002 0.0003 +0.0036
Th-228° 1.42E-11 £1.3E-10 0.0026 £0.0240 | 1.86€-11124E-10 0.003410.0442- | 1.81E-1024.62E 10 | 0.0334+0.0853 |-1.92E-12+5.94E-11 0+0.0110 0.0394 +0.0996
V Th-230 0+4.67E-10 010.6827 3.27E—1‘I~1,‘_7‘63E-107 0.0058+0.1342 -6.9E-1% +1:87€-10 -} 01x0.0328 7.52E-12£1.02E-10 OA0613‘10‘071 79 j (;.007’{10'.1620 .
“'Th-232 -6.251»211.3,85-10 0;0.1226 1.08E-10£3.05E-10| 0.0957 10,é703 8.65€11£2.21E-10 | 0.0766+0.1960 | 5.94E-12 +5.60E-11 | 0.0053 +0.0496 : O'.-1v77>63;04359717
" CEDE V *'0.00'3310.14975 o o ‘0.1078 +0.3050 0.1120+0.2163 .v 0.0066 xO.v053 0.2300 +£0.4064
AP-3008'® “1st Quarter o 2nd Quarter 3rd Quarter 4th Quarter Annual
Net Concentration Effective Dose Net Concentration Effective Dose Net Coﬁcemrution Efiective Dose Net Concentratian Etfective Dose Effective Dose
Radionuclide weirm3) Equivalent tmrem) _UlCi/ma) Equivalent (mrem) WCitm3) Equivalent {mrem} WCi/m3) Equivalent {mrem) i Equivalent (mrem)
Total U 1.4€-11 £ N/A 0.0036 +N/A 3.54E-11 £ N/A . 0.0093 +N/A 292E-11 2 f‘\l/A 0.0077 £N/A -7E-11 £N/A O £N/A - 0.0206 £N/A
Ra-226 -4.5E-1111.38E-10 010.0026 -| 7.4E-11+5.49E-10 | 0.0013+0.0099 | -6.9E-11+1.51E-10 01£0.0027 -9.98E~13xl:78E311 010.0003 0,0013‘1040103.
Ra-ZéB 3.575»1518.255410 0.0004 £0.0083 | 8.31E-11 +8.43€-10 0‘0009‘10.0085 —é.9§-10¥7,‘|7E~10 0+0.0072 1.47E-1.1 1+ 8.47E-11 0.0001 +0.008 0.0014 +0.0139
Th-228 1.42E-11£1.3€-10 0.0102+0.0933 1.86E-11 £ 2.4E-10 0.0134+0.1721 1.81E-10+4 62E-10 0.12981+0.3319 |-1.92E-12+5,94E-11 0+0.0426 0.153410.3876
Th-230 - 0+4.67E-10 - 0+0.3196 3.27e-11 :t-7AG3E<1O 0.0224 +05221 -6.96-11+1.87€-10 0£0.1277 7.52E-12+1.02E-10] 0.0051+0.0695 0.02751+0.6292
Th-é32 -6.2E-12+1.38E-10 0+0.4769 1,08E>103:3.05E-;l0 0.3724+1.0513 B8.65E-11 £ 2 .21E-10 0.28801+0.7624 | 5.94E-121+5.60E-11] 0.0205+0.193 0.696911.3970
CEDE ‘ '0.0142+0.5816] 0.4194£1.18§ 0.4355+0.8413 0.0257 +0.2096§ 0.8950 t 1.5800
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NESHAPs Isotopic Air Monitoring Results With Effective Dose Equivaieht Contributions, 1996 (Cdntinued) '

TABLE 6-3
AP-4007 18t Quarter 2nd Quarter 3rd Quarter 4th Quarter A.nnu'al
Radionuclide Net Concentration * Effective Dose Net Concentration Effective Dose Net Concentration Eftective Dose Net Concentration Effective Dose Eftective Dose
i HCifm® Equivalent {mrem} uCifm*3! Equivalent {mrem) Ciymt¥! Equivalent {mrem} pCifm'3! Equivalent {mrem} | Equivalent (rrem)
Total U -3.5E-11 £N/A O+ N/A 5.42E-11 £N/A 0.0033 £t N/A 8.85E- 12+ N/A O.OO(V)S':tN/A 1.03E-10xN/A O +N/A 0.0038 1 N/JA
Ra-226 -3.9E-11 +£1.27E-10 0 +£0.00056 71:9851171-6,065;10 0.0001 £0.0025 -B.6E-11 :t1.37EA’|‘O 01"0.0006: ) 5.6E-12j;1.72E-11 ) 010.0001 0,6001'10.0026 '
Ra-228 1.56-10+8.28E-10 0.0003 ;040019 1.32E-1018.66E-10 | 0.0003+0.0020 1.7E-10 £6.79E- 10 01+0.00186 2.99E-12+7.86E-11 0104000.2. 0.0006 £0.0032
Th-228 -9.8E-12+1.13E-10 010.01§6 ' -1.86-12+2.19€-10 0+0.0360 3.66E11+9.0E-11 0.0060+0.0148 [-3.29€-12+5.82€E-11 010.0095 OA(;)OSO +0.0442
Th—.230 2.66E-12+4.91E-10 0.0004+0.0768 { -1.76-10+7.27E-10 0+0.1136 2.87E-11 t7.6§E~H 0.0045+0.0120 |-8.29E-1219.20E-11 '0+0.0144 0.0049 +£0.1384
Th-232 -1.4E-12+1.42E-10 0+0.1113 -4.9E-12+ 2.48E-10 0+0.1954 2.01E-11+4.58€E-11 0.0158+0.0361 [-1.64E-11+4.74E-11 0+0.0373 0.0158£0.2309
CEDE 0.0007 +£0.1365 0.0037 £0.2289 ‘ 0.026810.0408 0+0.053% 0.031210.2728
AP-4008 18t Quarter 2nd Quarter 3rd Quarter. 4th Quarter ‘ Anaual
Radionuclide Net ‘Concentra(ion Effective Dose Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Elfecﬁvo Dose Effective Dose
5 yCi/mm Equivalent (mrem) uCiim'd Equivalent (rarem) HCifm!3! Equivalent (mrem) uCifmt?! Equivalent (mrem) Equivalent (nirein)
Total U -6.7E-11 £N/A 0 tN/A 7.62E-11 £N/A 0.0046 +N/A 7.42E-11 tNIA 0.0045 £ N/A -5.44E-11 £N/A 0+ N/A 0.0091 +N/A
Ra-226 -5.1E-11 £1.29€-10 0 £0.0005 8.39E-11 £ 5.5€-10 0.0003+0.0023 -9.8E-11+1.42E-10 0 £0.0008 -2.41E-12+1.77E-11 0+0.001 0.0003 £0.0026
Ra-228 2.8E-10 +£8.35E-10 0.0006 £0.0019 | 4.15E-11 ;8.77510 0.0001 +£0.0020 -1.1E-1016.98E~1'0 0+0.0016 | 6.69E-12 +8.29E-11 010.0002 0.0007 £0.0032
Th1228 3.07E-11 £1.39€-10 0.0050+0.0228 -8.7E-12+2.17€-10 0+0.0356 2.59E-11 +£8.42€ 11 0.0043+0.0138 |-8.41E-12+5.63E-11 01£0.0092 0.0093 £ 0.0454
Th-230 0+4.97E-10 0+0.0777 2€-10+7 65E-10 0.03126+0.1196 | 4.01E-12+7.17E-1) 0.0006+0.0112 |-1.34E-11 £9.04E-11 0x0.0141 0.0319+0.1438
Th-232 1.85E-11+1.53E-10 0.0146+£0.1201 9.45E-121 2.6E10 0.0074 £0.2047 1.27€-11 £4.31E-11 0.0100+£0.0340 |-9.08E-121+4.86E-11 010.0382 0.032010.2428
CEDE 0.0202+0.1448 0.0437 £0.2398 0.0194 10.0383 ' 010.0418 0.083310.2858
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TABLE 6-3 NESHAPs Isotopic Air Monitoring Results With Effective Dose Equivalent Contributions, 1996 (Continued)
AP-4011 1ot Quarter 2nd Quarter 3rd Quarter 4th Quarter Annual
Radionuclide Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective bose Net Concentration Effective Dose Effective Duse
i ﬂCi/mml Equivalent (mrem) pCi}mm Equivalent {mrem} uCi/m'3 Equivalent (mrem) yCi/mm Equivalent (niwrem} Equivalent (nwem)
Total U -2.6E-11 £N/A . 0 +N/A 6.89E-12 £+ N/A 0.0018 +N/A -1.8E- 11 £ N/A 0 +N/A -6.01E-11 £N/A 0 tN/A 0.0018 t N/A
Ra-226 -4.1E-11 x1.01E-10 0+0.0018 3.44é-11:5.385-10 0.0006 +0.0097 -8.69E-11 +1.413E-10 0 +0.0026 3.77€-12+1.84E-11} 0.0001 10A0003> . 0.0007+0.0102
Ra-228 3.1E-11 +8.17E-10 . 0.0003+0.0082 | 1.23E-10+9.086-10 | 0.0012+0.0091 -1.55E-10 +6.79E-10 0+0.0068 1.67E-11+8.62E-11 |} 0.0001 £0.0009 0.0016 £0.2291
Th-228 3.58€-12+1.32E-10 0.0026 +0.0946 | 5.91E-11 12‘54E-10 0.0424+0.1827 | 2:31E-11 t1.2.9‘.;E»16 0:0166 +0.0930 . -4.99E-12 +5.45€E-11 01+0.0391 0.06;6;0;251
Th-230 2.14E-11 £4.99E-10 0.0146£0.3419 | 2.3E-10+7:94E-10 0.1573+0.5433 |3.426E-11+1.206E-10}] 0.0234 +0.0825 |-3.68E-12+9.07E-11 010.0621 0.1953 +0.6502
-Th-232 -4.3E-121+1.46E-10 0+0.5038 V 2.95E-11 12.77-E-10 0.1016;0.9532 2.7.79E~1'| +7.669E-11 0.0558 +0.2649 | 9.75E-1215.396-11| 0.0336 +0.1856 1 0.2310+1.1256
Teeoe | ) T 00175:0.6162 T o30as:1124 - 01358102024 . - 00338201996 0.4920:1.3198
T AP-4012 1st Quarter 2nd Quarter 3rd Quarter 4th Querter Annual
Concentration Concentration Concentration Concentration Effective Do;u
Radionuclide © WCilm3) wWCifm3) WwCi/m3) WCi/md) Equivalent (mrém)
Total U. 2.96E-10 £ N/A 2.34€-10 £N/A 1.415E-10 £ N/A - 1.75E-10 £ N/A
‘Ra-228 S.33E-‘i1:t7.28E‘11 9.6E-11 14.66510 1.859E-10 +1.243E-10 - 1.29E-11 £1.33€-11
Ra-228 ’ 1.435-1015..775-10 2.52€-11+6.23E-10 3.427E:1016.28E--10 5.569E-121+5.86E-11
Th-228 9.77E-121+9.61E-11 3.9E-11 £1.58E-10 7.784E-1147.233E- 11 5.70E-11 +4.08€-11 °
‘I-'h-230— 0.13.62é-10 2.52E-10£5.18£<10 1‘051E-16¥5.8%2E-11 " 8.41E-11+6.57E-11
Th-232 2.14E-11 £1.11E-10 5.74E-11 £1.81E-10 3.974E-11 13.462611 4.97E-11 £3.57E-11
{a) ) !n&ica(as AP-4006 Assessment 1 in T;blo 6-2.
(b} Indicates AP-4006 Assessment 2 in Table 6-2.

" Negative net concentration indicates that the isotopic concentration is fower than background level.

N/A Not avasilable.
- Background annual dose not calculated.
. CEDE Committed Effective Dose Equivalent.

Multiply by 0.01 to convert mrem to mSv.
Multiply by 37,000 to convert yCi/m:’ to Ba/m?®.

DOE/OR/21548-676, Rev. 0



WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1996 . , 7/23:97

i

. ‘ li v : 1
6.6.1 Collective Population Dose Equivalent

- Statistical tests performed at the 95% confidence level for each NESHAPS monitoring
result indicated no above-background concentrations. However, the total 1996 collective
population dose equivalent was performed for locations that were considered exposure points.
Exposure points are defined as locations 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 fQur pathways
are addressed for the collective population dose estimate. |

The statistical test at the 95 % confidence level for all of the air particulate, radon gas,
and gamma exposure measurements at the critical receptor monitoring locations indicated there
were no elevated levels of exposure, except at stations TD-2004 and RD-2004.

This station is located at the Weldon Spring Chemical Plant perimeter and adjacent to the
Missouri Highway Maintenance facility, which is just northeast of the chemical plant perimeter..
Measurements of Rn-220 gas by the alpha track detectors and gamma exposure by the
environmental thermoluminescent "dosimeters (TLDs) indicated above background results,
necessitating a general population exposure scenario.

Another potential general population exposure is from the consumption of water,
sediment, and fish from the August 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. In 1996, scenarios were developed and dose assessments were performed for nine
employees of the MHTD facility and 160,000 users of the Busch Memorial Conservation Area.
The estimated total collective population dose equivalent was 0.19 person-rem
(0.0019 person-Sv) in 1996. Calculations are presented in Appendix B, Section D.

6.6.2 Subparts Q and T of 40 CFR 61

The regulations contained in Subpart Q pertain to Rn-222 emissions from radium-
containing storage or disposal facilities. Removal of the bulk waste from the quarry and
placement in the temporary storage area (TSA) was completed in 1995. Radon flux
measurements at the TSA were initiated in the second quarter of 1996 and were completed in
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the first quarter of 1997, as scheduled. - The average Rn-222 flux rate rf)easurements were well
below the limitation of 20 pCi/m2/s li'sted in 40 CFR 61, Subpart Q. Additional information
‘about these measurements is contained in Section 11.3 of this report.

The regulations contained m 40-CFR 61 Subpart T apply only to sites that are "...listed -
in, or designated by, the Secretary of Energy under Title I of the Uranium Mill Tailings Control
Act of 1978 or regulated under Title II of the Uranium Mill Tailings Control Act of 1978 "
Subpart T does not apply to the Weldon Sprmg site since it does not fall into the apphcable »

categories.

6.6.3 Radon Emissions from WSSRAP Non-Storage Sources

6.6.3.1 Rn-220 Emissions. The Weldon Spring Quarr'y was used for disposal of
a variety of radiolog‘ically and chemically contaminated wastes from the early 1940s to 1969.
In December 1995, the transfer of quarry bulk waste to the temporary storage area (TSA) was
completed. ‘Included in the radiologically contaminated waste disposal inventory is at 'least
612 m* (800 cu yd) of Th-232 residues:received from Cincinnati, Ohio in 1959 and 1966, and
an unknown quantity of Th-232 contaminated residues, rubble, and equipment received since the
shutdown of the chemical plant in 1966. Radiological charactelfizations of the quarry wastes
were performed in 1984 and 1985.. Ra-228 concentrations detected in the quarry wastes during
characterization activities ranged from '1.0 pCi/g (0.037 Bq/g) to 2,200 pCi/g (81.4 Bq/g).
Additional information about Th-232 wastes is contained in the Remedial Invesnganon Jfor
Quarry Bulk Wastes (Ref. 2).

Other potential Rn- 220 sources are the TSA, which is currently storing 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 Bq/g) to 1,400 pCi/g (51.8 Bq/g). Raffinate Pit 4
debris consolidation was conducted from April to December 1996. This work involved
dewatering the pit and removing ;he debris within the .pit. The debris, which include

-approximately 6,000 drums, was washed and placed in interim storage. Dredging of Raffinate

Pit 2 sludge and transfer of the sludge to Raffinate Pit 3 was also performed in 1996. Dredging
of Pit 2 resulted in increased Rn-220 emissions by exposing residual sludge to the atmosphere.
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The chemical plant perimeter is monitored for radon gas at 10 locations using alpha track
radon monitors. Statistical analysis of the results at the 95 % confidence level indicated that two
- monitoring locations, RD-3001 and RD-3002, had annual Rn-220 concentrations greater than
background levels. To estimate the airborne Rn-220 emissions from the chemical plant during
1996, the above background alpha-track radon detector Rn-220 results were incorporated into
a series of box models. The box model approach provides conservative results and is used in
place of Gaussian dispersion modeling, which is generally inappropriate for estimates involving
close-in receptors. The estimated off-site Rn-220 release from the chemical plant was 128 Ci
(4.74E12 Bq). This corresponds to a committed effective dose equivalent to the hypothetical
maximally exposed individual of 0.83 mrem (8.3E-3 mSv). Calculations and assumptions are
provided in Appendrx B, Parts B and C. '

© 6.6.3.2 Rn-222 Emissions. As stated in Section 6.5.3.1, the quarry was used for
disposal of a \/ariety of radiologically and chemically contaminated wastes from the early 1940s
to 1969. The transfer of quarry bulk waste to the TSA at the chemical plant was completed in
1995. Included in the waste disposal inventory is demolition rubble from the Destrehan Street
feed materials plant in St. Louis, Missouri. The waste contained less than 1 Ci (3.7E10 Bq) of
Ra-226. Also, several buildings at the chemical plant were decontaminated and approximately
4,200 m> (5,500 cu yd) of waste materials were dumped in the quarry. The wastes contained
uranium and its progeny. Radiological characterizations of the above material were performed
in 1984 and 1985. Ra-226 concentrations detected in the waste during characterization ranged
from 0.2 pCi/g (0.007 Bq/g) to 2,780 pCi/g (103 Bg/g). Additional information about Ra-226
waste removed from the quarry is contained in the Remedial Investigation for Quarrv Bulk
Wastes (Ref. 2).

The other primary non-storage source of Rn-222 during 1996 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 pCi/g (0.037 Bq/g) to 1,700 pCi/g (63 Bq/g) As stated in Section 6.5.3.1, the raff'mate
pit remedial activities have exposed radon-bearing waste to the atmosphere.

The chemical plant perimeter is monitored for 'radon gas at 10 locations Statistical
analysis of the monitoring results indicated that there was no reason to suspect at the 95%
confidence level that radon concentrations were greater than background levels. -
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' 6.6.4 Effluent Monitoring Requirernents

The site water treatment plant and the quarry water treatment plant were in operatlon
during 1996 and were potential pomt sources of radioactive airborne particulates. The WSSRAP

has developed a plan to continuously momtor air concentrations- of radioactive particulates at -

designated critical receptor locations resulting from remedial activities, in accordancé with
40 CFR 61.93, Paragraph (b)(5). This approach is contained in the report Plan for Monitoring
Radionuclide Emissions Other Than Radon at Weldon Spring Site Critical Receptors (Ref. 21).

which has been approved by EPA Region VII. The report includes a discussion of the WSSRAP ,

quality assurance program for measurement of radionuclide emxssmns from the Weldon Spnng
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.
Data quality objectives outlined by the quality assurance program are also- discussed in
Sectxon 6.4.
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7 SURFACE WATER PROTECTION
78 | Highlighté of the Surface Water Program

The following are highlights of the 1996 surface water program. These items, and
others, are dlscussed in detail in this chapter. '

e  The mass of uranium migrat'mg off site in storm water and treated effluent.
38.3 kg/yr (17.3 lbs/yr), was reduced by 1.7% over the 1995 mass of
39.02 kg/yr (17.7 Ibs/yr.

. Thirty batches of water were released from the site and qﬁarry water treatment
plants during 1996 in compliance with all NPDES permit conditions.

. The overall results of the WET tests indicate that the site and quarry water
treatment plant effluent was not toxic to test organisms during 1996.

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

The environmental monitoring and protection program for surfac_:é waters at the Weldon

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

Plan (Ref.42) and includes monitoring discharge points permitted under the National Pollutant

Discharge Elimination System (NPDES) program and streams, ponds, and lakes under the
surface water monitoring program.

The effluent, or NPDES momtormg program at the Weldon Spnng site establishes
sampling requirements for dlscharge points (outfalls) at both the chemical plant and the quarry.
The goals 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
m_ohitored and treated, as necessary, to meet Federal and State requirements, ‘the Project
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 Management Contractor (PMC) uses the ‘water sample data to develop strategies to minimize the
discharge of waterbome 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 conjunctxon w1th NPDES monitoring to measure the success of the
project’s goal to clean up the site with no increase in contammant dlscharge or degradauon of
the off-site water bodies.

7.3 Apphcable Standards

The WSSRAP is subject to, and complies wnth Executive Order 12088, which requnres
all Federal facilities to comply with applicable pollution control standards. Effluent dlscharges
from the site for 1996 were authorized by three NPDES permits issued by the Missouri
Department of Natural Resources (MDNR) The MDNR requires spec1ﬁc parameters to be
monitored at outfalls listed in each permit. Each parameter is assigned either effluent limits or
a "monitoring only" status, which means the concentrations are reported but not limited by the

“permit. Sampling frequencies and reporting requn'ements for the two major pemnts
" MO-0107701 and MO-0108987, are summarized in Tables 7-1 and 7-2. These permits were
" reissued on March 4, 1994,'an_d June 10,‘1994, respectively. Permit MO-0107701 was revised
on August 4, 1995. ' |
The Borrow Area and Borrow. Area haul road land disturbance storm water permit.
MO-R100B69, issued September 1, 1994, has no specified monitoring or reporting requirements
A program was developed in-the Envzronmental Monztormg Plan (Ref.42) for momtonng
settleable solids and, under certain circumstances, oil and grease. The results of this monitoring
were used to measure the effecttveness of erosion control and to nnprove controls, if required.

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/1 [22.2 Bqg/1)). Measures are also taken to keep uranium concentmtlons as low 4

as reasonably achievable (ALARA).
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TABLE 7-1 Weldon Spring Chemical Plant Storm and Sanitary Water (NPDES Permit
MO-0107701) Monitoring Requirements
LOCATION
4 NP-0002, NP-0003'", NP-0005,
PARAMETER NP-0010 NP-0006
Sampling Frequency once/month once/quarter

Flow

GPD (monitor only)

GPD (monitor only)‘@

Settleable Solids

1.0 mi/l/hr

1SS

~mg/l {monitor only)“”

 30/45 mg/'®

Nitrate and Nitrite as N

mg/! (monitor only)

Uranium, total .

-mg/l (monitor only)*

Gross a - pCi/l (monitor only)
pH 6 - 9 standard units 6 - 9 standard units
Fecal coliform 400/1 OCO colonies/
100 mi‘®).
BOD 30/45 mg/I'®

NQOTE: Refer to Figure 7-1 for NPDES m'onitoring locations.

‘exceeds 2 mg/! or daily maximum exceeds 4 mg/l.

Permit requires reporting in both-mg/lI and pCi/l and notification of MDNR if monthly average

(a) Frequency is once/month. :
(b) Limit is 50 mg/l if erosion control is not designed for a 1in 10 year, 24-hour storm.
{c) Monthly average/daily maximum.
(d) - NPDES permit MO-0107701 includes sampling of creosote constituents, Cu and Zn in the
chipped wood storage area pond prior to dlscharge to .Outfail NP-0003. See Tabie 7-2 for
~ limits.
(e) Monthly average/weekly average

. Not Applucable
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 TABLE 7-2: Treated Effluent Parameter Limits and Momtorlng Requirements for
Quarry Water Treatment Plant (NPDES Permit MO-0108987) and Site
Water Treatment Plant (NPDES Permit MO 0107701)

LOCATION ‘{?? LOCATION
¥ 1
NP-0007* . NP-0007*°
PARAMETER NP-1001* . ! PARAMETER NP-1001*
Gross a pcin® " Pb, total 0.10 mg/t -
Gross pCiteh Mn, total 0.10 mé/l";
Uranium, total CpGintel o, Hg, total 0.004 mg/l
Ra-226'! poin@ U Se, total 0.02 mg/l
Ra-228¢! pCin'® Cyanide, Amenable ’ 0.0075 mg/!
Th-230¢ pCin® 2,4-DNT 0.22 ugh
Th-232¢ pCin'® Fluoride, total 4.0 mg/!
Flow GPD' Nitrate and Nitrite as N 20 mg/i‘e'
coD 90/60 mg/l ® Sulfate as SO, 500 mg/l
TES - 50/30 mg/'® | Chioride mg/®
pH 6-9 standard units Priority Pollutants'?’ mg/1f@!h)n)
As, total 0.10 mag/! Whole Effluent Toxicity il
Cr, total 0.10 mg/ P0-210'9) pCinfainy
cutdel 1.00 mg/t Ac-227'9 pCi/‘a)h)
Cu-Site 1.0/0.66 mg/1'e!x. Radon'? pCijitalth
Zn-Site 5.0/3.33 mg/1t®k Creosote-site!) e
NOTE: Refer to Figure 7-2 for NPDES monitoring locations. ;
* 'Frequency = once per batch uniess otherwise noted. :
(a) Monitoring only
(b) Water treatment plants designed for.an average concentration of 30 pC|/| {1.11 Bqg/Y) and never
to exceed concentrations of. 100 pCi/l (3.7 Bq/l).
(c) Once/month.
{d) Quarry only.
(e) Daily maxrmum/monthly average
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TABLE 7-2 Treated Effluent Parameter lelts and Monitoring Requirements for
Quarry Water Treatment Plant (NPDES Permit MO-0108987) and Site
Water Treatment Plant (NPDES Permit MO-0107701) (Continued)

{f) _Priority pollutants are listed in 40 CFR 122.21 Abpendix D, Tables Ii and Il A
{g) = - Limit applies to chemical plant; monitoring only at quarry.
(h) Annual monitoring.

{1 Quarterly monitoring.

{j) "No statistical difference between effluent and upstream results at 95% confudence level.”

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

{n Includes: acenaphthylene, acenaphthene, benzo(a)anthracene, dibenzo(a, hlanthracene,
benzo(a)pyrene, benzo (k) fluoranthene, chrysene, fluoranthene, fluorene, indeno (1,2,3-cd)
pyrene, naphthalene, and phenanthrene.

(m) . Daily maximum - 2.5 x Q.L., monthly average - 1.5 x Q.L. Q.L. - quantification level as set by
most recent edition of Standard Methods (Q.L. taken as practical quantification limit [PQL]).

