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EXECUTIVE SUMMARY

This Weldon Spring Site Emvirommental Report for Calendar Year 2000 has been

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

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

site is in southern St, Charles County, Missouri, approximately 48 km (30 mi) west of 5t. Louis.

The site consists of twe main areas, the Weldon Spring Chemical Plant and raffinate pits and the

Weldon Spring Quarry. The chemical plant, raffinate pits, -and quarry are lor:.ated on Missouri
State Route 94, southwest of U.S. Route 40/61.

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

the environmental monitoring program, to identify trends and characterize environmental
conditions at the site, and to confirm compliance with environmental and health protection
standards and requirements. The report also presents the status of remedial activities and the
results of monitoring these activities to assess theit impacts on the public and environment.

This report inciudes monitoring data from routine radiological and nonradiological
sampling activities and summarizes special environmental study findings. These data inchide
estimates of dose to the public from the Weldon Spring site, estimates of effluent releases, and
trends in groundwater contaminant levels. Additionally, applicable compiiance requirements,
guality assurance programs, and special