{n) Polychlorinated biphenyls (PCBs) have a limit of 1 ug/l.

. The primary criteria used to develop the surface water moniforing progmm were the
Missouri Water Quality Standards for drinking water supplies established under the Missouri
Clean Water Commission Regulation 10 CSR 20-7.031 and the U.S. Environmental Protection
Agency primary and secondary maximum contaminant level concentrations for drinking water.
A table of applicable water standards that includes contaminants routinely monitored in the
surface water program can be found in-Section 8.

Surface water, other than NPDES outfalls, is also monitored under the requirements of
DOE Order 5400.5, Radiation Protection of the Public and the Enwronment which designates
DCGs for ingestion of water.

7.4 Hyvdrology Description of the Site and Quarry

_ Separafe surface water mbnitoring programs have been devel_obed at the chemical plant
and quarry due to differences in the topography and hydrologic conditions. Both programs take
into account the mechanisms controlling surface water source areas.
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7.4.1 Weldon Spring Chemical Plfant and Weldon Spring Raffinate Pits -~

The chemical plant area is located on the Mlssoun -Mississippi Rivers surface draunage
divide. The topography is gently undulatmg and generally slopes northward to the Mlssxssxppl
River. . Streams do not cross the property, but incipient drainageways convey surface water
runoff to off-site streams. Surface drainage from:the western poition of the site, which includes
Ash Pond, drains to tributaries of Buscﬁ Lake 35 and then to Schote Creek, which in turn enters

Dardenne Creek, ultimately draining to the Mlssmsxppl River (Figure 7-1). Ash Pond no longer:

accumulates water unless a valve is closed in the discharge structure. If Ash Pond runoff has
a uranium concentration greater than 600 pCi/l, the valve is closed. If the ponded water is
below 600 pCi/l after the runoff event it may be released othermse it is transferred for
* treatment.

Surface drainage from the north and east sections of the chemical plant, which includes

Frog Pond, dischafge to Dardenne Creek after flowing through Busch Lakes 35 and 36 and into -

Schote Creek (Figure 7-1). All storm water flow which previously entered Frog Pond has been
~diverted around Frog Pond except for runoff from the immediate vicinity. Runoff from the

southern portion of the chemical plant.-site flows southeast to the Missouri River via the . -

Southeast Drainage (Valley 5300). During late 1995, two sedimentation ponds were constructed
and placed in operation. One is upstream of Outfall NP-0003 and receives all the flow from the
watershed, including Ash Pond, prior to dlschargmg to the outfall. The other is in the northeast
section of the site and receives all runoff from the watershed except that from the Pro;ect
'Manaoemem Contractor (PMC) and subco_ntractor parkmg lot.

The four raffinate pits, located in the southwestern portion of the chémical plant area,
do not discharge to the surface and collect, only direct precipitatidn, Water from the raffinate
pits has been, and will be, treated at the site water treatment plant before release. The material
staging area (MSA) basin (SW-2015) is a temporary holding pond that collects storm water

runoff from the staging area. After monitoring for uranium and meeting the specified release -

level of less than 600 pCl/l (22.2 Bg/1), this‘impoundment is periodically pumped into the Ash
Pond diversion channel which flows to NPDES Outfall NP-0003 and then to Busch Lake 35

DOE/OR/21548-676, Rev. 0 113
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7.4.2 Weldon Spring Quarry

Surface water bodiés in the quarry area are the Femme Osage Slough, the Little Femme
Osage Creek, and the Femme Osage Creek (Figure 7-2). These water bodies do not réceive '
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 SIOUgh is located directly south of the quarry and is known to receive
‘contaminated groundwater from the quarry through subsurface recharge. There is no natural
surface flow from the slough; it is essentrally land locked. The Little Femme Osage Creek is
located west of the quarry and dlscharges into the Femme Osage Creek approximately 0.5 km
(0.3 mi) southwest of the quarry. 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.

1.5 Monitoring

Secnons 7.4.1and 7.4.2 dnscuss momtonng requirements at NPDES outfalls and surface
water locations at the chemical plant srte and the quarry.

7.5.1 National Pollutant Discharge_Eﬁinination System Monitoring

The NPDES permits issued to the site identify the parameters to be monitored. The
permit requirements are shown in Tables 7-1 and 7-2. Physical, chemical, and radiological
parameters were monitored at all storm water outfalls, the quarry water treatment plant and site
water treatment plant effluents. - The Envzronmental Moniroring Plan (Ref.42) also reﬂects the
requirements of the NPDES perrmts -

In addition to the permitted outfalls, Samples were collected upstream of NPDES storm
water Outfalls NP-0002, NP-0003, and NP-0005 from sampling locations SW-2011 (Frog Pond),
SW-2010 (Ash Pond), and NP-0107 respectively. Quarterly samples were also collected from
the MSA pond and Ash Pond, when possible, to monitor the effects of matenals stored in those
areas on contaminant levels in the storm water runoff. '
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7.5.2 Surface Water Monitoring - L

The following two subsecnons d:scuss surface water momtormg requlrements at the
chemical plant site and the quarry. | .

T : |

7.5.2.1 = Weldon Spnng Chetmcal Plant and Weldon Spring Raff'mate Prts
Under the surface water monitoring program Dardenne Creek, and Busch Lakes 34, 35, and 36
were sampled quarterly for total uramum (Ref. 42). Samples were analyzed quarterly on the
site Kinetic Phosphorescent Analyzer (KPA) and semi- annually at contract laboratories. ' " This
~ monitoring was conducted to measure the effects of surface water discharges from the srte on
downstream surface water. The raffinate pits were previously monitored as surface water, but
‘are now monitored under treatment plant operations sampling. The MSA Pond, Ash Pond, and
Frog Pond were also previously’ sampled under the surface water program, but they are now

monitored in conjunction with the NPDES program because they dxscharge to NPDES penmtted
outfalls. :

l

7.8.2.2 Weldon Sprmg Quarry Seven locations within the Femme Osage Slough
were monitored to determine the impact of groundwater migration from the quarry. Two
locations on the Little Femme Osage Creek and one location at the Femme Osage Creek were

monitored to provide data to determine if there is impact on these surface waters from the quarry
~ and contaminated sedtment e

“Surface water locations SW-1003, SW-1004, and SW-1005 (Figure 7-2) were monitored
bimonthly for total uranium because of past significant contamiinant levels in these areas,
fluctuations in concentrations due to changes in water levels in the slough ‘and groundwater
potentiometric surface. and the potentral for these surface water contaminants to impact
groundwater south of the slough. The remammg locations. were sampled quarterly to provide
sufficient data to determine any changes!in these areas. Locations SW- 1003, SW-1004, and
SW-1005 were also monitored quarterly for nitroaromatic cornpounds because these locations
are downgradient from the area of greatest nitroaromatic groundwater contamination.
Nitroaromatic monitoring was deleted from the remajnin'g locations based on sufficient past data

indicating no impact and no potential for unpact without first detectmg contaminants at surface
water locations closer to the source.
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7.6  Monitoring Results | e

Analytical results of the mbr_litoring of surface water and NPDES outfalls are presented
in the following subsections. '

7.6.1 National Pollutant Discharge Elimination System Program Monitoring Results

Radiochemical, chemical and physical analytical results for NPDES outfalls are presénted
in subsections 7.5.1.1 and 7.5.1.2. '

7.6.1.1 Radiochemical Analysis. The 1996 average uranium concentrations at the
storm water discharge points ranged from 50.1 pCi/l (1.85 Bg/l) at NP-0010 to 107.0 pCi/l
(3 96 Bq/l) at NP-0005, which are 7.4% and 15.7%, respectively, of the DCG for natural
uranium. Average annual gross alpha concentrations ranged from 67.8 pCi/l (2.51 Bq/l) at
NP-0002 to 179.4 pCi/l (6.64 Bg/l) at NP-0005. The annual average radionuclide concentrations
for all the permitted storm water outfalls are shown in Table 7-3. Uranium concentration
averages were calculated on a flow proportional basis except for Qutfall NP-0010 where there
is no totalizing flow meter. Flow weighted averages for uranium were calculated for the three
major outfalls to give a more accurate estimate (than a straight average) of the total uranium that
migrated off site during 1996. The averages were flow weighted by summing the total daily
flows (gallon) 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- welghted average for the year.

The site water treatment plant (SWTP) and quarry water treatment plant (QWTP) were
both in operation during 1996. Six batchés were discharged from the QWTP and 24 batches
were discharged from'the SWTP. No daily maximum or monthly average limits are established
for uranium; however, the design of the treatment plant is based on achieving an average of
30 pCi/1 (1.11 Bqg/l) uranium with a maximum never to exceed 100 pCi/l (3.7 Bg/l). The
average uranium concentrations for the site and quarry water treatment plants were well below
this level at 1.37 pCi/l (0.051 Bq/l) and 1.09 pCi/l (0.040 Bq/1), respectively (Table 7-5).: In
addition, the SWTP averaged 5.35 pCi/l (0.20 Bq/l) for gross alpha and 16.41 pCi/l (0.61 Bqg/1).
for gross beta. The QWTP averaged 2.57 pCi/l (0.10 Bq/l) and 5.21 pCi/t (0.19 Bq/l),
respectively for these same parameters (Table 7-4). In addition to effluent monitoring, the
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TABLE-7-'3 1996 Annual Average NPDES Results, for the Weldon Spring Chemlcal
Plant Storm Water OQutfalls

1
'

A ‘ LOCATIONS o
PARAMETERS NP-0002 NP-0003 NP-0005 NP-0010
Number of sample ‘ 13 0 13. 12 | 10
events e 7 . "
pH range ' - (a) - {a) R a) ' @ .
Nitrate (as N) mg/! 0.6 | 2.9 0.4 1.9
Total suspended | 399.3 : 126 108.6 - 3652
solids mg/ - o : ' ‘ .
Settleable solids © 13/2(b) © 13/0(b) 13/0(b) 13/3(b)**
mi//he : 4 A - .
" Arsenic mg/l _ 0.00623 | 0.00466 '0.00238 ' NS
Chromium mg/! 001283 | 000906 . |  0.00642 NS .
Lead mg/! 001247 |7 o0.00712 . 0.00362 NS
Thallium ma/i 0.00412 .. 0.00138 0.00174 NS
‘Total uranium pCi/l sa* .| ss* 107 50.1
Gross alpha pCi/t . 678 | s08 179.4 115.0
Radium:226 pCil 14 | o078 | 2as NS
Radium-228 pCill 0.85 " o088 | - o068 NS
Thorium-228 pCill 071 - |~ o008 | 023 NS
" Thorium-230 pCi/l 0.71 0.11 o101 . NS
Thorium-232 pCift 047 | 014 o016 - | Ns
(a) All pH readmgs were in the permutted range of 6.0 to 9.0.

{b) Top number is number of samples, bottom number is number of reSUIts above dally maximum .
limit of 1.0 ml/i/hr. ,

Flow proportional averages.

¥ includes two sampies from NP-0O1 16 (2/1)

NS - Not Sampled.

Note: 1 pCi/t = 0.037 Baq/l.

*
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NPDES permit for the quarry. MO-010_8987, required that river sediment sampling be éonducted
upstream and downstream of the quarry water treatment plant outfall (NP-1001) annually. The
river sediment was sampled for uranium at locations SD-4090 (upstream) and SD-4091]
(downstream) (see Figure 7-2). The one-time sampling results were 2.3 pCi/g (0.09 Bg/l) at
SD-4090 and 2.5 pCi/g (0.09 Bq/l) at SD-4091.

Radium and thorium were monitored once per month in both site and quarry water
treatment batches. While there were some isolated -incidents of levels elevated above past
averages, they were below DCG levels and were within normal range in subsequent samples.
Annual averages for radium and thorium at the SWTP and QWTP are shown in Table 7-4.

Ac-227, Po-210 and Rn-222 were monitored one time in 1996 (as required) in the quarry
effluent. With a detection limit of 9.27 pCi/l (0.343 Bq/l), Ac-227 was not detected: Po-210
was detected at 0.19 pCi/l (0.007 Bq/l); and Rn-222 was measured at 2.3 pCi/l (0 085 Bqg/l),
which was below the detection limit (uncensored value).

TABLE 7-4 Site and Quarry Water Treatment Plant Annual Averages for Radlum and

Thorium (pCl/l)

PARAMETER QUARRY WTP (NP-1001) SITE WTP (NP-0007)
Ra-226 0.58(1/6) 0.74 (3/15)
Ra-228 . . . 0.36 (5/6) ~2.07 (7/15)
Th-228 0.12 (6/6) ) 0.17 (12/15)
Th-230 . 0.22-(4/6) . 0.21(8/15)
Th-232  0.08(6/6) - 10.06 (15/15)

Gross alpha 2.57 (1/6) ' 5.35(9/24)

Gross beta 5.21 (0/6) | 16.41 (4/24)

*

" Number of resulits belqw detection limit/total number of samples.
Note: 1 pCi/l = 0.037 Bq/l
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TABLE 7-5 1996 Estimated Annual Release of Natural Uranium from NPDES Outfalls

7:23i97

. _ 4 ) TOTAL
DRAINAGE ESTIMATED : RAINFALL | TOTAL , .
AREA % OF "~ AVERAGE - | VOLUME | RUNOFF | TOTALU | TOTALU
HECTARES | PRECIPITATION AS | | CONCENTRATION Mijyr Miyr | RELEASE | RELEASE
QUTFALL {ACRES) RUNOFF v |+ {PCIN) (Mgal/yr) | (Mgallyr) (Cilyr) {Kalyr)
NP-0002 | 30.4 " 1Y 536t 338.83 | 180.66.| 9.7x10°% | 14.263
(75.1) - i (89.52) | (47.73) :
NP-0003 30.2 . B L 88.1* 336.60 | 147.01 | 12.97x103 | 19.074
(74.6) [ (88.93), .| (38.84) 4
NP-0005 8.2 . e b 40670 91.14 25.28 | 2.70x10% | 3.971
{20.2) i 1 (24.08) | (6.68) ’
NP-0010 2.0 L 40 . i" 50.1 22.56 9.05 | 0.452x103 | 0.665
(5.0 S : (5.98¢ {2.39)
t . . ¢
NP-0007 N/A N/A qi 1.37 N/A 165.29 | 0.266x10°3 | 0.332
o el L 1 43.67)
. e : . : !
NP-1001 N/A N/A : 1.09. N/A 21.95 | 0.024x103 | 0.035
; " | (5.80)
TOTAL - N/A N/A L NA 789.13 | 549.24 | 26.1x10° | 38.340
o . (208.49) | (145.11)
(a) Runoff curve number esnmated from U.S. Depanmem of Transponauon Design of Roadside Dramage Channels (Ref. 55).
(b) " Total runoff measured from flow meters.
N:A Not Applicable.

Note: To convert from Ci/yr to Bq/yr multiply Cn/yr b) 3 7 x 1010
Flow-weighted average.

i
. h e
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 volume of storm
water at the three major outfalls 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 Transportatlon Design of Roadside Drainage Channels
(Ref. 55). When flow meters were not operatxonal for a penod of time, mnoff curve numbers
were calculated using flow and precipitation data from periods when the meter was operational.
Total uranium released from the treatment plants was calculated using flow meter and effluent

concentmﬂon data. The estimated mass _qf uranium released off site in storm water and treated

effluent during 1996 was 38.340 kg (84.34 Ibs). This is a 1.7% reduction from the calculated

amount released during 1995 (39.017 Kg [26.5 Ci]). This reduction may be attributed to the

installation of sedimentation basins and the pamal removal of foundations and contaminated soils
during 1996.
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Table 7-6 shows the annual average uranium concentrations of NPDES outfalls from 1991
to 1996. Concentrations in 1996 increased slightly at Outfall NP-0003 and decreased from 1995
- concentrations at Outfalls NP-0002, NP-0005 and NP-0010. Historical trending of uranium for
Outfalls NP-0002, NP-0003, and NP-0005 is discussed in Section 11.1. Radium and thorium
were both periodically monitored at Outfalls NP-0002, NP-0003, and NP-0005 throughout the
~ year to monitor the effects and effectiveness of soil and foundation removal The parameters
for each outfall are discussed in the succeedmg paragraphs

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

The average uranium concentration for Outfall NP-0002 ‘in 1996 was 53.6 pCi/l
(2.0 Bqg/1), reduced from the 1995 average of 124 pCi/l (4.6 Bq/l). This reduction is the result
of the completion of a sedimentation basin late in 1995, and the removal of contaminated soil
from the watershed throughout 1996. Radium and thorium concentrations were generally below
baseline values (baseline values are discussed in Section 11.1.3). There were a few instances
when the baseline values were exceeded, but the values remained well below the DCGs.
Concentrations generally decreased throughout the year as the watershed was remediated.

TABLE 7-6 Six-Year Annual Average Uranium Concentrations at NPDES Outfalls

ANNUAL AVERAGE TOTAL URANIUM (pCi/l)
OUTFALL 1991 1992 = | 1993 1994 1995 1996
NP-0001 475 516 1003* 1226+ | . @ (a)
CNP-0002 | 158 |- 228 230° 182+ 124* 54+
NP-0003 456 478 . 607* 332 67° 88*
NP-0004 6 | 6 E 12 6l L2
NP-0005 581 296 133+ 347° 128* | 107*
NP-0010 _— - - 82 . 107 50
NP-0007 -~ | 0363 0.74 0.46 1.37
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TABLE 7-6 S|x Year Annual Average Uramum Concentratlons at NPDES Outfalls

(Continued) - .
l . : ) ' o ;
ANNUAL AVERAGE TOTAL URANIUM (an/l) _
TFALL ; | o
ou 1991 1992 ﬂ . 1993 . 1994 1995 - 1996
NP-1001 > <00003 | 1.881 | 160 | 1.76 1.09
£ Flow proport:onal average. ;
~ Not applicable. '
(a) Outfall removed, flow diverted to. NP 0005.

(b) = Outfall removed from permit in 1995,

Annual average NPDES results for the chemical plant storm water outfalls are shown in
Table 7-3. | | | |

» The average uranium concentration for Outfall NP- 0003 was 88.1.pCi/l (3. 3 Bq/l), Wthh |
was slightly greater than the 1995 average of 67 pCi/l (2.5 Bq/l). The slight increase is- due to
natural variation and the fact that there was little act1v1ty in the watershed except for Ash Pond.

~Ash Pond is being used to store contammated soil and debris. Radium and thorium
concentrations were generally below basclme yalues There were a few instances of the baseline
values being exceeded, but the values remained Well below the DCG values. Annual average
uranium concentrations are shown in. Table 7-3 and baseline values aré dlscussed in Section
11.1.3. ‘ ‘

Outfall NP-0004 was ehmmated from NPDES permit MO- 0107701 on March 4 1994,
No samples were col]ected during 1996..

The annual average uranium concentration at Outfall NP-0005 for-1996 was 106.7 pCi/I
(4.0 Bq/l), which was slightly less than the 1995 average of 128 pCi/l (4.7 Bq/l)." The uranium
‘concentrations at this location were highly variable early in 1996 due to the two sources that
contributed to the outfall. The two sources were a sedimentation basin that has very low levels

of uranium and an area that has high concentrations of uranium during low-flow runoff. The

" NP-0005 watershed was pamally remediated, and the uranium concentrations at the outfall
during the later part of the year were conSIderably lower. . Radlum and thorium concentratlons
were generally below baseline values. There were a few mstancespf the baseline values being
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exceeded but the values remained well below the DCGs. Annual average NPDES results are
shown in Table 7-3 and baseline values are discussed in Section 11.1.3.

Outfall NP-0010 was added .to NPDES Permit MO-0107701 when it was reissued on
March 4, 1994, This outfall is located at the west end of the north perimeter fence in the
construction material staging area (CMSA), and drains a portion of the CMSA. The CMSA is
used to store clean soil, gravel, and other construction material. Contaminated soil was removed
and the CMSA was completed early in 1996. The annual average uranium concentration was
50 pCi/l (1 9 Bq/l), well below the DCG of 600 pCi/l (22.2 Bq/l) and the 1995 average of
. 107 pCi/l (4.0 Bg/l). Uranium concentrations after March 1996 were all below 10 pCi/l.
Radium and thorium were not suspected, and therefore, were not measured at NP-0010. The
annual average NPDES results are reported in Table 7-3. '

The MSA pond (SW-2015) was sampled quarterly for gross alpha, uranium, Ra-226.
Ra-228, Th-228, Th-230, and Th-232 to monitor‘the contaminants in storm water runoff from
the MSA. Monitoring also allowed determination of potential impacts on Outfall NP-0003. The
‘uranium average was 134.8 pCi/l (5.0 Bq/l), slightly higher than the 1995 average of
110.1 pCi/l (4.1 Bg/1), but well below the release criteria of 600 pCi/l (22.2 Bg/l). Radium and
thorium were measured at low levels, well below DCG values. The annual average radiologicél
concentrations are reported in Table 7-7.

Ash Pond (SW-2010) was sampled quarterly, when water was present, for gross alpha.
uranium. Ra-226. Ra-228, Th-.228,» Th-230, and Th-232 to monitor the effects of demolition .
debris and soil stored in Ash Pond on Ash Pond runoff and subsequently, on the downstream
outfall, NP-0003. The pond was also. monitored for uranium and gross alpha when the monthly
'NPDES sample was collected at Outfall NP-0003. Monitoring is performed in conjunction with ~
~ the NPDES sampling at Outfall NP-0003. The uranium average at Ash Pond was 391 pCi/l
(14.5 Bq/1), somewhat lower than the 1995 average of 475 pCi/l (17.6 Bq/1) and below the DCG
of 600 pCi/I (22.2 Bg/l). Radium and thorium were measured at levels well below the DCG.
Table 7-7 contains the annual average radiological concentrations. ’

Frog Pond -was sampled for uranium and gross alpha, in conjunbt_ion with NPDES
sampling at Outfall NP-0002. ' The uranium average for 1996 was 276.4 pCv/!l (10.2 Bq/l),
slightly less than the 19_95 average of 286.7 pCi/l. During late 1995, Frog Pond was essentially
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" isolated by diverting potential inflow around the pond, and its role as a contributor to Outfall -

NP0002 was greatly reduced. Other than runoff from the unmedlate area and direct

precxpxtatxon no water enters Frog Pond Table 7-7 contains the aninual average radxologlcal
concentratlons '

; ) [
Gt i

L

TABLE -7 MSA, Ash Pond and Frog Pond - 1996 Annual Average Rad|o|og|cal
 Concentrations (pCi/l)" ‘

LOCATION asuponD- !!|  msaronp | FRoOG
PARAMETER SW-2010 ., SW-2015 ~ POND -]
: 3 SW-2011 NP-0107

Ra-226 24 los  Ins NS
Ra-228 2.1 ‘ e | NS | NS
Th-228 0.4 R T NS NS
Th-230 09 U loa " ns NS
T3z o3 ¢ lo1 . |ns NS
u | 391 1 '| 13a.8 {2764 11027.3
Gross alpha . - | 295 ] 1zs ‘ 209.0 835.2

NS Not Sampled.

Location NP-0107 was sampled mbn’thly in conjunction with NPDES sampling at Outfall

NP-0005. In mid-1996, the watershed above NP-0107 was remediated and, because of

excavation, no water flowed from the NP-0107 location. Any water removed from the

watershed was pumped to the. site water treatment plant. sedxmentatxon basin. The annual ~

average for uranium for 1996 at NP-0107 was 1027.3 pCi/l (38 Bq/l) when water was flowing.

- After the watershed was remediated there was no longer any flow from NP-0107 because the

flow had been diverted to the east of NP-0107. Uranium levels in runoff from the watershed
were greatly reduced resulting in a reduction in ‘uranium concentration downstream at Outfall
NP-0005. Table 7-7 contains the annual average uranium concentrations.

DOE/OR/21548-676, Rev. 0 . 125

= e P T




WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1996 7/23:97

7.6.1.2 - Physical and Chemical Results.

Analytical results for physical and chemical (as opposed to radiochemical) parameters at
NPDES outfalls are presented in Subsections 7.5.1.2.1 through 7.5.1.2.3.

7.6.1.2.1  Chemical Plant Storm Water. The annual averages for the physical and
chemical parameters for storm water Outfalls NP-0002, NP-0003, NP-0005, and NP-0010 are
shown in Table 7-3. In addition to the permitted parameters, arsenic, chromium, lead, thallium,
radium and thorium were 'periodically monitored. Nitroaromatics and volatiles were also
sampléd. but less frequently. Because parameters with only one or two sample results were not
present at reportable levels, they are not shown in Table 7-3. While some parameters were ‘
present above baseline levels (see Section 11.1.3); they were not above NPDES reporting levels.

Ash Pond (SW-ZOIO) was sampled quarterly for polycycﬁc (or polynuclear) aromatic
hydrocarbons (PAH), As, Cr, T, Pb, 2,4-dinitrotoluene (DNT), and 2,4,6-trinitrotoluene (TNT)
to monitor the effect of demolition debris and soils in Ash Pond on contaminants in the Ash
Pond storm water runoff. Metals were noted at levels slightly elevated over past results during
September, but subsequent samples showed concentrations at normal levels. The elevated levels
did not cause levels at Outfall NP-0003 to reach NPDES reporting levels. Should contaminant

_concentrations appear to be increasing, monitoring frequencies would be increased. If increased
_ monitoﬁng were to indicate that Ash Pond water would cause contaminant levels at Outfall

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.

The MSA Pond (SW-2015) was sampled quarterly for the san;e parameters as Ash Pond
to monitor the effects of material stored at the MSA on storm water runoff to the pond. None
of the contaminants were detected at levels elevated over past results. The monitoring results
are used to determine whether MSA water would cause contaminant levels at Outfall NP-0003
to exceed permit limits or reporting levels. If it appeared that contaminant concentrations were
increasing, then monjtorihg frequencies would be increased and water that would adversely affect
Outfall NP-0003 would not be released. Analytical results are shown in Table 7-8.
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TABLE 7-8 Ash and MSA Pond

5

‘1996 Annual Average Chemical Concentrations

il ER e T
. _ Cy Lo
PARAMETER o LOCATION ;
- " ASH POND ‘ MSA POND |
(SW-2010) : (SW-2015)
PAHs b <23 <10
As 247 : 1.6
Cr \ B4 23
Tl : ‘ 2.2 1.6
Pb . a1 ' 4.9
PCBs <« _ <1+
2,4DNT S <0.20* 0.03 |
© 2,4,6-TNT 0ar, - , ' 0.05 ‘

* All ND

7.6.1.2.2 . Administration B'uilding Sewage Treatment Plant. Monitoring results'

for sewage treatment plant QOutfall NP-0006 are given in Table'7-9. All parameters were in
compliance with the perrmtted lumts '

7.6.1.2.3 Site and Quarry’ vWa-ter Treatment Plant Physical and Chemical

Parameters. Physical and chemical parameters were all within permitted limits (where 11m1ts’
- were assigned) for the site and quarry water treatment plants.

During 1996, whole efﬂuent tcixicity (WET) tests were required quarterly for both site
water treatment plant, and quarry water tfeatment plant effluent. The WET test is a measure
of toxicity without quantifying or identifying the toxic constituents. Tests were conducied on
both Ceriodaphnia dubia (water flea) and' Pimephales promelas (fathead mmnow) The tests

~were conducted in effluents and in test controls of upstream river water and laboratory coritrol

water. No effluent samples failed the WET tests during 1996, indicating that the site and quarry '

water treatment plant effluents were not tox1c to test organisms (see T able 7-2). Whole efﬂuent
toxicity test results are summarized in Table 7-10.
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TABLE 7-9 NP-0006, Sewage Treatment Plant Outfall,

Permitted Parameters -

Monthly Averages of

o) -

PARAMETER'® (PERMIT LIMITS)
_ ' Fcib!
TSS BOD . {(400/1000
MONTH (30/45 mg/)* (30/45 mg/l)* col/100 mi)** pH {6.0-9.0 SU)
TRt 4.0 11.3 <1 (c)
April 6.0 9.2 <1 (c)
July 2.0 2.6 400 (c)
October <2.0 3.6 <1 (c)

(b F.C -
NS

* *

(a) One sample analyzed for each month noted.
) fecal coliform.

pH values were between 6.0 and 9.0.
Not Sampled
Monthly average/weekly average.
Monthly average/daily maximum -

TABLE 7-10 1996 Whole Effluent Toxicity Test Results for the Site and Quarry Water

Treatment Plants

PIMEPHALES RIVER LAB
DAPHNIA (P) CONTROL CONTROL
(D)% % D.P % D.P %
BATCH DATE MORTALITY | MORTALITY |.MORTALITY | MORTALITY
S074 02/01/96 0 0 0,0 0,0
S080 05/09/96 0 0 . 0,0 0,0
5083 07/02/96 0 0 0,0 0.0
S091 10/17/96 0 0 0,0 0,0
Q043 02/28/96 0 0 0,0 . 0,0
Q045 05/07/96 0 0 5,0 5,0
Q046 06/27/96 0 0 0,0 0,0
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TABLE 7-10 1996 Whole Effluent Toxicity Test Results for the Site and Quarry Water
Treatment Plants (Contmued)

T PIMEPHALES |  RIVER LAB
DAPHNIA" | . (P} ~ CONTROL. | CONTROL
' N _ (D)% % DP% D.P %
BATCH DATE | MORTALITY | MORTALITY | MORTALITY | MORTALITY
Q047 10/23/96 0 0. 00 00
P Pimephales
D Daphnia (Ceriodaphnia)

7.6.2 Surface Water Monitoring R%ults

Analytical results for surface water momtonng locations at the chem1cal plant site and '
quarry are presented in Subsections 7. S 2 1 and 7.5.2.2.

7.6.2.1 Weldon Spring themical Plant and Weldon Spring Raffinate Pits.
Average uranium levels at off-site surface water locations were slightly lower at some locations
and slightly higher at others than the 1995 annual averages. These variable results are likely
due to the various stages of disturbance and remediation in the watersheds during foundation and
contaminated soil removal, and the beneficial effects of the sedimentation basins. Because the
.Busch Lakes are 1aige bodies of water, reduction in uranium levels at the lakes and downstream
will 51gn1ﬁcantly lag behind reductions in uranium at the NPDES outfalls Average annual
uramum concentrations for surface water are shown in Table 7-11, along with the 1995 figures
and the historic high for the locatxon for comparison. Surface water locations are shown in
Figure 7-1. ' '

DOE/OR/21548-676, Rev. 0 : 129



WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1996

7123197

TABLE 7-11 Annual Averages for Total Uranium (pCi/l) Concentrations at Weldon

Spring Chemical Plant Area Surface Water Locations*

Weldon Spring Quarry.

LOCATION AVERAGE MAXIMUM . MINIMUM HISTORIC HIGH
SW-2001 (1.8)1.4 (2.4) 2.5 (1.16) 0.3 10 (1993)
- SW-2002 {35.9) 29.5 A (40.3) 55.8 (31.5) 7.9 390 {1994)
SW-2003 . (6.4) 15.3 (8.3) 23.7 {4.45) 5.8 69 (1988) .
SW-2004 (7.1) 14.1 (7.9) 16.9 (6.23) 7.3 39 (1989)
SW-2005 {32.2) 27.8 (35.6) 53.7  (28.8) 13.0 53.7 {1996)
SW-2012 @ 6.5 @192 @28 326 (1991)
SW-2016 (1.6) 2.0 (2.0) 4.5 (1.12) 0.8 7.8 (1994)
) 1995 results are given in parenthesis.
Note 1: . 1 pCi/l = 0.037 Bqg/l. .
Note 2: Four samples were collected from each location during the year.
(a) No sample collected, no flow from take during 1995.
7:6.2.2

Total Uranium. The average total uranium values continue to indicate that the highest
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 7-12. The uranium levels in the Femme Osage Slough are within historical

ranges..

Sampling in the Little Femme Osage Creek and the Femme Osage Creek was eliminated
from the monitoring program because total uranium concentrations remained at background
levels at these locations (SW-1001, SW-1002, and SW-1014) throughout the history of WSSRAP
monitoring ( 1987 through 1995).
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A - —
"TABLE 7-12 Annual Averages for Total Uranium (pCi/l) at Weldon Spring Quarry -

Surface Water Monitoring Locations
. | . ’

o ANNUAL ’ " | HISTORIC HIGH
LOCATION | AVERAGE MAXIMUM MINIMUM -
SW-1003 2673 - | 49.61 16.62 © 252 (1989
SW-1004 3424 | 77.59 17.35 4000 (1993)
sw-1005 | 1646 | 27.48 8.47 116 (1991)
SW-1007 983 14.87 6.64 69 (1992) .
SW-1009 Ce25 | 792 ' 1.85 28.6 (1991)
SW-1010 18.65 25.74 11.8 156 (1991)

Note: 1 pCi/l = 0.037 Bq/!

5 No new historic total uranium high concentrations were reported for quarry surface water
- during 1996. ' :

Nitroaromatic Compounds

Nitroaromatic compounds were analyzed at SW-1003, SW-1004, and SW-1005 'in the
Femme Osage Slough. No detectable levels were observed for any of the six compounds
monitored. : ‘
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8 GROUNDWATER MONITORING
8.1  Highlights of the Groundwater Monitoring Program

The following are highlights of the 1996 groundwater monitoring program. These items,
and others, are discussed in detail in this chapter.

. : Previously reported elevated uranium concentrations in'a newly installed well
(MW-4024) located east of the chemical plant eastern perimeter have decreased
to near background concentrations. : '

* Contaminant levels generally remained within historic rarigés at all chemical plant
locations. A new uranium high was measured at one off-site location, but
subsequent uranium measurements at that location were within historical range.

° Monitoring results for Burgermeister Spring were generally within historical

~ ranges. No new highs or lows were recorded, and no significant changes are
apparent. ’

. Environmental monitoring indicates that the greatest amount of radiochemical and

nitroaromatic contamination in the groundwater is present in the bedrock of the -
quarry rim and the alluvial materials and bedrock north of the Femme Osage
Slough.

L Total uranium concentrations in groundwater remain within background ranges.
- and no detectable concentrations of nitroaromatic compounds were identified
south of the slough or in any of the St. Charles County production wells.

o © With the exception of MW-1031 (for uranium) nitroaromatic compounds and total
g uranium concentrations in' groundwater continue to decrease at locations
previously described as having downward trends at the quarry.
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. £ . | C ) ‘ ) .

o Volatile organic compounds (trichloroethene and dichloroethene) have been
detected in groundwater at the chemical plant and are currently under
investigation to determine the source and extents of contamination.

0o}

o Data for 1996 indicate that bulk waste removal activities have decreased the level
of mtroaromatrc compounds in the: groundwater at the quarry

. ‘Previous trending analyses for pre- 1996 total uramum and mtroaromatlc data from

both the chemical plant and the ‘quarry area which indicated stationary or
downward trends once agam exhibited statronary or downward concentrations for

-~ 1996. R . .

3

8.2 Program Overview

_ The groundwater monitoring z,’md;proteotion program at the Weldon Spring Site Remedial

Action Project (WSSRAP) includes sampling and analysis of water collected from wells at the
_ Weldon Spring Chemical Plant and raffinate pits, the Weldon Spring Quarry, vicinity properties.
and from selected springs in the v1c1n1ty of the Weldon Spring site. The groundwater protection
program is formally defined in the Groundwater Protection’ Program Management Plan
(Ref. 13). This document whiich describes groundwater protectxon practices and pohcres 1s
being revised during 1997 to include updated regulatory agency codes: The groundwater
monitoring portion of the program is detailed in the Environmental Monitoring Plan (EMP)
(Ref 42). . _ 5 ) : . .

!

, Due to 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. Generalized geologic

-and hydrologic descriptions of the: two sites are found in Section 1.3.. A generalized

stratigraphic column for reference is proyrded in Figure 8-1, and hydrogeologic descriptions of

lithologies monitored for the program are in Section 8.3.
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: TYPICAL N :
SYSTEM SERIES STRATLGRAPHIC 1 lCKNESs | L1THOLOGY PHYSICAL CHARACTERISTICS HYDROSTRATIGRAHIC UNIT
(FT. 1) ;
i - - HOLOCENE ALLUVIUM 0 - 120 /Z t/ﬁ f \d GRAVELLY. SILTY LOAM. . 'ALLUVIAL AQUIFER
QUATERNARY ALYEY
LOESS AND SILTY CLAY, GRAVELLY CLAY, SILTY LOAM. OR
PLEJSTOCENE | GlacIAL DRIFT (2) 10- 60 VARIABLE LOAM OVER RESIDUUM FROM WEATHERED BEDROCK. ;
_ LIMESTONE, L IMEY DOLOMITE. FINELY TO COARSELY
e RANE G SALEM FORMATION (3) 0 19 = - CRYSTAL INE. MASSIVELY BEDDED. AND THIN BEDDED SHALE. CONSATURATED Ry
_ - SHALE AND THIN TO MEDIUM BEDDED FINELY
: WARSAW FORMATION (3) 607580 CRYSTAL INE LIMESTONE WITH INTERBEODED CMERT.
BURL INGTON AND S T2 155 1| CHERTY LIMESTONE. VERY FINE TO VERY COARSELY
MISSISSIPPIAN OSAGEAN KEOKUK L [MESTONES 100 - 200 L 52 ST CRYSTALINE, FOSSILIFEROUS. THICKLY BEDDED TO MASSIVE SHALLOW AQUIFER SYSTEM
| FERN GLEN 4 - 70 - CHERTY LIMESTONE. DOLOMITIC IN PART, VERY FINE TO
L IMESTONE .| VERY COARSELY CRYSTALINE. MEDIUM TO THICKLY BEDOED.
DOLOMITIC, ARGILLACEOUS LIMESTONES FINELY
K INDERHOOK 1AN| CHOUTEAU L IMESTONE 20. - 50 CRYSTALINE! THIN TO MEDIUM BEDDED.
) ;&mosgmiuﬁ:“’?n QUARTZ ARERNITE. FINE TO MEDIUM GRAINEO, FRIABLE.
LA UPPER LOWER PART OF SULPHUR 40 58 CALCAREOUS SILTSTONE, SANDSTONE, COLITIC LR
' SPRINGS GROUPusirreronsar LIMESTONE, AND HARD CARBONACEOUS SHALE.' CONF INING UNIT
CALCAREOUS TO DOLOMITIC SILTY SHALE AND
CINCINNATIAN | MAGUOKETA SHALE (5) - 10 - 30 MUOSTONE. THINLY LAMINATED TO MASSIVE.
LIMESTONE. COARSELY CRYSTALLINE. MEDIUM 70 THICKLY
KIMMSWICK L IMESTONE 70 - 100 BEDDED. FOSSIL IFEROUS AND CHERTY NEAR BASE. MIODLE AQUIFER SYSTEM
SHALE WITH THIN INTERBEDS OF VERY
DECORAN GROUP 30 - 60 sl siazhaid FINELY CRYSTAL INE LIMESTONE. »
- DOLOMITIC LIMESTONE. VERY FINELY CRYSTALLINE. :
CHAMPLAINIAN | PLATTIN LIMESTONE 100 = 130 y———-r~{ FOSSILIFEROUS. THINLY BEDDED. 'LOWER U%nlnTrmmc
; L i INTERBEDOED VERY FINELY CRYSTALLINE. THINLY uoo:o
. JOACHIM DOLOMITE 80 - 105 - bo] DOLOMITED LIMESTONE) AND SHALE. SANOY AT BASE.
i C¥W GUARTZ ARENITE. FINE 10O
ORDOVIC 1AN ST. PETER SANDSTONE 120 - 150 MEDIUM GRAINED., MASSIVE.
SANDY DOLOMITE. MEDIUM TO FINELY
POVELL DOLOMITE 50 - €0 CRYSTALINE, MINOR CHERT AND SHALE.
ARGILLACEQUS, CHERTY DOLOMITE: FINE TO MEDIUM
COTTER DOLOMITE 200 - 250 : SR CRYSTALINE. INVERBEDDED WITH SHALE. - )
. CANADIAN JEFFERSON CITY DOLOMITE 160 - 180 — >~ OOLOMITE. FINE TO MEDIUM CRYSTAL INE. »
A A ST SE ; DEEP AQUIFER SYSTEM
ROUBIDOUX FORMAT [ON 150 - 170 2 i e ] DOLOMITIC SANDSTONE.
CHERTY DOLOMITE AND ARENACEOUS
GASCONADE DOLOMITE 250 ] DOLOMIYE (GUNTER MEMBER).
=53 "DOLOMITE. MEOIUM TO COARSELY CRYSTALLINE.
CRBRTAR SPPER EMINENCE DOLOMITE 200 7] MEDIUM BEDDED TO MASSIVE.
- & =71 DOLOMITE. FINE TO MEDIUM CRYSTALLINE. THICKLY
POTOSI DOLOMITE 100 2 0 OMUON.

(R3]
My-G$02

2)

THICKNESS OATA SOURCES VARY.
AND TRENCHING.

AND GSOS.

WHERE THIS UNIT BEHAVES LOCALLY AS A LEAKY CONF INING UNIT.

(9 1]

AREA DUE TO EROSION.

4)

LIMESTONE-MISSOUR) DIVISION OF GEQLOGY AND LAND SURVEY.

5}

GEOLOGIC LOGS.
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(REF 53)
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Two criteria used to develop thé' criteria for the groundwater monitoring program% are:

(1) the U.S. Environmental Protection Agency (EPA) Quality Criteria for Water 1986 (Ref.!35),

which is intended to protect public groundwater resources, and (2) the Missouri Drinking Water
Standards (Ref. 36) These standards are mainly used for comparison of levels observed i in the
~ St. Charles County well field. Table 8-1 identifies EPA water quality standards and Missouri
Drinking Water Standards for contaminants that are routinely momtored 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 publtc
dnnkmg water supply as defined in 40 CFR Part 141, Subpart A - General. Lo

8.3 Referenced Standards

Groundwater is also mom’to‘red 'under the requirements of Department of Energy
Order 5400.5, Radiation Protection of the Public and the Enwronmem which designates derived

- concentration guidelines (DCGs) for mgestron of water eqmvalent to 100 mrem (1.0 mSv)

-effective dose equivalent, based on the consumptton of 730 liters/year (193 gal/year) (Table 82).
As specified in Department of Energy Order 5400.5, liquid effluent from U.S. Department of
Energy (DOE) activities may not cause, private . or public drinking waters to exceed the' :
radiological limit of an effective- dose equtvalent greater than 4 mrem (0. 04 mSv/year) per year
or 4% of the DCG. : ’ :

Groundwater rnomtormg at the WSSRAP is a key component of the groundwater
protection program ‘In addition to momtonng, the program integrates site-wide practices and
policies in the interest of groundwater protection as specified by proposed Federal Code
10 CFR 834, which is expected to be enacted during 1997. '

Upgradient-downgradient water quality comparisons are not practical for the chemical
,plant‘sue because it sits atop a local groundwater high and 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
compansons
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TABLE 8-1 fReferenced Federal and State Water Standards

i - .
: | _ | REFERENCE REFERENCE
PARAMETER LEVEL STANDARD PARAMETER . LEVEL STANDARD
Radio- Uranium 20 ugll EPA - Feld 300 pgll MDWS
_chemical | total'® (13.6 pCi/l) ‘ '
| > 5 g
Gross a 15 pCift " MDWS phte! 15 ugh- MDNR
(a&jus)ted)‘c ;
o
Ra-226'¢ 5 pCiNl - MDWS ~ Mn'd 50 ugl/l MDWS
RA-222'.¢) 300 pCill EPA ' Hg'e! 2.0 pgh MDWS
T : s Metals
Misc. 2,4-DNTe! 0.11 pg/l MDNR Nitel 100 ugl/l MDWS
ITDS' 500 mg/l mows | Sel® | 50 mgn MDWS
Metals | sble 60ugh | MDWS - Ag¥ | 100 ugn MDWS
| P
i As'e - 50 wght MDWS . Zn'd 5.0 mg/l MDWS
I "
. Ba'® - 2mg/ "~ MDWS
| - -
, Bel® 4.0 pal) MDWS crid 250 mg/l MDWS
| Cd'® 5 g/l MDWS Fa | 2.0mgl MDWS
L crlel 100 wa/l "MDWS Anions 1 nNo,© | 10 ma MDWS
| :
| Cu'd! 1.0 mg/! MDWS S0,'¥ | 250 mg/ MDWS
1
(a) Proposecti. ‘ =
(b) Standard for combined Ra-226 and Ra-228.
(c) Primary maximum contaminant level.
(d} . Secondary maximum contaminant level.
(e) Water Quality Standard for Groundwater.

EPA EPA Drinking Water Standards for Radionuclides.
MDNR Missouri Department of Natural Resources .
MDWS Missouri Drinking Water Standard. : . '
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TABLE 8-2 Derived ConcentraﬁonrGuideIines for Discharge Waters
PARAMETER e DERIVED CONCENTRATION GUIDELINE|
Natural Uranium S - 600 pCill ]
Ra-226 O : 100 pCil |
Ra-228 N | 100 pCin
Th-230 S 300 pCif
Th232 ' . " 50 pCil

Note: 1 pCi/I = 0.037 Bg/l.

. 4
rf

8.4 Weldon Sprmg Chemlcal Plant;
8.4.1 Hydrogeologic Description

The Weldon Spring Chemical Plant is located in a transitional area between the Dissected.
Till Plains of the central lowlands province to the north and the Salem Plateau of the Ozark
Plateaus physxographlc provmce to the ‘south.

The chemical plant is located on a groundwater divide from which groundwater flows
north toward Dardenne Creek and t‘hen?:fultimately 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 dlffuse flow with localized zones of dxscrete fracture-
controlled ﬂow

The chemical plant and rafﬂnate p1t area hthologles consist of two major geologic units;
unconsolidated surficial material and carbonate bedrock. The unconsolidated surficial materials
are clay-rich, mostly glacially derived umt;, which are generally unsaturated. Thicknesses range
from 6.1 m to 15.3 m (20 ft to 50 ft) (Ref. 3). |

Potential groundwater irnpacts are assessed by monitoring groundwater from the
monitoring well network at the site. The aQuifer of concern beneath the chemical plant, raffinate
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pits. and vicinity properties is the shallow bedrock aquifer comprised of Mississippian-age
Burlington-Keokuk Limestone (the uppermost bedrock unit) and the Fern Glen Limestone. The
Burlington-Keokuk 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 massively bedded. Fracture densities are significantly less in the
unweathered zone than in the weathered zone. Localized aquifer properties are controlled by
fracture spacing, solution yoids, and preglacial weathering, including structural troughs along
the bedrock-unconsolidated material interface. ' '

All monitoring wells are completed in the Burlington;Kedkuk Limestone. Of the 64
monitoring Wells, 18 are completed (screened) in the unweathered zone. The wells in the
unweathered zone of the Burlington-Keokuk Limestone are used to assess the vertical migration
~ of contaminants. The remainder of the wells are open to 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 to assess migration into the groundwater system. Additional wells are
located outside the chemical plant boundary to detect and evaluate potential off-site mxgranon
of contaminants (Flgure 8-2). '

Springs, a common feature in carbonate terrains, are present in the vicinity of the Weldon
Sprmg site. Four springs-are known to have been historically influenced by chemical plant
discharge water potentiall‘y containing one or more of the contaminants of concern (Figure 8-3).
Currently, Burgermeister Spring (SP-6301 on Figure 8- 3) is momtored to det€rmine contaminant
off-site mxgratlon potential Via spring transport.

The presence of elevated total uranium and nitrate 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.
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\

8.4.2 Monitoring 'Programﬁ ' ‘H\
| | 1 [

8.4.2.1 Purpose. The 1996 groundwater momtormg program at the chemical
plant and raffinate pits focused on monitoring contaminants and establishing baseline
characterization of groundwater. Total uranium, nitroaromatic compounds, sulfate, volatﬂe
organic compounds, and nitrate were monitored annually at selected locations. Total uramum
in groundwater was analyzed under the envxronmental monitoring program at the chemical plam
to monitor potential groundwater uranium plume migration and to further establish baselme
uranium concentrations prior to source removal during remedial action. Due to the heterogeneity
of uranium distribution in soils across the site, all active locations in the chemical plant

groundwater momtormg network were analyzed for total uranium.

Groundwater in the v1cuuty of the rafﬂnate pits is unpacted with elevated mtrate
concentrations. The pits contain ore-reﬁmng impurities from uranium ore concentrates that were
digested with nitric acid. The accumulation of aqueous phase waste (chiefly rainwater in coptact
with the raffinate) creates groundwater hydrostatic mounding beneath the pits, and nitrate-rich
water impacts very localized portions of the bedrock aquifer in the raffinate pits vicinity. 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 were analyzed for
nitrate, thorium and radium isotopes, and total uranium.

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
trinitrotoluene (TNT) and dinitrotoluene (DNT) for explosives. One of the first mtroaromatlc
production lines was located within what is now the chemical plant area perimeter. Wastes
generated from the initial operation of these ear]y productlon lines were disposed of in open
earthen pits which released contaminated seepage to groundwater Wastewater containing
nitroaromatic compounds was transported through wooden pipe 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
nitroaromatics in groundwater, were sampled and analyzed for these compounds in 1996.

Groundwater moves by both diffuse and discrete flow components under the chemical
plant. In order to monitor the discrete flow component, Burgermeister Spring was monitored
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during 1996 for total uranium, nitroaromatic compounds, ninjate; sulfate, and geochemical
. 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. ' '

4 8.4.2.2 Scope. All monitoring wells (except those completed in the unweathered
zone) were sampled annually and analyzed for total uranium. Monitoring wells around the
raffinate pits and chemical plant buildings 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 monitoring locations and analytes may be found in the 1996 Environmental Monitoring Plan
(EMP) (Ref. 42). | |

The EMP includes pfovisions for initiation of special environmental studies if evidence
or conditions arise that warrant investigation beyond the scope of the EMP sampling schedule.
~ A special, or unscheduled, groundwater sampling event was initiated in April 1996 in response
to discovery and disturbance of submerged, discarded drums during dewatering of Raffinate
Pit 4. Further, volatile compounds were detected in air headspace of the raw sludge tank that
was being used to contain sludge dredged from Raffinate Pit 3 for chemical stabilization and
solidification (CSS) pilot study purposes. Due to the presence of the drums and volatile
compounds detected during sludge dredging, a groundwater volatile organic compounds (VOCs)
investigation was implemented during 1996.

Burgermeister Spring (SP-6301) was monitored quarterly for metals, nitrate, sulfate.
VOCs 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 low flow and high flow. To monitor the
spring, samples were collected twice at low flow because the groundwater component of the
spring flow was more significant at low flow than at high flow.

8.4.3 Chemical Plant and Raffinate Pit Monitoring Results

8.4.3.1 Groundwater Monitoring Wells. In 1996, the measured concentrations
for uranium, nitrate, sulfate, and nitroaromatic compounds generally remained within historical
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| : | o : X | _
ranges at all monitoring wells and springs in the chemical plant area. Although new highs and

lows were measured at some locations, these values generally differed from the mean b'y less -

than two standard deviations. The groundwater data, particularly from locations where new high
values were reported, will continue to be carefully reviewed to determine if remedial actllons at
the WSSRAP are affecting groundwater quality. Volatile organic compounds were detected
during 1996 in groundwater in the vicinity of the rafﬁnate pits. The source of these compounds
is being investigated. : - ; C e

Data for all parameters analyzed "‘during the 1996 monitoring period are presented in the
Quarterly Environmental Data Summaries. The monitoring data for contaminants of concern
(uranium, radrologrcal parameters mtrate sulfate, and nitroaromatics) are summanzed and
compared with background levels and water quality standards in the following paragraphs. Data
values aré presented as reported by the (analyncal laboratories. Comparisons to drinking water

standards are not intended to imply that groundwater from WSSRAP monitoring wells mu}st be.

in compliance with drinking water standards.

Radiochemical Parameters. Total uranium, which is measured at all moniton'dg w}ells,
continues to impact groundwater near the raffinate pits. In 1996, groundwater from 12
monitoring well locations exceeded the average background-level of 2.9 pCi/l (0.11 Bg/l) as
calculated by the USGS (Ref. 37). These values can be found in Table 8-3. Of these, only:two
~ locations exceeded or equaled the proposed MCL of 20 ug/t (13.6 pCi/l). A new high for
uranium was recorded during 1996 at MW-3023 (12.9 pCi/l). The MW-2017 uranium values.
which had steadily increased durmg the prevrous 3 years, show a decrease for 1996. In 1995,
uranium values in a newly installed well (MW-4024) indicated that the uranium plume extends
farther east off site than previously identified. Uranium levels at this location (southeast of the
site entrance across State Route 94) in 1996 are srgmﬁcantly lower (8 6 pCi/l in 1996 compared
to 60.3 pCi/l in 1995) than previously reported

DOE/OR/21548-676, Rev. 0 ; - 143

Y s e A i S



WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1996

- 7123/97

TABLE 8-3 Annual Averages for Total Uranium (pCi/l) Above Background at the.,
Weldon Spnng Chemical PIant

AVERAGE AVERAGE AVERAGE
LOCATION (pCi/) LOCATION (pCiM) LOCATION (pCi/l)
MW-2017 13.4° MW-2032 5.00 MW-4021 3.22
MW-3003 15.9 MW-3023 . 12.9 MW-4010 4.30
MW-4005 5.83 MW-3024 13.01  MW-4022 3.61
MW-4020 13.9 MW-4016 3.60 MW-4024 8.67
Note 1: Background uranium concentrations equals 2.9 pCi/l.

Note 2:

1 pCi/l

= 0.037 Bq/l. -

The other radiological parameters (Ra-226, Ra-228, isotopic thorium, gross alpha, and

gross beta) that are measured annually in the r_afﬂnate pit wells MW-3000 series and MW-2044)
were below the MCL valu'es. These annual averages can be found in Table 8-4. '

Annual Averages for Radlologlcal lsotope (pCI/I) at the Weldon Spring

Table 8-4
Chemical Plant
| GROSS | GROSS:
RA-226 RA-228 TH-230 TH-232 | ALPHA BETA
LOCATION (pCifl) (pCi/l) .~ (pCiM) (pCi/) (pCi/l (pCi/l)
MW-2035 0.28 (0.41) (0.10) <0.10 NA NA
MW-2036 - 0.53 (0.16) (0.08) <0.12 NA NA
MW-2037 <0.27 (0.67) <012 | (0.08) NA NA
~ MW-2038 0.36 1.57 <0.13 (0.01) NA NA
MW-2039 {0.15) 10.45) <0.11, <0.09 NA NA
MW-2040. | . 0.75 <0.63 (0.03) (0.09) NA ‘NA
MW-2041 0.53 (0.20) <0.10 (0.01) NA NA
MW-2042 0.34 (0.44) <0.11 <0.09 NA NA
MW-2043 (0.13) 1 (0.82) <0.14 (0.02) NA NA
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Table 8-4 Annua| Averages for Radiological isotope (pCl/I) at the Weldon Spnng
Chemical Plant (Continued) » g

1(x‘ . 7 N &
458 v .

T GROSS | GROSS
RA-226 | 'RA-228 | TH-230 | TH-232 | ALPHA | BETA
LOCATION (Ci | (aCim (pCifM) (CiM | (pCim | (pCim
MW-2044 |  0.30 (0.35) 0.09) | (008 | 22 | (3.7
MW-3003 0.12 (0.04) 019 | (0.02) | 239 | 278
MW-3019 0.96 | - 176 019~ | "<0.10 1.64 4.45
MW-3023 (0.02)  <0.80 0.16 (0.07) | -6.58 9.52
MW-3024 030 |  (0.a4) 1.16 1.40 (7.00) 22.0
MW-3025 10.40)  <0.73 NA | NA (0.49) 14.5
MW-3026 0.48 a3 - 0.21 (.05 | 439 | “28.1
MW-3027 0.36 - to.ap)  0.26 (0.20) 7.00 5.86

. Note 1: Averages in parentheses are estlmates below qnannfncatlon limits.

NA - Not Analyzed.

¢

[

Nitrate and Sulfate. In 1996, niirate and sulfate were measured at 20 monitoring wells
in the chemical plant area that previously' 'exceeded the reference levels. Nitrate levels exceeded .
“the calculated background value (1.6 mg/l) at 18 locations. The drinking -water standard
(10 mg/l) was exceeded at 15 of those Iocations (Table 8-5). Average sulfate levels exceeded
background (32 mg/l) at 13 locanons one of these (MW 2017) was above the secondary water
quality standard (250 mg/l) (Table 8-6).

Trend analysis, which was conduc;ted using 1994 to 1995 data (Section 8.3.4) for the
previous annual Site Environmental Report (Ref. 15), detected no upward nitrate trends. The
1996 nitrate data indicate no increases in nitrate levels for all monitored locations with the

- exceptions of MW-2001 and MW- 2005, which increased in nitrate from 46 mg/1 to 58 mg/I, and
from 63 mg/l to 76 mg/l respectxvely These locations, which did not show upward trends in
the prevxously reported trend analysis, will be analyzed further if 1997 data mdlcates mcreasmg a

i
1
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TABLE 8-5 . Annual for Nitrate (mg/l) Levels Above Background at the Weldon Sprmg
Chemical Plant

LOCATION AVERAGE LOCATION AVERAGE LOCATION AVERAGE
MW-2001"* 58.0 MW-2002* 104 MW-2003* 309
MW-2005° | - 76.0 MW-2036 2.83 MW-2037 199
MW-2038* .| 619 MW-2039* 36.1 - MW-2040* 172
MW-2041* |- 178 MW-2042 4.95 MW-2043 6.06
MW-3003* 389 MW-3023* 208 MW-3024* 350
MW-3026" 221 MW-3027* 61.8 MW-4011* | 176

Exceeded the nitrate drinking water quality standard of 10 mg/l at least once during 1996.

TABLE 8-6 Annual Averages for Sulfate (mg/l) Above Background at the Weldon
‘Spring Chemical Plant

LOCATION - | AVERAGE | LOCATION AVERAGE LOCATION AVERAGE
- MW-2002 120 MW-2003 100 MW-2006 9.2
MW-2012 58.0 MW-2014 38.0 MW-2010 41.0
MW-2017* 820 MW-2037 147 - MW-2038 107
MW-2039 42.2 MW-2041 377 MW-2042 33,5
MW-4011 85.7
Note 1: Sackgrbuhd sulfate éoncentranon equals 32 mg/l.
x ' Exceeded the sulfate secondary drinking water quality standard of 250 mg/| at least once

dunng 1995.

concentrations. Additional groundwater trending will be performed as analytical results become
available. The groundwater results are not trended -annually for the chemical plant because, at
most monitoring locations, samplixig frequency has been decreased (annual) to a level that cannot
justify frequent trending.

. Sulfate analytical results show no significant (>5%) increases at any of the monitored
locations during 1996, with the exception of MW-2037 and MW-2040, whiph increased 8.5%
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and 38%, respectively. These monitoring wells are located in the southern one-third of thé site.
~The increases are not believed to be rélated to any site operations, but the locations will be
carefull\y monitored to identify any increasing trends.

Nitroaromatic Compounds. _Niiroaromatié compounds, which are not naturally occurring

_ combounds, were detected in 25 moriitbring wells (Table 8-7). New highs were recorded at _

MW-2043 for 2,4-DNT and at MW- 4015, MW-2037, and MW-2038 for 1 ,3,5- trinitrobeﬁzene
(TNB). The highs at MW-2043, MW-2037, and MW-2038 were within the normal range of
variation for these locations; however, the increases at MW-4015 were significant. Levels rose
from an average of 1.7 ug/l in 1995 o 5.4 pg/l in 1996. The drinking water standard for
2,4-DNT of 0.11 pug/l was equalled’ or exceeded in 10 locations at the chemical plant (see
Table 8-7), all of which are in the northern one-third of the site or along the western perimeter.
There is no primary standard for 1,3,5-TNB. Elevated nitroaromatics in groundwater underlying
the northern portion of the site are most likely attributable to a wastewater impoundment which

was located along the northern site penmeter during the early active production of TNT and
DNT dunng the 1940’s.

TABLE 8-7 Annual 1996 Averages forbMor‘\itoring Locations with at Least Ohe

Detectable Concentration of Nitroaromatic Compounds (ﬂQ/I) at the i _

Weldon Sprmg Chemlcal Plant

DOE/OR/21548-676. Rev. 0 , ‘147

LOCATION e 1,3-DNB .| 2.4.6TNT |° 2,4DNT | 2.6-DNT NB

. MW-2001 085 | <0090 | <0.030 0.092 0.044 <0.040
MW-2002 | <0.030 | <0.090 | <0030 | 0.040 0.240 | <0.030
MW-2003 | <0.030 | <0.090 | <0.030 0098 | 0.450 1<0.030
MW-2005 | <0.030 | <0.090 | <0.030 0.039 0.070 <0.040,
MW-2006 63 | <0090 | <0030 | 0097 ° 1.20 0.050
MW-2010 0.16 <0090 |: 019 | 0096 0.51 <0.040
MW-2012 170 - | <0.080 | . 0.44 0.085 6.30 <0.040°
MW-2013 | = 6.1 <0.090 | 0.72 0.37 2.10 <0.040 |
MW-2014 4.5 <0.090 | <0.030 0.150 056 | <0.040
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TABLE 8-7 Annual 1996 Averages for Monito}ing Locations with at Least One
Detectable Concentration of Nitroaromatic Compounds (ug/l) at the
Weldon Spring Chemical Plant (Continued)

LOCATION 11'%: 1,3-DNB 2,4,6-TNT | 2.4-DNT 2,6-DNT NB
MW-2032 3.90 <0.018 740 | 0.17 2.90 <0.040
‘MW-2033 3.60 | <0.090 1.30 0.45 1.50 <0.040
MW-2037 0.21 <0.090 ‘| <0.030 1 0.49 0.090 <0.060
- MW-2038 0.27 <0.090 <0.030° 1.40 1.45 . 0.035
MW-2043 | <0.030 <0.090 <0.030 0.08 <0.010 <0.030
MW-3003 <0.030 <0.090 <0030 | 0.11 0.26  <0.040
MW-3023 <0.030 <0.090 <0.060 . 5.10 4.90 <0.040
- MW-3024 <0.030 <0.090 <0.030 0.14 0.49 <0.040
MW-3025 <0.030 <0.090 <0.030 0.089 10.32 <0.040
MW-3026 0.058 <0.090 <0.030 0.036 0.018 <0.040
MW-3027 | 0.059 <0.090 <0.030 0.040 0.026 <0.040
MW-4001 50.0 | <0.090 160 . 0.12 2.50 <0.06
MW-4002 <0.030 | <0.090 0.40 0.042 0.16 <0.040
MW-4006 17 <0.090 <0.030 0.095. 2.30 <0.040
- MW-4011 <0.030 <0.080 <0.030 <0.030 0.034 <0.040
MW-4015 540 | <0.090 <0.030 0.079 0.87 <0.030

The trend analysis (Section 8.3.4) performed during the previous year using 1994-1995
data indicated that there were no upward or downward trends at any monitoring locations, and
with the exception of MW-4015, the analytical results remained within normal ranges.
Therefore, trend analysis was not performed using 1996 data. If the 1,3,5-TNB. concentrations
at MW-4015 remain elevated during 1997, this location will be analyzed for trend significance.

1
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Volatile Organic Compounds.. ' The VOC groundwater investigation was initiated. when

‘dewatering activities in Raffinate Pit 4 exposed approximately 2,000 previously-submerged

drums of waste. Whether the wastes fr'bm the drums impacted groundwater remains uncertain.
The uncertainty is due to the small quantlty of groundwater data from momtonng wells in the
vicinity of Raffinate Pits 3 and 4. . _ '

O o . . - ;

Database searches were conducted for 13 momtormg weus nearest the pits to evaluate

analytical results for polychlorinated blphenyls (PCBs) and pesticides, volatile and semi-volatile .

compounds, and any petroleum product compounds Selection of these analytes was based upon
contents of raffinate pit drums. Of these 13 selected monitoring locations, seven had prevnously
been analyzed for at least one of the above-listed compounds. Detectable contaminants were
previously reported at four of those seven locations. These are MW-2003 (PCB and pesticide
and volatile and semi-volatile) MW-4001 (PCB and pest1c1de and volatile and semi- -volatile).

MW-4002 (PCB and pesticide),. and MW 4006 (PCB and pesticide and volatile and semi-
volatile). These historical data are from samples collected in 1987-1988, and appear to be of

questionable quality because each of the positive detections was reported exactly at the detection

limit or slightly below MDL. In addition, data from this era were not subject to validation.

A VOC detection during operation of the CSS pilot plant in 1995 also prompt_ed the VOC

“groundwater investigation. ‘Hexane was detected in vapor headspace in the raw sludge sample

hopper which contained sludge dredged: from Raffinate Pit 3. Hexane, a priority pollutant
solvent used for uranium purification extraction, is most likely physically isolated from

_volatilization and biological degradation in free-product pockets or interstitially within. the
sludges then released upon disturbance of the sludges during dredging. Hexane was screened

in groundwater samples collected from two locations in the Raffinate Pit 3 vicinity, MW- 2038
and MW-3025. These locations are routinely sampled for the EMP, but VOCs are not mcluded
in the analyses for EMP purposes. The screening was intended to provide documentation that
the potential source of hexane has not entered the uppermost groundwater system. Hexane was
not detected in either sample, but trichloroethane (TCE) was detected at both locations (766 ug/I
at MW-2038 and 11.0 ug/l at MW 3025) and dlchloroethene (DCE) was detected in one sample

- (22.7 pg/l at MW-2038).

|

To determine the extents of VOC groundwater impact, several sampling events, including
one site-wide sampling, were conducted during 1996. At some locations additional analytes
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included PCB/pesticides, volatiles/semi-volatiles, and total petroleurn hydrocarbons. The analyte
selections were based upon previous groundwater analytical results and the drum waste inventory
descriptions. This expanded investigation was implemented in June 1996.

Analytical results confirmed the presence of TCE at both previously sampled locations
along the south and east sides of the Raffinate Pits 3 and 4 vicinity (TCE 9000 pg/1 at MW-2038
and 15 ug/l at MW-3025), and the presence of DCE at MW-2038 (340 ug/l) at additional »
locations near the raffinate pits. No PCBs or petroleum hydrocarbons were detected. The
investigation was focused on VOCs following the June 1996 sampling and is summarized in the

. following. ‘ :

VOCs were detected at seven locations in groundwater at the chemical plant during 1996. .
The chlorinated solvent compounds TCE and 1,2-DCE, which do not naturally occur, were
reported above detection limits as primarily TCE east and south of Raffinate Pits 3 and 4
(MW-2037, MW-2038, MW-3024, and MW-3025); 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 Frog Pond) and MW-4001 (west of Raffinate Pit 4).
Table 8-8 summarizes analytical results for samples collected for VOC analysis at the chemical
plant during 1996. '

TABLE 8-8 | Summary of TCE and DCE Groundwater Detections in 1996

LOCATION |- APR.96. | JUN.96 SEP.96 ° OCT-NOV.96 | DEC.96
| MW-2013TCE | NS ‘ NS (1.0) 2o I ns
 DCE | NS NS . 16 6 NS
MW:2023TCE | NS NS ND NS | NS
"~ DCE| NS NS (3.0) NS | NS
MW-2037TCE | NS. | Ns 570 & 810 .| 1100 1100
DCE . | ta2s (2.0) . ND -
MW-2038TCE | 766 | 9000 573 & 1050 | 1000,890&910 | 860
DCE | 22.7 39.0 1148126 (3)(3)&(3) | ND
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TABLE 8-8 Summary of TCE and DCE Groundwater Detections in 1996 (Conti[nued)

]
LOCATION | .APR.96 - | JUN.96 SEP.96 | OCT-NOV.96 | DEclge

MW-3024TCE | NS Inst 59.8 NS ND |
DCE et 09n | " Inp

MW-3025TCE | 11.0 | 180 NS 29 27|
DCE | ND ND Y . ND ND |

MW-4001TCE | NS NS (2.9 NS @
DCE - ND - R TS

ND Results were below quantification limits. : ’
NS Not sampled. ‘ S

() Estimated value below quantlflcatlon limits. 2 o 0
Note: Values reported in ug/l S ) ' ' ‘_ "

o Y
t i
f

The source of the VOCs remamed unknown as the investigation continued throughout

1996. It is suspected that the source. of the TCE and DCE is from 208 liter (55- -gallon) drums l

discarded along the southeast shore of Raffinate Pit 4, and/or that these solvent components are
trapped in pockets of sludge which isolates the VOCs from volatilization or microbial
degfadation. Due to the limited areal extent of groundwater impact, it is possible that the voc
introduction to groundwater is a recent event which may be a response to remedial action in
Raffinate Pit 4 or sludge dredging in Rafﬁnate Pit 3. The mvestlgauon is expected to contmue
throughout 1997. , '
Groundwater Overview: Withl few exceptions, 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 momtormg
period, trend analysis is not conducted annually for the chemical plant monitoring wells.
Uranium, sulfate, and nitrate contamination continue to be concentrated in the area surroundmg
the raffinate pits with a small area of elevated uranium and sulfate located near the eastern
“boundary of the site. Pockets of mtroaromatlc contaminated groundwater continue to be present
in the vicinity of Frog Pond, along the northern perimeter of the site, near Raffinate Pit 4, and

i
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west of the raffinate pits on the Weldon Spnng Ordnance Works property. The source of VOC
contammatxon south and east of Raffinate Pit 3 remains under investigation.

. 8.4.3.2 Springs. Burgermeister Spring Was the only location (SP-6301) monitored
for the 1996 environmental monitoring program. This location 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
occurring during base flow stages. During high flow conditions, surface water recharge along
~the path of the subsurface flow mixes with contaminated flow from the site, and the
concentrations are effectively lowered. The spring was monitored during both high and base
stages during 1996.

- Uranium, nitrate, and nitroaromatics were within expected (historical) ranges during
1996. The mean concentrations for nitrate and sulfate during base flow are 16.5 mg/l and 45.6
mg/l, respectively. These concentrations for high stage flow are 1.2 mg/l and 30.0 mg/l,
respectively. These results indicate that groundwater is a more significant contributor to the
~ spring discharge during base flow. The concentrations for these parameters are lower during
~ high flow due to surface water contribution. Base flow concentrations for nitrate ranged between
4.54 mg/l and 36 mg/l. Base flow sulfate ranged between 33.6 mg/l and 55 mg/l for 1996.

Uranium concentrations analyzed in samples from the spring were between 6.5 pCi/l
(0.24 Bq/1) and 122 pCi/l (4.51 Bg/l), with a mean value of 81.23 pCi/1 (3.01 Bg/l). These
values are within the historical range for uranium. '

Nltroaromatxcs were analyzed in samples from base stage flow only. The concentrations
of detected nitroaromatic compounds are within historical ranges. These compounds include
2,4,6- Tnmtrotoluene (0:04 ug/1), 2,4-Dinitrotoluene (0.05 /,Lg/l) and 2,6-Dinitrotoluene
(O 12 yg/l)

VOCs were monitored at the spring during the latter half of 1996 to assess the potential
for off-site migration of TCE that was detected in groundwater in the vicinity of the raffinate
pits. No VOCs were detected during 1996 at the spring. . '
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‘Monitoring of Burgermexster‘ Spring will continue for the duration of the project to
determing whether remediation activities across the northern half of the chemical plant impact
the local groundwater quality. '

L g | |
8.4.4 Chemical Plant Trend Analyses | S 'I

Statistical Methods

Statistical tests for time-dependent trends were previously performed on historical and
1995 groundwater data representing. select grouﬁdWater wells. The constituents and locations
that were selected for trending included total uranium, nitroaromatic compbunds, and nitrate in
samples from the chemical plant wells. ‘These previous trend analyses, which were reported in
the 1995 Annual Site Environmental Report (Ref. 15), were performed individually for: each
monitoring well and contaminant. The specific locations, parameters, and time periods selected
for trending analyses are presented in' Tables 8-9 through 8-11. The selected locations,
parameters, and time periods were based -on the historical site environmental remediation
activities, historical groundwater monitoring 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. The trend methods and results are presented once -

again in this 1996 Annual Site Environmental Report, because 1996 groundwater monitoring data
are being compared to those trends previously reported. A discussion of the results follows the
trend data presentation. Additional trend analyses, which incorporate the 1996 chemical plant
data, will be performed in subsequent annual reports when additional data are available.

The computer program TREND, developed at Pacific Northwest Laboratory, was used
to perform the formal groundwater t'reﬁd 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 particular distribution. The
nonparametric méthod is valid for scenarios where there are a high number of non-dete;ét data
points. Further discussion of this trend analysis is presented in the Site Environmental Report
for 1995 (Ref. 15). B | <, o8

Trend analyses are intended to statistically indicate the presence of -an ilpward. or
downward trend in contaminant concentg'ation and should not be used as predicting future
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concentrations. ~ The ‘trend-analyses should be used to identify site locations which may require
close scrutiny during future monitoring.

Nitroaromatic Compounds

No upward trends at the chemical plant for nitroaromatic compounds were suggested by
the trend analysis for 1994-1995 data. Locations for which upward trends were detected using
1991-1994 data (west of Ash Pond, south of Raffinate Pit 3, and along the northern perimeter '
of the site) have stabilized. A summary of nitroaromatic trend analysis for the chemical plant
is found in Table 8-9.

Total Uranium

Groundwater uranium analytical results were trended at locations representing all areas
of the chemical plant. No upward trends were detected. The uranium trend analysis is
summarized in Table 8-10. ‘
Nitrate

Nitrate concentrations were trended at locations aldng site perimeters and in the
immediate vicinity of the raffinate pits. Locations that previously (1991-1994) showed upward
trends have stabilized. These stabilized locations include the raffinate pit monitoring wells. No
upward trends were detected. The nitrate trend analyses are summarized in Table 8-11.
8.5  Weldon Spring Quarry
8.5.1 Hydrogeology

The geology of the quarry area is separated into three units; upland overburden, Missouri

River aJluvium, and bedrock. The unconsolidated upland material overlying bedrock consists
of up to 9.2 m (30 ft) of silty clay soil and loess deposits and is not saturated (Ref. 2). Three

Ordovician-age formations comprise the bedrock at the quarry: 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
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TABLE 8-9 Chemical Plant Groundwater Wells Nitroaromatics Trend Analysis Summary

NO. OF NO. OF : 95% UPPER AND LOWER
OBSERVATIONS | NON-DETECT TREND . CONFIDENCE INTERVAL ON
{N) " DATA DIRECTION SLOPE (ug/t/yr) SLOPE (pg/l/yr).
: - : 1991. | 1994- | 1991. | 1994. | 1991- | 1994- | 1991- | 199a- |
WELL ID LOCATION® COMPOUND | 1994 | 1995 | 1994 | 1995 | 1994 | 1995 | 1994 | 1996 | 19911994 | 1994-1995
MW2001 | Westof AshPond : | 2,4-DNT 11 3 0 o | w (a) 0.02 - 0.01, 0.02
' 2,6-DNT i 3 o 0 s G} k) .- -0.01, 0.01
MW2602 West of Ash Pond ] 2,4-DNT " 3 o - o] .' - S {a) 0.01 1 - ] -0.00, 0.01
' ' 2,6-DNT 1 3 0 0 s | da 005 | - | -0.050.13
) o . MW2005 | North Dump Area . - - - | - 24DNT - | -9 | 3 -1 o |7 s | @ |00t | - Tootnoo1 | - R
| ' - 26ONT | o 3 1 | o s fal -0.01 s -0.03, 0.01 %
- MW2006 | Northwest of Frog Pond 2,4-DNT 10 4 3 1 s .| s 002 | -0.09 | -0.02,0.07 | N toosmal
2,6-DNT o | 4 | o | o .8 s 020 | 080 | 067,004 | Ntoosmat
MW2010 | West of Frog Pond . 2,4-DNT  10 4 1 0 S S 0.01‘ 0.01 -0.00, 0.02 N too small
2,6-DNT 10 4 0 0 D s 0.2 | 0.29 | -0.21,-0.06 | N too small
2,4,6-TNT 10 | 4 R 0 s s 001 | 003 | 006006 | Nioosmal |
MW2012 Southwest of. Frog Pond 2,4-DNTF 10 . 4‘ 1 [o] S S -0.01 -0.02 -0.21, 0.01 N too smaltl
2,6-DNT 10 4 1 0 D s 0.10 | 066 | -1.49,-006 | N tuc srmad
2,4,6-TNT 10 4 . 0- D s | 008 | -0.07 | -0.20,-0.01-_}|-N-too-small.
T ’M’wzmd South r;ﬁ?r;g Pond " 2,40NT Y B 4 0 0 D . S -0.04 | 0.09 -0.16, 0.00 N too small
' 2,6-DNT 10 4 0 0 D s -6.80 | 050 | -8.95 -2.41 | N too small
2,4,6-TNT 10 4 0 0 D s 0.27 | 021 | -0.47,:0.10 | Nt0o smai
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TABLE 8-9 Chemical Plant Groundwater Wells Nitroaromatics Trend Analysis Summary (Continued)

NO. OF NO. OF * 96% UPPER AND.LOWER
OBSERVATIONS | NON-DETECT TREND . CONFIDENCE INTERVAL ON
N) : DATA DIRECTION SLOPE (wghiyr) SLOPE (wgNiyr)
: : 4 1991- | 1994- | 1991. | 1994- | 1991- | 1994- | 1991- | 1994-
WELL ID LOCATION® COMPOUND | 1994 | 1995 | 1994 | 1995 | 1994 | 1995 | 1994 | 1996 1991-1994 1994-1995
MW2014 Southeast of Frog Pond 2,4-DNT 11 4 1 0 V] S 0.02 -0.03 0.01, 0.03 N too small
2,6-DNT 12 4 0. o D s 019 | 001 | 0.27, 007 | Nitoosmat | -
? < . '
MW2030 North Side of Chem . 2,4-DNT 12 6 (o] (0] S S 0.02 -0.10 -0.03, 0.04 N too small,
: Plant o . . 0.02
2,6-DNT 12 6 0 ) s s -1.40 | -4.00 | -5.39,2.00 | N too smail,
) 3.80
- 2,4,6-TNT 12 6 0 0 u s 4.95 100 | 2.75,6.00 | N too smal,
’ 5 8.64
MW2032 | MSA/CMSA Area " 2,4DNT 10 2 ) 0 s {a) 0.02 ~- | -0.01,004
2,6-DNT 10 3 0 o s {a) -0.15 = -0.60, 0.20
2,46TNT | 10 3 |- o 0 s @ . | oss | - -0.42, 3.96
MW2033 | Southeast Frog Pond 2,4-DNT 13 5 "o ) s s 001 .| o026 -0.06,0.01 | N too small,
: : : - 0.07
2,6-DNT 13. -5 o o | o s | 285 | 240 | -4.78 -0.80 | N too smai,
‘ ' : 0.50
2,4,6- TNT 13 5 o 0, s s 1100 | o035 -0.72,0.30 | N too small,
: 0.12
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TABLE 8:9 Chemical Plant Groundwater Wells Nitroaromatics Trend Analysis Summary (Continued)

NO. OF NO.OF 96% UPPER AND LOWER
OBSERVATIONS | NON-DETECT TREND CONFIDENCE INTERVAL ON
(N) DATA. DIRECTION SLOPE {ughiyr) SLOPE {wgh/yr)
‘ o 1991- | 1994- | 1991- | 1994- | 1991- | 1994- | 1991- | 1994- :
WELL ID LOCATION® COMPOUND { 1994 | 1995 | 1994 | 1995 | 1994 | 1996 | 1994 | 1995 1991-1994 1994-1995
MW2037 '} West TSA-South 2,4-DNT 9 9 o 0 s b} {b) -0.09 -0.10,0.05 | -0.18, -0.04
Raffinate Pit 4

2,6-DNT 9 9 ) 0 s s 002 | -002 | -0.04,000 | -0.04, 0.01

2,4,6-TNT 9 9 14 9 s (c) {b) - 0.00, 0.00 '
MW2038 |- South Raffinate Pit 3 2,4-DNT 9 9 0 0 s D 0.10 -0.20 0.00, 0.30 -0.30, -0.05
2,6-DNT 9 9 0 0 u D 0.03 | -0.04 0.00, 0.06 |.-0.07, -0.01

2,4,6-TNT 9 - 9 9 9 (@) (c) - - = -

"MW3003 | North Raffinate Pit 4 2,4-DNT 9 3 4] 0 S (a) {b) = -0.03, 0.02
' 2,6-DNT 9 3 0 0 s (a) (b) - -0.04, 0.03 e
MW3023 | North Raffinate Pit 4 2,4-DNT 13 | 5 0 0 s s -1.00 | -0.10 -1.50,0.19 | ‘N too small
' ‘ 2,6-DNT 13 5 0 0 D s -1.64 | 0.30 '| -2.10,-0.82 N too small
MW3025 | East Raffinate Pit 3 2,4-DNT 5 8 0 0 S S 0.03 -0.01 N too small -0.04, 0.02
' | 2,6-DNT 5 8 o] o] s S 0.09 -0.01 N too small -0.08, 0.07
MW3027 | SW Raffinate Pit 4 2,4-DNT 5 =8 0 0 s ] 0.03 001 N too small -0.01, 0.02
' 2,6-DNT 5 8 0 ) s S 0.02 0.02 N too small -0.02, 0.01
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TABLE 8-9 Chemical Plant Groundwater Wells Nitroaromatics Trend Analysis Summary (Continued)

NO. OF NO. OF ) 95% UPPER AND LOWER
OBSERVATIONS‘ NON-DETECT TREND CONFIDENCE INTERVAL ON
(N) DATA DIRECTION SLOPE (ugAiiyr) SLOPE (pwgA/yr)
: 1991- 1994- 1991- 1994- 1991 1994.- 1991- | 1994-
WELL ID LOCATION* COMPOUND 1994 1995 1994 1995 1994 1995 | 1994 1996 1991-1994 1994-1995
MW4001 Waest Perimeter, 2,4-DNT 13 4q 1 0 ,D S -1.83 -0.04 -2.89, 1.34 N too smali
Raffinate Pit 4
2,6-DNT 13 4 1 [0} D S -0.73 -0.65 -1.50, -0.08 N too small
2,4,6-TNT 13 4 2 0 s s [.007 | 010 | -0.60,0.25 | Ntoosmall,
: 0.00
MW4002 | ‘West Perimeter, 2,4—DNT 12 4 5 2 S {a) 0.00 -0.03,0.01
Raffinate Pit 4
2,6-DNT 12 4 1 0 S S 0.01. 0.06 -0.28, 0.18 N too small
2,4,6-TNT 12 4 1 1 s s 013 | o065 -0.17,0.50 | N too small
MW4006 West Perirﬁetar, 2,4-DNT 12 4 2 0 S S -0.03 0.02 -0.08, 0.01 N too smatl
C Raffinate Pit 4 ’
2,6-DNT 12 4 1 0 D. s 0.78 | 005 | -1.42,-040 | N too small
MW4011 West Perimeter Ash 2,4-DNT 9 3 9 3 fc) {a) <
v Pond .
2,6-DNT 9 3 8 (o] {c) {a) = =
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'TABLE 8-9 Chemical Plant Groundwater Wells Nitroaromatics Trend Analysis Sumrﬁafy (Continued)

NO. OF ' | NO. OF 95% UPPER AND LOWER
OBSERVATIONS NON-DETECT TREND CONFIDENCE INTERVAL ON
(N) - DATA DIRECTION SLOPE (ugftiyr) SLOPE (ugAiyr)
1991- | 1994- | 1991- 1994- | 1991- 1994- 1991- 1994-
WELL ID LOCATION* -COMPOUND 1994 1995 1994 1995 1994 1995 1994 1996 1991-1994 1994-199%
. MwWa013 North—No}thwest 2,4-DNT 11 3 . 0 . 0 S “(a) 001 | - -0.01, 0.01 -
Perimeter ) . <
2,6-DNT " 3 o’ (O S (a) -0.25 - -0.59, 0.01
2,4,6-TNT 11 3 (o] (o] S (a) 0.00 - -0.01, 0.00 -
MW4014 North Perimeter 2,4-DNT 9 3 8 1 (c) (a) 0.00 0.00, 0.00
2,6-DNT .9 3 0 1 U (a) 0.02 - 0.00, 0.03
MW4015 | North-Northeast 2,4-DNT 10 4 (o} 0 S S -0.01 | 0.04 -0.09, 0.03 N too small
Perimeter -
2,6-DNT 10 4 (o} (o] S - S -0.19 0.12 -0.45, 0.03 N too small
MW4023 | South-Southeast ‘ 2,4-DNT 8 2 0 0 S {a) -:0.01 - -0.03, 0.01
' Perimeter '
2,6-DNT 8 2 Q 0 S (a) -0.01 -- -0.02, -0.00
D " Downward.
s Stationary. .
V] " Upward. —
(a) Location not selected for trending.
|b) Trend direction stationary; therefore, no slope to data. )
c) .No detectable concentrations reported for time period; therefore, no trending performed.
« All wells are completed _in the weathered upper zone of the Burlington-Keokuk limestone, with the exception of MW4011.
e MW4011 is completed in the unweathered zone of the Burlington-Keokuk limestone.
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TABLE 8-10 Chemical Plant Groundwater Wells Total Uranium Trend Analysis Summary

NO. OF ' - NO. OF 95% UPPER AND LOWER
OBSERVATIONS NON-DETECT TREND CONFIDENCE INTERVAL ON
(N} DATA DIRECTION SLOPE (pCifliyr) SLOPE (pCift/yr}
1991 1994- 1991- 1994 1991- 1994- 1991- : 1994- . - ; .
WELL ID LOCATION® 1994 1995 1994 1995 1994 1995 1994 1995 1991-1994 1994-1995
MW2003 North of Raffinate Pit 4 11 3 2 (o} u (a) 0.58 0.10, 0.99
MW2004 - | North Dump Area 9 1 1 ] S {a) 0.11" -0.04, 0.28
MW2015 Center of Chemical Plant 9 3 1 0 8§ Aa) 0.37 - -0.85, 0.60
MW2017 | East Side Chemical Plant 10 4 0 0 U s 1.85 1.00 0.80, 3.36 N too small
MW20i8 South Side Chemical Plant 10 3 | 0 U (a) 0.32 0.07, 0.61
MW2030 North Side Chemical Plant 14 6 0 0 S S 1.50 -0.65 *-0.34, 3.20 N too small,
R ) . 0.71
MW2032 MSA/CMSA Area 11 3 1 0 S (a) 0.10 -1.49, 1.36 -
MW2033 Southeast Frog Pond 14 6 2 0 - S S 0.10 0.12 -0.16, 0.32 N too’small,
. 0.66
MW2039 South Raffinate Pits 1 & 2 9 8 0 (¢] S S 0.22 . 0.15 -0.05, 1.02 -1.07, 2.92
MW3003 North Raffinate Pit 4 14 >7 0 0 D S -2.00 0.45 -3.50, -0.16 -5.24, 6.28
. MW3019 Soutﬁ of all Raffinate Pits 9 4 1 o} S (a) 0.30 -2.41,0.44
MW3023 North Raffinate Pit 4 13 6 (o] . 0 S S 0.20 0.63 -0.88, 0.93 N too small,
. 4.61
MW3025 East Raffinate Pit 3 4 7 0 0 S D 0.16 -0.29 N too small -1.25, -0.06
MW3027 Southwest Raffinate Pit 4 5 8. 0 0] S S 0.58 -0.43° N too small -33.53, 0.02
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TABLE 8-10 Chemical Plant Groundwater Wells Total Uranium Trend Ana,l'vsis Summary (Continued)

All wells are completed in the weathered upper zone of the Burlington-Keokuk limestone.

NO. OF NO. OF ) 96% UPPER AND LOWER
OBSERVATIONS NON-DETECT TREND CONFIDENCE INTERVAL ON
(N} DATA - DIRECTION SLOPE (pCill/yr) SLOPE (pCiNl/yr)
. 1991- 1994- 1991- 1994- 1991- 1994- 1991-. 1994- 5
WELL ID LOCATION® 1994 1995 1994 1996 1994 1995 . 1994 1996 1991-1994 1994-19956
MW4001 West Perimeter, Raffinate 9 4 1 0 S S -0.18 0.01 -0.70, 0.10 N too small
Pit 4 : : :
MW4002 West Perimeter, Raffinate 9 3 4 0‘ S (a) 0.02 -0.13, 0.44
Pit 4 .
MW4005 Southwest Parimeter 9 4 1 o] S . S -0.41 0.04 -4.08, 0.29 N too small
" MW4013 Nonh-Northwést Perimeter 10 4 2 A S {a) 0.01 -0.24, 0.41
MW4015 North-Northeast Perimeter 10 4 3 1 S {a) -0.09 -0.37, 0.34
MW4018 |. E;ast-Northeast Perimeter 9 3 4 (s} S {a), -0.09 - -0.40, 0.23
MW4019 South Perimeter 10 4 (¢] (] S S 0.16 0.12 -0.89, 0.16 N too smail
1
MW4020 East-Southeast Perimeter 14 8 0o 0 D S -1.20 1.19 . -2.86, 0.00 -12.09, 1.94
MW4021 Southeast Perimeter 12 4 (0] (o} S S -0.85 -1.38 ~2A35,A'0.45 N too small
MW4023 -| South-Southeast Perimeter 9 s 2 (0] S S 0.65 -0.55 -0.10, 0.50 N too small
D Downward. L
S Stationary.
U Upward.
(a) Location not selected for trending. »
{b) Trend direction stationary; therefore, no slope 1o data.
(c) No detectable concentrations reported for time period,; therefore, no trending performed.
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" TABLE 8-11 Chemical Plant Groundwater Wells Nitrate Trend Analysis Summary

NO. OF NO. OF 96% UPPER AND LOWER
OBSERVATIONS | NON-DETECT TREND CONFIDENCE INTERVAL ON SLOPE
(N) DATA DIRECTION SLOPE (pCill/yr) (pCillyr)
1991- | 1994- | 1991- | 1994- | 1991. | 199a- 1991- 1994- '

WELL ID LOCATION* 1994 | 1995 | 1994 | 1995 | 1994 | 1995 1994 1998 1991-1994 - 1994-1995
MW2001 | West of Ash Pond 13 4 0 0 U s 6.02 8.75 3.75,8.77 . N toe amall
MW2002 | West of Ash Pond 14 4 0 0 s S 21667 | -60.00 -96.70, 12.04 N too small
MW2003 | North of Raffinate Pit 4 14 4 o 0 s s 23.67 66.50 | -48.04, 110.63 N too small
MW2005 | North Dump Area 10 4 0 0 s s -1.650 | -10.00 -34.69, 5.95 N too small
MW2012 Southwest of Frog Pond 9 3 0 O. S (a) -0.095 -0.33, O.i 3
MW2032 | MSA/CMSA Area 1 3 0 0 s {a) -5.283 -23.62, 14.61
MW2037 | West TSA-South Raffinate 9 9 0 o s D -95.500 | -29.50 | -236.02, 31.17 -270.69, -5.81

Pit 4 i :
MW2038 | South Raffinate Pit 3 9 9 0 0 b S 516.000 | -76.00 | -931.57, -372.84 | -140.19, 380.00
MW2039 | South Raffinate Pits'1 & 2 9 8 0 0 S s 12200 | 1250 -40.04, 12.79 " .25.49, 1.46
MW3003" | North Raffinate Pit 4 12 4 0 0 s s 1750 | 71.50 -69.29, 71.71 K too snvall
MW3023 | North Raffinate Pit 4 14 . 4 0 0 D s -38.000 |-99.00 | -57.40,-14.65 N too small
MW3025 | East Raffinate Pit 3 5 8 0 0 s S -309.00 | -13.00 N too small -209.93, 113.22
MW3027 | Southwest Raffinate Pit 4° 5 8 0 0 s s -19.000 2.75 N too small 15.40, 3.25
MW4001 | West Perimeter, Raffinate 10 4 1 0 U s 3.88 -8.25 -1.34, 6.34° N too small

Pit 4
MW4002 | West Perimeter, Raffinato 9 3 0 0 s a) 0.73 -0.35, 3 22_»

Pit 4
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TABLE 8-11 Chemical Plant Groundwater Wells Nitrate Trend Analysis Summary (Continued)

~ NO.OF NO. OF - 95% UPPER AND LOWER
OBSERVATIONS NON-DETECT TREND CONFIDENCE INTERVAL ON SLOPE
(N} DATA DIRECTION SLOPE (pCift/yr} {pCiftiyr)
1991- 1994- 1991- 1994 1991- 1994- 1991- 1994-
WELL ID LOCATION* 1994 1995 1994 19956 1994 19956 1994 1996 1991-1994 1994-1995
MW4006 West Perimeter, Raffinate 9 ) [¢] (o] U {a) 1.03 0.07, 1.80
Pit 4
MW4011 West Perimeter Ash Pond 10 4 [¢] (0] u S 26.05 34.50 15.17, 43.15 N.too small
e L
MW4013 North-Northwest 1 3 (¢} 0 e S (a) -0.417 ' -33.37, 20.47
Perimeter ;
MW4014 North Perimeter 9 3 o - (o] S {a) 1.1 -0.17, 2.92
MW4015 North-Northeast Perimeter 10 4 0 0 S S 0.30 0.90 -0.17, 0.98 _N too small
MW4018 | East-Northeast Perimeter 9 3 0 0 S {a) -0.065 e -3.45, 0.64
MW4020 | East-Southeast Perimeter 9 4 4 3 s (a) 0.01 = -0.07, 0.26 .
MW4023 South-Southeast Perimeter 10 3 (o] _. 0 S (a) 0.50 -0.47, 1.77
D Downward.
. S Stationary.
u Upward.
" (a) Location not selected for trending.
“{b) Trend direction stationary; therefore, no slope to data.
(c) No detectable concentrations reported for time period; therefore, no trending performed
Lt All wells are completed in the weathered upper zone of the Burlington-Keokuk limestone with the exception of MW-4011.
** . MWA4011 is completed in the unweathered zone of the Burlington-Keokuk limestone. g
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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 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 aquifer 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 monitor contaminants near the quarry within
the ’b‘edrock (Figure 8-4). Twelve monitoring wells were installed to 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 installed north of the quarry to monitor upgradient

groundwater quaiity. ‘

There are 36 monitoring wells completed into the alluvium at the quarry and to the
Missouri River. The wells west of the quarry monitor the uppermost water bearing unit below
the quarry water treatment plant equalization basin and effluent ponds. The alluvium monitoring
wells north of the Femme Osage Slough monitor contaminant migration south of the quarry,
while those south of the slough monitor for possible migration of contaminants toward the well
" field. The St. Charles County monitoring wells, the RMW series 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 municipal well field water supply.

Monitoring wells MW-1042 (Plattin) and MW-1043 (Decorah) provide upgradient
- groundwater quality data for the central portion of the quarry. These wells were installed in
1995 as part of the quarry residuals operable unit. Monitoring wells MW-1034 (Kimmswick-
Decorah) and MW-1035 (alluvium) are upgradient of the southwestern portion of the quarry.
These upgradient wells provide an assessment of groundwater quality in these materials and
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provide background data. 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
alluvium in the vicinity of the 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 used at the quarry is provided in Table 8-12. -

TABLE 8-12 Mean Background Values for Quarry Groundwater Monitoring Locations

KIMMSWICK/ ALLUVIAL/ MISSQURI
. ‘ .|  DECORAH UNCONSOLIDATED RIVER
PARAMETER . FORMATIONS'® MATERIALS'®! ALLUVIUM'®!
Total Uranium Mean ©2.35 . 0.67 2.03
{pCil) R ' 1
P 95% C.I. ©.1.18; 5.88 ©.0.83; 2.16 2.71; 6.78
Radium-226 Mean 0.18 . . 0.50 1.41
(Dcl/” * ’ + % : ) LR e
95% C.I. . +0.78 +£0.77 £1.71
Radium-228 Mean 0.77 . 0.48 1.59
(DC‘/” ) * = * % L 'z
95% C.1.. +2.06 +2.06 © x13.1
Thorium-228 Mean 0.26 0.39 ' 0.24
C/l) L 2 . . .‘ LR 3 - &‘.
Pc 95% C.I. £0.94 ~ +1.03 £1.72
Thorium-230 Mean 0.93 . 0.32 0.69
(DC|/“ * : e *e @ 7. .+
95% C.1. +0.55 +0.94 +2.93
Thorium-232 Mean 0.26 - 0.12 - 0.20
(DCI/I) - . LR % > e
: 95% C.1. - +0.92 +0.86 +1.68
Gross a Mean 6.75 I 1.54
C/l % ’ . (R .
Ll 95% C..I. +6.85" £3.5 +16.6
Gross B " Mean 577 . 5.9 3.0
{pCi/l) : . iy ' e
895% C.I. +5.06 +2.5 +13.9
Nitroaromatic Mean No detects No detects - Not analyzed
Compounds ’

DOE/OR/21548-676, Rev. O 165



WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 13996

072397

TABLE 8-12 Mean Background Values for Quarry Groundwater Monitoring*Locations

(a)
(b} -

{c}

* *

(Continued)
KIMMSWICK/ ALLUVIAL/ MISSOURI
DECORAH UNCONSOLIDATED RIVER
PARAMETER FORMATIONS'® MATERIALS'? ALLUVIUM'S! -
Arsenic Mean 1.38 ) 1.53 4.08
(wg/ - '
g 95% C.1I. -0.94; 3.70 -0.99; 4.04 -1.29; 9.46
Barium Mean 144.9 232.0 408.6
(wg/l) s
ug/ 95% C.I. 110.0; 179.8 178.4; 285.6 137.1; 680.0
Nitrate Mean 1.06 0.1 0.46
{(mg/h : -
95% C.I. -0.62; 2.73 -0.05; 0.26 -2.33; 3.24
Sulfate Mean 82.3 38.8 37.1
{mg/l) . _
95% C.I. 32.6; 132.0 23.1; 545 6.31: 68.0

MW-1034 (DOE)
MW-1035 (DOE)

Darst Bottom Wells (USGS and DOE)
95% Confidence Interval about the mean

Average radiological error

8.5.2 Monitoring Program

Groundwater monitoring is performed in both the alluvial and bedrock aquifers at the
quarry (Figure 8-4). Three separaté monitoring programs were employed for the quarry in
1996. The first program addressed sampling the Department of Energy wells and monitorihg
the quarry area to determine contaminant 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
nitroaromatic 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
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annually for radiochemical parameters and were qualitatively analyzed for nitroaromatic
degradation products. ' -

The second program monitors the St. Charles County well field and the associated water
‘treatment plant. Active production wells, the St. Charles County RMW-series monitoring wells,
and untreated and treated water from the 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
agenmes and St. Charles County. :

The third program monitors the equalization basin and the two effluent ponds at the
quarry  water treatment plant (Figure 8-4). Monitoring wells MW-1035 through
MW-1037. MW-1040, and MW-1041. were sampled quarterly and annually 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 fdr’ the
Proposed Management of Contaminated Water in the Weldon Spring Quarry (Ref. 40) and the
Baseline Risk Evaluation for Exposure to Bulk Waste at the Weldon Sprmg Quarry, Weldon
Spring, Missouri (Ref 41). This is discussed in Section 8.5.1.

8.5.3 Weldon Spring Quarry Monitoring Results

8.5.3.1 Quarry. Radiochemical Parameters. All groundwater monitoring wells
at the quarry were sampled for the following radidchémical parameters: total ur{mium,‘ Ra_-226,
Ra-228, isotopic thorium, gross alpha, and gross beta. The uranium values continue to indicate
‘that the highest levels occur in the bedrock downgmdient from the quarry and in the alluvial
material north of the Femme Osage Slough. The annual averages for the locations that exceed
background are summarized in Table 8-13. '
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TABLE 8-13 Annual Averages for Total Uranium (pCl/I) Above Average Background
' at the Weldon Spnng Quarry

LOCATION ANNUAL AVERAGE MAXIMUM © MINIMUM
MW-1002 4.37 . 599 3.42
MW-1004 2642 2810 2350
MW-1005 . .B150 - 6920 5380 -
‘MW-1006 i 12880 3150 2610
MW-1007 185.6 - © 330 41.2
MW-1008 - 3810 4170 3450
MW-1009 2.18 2.8 218
MW-1013"  7a7 768 726
MW-1014 953 ' 996 910
MW-1015 272 . | 310 - 234
MW-1016 s 184 166
MW-1027 317.5 3ss 247
MW-1030 46.38 63.1 h 36.2
MW-1031 1743 240 126
MW-1032 . 9385 1040 : 840
MW-1038 ' 4.63 59 3.36
Note 1: 1 pCill = 0.037 Bq/l.

, The proposed U.S. Environmental Protection Agency total uranium drinking water
standard of 20 ug/1 (13.6 pCi/l) was exceeded at MW-1004, MW-1005, MW-1006, 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 located north of the Femme Osage Slough and
have no direct impact on the drinking water sources in the Missouri Ri\ier alluvium. The 4%
of DCG for total uranium in discharge water, 24 pCi/1 (0.89 Bq/l), was exceeded at MW-1004,
MW-1005, MW-1006, MW-1007, MW-1008, MW-1013, MW- 1014, MW-1015, MW-1016,
MW-1027, MW-1030, MW-1031, and MW-1032; however, these wells are not located near any
drinking water sources.
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Ra-226, Ra-228, and isofopic thorium (Th-228,.Th-230, and Th-232) were analyzed in
1996 at all groundwater monitoring locations at the quarry. Elevated radium levels were
observed at 11 locations. It is suspected that the elevated isotopic values in these wells resulted
from bulk waste removal activities. Early 1994 operational data from the quarry pond had
shown elevated levels of isotopes of radium and thorium in the runoff 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. Fluctuations of isotope concentrations were observed during 1996, and are
- most likely responses to groundwater gradient changes (the quarry sump was not pumped during
1996).

Monitoring well MW-1004 is located on the rim of the southeastern quarry wall.
Monitoring wells MW-1027 and MW-1030 are located in the center of the quarry.
Concentrations for 1996, which exceed background levels in these wells, may be due to
" washdown of the quarry floor and walls or due to groundwater backflow to the quarry following
quarry pond dewatering. The remainder of the wells with annual averages éxceeding
background values are located in the alluvium along the Femme Osage Slough. These locations
‘are MW-1011, MW-1021, and MW-1024. The 1996 annual averages from above background
‘locations are summarized in Table 8-14.

- TABLE 8-14 Isotopic Radionuclide (pCi/l) Concentration Annuél_ Averages That
Exceeded Two Standard Deviations (Upper 95% Confidence Interval) of
Mean Background at the Weldon Spring Quarry

LOCATION = RA-226 RA-228 TH-230 TH-232,
MW-1007 - - 7.25 '

MW-1008 - ' 12.8

MW-1009 - 32

MW-1013 = 4.97

MW-1014 157 . 5.77

MW-1015 . 3.9

© MW-1016 553 - -

MW-1023 2.17 - - , - Ty
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TABLE 8-14 Isotopic Radionuclide (pCi/i) Concentration Annual Averages That

Exceeded Two Standard Deviations (Upper 95% Confidence Interval) of
Mean Background at the Weldon Spring Quarry (Continued)

LOCATION . RA-226 RA-228 TH-230 TH-232
MW-1030 1.30 - -
MW-1031 T - 4.73

Note 1:-Values reported in activity.
Note 2: 1 pCi/l = 0.037 Bqg/l.

Nitroaromatic Compounds. In _1996, samples. from all quarry monitoring wells were
analyzed for nitroaromatic compounds. . Eleven locations yielded detectable concentrations of
- at least one of the six compounds analyzed during the 1996 sampling period. None: of these
concentrations indicate increasing impacts. These monitoring wells, which have historically been
impacted with nitroarornatics, are situated in the alluvial materials or bedro_ck downgradient of
the quarry and north of the Femme Osage Slough. No detectable concentrations were observed
south of the Femme Osage Slough. A summary of the annual averages for these locations is
provided in Table 8-15. '

The Missouri drinking water quality standard for 2,4-DNT (0.11 ug/ 1) was exceeded at
- MW-1004, MW-1006, and MW-1027. These locations are north of the Femme Osage Slough.
No MCLs have been established for the other nitroaromatic compounds.

TABLE 8-15 Annual Averages for Detectable: Concentratlons of Nrtroaromatrc
Compounds (,ug/l) at the Weldon Sprmg Quarry

LOCATION | 1,35-TNB | 1,3-DNB | 2,46 TNT | 24-DNT | 26-DNT | N8

 MW-1002 64.2 026 | 144 | 0.9 7.50 <0.03
Mw-1004 |  0.43 <0.09 2.73 0.13 0.43 <0.03

- MW-1006 43.1 <0.09 4.02 1 0.18 0.83 <0.03
MW-1007 013 | <0.09 0.04 <003 |. 0.0 <0.03
MW-1008 0.05 £ <0.09 0.04 <0.03 001 | <0.03
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TABLE 8-15 Annual Averages for Detectable Concentratlons of Nitroaromatic
Compounds (pg/l) at the Weldon Spring Quarry (Contmued)

LOCATION | 1.3,5-TNB | 1,3-DNB | 2.4.6-TNT | 2,4-DNT 2,6-DNT " NB

MW-1013 <0.03 <0.09 <0.03 0.03 0.01 <0.03
MW-1015 3.75 0.11 1.60 <0.03 0.15 <0.03
MW-1016 0.25 <0.09 . 0.14 <0.03 0.03 <0.03
MW-1027 |  0.04 <0.09 0.30 2.13 1.13 <0.03
MW-1030 <0.03 <0.09 <0.03 <0.03 0.02 <0.03
MW-1032 | <003 | <0.09 <0.03 <0.03 0.01 <0.03

Sulfate Groundwater analyses in 1996 indicated sulfate levels were elevated in the

. momtonng wells in the bedrock of the quarry rim and in the alluvial materials north of the
Femme Osage Slough. Fourteen wells exceeded average background levels for sulfate. These

wells are situated north of the slough, with the exception of MW-1018 located south of the -

slough, downgradient of the area of greatest groundwater impact. Only two locations (MW-1005
and MW-1006) exceeded the secondary MCL of 250 mg/1. The annual averages for these wells
are summarized in Table 8-16.

TABLE 8-16 Annual Averages for Sulfate (mg/l) Above Average Background at the
Weldon Spring Ouarry

LOCATION ANNUAL AVERAGE MAXIMUM MINIMUM
MW-1004 128 140 116
MW-1005*" 799 799
MW-1006* 278 © 353 233
MW-1007 42.5 121 0.52
MW-1008 181 260 147

. MW-1009 182 194 155
MW-1013 100 108 90
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TABLE 8-16 Annual Averages for Sulfate (mg/!l) Above Average Background at the

Weldon Spring Quarry (Continued)

LOCATION ANNUAL AVERAGE  MAXIMUM MINIMUM
MW-1014 102 110 83.5
MW-1015 133 159 123
MW-1016 146 164 136
MW-1018 92.0 98.0 86.0
MW-1027 91.0 98.1 ~78.0

MW-1031 117 146 77.6
MW-1032 233 250 218
% MW-1042 155 191 134
* Exceeded secbndary MCL of 250 mg/l.
8.5.3.2 "St. Charles County Well Field.

Radiochemical Parameters.

The St. Charles County production wells and the
RMW-series monitoring wells were sampled semiannually for the radiochemical parameters
Ra-226, Ra-228, and isotopic thorium. -Gross alpha, gross beta, and total uranium were

analyzed quarterly. A summary of the radiochemical annual averages is provided in Table 8-17.
“The annual averages for total uranium in the well field remain at background. No production

well exceeded the proposed grouridwater standard of 20 pg/l (13.6 pCi/D).
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TABLE 8-17 Summary of Annual Averages of Radiochemical Parameters (pCim for the
St. Charles County Well Field

- | TOTAL | GROSS | | |
LOCATION | URANIUM | ALPHA | RA-226 RA-228 | TH-230 | TH-232
MW-1024 0.55 7.30 0.38 1.92 | 045 0.34
MW-RMW1  |° 1.02 | 3.42 - 0.72 1.14 <0.13 {0.04)
MW-RMW?2 5.99 6.86 0.24 1.26 <0.11 | <0.1
MW-RMW3 0.69 2.76 0.51 1.01 <0.11 (0.03)
MW-RMW4 2.49 2.93 © 0.13 1.20 <0.13. | <0.13
MW-PW02 0.13 2.40 0.65 1.22 <014 | <o0.10
MW-PWO3: 0.11 2.62 0.93 0.99 <0.13 | <0.10"
MW-PWO4 0109 1.01 0.81 0.93 <012 | <0.10
MW-PWOS = | 0.44 | 256 0.63 1.10 <011 | <0.08
MW-PWO6 0.15 1.8 0.56 0.91 <0.09 | <0.08
MW-PWO7 0.11 1.90 0.50 1.43 <0.08 | <0.09
MW-PWO08 0.31 6.78 0.84 1.59 <0.11 (0.04)
MW-PWO09 0.42° 1.92 0.88 1.89 <0.10 (0.01)
MW-RAWW 0.21 1.36 - 0.96- - 1.54 <0.12 {0.01)
MW-FINW 0.22 - 1.99 024 | o087 <0.11 (0.01)
' Note 1: 1 pCi/l = 0.037 Bq/l.

The St.. Charles County production wells; the RMW-series 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 annual averages for these locations are within
the statistical variation of background ranges for the Missouri River alluvium.

The Missouri Drinking Water Standard of 15 pCi/1 (0.555 Bq/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.
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The Missouri Drinking Water Standard of 5 pCi/1 (0.185 Bq/!) 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 mtroa.romatlc compounds. No
detectable concentrations were observed at any of these locanons

Sulfate. The St. Charles County prbductidn wells were sampled semiannually and the
RMW-series monitoring wells were sampled quarterly for sulfate. The sulfate concentrations
in the well field were slightly elevated for 1996 at MW-PW02, MW-PW03, MW-PW04, and

MW-PWO06. Most likely these levels are not related to any quarry operatxons The elevated

sulfate values are thought to reflect natural increases across the quarry area because a location
upgradient monitoring location, MW-1035, has also been increasing in sulfate since 1994. The
1996 annual averages for the well field are summarized in Table 8-18. The secondary MCL for
~ sulfate is 250 mg/l; this standard was not exceeded at any location in the well field.

TABLE 8-18 Annual Averages for Sulfate (mg/l), Arsenic (pg/l) and Barium (,ug/l)
the St. Charles County Well Field

LOCATION  SULFATE . ARSENIC BARIUM -
MW-1024 4.48 | 830 347
MW-RMW 1 29.1 191 : 545
MW-RMW2 19.1 o 107 348
MW-RMW3 62.5 . 36.2 _ 397
MW-RMW4 42.9 171 | 225
 MW-PWO2 125 <3o0. | 373
MW-PWO3 | . 135 = ¢ @i 349
MW-PW04 135 <30 : 324
MW-PW05 © 66.0 ' <3.0 : 440
MW-PWO06 .. 17 <3.0 - 408
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TABLE 8-18 Annual Averages for Sulfate (mg/l), Arsenic (ug/l), and Barlum (ug/l) in
~ the St. Charles County Well Field (Continued) '

" LOCATION . SULFATE ARSENIC BARIUM
MW-PWO7 60.0 <3.0 509
MW-PWO8 39.0 5.05 - 469
MW-PWO9 345 4.35 515
MW-RAWW 9.0 , <3.0 . 428
MW-FINW . 945 ‘ <3.0 77.7

8.5.4 Trend Analysis

Statistical tests for t'mie-dependent trends at the Weldon Spring Quarry were performed
on historical and current 1996 data from select groundwater wells. Trending was performed on
total uranium, nitroaromatic, and sulfate data.

Trend analyses were performed at 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

thxs area.

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. The results of the TREND testing are shown in Tables 8-19
through 8-21. ' : ‘

The results of the TREND analyses indicate the potential presence of statistically-
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

DOE/OR/21548-676, Rev. 0 : 176



|

- . ; t .
WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1996 . . 072397

)

interval about each slope line was calculated to indicate the variability (variance) in the values
“about this trend line. The trend testing output 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 method used in this program is valid for scenarios where there
are a high number of non-detect data points. Data reported as trace concentrations or léss than
the detection limit can be used by assiéning them a common value that is smaller than the
smallest measured value in the data set (i.e., one-half the specified quaﬁtitation llimit). 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
continuity 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 error 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 statistic was greater than Z,_
w2+ Where Z,_» was obtained from a cumulative normal distribution table. Thus, the absolute
value of the TREND output statistic, Z was compared to the table Z o5 value of 1.96. If the
absolute value of the Z output statistic was greater than_ 1.96, then a significant trend was
reported. 8 i

One-half the specified QUantitation limit (on the date of analysis) {vas‘ used in the trend
analysis for all data reported as below the detection limit. The purpose of using one-half the
quantitation limit for non-detect data was to minimize the potential bias of the data. .However,
a consequence of this approach may be that in some instances the resuits 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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observations and the total number of non-detect data points for each data set so that this factor
- may be considered.

Graphs presenting the contaminant concentration versus time for each contaminant per
trending location were developed. These graphs were used to identify suspect data outliers only
for each trending analysis and are not presented in this report. No statistical tests were
conducted for suspect outhers Data that were suspect were flagged and rechecked for potentlal
data transcription errors. No obvious errors were identified. The results of two analyses
however, were eliminated from the data sets used in the TREND analyses. The data points that
‘were deleted based on the data review consisted of sample analysis numbers GW-002-0394 and
~ GW-1035-0394. The result for analysis GW-002-0394 (2,4-DNT concentration of 21.5ug/l) was
deleted because the data was not validated and the result deviated greatly from the data set mean
value (greater than three sigma). ' The result for analysis GW-1002-0394 (total uranium
concentration of 26.8 pCi/l [0.99 Bq/1]) was deleted because laboratory cross contamination was
Suspected and reanalysis of the sample by another laboratory resulted in a reported concentration
of <0.677 pCi/1 (0.025 Bq/l). This second value was assigned for the TREND analysis. All
_other ongmal data were included in the trending analyses.

‘In general, data collected between 1991 and 1994 were filtered using a 45-micron filter.
Data collected in 1995 and 1996 were collected as non-filtered samples. In order to maintain
continuity during the trending analyses, non-filtered data obtained between the years of 1991 and
1994 were omitted if both filtered and non-filtered data were reported for the same period of
time. Similarly, filtered data collected in 1995 and 1996 were also omitted if both filtered and
non-filtered data were reported for the same time periods. However, some of the data points -
from 1992 used in the trend analysis represented non-filtered samples (filtered samples were not
collected for these periods). Subsequent trend analyses were conducted with omission of the
non-filtered data collected during 1992 to determine whether the non-filtered data had any effect
on the trend direction test results for data between the years 1991 and 1994. Overall, filtered
and non-filtered sampling results appeared to be very similar in concentration. This was
evaluated by comparmg filtered versus non-filtered data for the same time period. Graphs were
generated that presented the contaminant concentrations versus time for both cases. These
graphs indicated that the difference between filtered and non-filtered concentrations for the same
time periods was relatively muumal
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{

In order to maintain sufficient power of the statistical tests, the ahalyses were limited to
data sets with four or more data points Therefore, if fewer than four detected concentrations
were present in a given time series for a contaminant, the data set was not analyzed. These data
sets are designated with an (a) in the summary tables, Tables 8-19 through 8-21. .

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 code for the TREND program.. The estimates of the trend slope for
all data sets with identified trends are provided in Tables 8-19 through 8-21. A 100(1-a)% two-
sided confidence interval about the true slope was also 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 tables. . |

Nitroaromatic Compound Trend Resuits

TREND analyses have been performed for the nitroaromatic data at the quarry since
1992. Eleven of the DOE monitoring locations were selected for TREND analyses based on the
previously outlined criteria. Nitroaromatic analyses results are presented iin Table 8-19. 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 1994 to 1996 period. Nitroaromatic trend
directions were downward in most wells that exhibited upward trends from 1991 to 1993. For
the two locations that previously showed a potential upward trend for 2,4-DNT based on the
1994 and 1995 data (MW-1014 and MW-1027), the cumulative results for 1994 through 1996
1nd1cate a stationary trend. The decreasing trends are likely the result of bulk waste removal
at the quarry. o

i "

Total Uramum Trend Results

Total uranium trends for 1994-1996 data were stationary at all locations except two -
locations. Cumulative data for 1994 through 1996 for MW-1030 indicate a downward trend.
Cumulative data for 1994 through 1996 for MW-1031 indicate an upward trend; these results
are the same as the previous analysis of the 1994 through 1995 data for this well location. The
- only other location that showed a potential upward trend for total uranium based on 1994 and
1995 data, was. MW-1014. Based on the cumulative data for 1994 to 1996, the trend has
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changed to stationary at this location. The stationary and downward trends of the quarry rim
wells (which are similar to nitroaromatic compound trends), may be due to bulk waste removal
at the quarry. The uranium trend analyses are summarized in Table 8-20.

Sulfate Trend Analysis Results

As shown in Table 8-21, sulfate sampling data for 1994 through 1996 for six locations
indicated an upward trend. Three of these locations (MW-1031, MW-1016, and MW-1035)
previously displayed an upward trend based on the 1994 and 1995 data. The 1994 and 1995 data
for the other three locations, which now show an upward trend for 1994.through 1996.
previously indicated a stationary trend. The locations with upward trends, exce'pt for MW-1035,
are north of the Femme Osage Slough. These locations include both bedrock and alluvial wells.
It is possible that increases at these locations may be due to flooding during the last few years.
The location of MW-1035 is hydraulically upgradient of the quarry. The location of MW-1035
was selected to represent background conditions. Data for two alluvial well locations (MW-1006
- and MW-1008) indicated downward trends for 1994 through 1996. The results of all other

analyses for this period indicated stationary trends. The sulfate analyses results are summarized
“in Table 8-21. ' B ‘
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TABLE 8-19 Quarry Ground‘wateerells Nitroaromatics Trend Analysis Summary (Alpha = 0.1)

NO. OF NO. OF 95% UPPER AND LOWER.
OBSERVATIONS NON-DETECT TREND CONFIDENCE INTERVAL ON SLOPE
N - DATA DIRECTION SLOPE (mgA/yr) (mghiyr)
: 191- | 199a- | 191 | 199a- | we1 | 19sa | e 1994. ‘
WELL ID LOCATION COMPOUND | 7/93* | 1996 | 7/93* | 1996 | 7/938 | 1996 7/93¢ 1996 1/91-7/93* 1994-1996
MW100 2 | Bedrock - East 2,4-DNT 19 27 5 o u D 0.12 0.04 0.10,0.17 10.05, 0.03 -
Rim : ' :
2,6-DNT 19 28 0 o u D 15.10 475 | 6032248 -6.00, -3.00
1,3-DNB 19 28 1 2 u D 0.24 0.17 0.17,0.35 0.22, 0.11
2,46 TNT 19 28 ) 0 U o. | ssoo | -30.00 | 66.50, 139.70 | -43.98 -20.90
) 1,3,5-TNB 19 28 0 0 u D 608.75 | -170.00 430.24, 800.00
NB 28 © 27 (a) - {a) - | (a)
MW1004 | Bedrock - rim 2,4-DNT 19 29 0 0 s s 0.30 0.001 -0.19, 0.08 0,01, 0.01
A ' 2,6-DNT 19 29 o 0 s s .0.35 -0.01 -1.20, 0.20 -0.08, 0.06
1,3-DNB T 29 19 28 “(a) (a) (a) (@) . (a) (a)
2,4,6-TNT 19 29 o, 0 s s 1:00 0.10 256,450 | -0.66,0.80
1,3,5-TN8 19 29 0 0 s s 0.56 -0.08 0.50, 1.85 0.29, 0.09
NB ' 29 28 {a) - ta) (a)
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TABLE 8-19 Quarry Groundwater Wells Nitroaromatics Trend Analysis Summary (Alpha = 0.1) (Continued)

NO. OF NO. OF 95% UPPER AND LOWER
OBSERVATIONS NON-DETECT TREND _ | CONFIDENCE INTERVAL ON SLOPE
(N) DATA DIRECTION ' SLOPE (mghiyr)° (mgNiyr)
: . 191- | 199a. | 1/91- | 199a. | 1we1- | 199a. 1/91- 1994- A
WELL ID LOCATION COMPOUND | 7/93¢ | 1996 | 7/93+ 1996 | 7/938 | 1996 7/93¢ 1996 1/91-7/93* 1994.1996
MW1005 | Bedrock - rim 2,4DNT 17 18 1 13 D D 0.03 -0.002 -0.04,.-0.02 ©.0.05,0.00
(cont’d} . . A
2,6-DNT 17 18 0 <13 D 0 -0.01 -0.002 -0.02, -0.01 -0.02, 0.00
- 1,3-DNB 18 18 (a) (a) (a)
2,4,6-TNT 18 - 18 () (a) (a)
1,3,5TNB 18 18 (a) () (a)
NB 18 19 (a) {a) (a)
MW1006 | Alluvium - 2,4-DNT 15 4 (a) .0.09 .0.17,0.04
North of Slough
' 2,6 DNT 15 0 s 0.38 -1.27,0.02
1,3-DNB 15 12 s 0.00 .0.04, 0.00 .
2,4,6-TNT 15 1 s -2.97 -7.92,-0.10
1,3,5-TNB 15 0 S . -28.75 -69.38, -0.15
NB 15 2 o s -28.78 -69.38, -0.15
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TABLE 8-19 Quarry Groundwater Wells Nitroaromatics Trend Analysis Summary (Alpha = 0.1) (Continued)

NO. OF NO. OF , 95% UPPER AND LOWER
OBSERVATIONS NON-DETECT TREND CONFIDENCE INTERVAL ON SLOPE
(N) DATA DIRECTION ~ SLOPE {mgiyr) {mghiyr)
' 191- | 1994 191- | 199a. | 191- 1994. 1/91- 1994. :
WELL ID LOCATION COMPOUND | 7/93* | 1996 | 7/93° 1996 | 7/938 1996 2193° 1996 1/91-7/93° 1994-1996
MW1015 | Bedrock - North 2,4-DNT 18 | 13 3 7 u D 0.01 .-0.01 0.00, 0.02 -0.02, -0.01
. of Slough
2,6-DNT 18 13 0 1 D D .0.20 0.04 -0.30, -0.04 -0.06, -0.02
1,3-DNB 18 13 6. 4 u s 0.05 .0.08 0.00, 0.11 -0.08, 0.002 -
2,4,6-TNT 18 13 0 ) s D 400 | -0.90 10.16, 1.77 -1.40, -0.44
1,3,5-TNB is | 13 0 0 D D -45.50 -2.37 | -106:62, 0.00 -4.12, -0.43
NB 1 13 1 13 (a) ta) (a) (a) la) (a)
MW1016 | Alluvium - 2,4-DNT - 13 - 13 - (a) = (a) = )
North of Slough ’ '
2,6-DNT .- 13 - 3 - s L -0.004 S :0.02, 0.01
1,3-DNB 2 13 - 13. = (a) - (a) S ; (a)
2,4,6-TNT s 13 4 = s o -0.001 e .0.08, 0.09
1,3,5-TNB o 13 o 3 - s - 001 - 0.37,0.17
NE 1 - 13 - 13 - (a) - {a) = (a)
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TABLE 8-19 Quarry Groundwater»Well,s Nitroaromatics Trend Analysis Summary (Alpha = 0.1) (Continued)

NO. OF NO. OF 96% UPPER AND LOWER
OBSERVATIONS NON-DETECT TREND » CONFIDENCE INTERVAL ON SLOPE
(N) DATA ~ DIRECTION’ SLOPE (mg/yr) (mghiyr)
: 191- | 199a. | wer. | 1994 | e 1994- 191- | 1994 o
WELL ID LOCATION COMPOUND | 7/93* 1996 | 7/93* 1996 | 7/938 | 1996 7/93+ 1996 1/91-7/93° 1994-1996
MW1027 | Bedrock-rim 2,4-DNT 16 14 0 1 s 5 0.80 0.97 -2.70, 5.99 -0.21, 3.36
. 2,6-DNT 16 14 0 r s s -0.20 -0.25 -1.30, 0.90 0.89, 0.25
1,3-DNB - 14 14 (a) (a) (a)
2,4,6-TNT 16 14 0 1 s D- 2.63 -1.80 -8.00, 12.25 -2.69, -0.38
1,3,5-TNB - 14 - 8 - D -0.05 - ©.0.08, -0.01
NB - 14 14 {a) {a) = (a)
MW1030 | Bedrock-rim 2,4-DNT 1. 16 1 9 s D 0.02 0.01" 0.00, 0.06 -0.03, -0.002 -
2,6-DNT 11 16 6 | 8 U D 0.05 -0.01 0.00, 0.09 002,000
1,3.DNB - 16 16 . (a) (a) (a)
2,4,6-TNT 11 16 8 T (a) s (a) 1 0.00 - (a) -0.03, 0.00
1,3,5-TNB 16 15 (a) (a) (a)
NB - 16 : 16 (a) - (a) {a)
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TABLE 8-19 Quarry Groundwater Wells Nitroaromatics Trend Analysis Summary (Alpha = 0.1) (Continued)

'NO. OF

NO. OF 965% UPPER AND LOWER
OBSERVATIONS NON-DETECT TREND CONFIDENCE INTERVAL ON SLOPE
N) DATA DIRECTION SLOPE (mgAiyr} {mghiyr)
‘ 1/91- 1994. 1/91- 1994. | 1/91: 1994: 1/91- 1994- .
WELL ID LOCATION COMPOUND | * 7/93+ 1996 7/93* 1996 7/938 .| 1996 7/93+ 1996 1/91-7/93¢  1994-1996
MW1032 | Bedrock-North 2,4-DNT 15 13 0 6 S s 0.08 0.02° -0.02, 0.18 -0.06, 0.00
of Slough .
' 2,6-DNT 15 13 0 5 s ‘S -0.04 -0.01 -0.27, 0.16 -0.03, 0.003
1,3-DNB " 13 13+ (al _— (a) - @) =
) 2,4,6 TNT 15 13 3 11 s S, 0.26 0.00 -0.12, 0.91 0.00, 0.00
1,3,5-TNB -~ 13 - 12 (a) {a) - {a)
NB - 13 - 13 - {a) ‘{a) - {a)
MW1034 | Bedrock- 2,4DNT o 8 8 2 " {a) {a) - . la)
[ background .
" 2,6-DNT 8 8 : (a) o {a) - (a)
1,3-DNB < 8 8 - (a) (a) -~ (a)
2,4,6-TNT - 8 - '8 - (a) (a) - “(a)
1,3,5-TNB 8 . 8 - (a) {a) - {a)
_ NB - 8- 2 ) - " Ma) {a) = {a)
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TABLE 8-19 Qu

N

arry Groundwater Wells Nitroaromatics Trend Analysis Summary (Alpha = 0.1) (Continued)
NO. OF NO. OF 96% UPPER AND LOWER
OBSERVATIONS NON-DETECT TREND . . CONFIDENCE INTERVAL ON SLOPE
{N) DATA DIRECTION SLOPE (mgiyr) {mgAlyr)
. U9 1994 1/91- 1994- 1/91-° 1994- 1/91- 1994-
WELL ID LOCATION COMPOUND 7/93* 1996 7/93* 1996 71938 - 1996 7/93* 1996 1/91-7/93* '1994-.1996
MW1035 Alluvium- 2,4-DNT -- 12 - 12 . la) " (a) {a)
background
2,6-DNT - 12 12 (a) (a) (a)
1,3-DNB 12 12 (a) {a) ta)
2,4,6-TNT - 12 12 (a) {a) (a)
1,3,5-TNB - 12 12 m (a) (a) = (a)
NB 12 12 (a) (a) {a)
D Downward
S Stationary ;
U Upward : i
{a) No or only one detectable concentration reported for time period; therefore, no trending performed.
. Inclusive . )
- No data available. No samples collected.
2.4-DNT 2,4-Dinitrotoluene
2,6-DNT 2,6-Dinitrotoluene
1,3-DNB 1,3-Dinitrobenzene
2,4,6-TNT 2,4,6-Trinitrotoluene
1,3,5-TNB 1,3,5-Trinitrobenzen
Nitrobenzene

NB
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TABLE 8-20 Quarry Groundwater Wells-Total Uranium Trend Analysis Summary-(ALPHA-0.1)

No. OF No. OF ) SLOPE 95% UPPER AND LOWER
OBSERVATIONS NONDETECT DATA DIRECTION (mgA/yr) CONFIDENCE INTERVAL ON SLOPE
: : ' {mgAlyr) .
WELL 5 ¢
ID LOCATION 1/91- 1994 1/91- 1994- 1/91- 1994- 1/91- 1994.- 1/91 to 7/93 1994-1996
» 7/93* 1996 7/93* 1996 7/93* 1996 7/93* 1996 INCLUSIVE
MW1004 Bedrock-rim 19 20 0 [¢] S S - -300.00 30.00 . -909.98, 149.95 [ -200.76, 250.00 |
MW1005 Bedrock-rim 18 14 0. [¢] D S -360.00 1495.00 -4750, -200.00 -89.56, 2460.72
'FM7W1006 Alluvium-Neorth of -- 10 o S -75.00 -429.23, 790.42
Slough s
MW1007  JAlluvium-North of 16 1 [¢] (¢} S -8 90.25 -42.85 -9.006, 256.50 -325.48, 35.54
Slough : . : S : :
MW1008 Alluvium-North of -~ 1 (0] S . - 395.00 -- -487.42, 993.43
Slough :
MW1009 AlIuvium-North of - 10 3 S 0.90 - -4.26, 4.53
Slough ’
MW1013 Bedrock-North of -- 10 (o] S 0.00 '-66.04, 83.39
: . |Slough
MW1014 Alluvium-North of - 10 0 - S 64.00 -19.74, 187.99
Stough ;
MW1015 Bedrock-North of 18 10 [¢] (0] D S -310.00 -36.00 -5659.86, -49.47 -74.62, 2.87
Slough .
MW1016  JAlluvium-North ot - 10 [0} S 3.50 --11.69,-19.81
Stough - ) -
MW1023 Alluvium-South of 11 6 S 0.41 i -0.17, 1.00
© . |Slough )
[MW1027 Bedrock-rim 19 1 (8] o] S S -68.75 -17.50 -245.49, 47.00 -90.42, 61.55
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TABLE 8-20 Quarry Groundwater Wells-Total Uranium Trend Analysis Summary-(ALPHA-0.05). (Continued)

No. OF No. OF TREND SLOPE 95% UPPER AND LOWER
OBSERVATIONS NONDETECT DATA DIRECTION {mgA/yr} CONFIDENCE INTERVAL ON SLOPE
. ‘ {mgiiyr} )
WELL : ]
D LOCATION 1/91- 1994 1/91- 1994- 1/91- 1994- 1/91- 1994- 1/91 to 7/93 1994-1996
‘ 7/93* 1996 7/93* 1996 7/93* . 1996 7/93* 1996 INCLUSIVE
MW1030 |Bedrock-rim 14 17 2 (o} S D  0.37 -27.60 -1.91, 4.70 -66.71, -7.44
MW1031  |Bedrock-North of - 12 (] u 69.77 49.72, 93.22
Stough . :
MW1032  |Bedrock-North of 16 12 0 o u S 348.00 96.50 74.00, 648.00 -14.86, 299.88
Slough
MW1034 Bedrock-Background - 9 l¢] S -0.73 - -3.36, 0.23
iMW1035 [Alluvium-Background - 13 - 5 'S 0.018 - -0.03,0.12°
D Downward
S Stationary
u Upward
(a) Location _ .
{b) Trend direction stationary; therefore, no slope to data
{c}) No detectable concentrations reported for time period; therefore, no trending performed o
o Inclusive .
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.TABLE 8-21 Quarry Groundwater Wells Sulfate Trend Analysis Summafy

No. OF " No. OF TREND SLOPE 95% UPPER AND LOWER
OBSERVATIONS NONDETECT DATA DIRECTION (mgAiyr) CONFIDENCE INTERVAL ON
. SLOPE (mg/yr)
WELL 1/91- " 1994- 1/91- 1994- 1/91- 1994- 1/91- 1994- 1/91- 1994-
ID LOCATION 7/93° 1996 7/93* 1996 7/93* 1996 7/93¢ 1996 7/93* 1996
MW1002 Bedrock - East 17 185 0 (o} U u 11.48 9.85 473,16.10 6.00, 13.55
rim ’ ~
MW1004 Bedrock - rim - R s 0 s 10.25 -21.22, 31.74
" IMW1006 Alluvium-' North - 11 (o] D -- v'-44.00' -69.92, -3.73
of Slough = »
MW1007 Alluvium - North 14 11 1 0 u s 54.95. 12.25 11.74, 98,93 | -25.48, 17.86
' of Slough )
MW1008 lluvium - North - n 0 D -37.00 -62.30, -6.16
of Slough |
MW1009 Alluvium - North = " 0 S -1.75 -10.16, 8.16
: of Slough
fMw1013 Bedrock - North = 1 0 v - 7.98 3.27,13.38
{ Stough )
MW1014 Afluvium - North = 9 - 0 s = 8.93 1.18. 18.05
of Slough .
MW1016 Bedrock - North 18 S 0 0 D s -70.00 3.50 -99.72, -34.65| -3.54, 17.00
' ot Slough ' .
MW1016 Alluvium - North - 11 P ¢ = u 11.25 = 3.07,21.74
= 2 = lof Slotigh i
MW1018 Alluvium - South : 12 0 S 7.68 8.81, 24.09
of Slough
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.A TABLE 8-21 Quarry Groundwater WellsSquate Trend Analysis Summary (Continued)

\

" No. OF ' , No. OF g TREND o SLOPE 96% UPPER AND LOWER
OBSERVATIONS NONDETECT DATA DIRECTION _ (mgAlyr) CONFIDENCE INTERVAL ON
. " SLOPE (mgA/yr)
WELL 1/91- 1994- 1/91- 1994- 1/91- 1994- 1/91- " 1994- 1/91- 1994-
D . LOCATION 7/93* 1996 - | 2/93* 1996 7/93* - 1996 7/93* 1996 7/93* 1996
IMwi1020 "~ |Afluvium - South s 1z - 2 = 5 P 2.41, -0.05
of Slough ' A : ’
o fMwW1021 _ jAlluvium - South * n = 7 = S -0.25 -2.41, -0.05
of Slough ' . '
MW1023 Alluvium - South | - -2 - 3 - s = 0.09 -0.86, 0.90
. J of Slough :
- IMw1027 Bedrock - rim 16 9 0 o’ s 0.25 10.00 -9.99, 8.70 -0.05, 21.20
' MW1029 - * {Bedrock - East - 8 .- 0] .- 11.00 - 5.00, 23.75
: rim
Mwi1030 Bedrock - rim .15 10 1 0 S -0.05 . -260 :[-19.11, 25,68 | -21.00, 6.93
MW1031 " [Bedrock - North - B : 0 - Sy = 40.70° 30.07, 67.23
of Slough o : \
MW1032 Bedrock - North 15 10 0 0 . s s -3.00 9.00 -18.30, 13.60 | -18.59, 54.82
- Jof Slough
MW1034 Bedrock - - - 12 0 - S -6.35 -13.12, -0.81
Background ) .
MW1035 A lluvium - =5 13 o 0 = u - 6.70 4.62, 8.90
J Background ' .
. D . Downward
S Stationary
U Upward
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TABLE 8-21 Quarry Groundwater Wells Sulfate Trend Analysis Summary (Continued)

(a) Location not selected fos trending )
{b) Trend direction stationary; therefore, no slope to data

{c) No detectable concentrations reported for time period; theretore, no trending performed

I Inclusive ' ' ' .
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8.6  Waste Treatment Facilities
8.6.1 Monitoring Program

Groundwater monitoring wells have been placed around three waste management units:
the quarry and site water treatment plant equalization basins, and the t_emporary storage area (see
Figures 8-2 and 8-4). These wells were installed to detect contaminants in the uppermost water
units beneath these storage facilities in order to comply with the requirements of 40 CFR 264,
Subpart F, and 10 CSR 264, Subpart F. The monitoring parameters were derived from previous
evaluations performed and documented in the Engineering Evaluation/Cost Analysis for the
Proposed Management of Contaminated Water in the Weldon Spring Quarry (Ref. 40) and the
Baseline Risk Evaluation for Exposure to Bulk Wastes ar the Weldon Spring Quarry, Weldon
Spring, Missouri (Ref 41).

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

® Total uranium.

® Anions (nitrate, sulfate, chlonde and fluoride).

® Metals (arsenic, barium, cadmium, chromium, lead, niercury,/selenium,' and silver).
- Nitroaromatic compounds. ‘

Annual sampling is performed for the following parameters:

e Radiochemical parameters (Ra-226, Ra-228, Th-230, Th-232, U-234, and U- 238)
* Polychlorinated biphynels (PCBs). :

* Polynuclear aromatic hydrocarbons (PAH).

. Pesncxdes (endrin, lindane, methoxychlor toxaphene, 2,4-D, and 2,4,5-TP Silvex)

_Constituent concentrations at the monitoring wells were compared with previously
determined baseline concentrations for each well. If there was statistically significant evidence
of contamination (concentration exceeds baseline by three standard deviations) a program of
increased momtormg and/or an evaluation of the leachate collected within the liners of the basms
or storage area was initiated.
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8.6.2 Site Water Treatment Plant and Temporary Storage Area Monitoring Results

‘Collection of baseline. data for the wells surrounding the equalization basin for the site
water treatment plant and the temporary storage area was completed in December of 1994, The
baseline dataset for each monitoring well was established with a minimum of eight samples
collected on a quarterly basis. A statistical summary of these baseline data for wells MW-2035
through MW-2043 can be found in Table 8-22. Monitoring data collected during 1996 were

compared with the baseline data to identify significant changes in groundwater quality potentially

attributable to operat_ion of these facilities.

Primary and secondary drinking water standards were not exceeded, except for nitrate

at well locations MW-2037 through MW-2042, mercury at locations MW=:2037 and MW-2038,
selenium at the MW-2041 location, and 2,4-DNT at locations MW-2037 and MW-2038.
Elevated selenium and nitrate levels are potentially due to the facility's close proximity to the
raffinate pits. ‘ |

Baseline concentrations for lead were shghtly exceeded at MW- 2038 MW-2039 and
MW-2040. These apparent concentration elevations are most hkely attributable to changes in
sample collection and preparation methodologies rather than -actual groundwater conditions.
Baseline values were established from analytical results of filtered samples collected during 1993
and 1994. Beginning in 1995, groundwater samples were no longer ﬁltered due to a change in

project samplmg procedures pursuant to EPA sampling guidelines. Metals _potentially adhering

to suspended solids or precipitates, which had been filtered out prior to 1995 were not filtered
from the 1996 samples. Despite the changes in the groundwater metals values, there is no

evidence that the integrity of the water treatment facilities or temporary storage area (TSA) -
basins has been compromised. This negative evxder_lce includes no elevated metals detected in

- collected leachate and no increased volume of leachate at these facilities.

Nitrate baseline was 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 nitrate concentrations. Sulfate baselines were not exceeded at any location. One location,
MW-2038, in which sulfate concentrations had been steadily rising in 1993 to 1994, had

apparently stabilized during 1995 None of the locatxons exceeded the drinking water standard .

of 250 mg/l.
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TABLE 8-22 Baseline for the Detection Monitoring System at the Weldon Spring Site Water Treatment Plant and

Temporary Storage Area

PARAMETER MW-2035 MW-2036 MW-2037 MW-2038 MW-2039 MW-2040 MW-2041 MW-2042 MW-2043
Arsenic 225 2.09 18 5.77. 2.43 4 4.35 3.41 2.10
(ug/l) '

Barium 107 333 250 563 240 962 347 590 344
(ug/) :
Cadmium 3.91 3.89 3.67 3.67 6.98 4.04 4.20 3.80 3.79
(ug/h)
Chromivm 421 433 3.83 3.83 14.1 14.1 18.4 6.62 4.52
(ug/l
Lead 4.08 2.17. 1.65 1.65 1.50 3.30 8.53 2.40 2.81
 (ug/)
Mercury 0.14 0.14 3.40 4.37 0.15 0.12 0.59 0.13 0.15
(ug/l) i
Selenium 4.71 1.86 200 24.9 24.5 9.42 96.6 4.1 7.11
(ug/t) :
Silver 5.78 6.07 6.08 6.08 13.8 5.40 10.3 6.18 4.96
(ug/l)
Uranium 1.93 1.64 2.17 232 402 4.64 - 8.35 3.33 2.34
®CiN) '
Nitrate 2.05 5.03 668 2271 117 455 2256 13.8 8.03
(mglh :
Sulfate 6.89 5.64 177 132 54.6 27.9 196 9.5 20.8
(mg/l) : '
1,3,5-TNB 0.02 0.02! 0.20 037 0.02 0.02 0.02 0.02 0.02
(g
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TABLE 8-22 Baseline for the Detection Monitoring System at the Weldon Spnng Site Water Treatment Plant and
Temporary Storage Area (Continued)

PARAMETER MW-2035 MW-2036 MW-2037 MW-2038 MW-2039 MW-2040 MW-2041 MW-2042 MW-2043
TNT 0.02 ) 0.02 0.02 '0.02 0.02 V 0.02 0.02 0.02 . 0.02
(ug/l) : : 5 .
2,4-DNT 0.02 0.02 0.79 2.14 0.02 0.02 0.02 0.02 . 0.09
(ug/l) : ’
26DNT | o0 0.01 0.19 0.41 : 0.01 | 0.01 0.0l 0.0! 001 -~ -
(ug/l) ' . 1 . o g

Note: 1 pCi/l = 0.037 Bq/l.
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Nitroaromatic ‘compounds were detected at locations MW-2037, MW-2038, and -
MW-2043. These detectable nitroaromatics were below baseline concentrations. There were no

- detections at the MW 2039 locauon which had 2 ,4- DNT and 2,6-DNT reported above basehne

in 1996

No PCBs or pesticides were reported above detection limits at any of the locations, and
no conceﬁtrations of total uranium were above their respective baselines at any of the detection
locations for the water treatment facility and TSA. The 1996 detection monitoring data for the
site water treatment plant and the TSA are summarized in Table 8-23.

'8.6.3 Quarry Water Treatment Plant Monitoring Results

Monitoring wells MW-1035 through MW-1039 were installed in 1991 to monitor the
shallow groundwater in the vicinity of the quarry water treatment plant. 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 has been ‘established for these newer wells

 utilizing 1994 and 1995 quarterly data. Monitoring wells MW-1038 and MW-1039 were deleted
- from this moniton’ng program because they were located cross gradient from the equalization
-basin at a distance too far to adequately monitor the basm and are possibly downgradnent of

contaminant sources in the quarry.

The concentrations at the wells were compared to baseline for the parameters. The
baseline parameters for each well are presented in Table 8-24 and the summary of detection
monitoring results is given in Table 8-25. Samples were also analyzed for nitroaromatic

- compounds, pesticides, and PCBs. The baselines and analyncal results are not shown in either

table because. these .compounds do not naturally occur and have not been det_ected in the
monitoring system.

The results of the comparison of the monitoring data to baseline indicated that monitoring
well MW-1035 exceeded background for Ra-228, and MW-1037 exceeded baseline for isotopic
thorium dunng 1996. These minor exceedances are within error limits of the analytical methods
and are quesuonable Total uranium levels remain within baseline for a.lJ wells at the water
treatment facility detection momtormg network. '
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TABLE 8-23 Summary of the 1996 Detection Momtonng Data for the Weldon Spring Site Water Treatment Plant and

T - T

Temporary Storage Area

PARAMETERS - MW-2036 MW-2036 MW-2037 MW-2038 MW-2039 MW-2040 MW-2041 | MW-2042 MW.2043
Arsenic ug/l | Average <DL <DL <DL <DL <DL <DL <DL <DL <DL
max/min <3.0 <3.0 <3.0 <3.0 <3.0 <3.0. <30 <3.0 <3.0
" Barium ug/} Average 97.1 284 4.1 177 224 664 257 5.1 7 KAR}
max/min 110/90.3 291/277 80.6/70.4 180/169 233/214 782/530 273/230 523/609 3307288
Cadmium Average <DL <DL <DL <DL <DL <DL <DL <DL - ‘<DL
pall max/min <3.0/<1.0 <3.0/<1.0 <3.0/1.0 <2.01.0 <3.0/<1.0 <2.0/<0.2- <3.0/<1.0 <2.0/<0.2 <2.0/<0.2
Chramium Average 1.33 <pt <DL 1.03 7.63 21.4 <bL 118 2.50
wgll . max/min 1.6/<2.0 <4.0/<1.0 <4.0/<1.0 1.6/<2.0 8.0/7.3 29.2/17.9 <4.0/<2.0 1.4/<2.0 3.1/2.2
13 S =
Lead Average 1.7 <ot <DL 1.80 2.10 7.13 1.00" 1.56 1.48
pnt max/min 1.7/<1.0 <2.0/<1.0 <2.0/<1.0 4.7/<1.0 3.3/<2.0 “13.1/4.1 1.00/<1.00 3.4/<2.0 2.4/<2.0
Mercury Average <DL <DL 2.83 2.96 <DL <oL 0.16 0.10 <DL,
pah max/min <0.2/<0.1 <0.2/<0.1 3.3/2.4 a.1/1.7 <0.2/<0.1 <0.2/<0.1 0.28/<0.1 0.1/<0.1 '<0.2/<0.1 .
Selenium Average <DL <DL 3.33 1.4 8.0 5.33 16.7 <DL 243
pall max/min <4.0/<2.6 <4.0/<2.5 4.8/<3.0 12.3/10.4 10.1/6.1 7.713.6 21.6/10.6 <6.0/<2.0 2.9/<3.0
Silver Average 1.77 <DL <DL 1.0 <DL 1.0 <DL <DL <DL
palt max/min 2.8/<1.0 <4.0/<0.7 <4.0/<1.0 1.0/<0.7 <4.0/<1.0" 1.5/<1.0 <4.0/<1.0 .<1.00 <1.00
Total Average 0.48 0.73 1.28 1.29 7 2.98 2.35 3.94 2.66 3.08
Uranium max/min 0.63/0.39 0.79/0.68 1.47/1.16 1.64/1.13 3.19/2.86 2.62/1.97 4.46/3.64 2.97/2.32 8.28/1.48
pCifl 3 .
Nitrate "Average 0.44 2.83° 199 619 36.1 172 178 4.95 6.06
ma/l max/min -0.6/0.38 3.0/2.6 252/52 840/150 66.2/17 305/69 263/86 7.1/2.2 8.0/2.7
Sulfate Average 1.92 4.30 141 107 29.1 13.7 37.7 27.7 16.3
mg/l max/min 2.0/1.82 3.99/<1.0 166/130 118/98.6 50.4/3.0 17.4/9.24 48.7/32 33.23 16.5/14-
TNT Average <DL <DL <DL <DL <DL <DL <DL <DL <DL
paht max/min <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 ° <0.03 <0.03 <0.03
DOE/OR/21548-676, Rev. 0 197 - - - =




WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1996

7123/97

“TABLE 8- 23 Summary of the 1996 Detection Monitoring Data for the Weldon Sprlng Site Water Treatment Plant and -
Temporary Storage Area (Contlnued)

%

PARAMETERS MW-2036 MW-2036 MW-2037 MW-2038 | MW-2039 MW-2040 MW-2041 MW-2042 MW-2043
2,4-DNT Average <DL <bL 0.49 1.53 <DL <DL <ot <Dt 0.08
gl max/min <0.03 " <0.03 0.52/0.43 1.711.3 <0.03 <0.03 <0.03 <0.03 0.09/0.05
2,6-DNT Average <DL <oL <ot <DL <DL - <DL <DL <pL <DL
gl max/min <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01’ <0.01 <0.01

TABLE 8-24 Baseline for the Detection Monitoring System at the Weldon Spring Quarry Water Treatment Plant

PARAMETER MW-1035 ‘MW-1036 MW-1037 MW-1040 MW-1041
Uranium, total (pCifl) 2.66 9.70 3.08 12.0 7.56
U-234 (pCifl) 12.1 (a) 4.95 10.8 5.79
U-238 (pCifl) 132 (a) 3.25 6.72 3.45
Ra-226 (pCifl) 1.32 0.25 0.72 2.17 1.47
Ra-228 (pCifl) 0.81 1.00 1.58 1.79 1.25
Th-230 (pCif) 1.23 2.94 0.48 0.88 1.41
Th-232 {pCiN) 0.35 0.34 0.40 039 0.35

Chioride (mg/h) 6.82 102 1.8 16.0 8.34
Fluoride (mg/l) " 0.28 0.18 0.71 0.12 0.26
Nitrate (mg/l) 0.37 0.32 0.82 0.28 0.32
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TABLE 8-24 Baseline for the Detection Monitoring System at the Weldon Spring Quarry Water Treatment Plant

{Continued)
PARAMETER MW-1035 MW-1036 MW-1037 MW-1040 MW-1041
 Sulfate (mg/l) 70.0 820 55.5 186 52.8
Arsenic (ugh) 6.09 4.71 5.50 9.83 6.64
Barium (wg/) 315 351 752 330 563
Cadmium (ug/l) 3.18 3.61 3.44 3.96 3.67-
Chromium (ug/l) 4.81 .57 7.57 19.6 .. - 155
i Lead (ug/l) * ) 159 " 2.06 2.06 2.72 5.84
Mercury {(ughl) 0.18 0.20 017 0.42 0.58
Selenium (ug/) 7.81 3.63 5.09 5.63 ' 5.28 -
Sitver o/ 4.99 4.78 4.78 5.69 . 8.45
(a) . No data available for determination of b

Note: 1 pCit = 0.037 8qg/l. ~

aseline.
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- TABLE 8-25 éumma[y_gf the1996 Detection Mog_itoring Dgtal fo_r the_Weldon~ §pring Quarry Water Treatment Plant

. PARAMETER MW-1035 MW-1036 MW-1037 MW-1040 MW-1041
Uranium, total average <DL 5.79 2.84 2.65, 6.17
(pCi/l) ' :
’ max/min <0.7/<0.2 10.5/1.66 7.66/1.06 5.90/0.62 7.59/4.98
Ra-226 average 0.49 0.14 - 0.47 0.82 0.98
(pCifl)
max/min
Ra-228 average 1.33 -0.49 1.32 . 0.86 0.79
(Cif) _ -
o max/min -
Th-228 - average 0.26 <0.22 1.18 047 <0.25
{pCi/l) ]
max/min
Th-230 average 0.23 <0.11 0.67 0.43 <0.12
(pCi) : 2
max/min - -
Chloride average 29.2 287 4.54 24.6 4.97
© (mg/) .
g max/min 37.6/11.9 518/120 5.6/2.6 31/17 6.2/3.83
Fluoride average 0.18 0.20 0.37 0.17 0.16
(mgh) . : l .
4 max/min 0.28/<0.25 0.27/<0.2 0.40/<0.20 0.18/0.14 0.18/0.13
Nitcate - average 0.05 0.16 0.25 0.73 ' 0.05
(mg/t) :
max/min 0.06/<0.05 0.3/<0.1 0.43/0.10 2.8/<0.05 0.99/<0.05
Sulfate average 50.7 95.2 286 249 48.12
{mg/l) ]
max/min 59.0/40.4 150/58 390/180 301/190 52.4/41.2
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TABLE 8-25 Summary of the 1996 Detection Mbnitoring Data for the Weldon Spring Quarry Water Treatment Plant

(Continued) : :
PARAMETER MW-1035 MW-1036 MW-1037 . MW-1040 MW-1041
Arsenic *  average 1.81 2.83 3.33 2.12 1.27
wal) '.max/min' 4.2/<2.0 4.6/<2.0 7.8/<2.0 4.2/<2.0 1.5/<2.0
Barium average 279 217 220 257 378
it ; max/min -318/250 266/178 432/138 351/208 44q/3§6
Cadmium . average" “<pl <pL’ <DL 1.60 .65
il maximin.. <2.4/<1.0 =~ “<a0i<10 <4.0/<1.0 2.8/<1.0 4.3/<1.0
" Crismiun average 3.1 ' 137 8.30 5.61 <DL
.(ﬂg/l) max/min 8.0/<2.0 47.7/14.0 13.8/4.70 18.4/<3.0 <4.1/<2.0
Lead average 1.81 0.80 6.44 3.42 - <pL
- max/min 45/<1.0 0.67/<2.0 17.2/2.1 11.5/<1.0 <2.0/<0.6
Mercury . average 0.66 <DL <DL <DL <DL
gt _max/min 2.4/<0.2 <0.2/<0.1 <0.2/<0.1 <0.2/<0.1 <0.2/<0.1
Sefenium average <DL <DL 1.84 1.84 <DL .
s max/min <3.9/<1.5  <4.0/<1.5 3.0/<1.6 ~ 3.0/<1.5 <4.0/<15
. Silver average - 1.68 <DL 1.90 <DL <bL
(gl max/min 1.9/<1.0 <5.9/<1.0 1.4/<3.0 <5.9<1.0 <5.9/<1.0
@) Location sampled once during 1335, therefore no maximum of minimum reported.
Note: 1 pCift = 0.037 Bg/l. o : ) PR i
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Monitoring wells MW-1036, MW-1037, MW-1040 and MW-1041 had levels that
exceeded baseline for sulfate during 1996. These increases reflect a regional sulfate increase
in the quarry vicinity and are not believed to be due to contamination.

Chloride baseline concentrations were exceeded in samples collected 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 chloride concentrations
because one of the wells, MW-1035, 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 chloride is the deicing agent applied to Missouri
State Route 94, which is routed along the northern perimeter upgradient of the quarry water
treatment facility. "

Metals concentrations exceeded baselines in four of the detection monitoring wells.
Chromium levels approximately exceeded baseline in MW-1036 and MW-1037 wells and lead
baseline was exceeded in wells MW-1035 and MW-1040 during this period. A potential source
of the elevated ‘metals concentration is the stainless steel casings and screens used in the
construction of the detection wells. Chromium and lead can be leached from stainless steel. It
is possible that such a phenomenon occurred during 1996 when chloride levels were elevated,
due to the use of salts for deicing, or diluted hydrochloric acid, which was used to
decontaminate remediation equipment. Either salts or acid can corrode steel. The leachate
collection and monitoring program at the water treatment facility indicates there are no problems
with the lined impoundments.

* The remainder of the monitoring parameters remained within baseline for each well. No
detectable concentrations of nitroaromatic compounds, PCBs, polycyclic (or polynuclear)
aromatic hydrocarbons, or pesticides were reported for 1996.
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9 BIOLOGICAL MONITORING PROGRAM

9.1 1996 Biological Program Higlrlights
Following is the hrghhght of the 1996 biological morutonng program Thrs rtem and
others, are further discussed in this chapter.

e Total uranium concentrations in fish fillet samples from the Femme Osage Slough
and Busch Lakes 34, 35, and 36 remained within the range of historical values
and showed no indications of increased uranium accumulation in fish tissues.

1

9.2 Program Description

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

Activities for the biological 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 Environmental Monitoring Plan (Ref. 42). Complete pathways are those that
show a link between one or more contaminant sources, through one or ‘more environmental
transport processes, to a human or ecologlcal exposure point. These exposure pathways are used
to direct biological sampling activities and determine the type of data that needs to be gathered,
documented and reported. :

Results of biological monitoring also provide data for the human ingestion pathways and
dose calculations to native aquatic organisms. The remaining pathways are monitored to support
biological risk assessment studies and compliance with environmental surveillance requirements.
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9.3  Applicable Standards

DOE Order 5400.5 addresses the orotection of native aquatic 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 biological monitoring 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 given in"DOE Order 5400.5 that members of the public should not be exposed to
radiation sources as a consequence of all routine DOE activities in any one year that could cause
an annual effective dose equivalent greater than 100 mrem (I mSv).

9.4  Aquatic Monitoring

Biota are primarily exposed to radionuclides and other contaminants of concern at the
Weldon Spring site by aquatic pathways. - Contaminated surface water runoff from the site to
off-site lakes and streams provide 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.
The main contaminant monitored in off-site surface water is uranium. |

9.4.1 Fish

‘ The Environmental Monitoring Plan (Ref. 42) recjuires that fish samples from the Femme

Osage Slough and Busch Lakes 34, 35, and 36 be collected every other year or if annual average
uranium concentrations in lake waters are found to -be statistically higher than the average
concentration found in lakes from previous years. In 1996, a scheduled collection year, the
Weldon Sprmg Site Remedial Action Project (WSSRAP) sampled fish from these locations
(shown on Flgure 9-1) in conjunction with the Mlssoun Department of Conservation.

Fish samples consisted of game species such as lafgemouth bass, crappie, sunﬁsh, and
catfish. Samples were prepared as fillets, and were analyzed for total uranium. Uranium
concentrations in fish fillets from the various sampling locations are shown in Table 9-1. Total
uranium concentratlons in ﬁsh sampled in 1996 were within historic ranges and showed no
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TABLE 9-1  Uranium in Fish Fillet Samples (1996) in pCi/g
LOCATION " SUNFISH i BASS CATFISH CRAPPIE CARP

Lake 34 0.00328 0.00163 0.00188 0.000687 NS

Lake 35 0.0190 0.000687 0.00398 0.00237 “NS

Lake 36 0.038 0.00220 0.00491 0.00254 NS

Femme 0.00498 0.00229 0.00255 0.00367 0.00303

Osage Slough

Lake 33" 0.00103 0.00369 0.00379 - -0.000790 0.00455

*

Background location.

NS Not sampled.

increase in uranium accumulation in fish tissues. Surface water uranium concentrations were
also within historic ranges at these locations. Therefore, the next scheduled fish sampling event
will take place during Calendar Year 1998, as described in the Environmental Monitoring Plan

(Ref. 42).

9.4.2 Terrestrial Monitoring

The Environmental Monitoring Plan (Ref. 42) 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, foodstuff sampling did not take

place in 1996.
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10 ENVIRONMENTAL QUALITY ASSURANCE PROGRAM INFORMATION
10.1 .Quality Assurance Highlights

. Average relative percent differences calculated for groundwater, surface water
and springs were within the 20% criterion recommended by the CLP.

. Trip blanks analyzed for volatile organic compounds did not exceed the
recommend CLP criterion.

] The data validation program accepted 92.5% of the data selected for validation
qualifying in-1996.

10.2 Program Overview

The environmental quality ‘assurance program includes management of the quality
assurance and quality control programs, plans, and procedures governing environmental
monitoring activities at the Weldon Spring Site Remedial Action Project (WSSRAP) and at the
subcontracted off-site laboratories. This section discusses the environmental momtonng
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 pregram and environmental quality assurance program procedures,
personnel training, compliance audits, use of quality control samples, complete documentation
of field activities and laboratory analyses; and review of data documentation for precision,
accuracy, and completeness.
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10.2.1 Quality Assurance ‘Program i : | P
"The PrOJect Management Contractor Quallty Assurance Program (QAP) (Ref. 22)
establishes the quality assurance program for activities performed by the Project ‘Management
. Contractor (PMC). The QAP requires compliance with the criteria of DOE Order 5700.6C.

10.2.2 Environmental Quality Assurance Project Plan

3

The quality assurance requirements for WSSRAP environmental data operations are

addressed in the WSSRAP Environmenfal Qualiry Assurance Project Plan (EQAPjP) (Ref. 44).
The EQAPjP outlines the appropriate requirements of EPA QA/R -5 (Ref. 65) for
characterization and routine monitoring ‘at the WSSRAP. The EQAPjP does not supersede the

- QAP, but rather expands on the specific requirements of environmental momtormg and
charactenzanon acnvmes '

The primary purpose of this docﬁment is to specify the quality assurance requirements
for environmental data operations of the WSSRAP. The EQAPjP is also §ui_)p0ned by standard
operating procedures (SOPs), the Sample "Managemem Guide (Ref. 61), the Environmental Saferv
and Health Plan (Ref. 45), the Environmental Monitoring Plan (EMP) (Ref 42), and samplmo
- plans written for specific env1ronmental sampling tasks.

10.2.3 Sample Management Gu“idé

The Sample Management Guide (SMG) (Ref. 61) summarizes SOPs and data quality

requirements for collecting and analyzing environmental data. The SMG describes
administrative procedures for managing environmental data and governs sampling plan
preparation, data verification and vahdanon database administration, and data archiving.
Guidance on developing data quality ObjeCtIVCS for specific mvestlgatxons is also detailed. The
- SMG details. the spec1ﬁc requirements of the EQAPJP
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10.2.4 Environmental Monitoring and Quality Assurance Standard Operating
Procedures ,

SOPs. have been developed for routine activities at the WSSRAP. Environmental
monitoring SOPs are generally administered by the Environmental Safety and Health (ES&H)
Department, and Quality Assurance SOPs are administered by the Project Quality Department.
These two departments are responsible for most SOPs used to administer the environmental
~ quality assurance prbgram described in this secﬁon. Controlled copies of SOPs are maintained
in accordance with the document control requirements of the Project Management Contractor
Quality Assurance Program (Ref. 22). ‘ |

10.2.5  Use and Presentation of Data

| - Analytical data are received from subcontracted zinalytieal laboratories. Uncensored data
have been used in all reporting and calculations for this site_environmental report where
available. Uncensored data are those data that do not represent a ND (nondetect) and instead
report instrument 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)". If
uncensored data were not available, nondetect data were used in calculations of averages at a
value of one-half the detection limit (DL/2). The EPA recommends the use of the DL/2 value
~ for statistical manipulation of data when the percentage of nondetects in the data set is small and
uncensored data are not available (Ref 46). '

10.2.6 Independent Assess_ments and Appraisals

The environmental programs are assessed by the Project Quality Department. They
evaluate compliance by‘ performing surveillances and independent assessments of the.
environmental programs and generate assessment reports to track deficiencies and corrective
actions. - The WSSRARP is also appraised routinely by external orgamzatlons including U.S.
Department of Energy (DOE) Headquarters and the DOE Oak Ridge Operauons Office. The
external audits assess compliance with applicable regulations, DOE Orders, and site plans and
procedures. * All assessment and appraisal reports, deficiencies, and corrective actions are
tracked using the Site Wide Assessment Tracking System (SWATS). '

DOE/OR/21548-676, Rev. 0 ‘ 209



WELDON SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1996 ‘ " 7/23/97

10.2.7  Subcontracted Off-Site' Laboratories Programs

_ Subcontracted 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 radiochemical and wet chemistry) the laboratories are usiné EPA 600 (drinking

water), EPA 900 (radiochemical analysis of drinking water), or methods that are reviewed and

‘ approved by the Project Management Contractor (PMC) prior to analysis of each sample. Each
of the subcontracted off-site laboratories has submitted a site-specific Quality Assurance Project
Plan (QAPjP) to the WSSRAP and controlled copies of their standard operating procedures.
The QAP;jPs and SOPs are reviewed and approved by the PMC before any samples are shipped
to the laboratory. Changes to the standard analytical protocols or methodology are documented
in the controlled SOPs. All of the laboratories currently being used by the ‘WSSRAP have had

‘a preliminary assessment of their facilities to make sure that they have the capability to perform
work according to the specifications of their contracts. Quality assurance 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 documentatron and records are being properly maintained.

10.3 vApplicable Standards

Applicable standards for eﬁvirorxmental quality assurance include: (1) use of the

appropriate analytical and field measurement methodologies; (2) collection and evaluation of
quality control samples; (3) accuracy, precision, and completeness evaluations: and
(4) preservation and security of all applicable documents and records pertinent to the
envxronmemal momtormg programs S ‘

10.3.1 Analytical and Field Measurement Methodologies

| Analytical and field measurement methodologies used at the WSSRAP ‘comply with

applicable standards required by the DOE, EPA, and the American Public'Health Association.
Analytical methodologies used by subcontracted laboratories for environmental monitoring follow
the EPA CLP requirements (metal and organic methodologies) and the EPA drinking water and
radiochemical methodologies or methods that are reviewed and approved by the PMC prior to

analysis of each sample. Field measurement methodologies typically follow the American Public
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Health Association Standard Methodologies for the Examination of Water and Wastewater
(Ref. 47).

10.3.2 " Quality Control Samples
Quality control samples for environmental monitoring are collected in accordance with
WSSRAP SOPs that specify the frequencies of quality control sample collection. Quality control

samples are taken in accordance with guidelines in the EPA CLP (Ref. 29).

Descriptions of the QC samples collected at the WSSRAP are detailed in Table 10-1.

TABLE 10-1 QC Sample Description -

' TYPE OF QC SAMPLE ‘ " DESCRIPTION

Water Blank (WB) ‘ Mahnitors the purity of distilied water used for field blanks

- - - | and decontamination of sampling equipment. Water blanks
are collected directly from the distilled water reservoir in the
WSSRAP laboratory.

Field Blank (FB) . -‘Monitors potential contaminants, such as dust or volatile

' compounds, that may be introduced at the site of sample
collection. Field blanks are collected in the field at the same
time of sample collection activities.

Equipment Blank (EB) o _Monitors the effectiveness of decontamination procedures
: used on non-dedicated sampling equipment. Equipment
blanks include rinsate and filter blanks. ;

Trip Blank (TB) . Monitors volatile organic compounds that may be introduced
during transportation or handling at the laboratory. Trip
blanks shall be collected in. the WSSRAP laboratory with
prepurged distilled water.

Field Replicate (FR) ' Monitors field conditions that may affect the reproducibility
1 of samples collected from a given location. Field replicates
are collected in the field at the sample location. :

Blind Duplicate A duplicate that provides an unbiased measure of laboratory
: - | precision. Blind duplicates are additional aliquots of the
routine sample taken in the field and given an altered -
identification code to conceal the samples identity from the
laboratory.
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TABLE 10-1 . QC Sample Description (Continued)
TYPE OF QC SAMPLE | i DESCRIPTION | A ,
Matrix Spike* (MS) - | Assesses matrix and accuracy of laboratory measurements

for a given matrix type. The results of this analysis and'the
routine sample are used to compute the percent recovery
for each parameter

Matrix Duplicate* (DU} . Assesses matrix and precision of laboratory measurements

' : for inorganic parameters in a given matrix type. The results
of the matrix duplicate and the routine ‘'sample are used to
compute the relative percent difference for each parameter.

Matrix Spike Duplicate* (MD) Assesses matrix and precision of laboratory measurements

: for organlc compounds. The matrix sprke duplicate is
spiked in the same manner as the matrix spike sample. The
results of the matrix spike and matrix spike duplicate are
useq to determine the relative percent dlfference for orgamc
parameters.

Secondary Duplicate (SD} . A duplicate that compares the primary laboratory with a

i secondary laboratory, providing an addmonal check on the
performance of the primary laboratory. 'The secondary
duplicate is an additionat aliquot of the routine sample that
is sent to a secondary laboratory.

q
1

A laboratory sample is split from Ia‘rg.'e volume samples.

10.3.3 Accuracy, Precision, and Completeness '

At a minimum, the WSSRAP Data Validation Group detérmines 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 Security of Documents and VReco,rds

Requirements for preservation anh security of docoments and records are specified in
DOE Order 5700.6C. All documents pertinent to environmental monitoring are preserved and
secured by the departments that produce them. . ' |
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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 Analyses Results

Two kinds of duplicate analyses were performed in 1996, matrix duplicates and
secondary duplicates. The matrix duplicate analyses were performed at subcontracted
laboratories from aliquots of original samples collected at the Weldon Spring site. A secondary
dupllcate is an additional aliquot of the original sample split by the WSSRAP and placed into
a separate container and sent to a secondary laboratory. Matrix duphcates were used to assess
the precision of analyses and also to aid in evaluating the homogeneity of samples or analyncal'
interferences of sample matrixes. -

Generally, matrix duplicate samples were analyzed for the same parameters as the
original samples at the rate of approximately one for ‘évery 20 samples. Secondary duplicate
samples were collected in accordance with Procedure ES&H 4.1.4, which states that secondary
duplicates shall be collected on a monthly basis. Typically, duplicate samples were analyzed for
more common parameters €.g., uranium, inorganic anions, and metals.

When matrix and secondﬁry 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 Work,
[Ref. 29]) was:

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

where S = thve normal sample
D the duplicate analysis

The relative percent difference was calculated orily for samples whose analytical results
exceeded five times the detection limit. -
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1

Table 10-2 summarizes the data of calculated relative percent differences for groundwater

. (including springs) and surface water (including National Pollutant Discharge Elimination 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 contaminants of
concern were not evaluated. o - '

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. 29 and 46). Asa
result duplicate sample analyses in 1996 were of acceptable quality. !

TABLE 10-2 Summary of Calculated Relative Percent Differences

PARAMETER Na | AVG.RPD MIN. RPD  MAX. RPD
Alkalinity o . 05 0.5 05
Arsenic 3 ; 20 0.0 e 3.0
Barium 12 - 3.6 02 | 161
Calcium 1 g a9 1‘ 1.1
Chloride 9 24 . 0.0 o 4.0
Fluoride 4 .40 0.0 12.5
Magnesium 1 o 0.8 . 0.8 : 0.8
Manganese . 1 1.0 : 1.0 0
Mercury 1 _3d v 3.7 . : _ 3.7
Nitrate-N 13 49 02 | 154
Strontium 1 1 o8 08 0.8
Sulfate - 16 . 2.2 0.0 1 1200
Total Suspended |. 4 ‘ | ‘ : 4.7. 1.7 12.2
Solids - : [

Gross Alpha ' 7 o111 0.9 337
Uranium, Total 17 . 35 03 1" 164
| {a) Data popuAlation' size.
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10.4.2 ' Blank Sample Results Evaluation

Various types of blanks are collected by the WSSRAP to assess the conditions andior
contaminants that may be present durmg sample collection and transportation. These conditions
and contaminants are monitored by collectmg samples to ensure routine samples are not being .
contaminated. Blank samples evaluate the: ‘

. Environmental conditions under which the samples (i.e., volatile analyses) were
shipped (trip blanks).

i Amblent conditions in the field that may affect a sample durmg collection
- (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
amblent conditions (distilled water blanks). '

. Presence or absence of contamination potentially introduced. through sample

~ preservation and/or sample containers. N

Sections 10.3.2. 1-through 10.3.2.4 discuss the sample blank analyses and the summary

of analytical results that were above the analytical detection limits. Field blank samples for

groundwater, surface water, spring and seep water, and NPDES water were evaluated together
as a set. ' '

10.4.2.1 Trip Blank Evaluation. Trip blanks are collected to assess the impact of
sample collection and shipment on groundwater and surface water samples analyzed for volatile
“organic compounds. Trip blanks are sent to the laboratory with each shipment of volatile
organic samples. - ‘
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In 19% 35 trip blanks were ‘analyzed for volatile organic lcompounds.  Low
concentrations of acetone and methylene chloride were detected in three blanks All detections
found in these samples were jUSt above the detectlon limits and did not exceed CLP criterion.

10.4.2.2 ' Field‘Blank Evaltxation. Field blank samples are collected at .monitoring
sites just prior to, or immediately after, actual samples are collected. The field blanks are
collected to assess the ambient air conditions at the sample locations. They are analyzed for the
parameters being sampled which, therefore, are generally the parameters of concern, such as
uranium, anions, metals, and mtroaromatxcs :

In 1996 six field blanks were collected. Table 10-3 presents the ratio of detects to total
number of samples collected for each parameter havmg results above the detection limits.

TABLE 10-3 Summary of F'ield. Blank Parameter Resulits -

PARAMETER

OF ANALYSES

NUMBER OF DEfECTSINUMBER EVALUATION ‘AND SUMMARY OF

DETECTS

Nitroaromatics

0 out of 6 {0%)

"N/A

Chioride 1 out of 4 (25%) - - 1 of 1 (100%) >5xDL
Fluoride 0 out of 4 (0%) N/A '
Sulfate 0 out of 6 (0%) N/A
Nitrate-N 2 out of 4 (50%) 1 of 1(100%) <2xDL

1 of 1 (100%) <3xDL

Uranium, Total

1 outof 6 (17%)

1 of 1 (100%) >5xDL |

1 out of 2 (50%)

- Arsenic 0 out of 4 (0%) ‘N/A

Ranitint 2 out of 4.(50%) © 20f 2(100%) <3xDL '
 Beryilium 0 out of 2 (0%) N/A '
Cadmium 1 out of 4 (25%) 1 0f 1 {100%) <2xDL |
Chromium 0 out of 4 (0%) ' N/A

Lead 1 out of 4 (25%) 1 of 1 (100%) <3xDL
Lithium ; 1 0f 1 {100%) <2xDL’
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TABLE 10-3 Summary of Field Blank Parameter Results'(Continued)

~ NUMBER OF DETECTS/NUMBER | EVALUATION AND SUMMARY OF
PARAMETER OF ANALYSES DETECTS
Mercury | 0 out of 4 {(0%) N/A
Selenium 0O out of 4 {0%) N/A
Strontium 1 out of 2 (50%) 1 of 1 (100%) <5xDL
Thallium 0 out of 2 (0%) N/A

DL ‘Detection limit; <2x = Less than two times; >5 x = Greater than five times

N/A Not applicable

10.4.2.3

10.4.2.4

samples also serve as laboratory blanks.

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 is collected by placing the sample directly into a sample container:;
therefore, no further discussion is presented. ' '

- Distilled Water Blank Evaluation; Water blank samples are collected
to evaluate the quality of the distilled water used to decontaminate sampling equipment and to
assess whether contaminants are present in the water used for field and trip blanks. Water blank

Generally, the water blanks were analyzed for

contaminants of concern and were collected at the same time as field blanks.

In 1996, 12 water blanks were collected. Table 10-4 presents the ratio of AdeAtects to the
total number of samples collected for each parameter that had results above the detection limit. -
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TABLE 10-4‘ Summary of Distilled Water Blank Parameter Resulis '

b1
[

I
)

~ NUMBER OF o
DETECTS/NUMBER OF EVALUATION AND'
PARAMETER ANALYSES SUMMARY OF DETECTS

Nitroaromatics » | ‘O out of 11 (0%) | | N/A

PCB's 10 out of 4 (0%) “N/A
" Chloride ‘0 out of 7 (0%) N/A

Fluoride ‘0 out of 7 (0%) N/A

Nitrate-N 3 out of 7 (43%) 3 of 3 (100%) >5xDL
Sulfate 0 out of 10 (0%) ' N/A

Uranium, Total

" 2'out of 11 (18%)

[
4

1 of 1 {100%) <2xDL
1 of 1 (100%).<4xDL

Arsenic 0 out of 10 (0%) N/A

Barium 1 out of 10 (10%) - 1 0f 1 (100%) <5xDL
Beryllium 0 out of 5 (0%) " UNA |
Cadmium O out of 8 ('O%) N/A
Chromium- 0 6ut of 8 (100%) o N/A

Lead ‘ 1;out of 8 (13%) 1 0f 1 (100%) <2xDL
Lithium 0 out of 4 (0%) N/A

Mercury 0 out of 8 (0%) /A

PAH's' 0'out of 4 {0%) N/A

Selenium Ouodt of 8 (0%) N/A

Strontium 1 but of 3 (33%) 1 of 1 (100%) <4xbL
Thallium O outof 5 (0%) N/A

Volatiles 0out of 3 (0%) N/A

DL Detec"(ion, limit; <2x Less than‘ t§v6 times:. >5x = Greater thén five tim‘es.

N/A  Not applicable.
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10.5 1996 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 points represent the number of parameters

‘analyzed (e.g., toluene), not the number of physical analyses performed (e.g., volatile organics
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 all sample types. '

Table 10-6 identifies validation qualifiers assigned to the selected data points as a result
of data validation. The WSSRAP validation technical review was performed in accordance with
the U.S. EPA Contract Laboratory Program Data Statement of Work for Inorganics Analysis
(Ref. 62), the U.S. EPA Coniract Laboratory Program Statement of Work for Organic Analysis
(Ref. 63). and the Laboratory Ddt_a Validation Guidelines for Evaluating Radionuclide Analysis
(Ref. 64). To date, 100.0% of data validation has been completed. Data points presg:nted in
this table include groundwater, surface water, spring and seep water, and NPDES samples only.

Table 10-7 identifies the average accuracy and precision for all sample types including
environmental and waste management samples for anion, metals, nitroaromatic, _x‘adi()chemical,
and miscellaneous paramét_ers. The accuracy values are based on the percent recbveriés of the
laboratory control samples, and the precision values are based on the relative percent difference
between duplicates. The data population size associated with each accuracy and precision value
is listed as."N." Data points presented in this table include groundwater,‘ surface water, spring
and seep, and NPDES samples only.
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TABLE 10-5 WSSRAP Validation Summary for Calendar Year 1996
- NO. OF DATA ,
NO..OF POINTS NO. OF -
DATA SELECTED . DATA
CALENDAR POINTS "~ FOR PERCENT POINTS PERCENT
QUARTER | COLLECTED | VALIDATION | SELECTED | VALIDATED | VALIDATED
Quarter 1 8288 879 10.6% 879 100.0%
Quarter 2 12615 1710 ' 13.6% 1710 - 100.0%
Quarter 3 24098 2484 ' 10.3% 2484 100.0%
Quarter 4 23504 2439 10.4% 2439 100.0%
1996 Total 68505 7512 " 11.0% - 7512 100.0%
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TABLE 10-6 Annual Data Validation Qualifier Summary for Calendar Year 1996
NO. OF DATA POINTS
ANIONS | METALS | MISCELLANEOUS | NITROAROMATICS | RADIOCHEMICAL [ SEMIVOA | VOA TOTAL
‘|Accepted 50 301 14 10 75 48 248 746
Rejected 2 T3 4 ‘1' 1 0 8 19
On Hold 0 0 0 - 0 0 0 0 0
Not Validatable [ O 0 0 0 0 0 0 0
Pending | 0 0 0 0 0 0 0 0
Total 52 304 18 1 76 48 256 765
PERCENTAGES
Accepted 96.2% | 99.0% 77.8% 90.9% 98.7% 100.0% | 96.9% 97.5%
" Rejected 3.8% 1.0% 22.2% 9.1% 1.3% 0.0% 3.1% $2.5%
On Hold 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%" 0.0%
Not Validatable| 0.0% | -0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
 |Pending 0.0% 0.0% 0.0% 1 0.0% 0.0% 0.0% 0.0% 0.0%
Total| 100.0% | 100.0% 100.0% 100.0% 100.0% | 100.0% 100.0%
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TABLE 10-7 Laboratory Accuracy énd Precision Summary for'CaIéndar Year 1996

LABORATORY PRECISION

LABORATORY ACCURACY
PARAMETER N | AVERAGE | MINIMUM | MAXIMUM | AVERAGE | MINIMUM |MAXIMUM

HONS " ' , |
Bromide 2 99.0 99.0 99.0 2.8 2.8 2.8
Chloride - 8 101.7 37.0 107.0 4.1 0.0 7.9
Fiuoride 6| 920 |' 791 101.9 1.7 0.0 3.1
Nitrate-N 17| 1021 | 980 105.6 5.9 0.0 12.6
Sulfate 19| 958 ‘| 860 102.2 7.4 0.0 16.0
METALS

{Aluminum (Al) 11 108.0 102.4 119.8 1.7 ‘040 6.8
Antimony (Sb) 13] 1002 | 912 106.3 1.6 0.3 3.6
IArsenic (As) 13 101.4 - 88.9 112.1 1.0 ‘0.1 2.5
Barium (Ba) 12| 1005 | 957 103.6 1.0 0.5 1.6
Beryllium (Be) 9 106.5 . 98.6 113.5 1.7 0.1 27
Cadmium (Cd) 11| 1036 96.2 107.3 1.1 0.1 2.9
Calcium (Ca) 7| 1031 95,5 110.1 1.6 1.3 2.4
Chromium (Cr) 21| 103.0 97.2 107.8 0.8 0.1 19
Cobalt (Col 9| o998 93.6 1103.2 1.3 0.3 1.8
Copper (Cu) 16| 102.3 96.5 -106.2 1.6 0.2 2,6
iron (Fe) 18| 100.7 85.0 108.4 - | 42 0.5 8.9’
Lead (Pb) {15] 1016 93.5 109.9 1.7 0.0 12.9
Lithium (Li) 10| 103.8 97.6 110.4 0.5 0.2 1.2
Magnesium (Mg) 7| 108.1 94.2 1178 . 0.9 - 0.3 1.2°
Manganese (Mn) 19| 98.8 94.2 1 103.8 15 0.2 3.5
Mercury (Hg) 11| e89 | 91 103.7 2.5 0.0 10.6
Molybdenum (Mo) 12| 97.7 88.6 102.0 1.0 ' 0.2 2.1
Nickel (Ni) 9| 1028 95.4 105.2 1.2 0.5 2.4
Potassium (K) 7| 10as 98.3 108.7 1.3 0.4 2.6

[METALS {Continued)
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TABLE 10-7 Laboratory Accuracy and Precision S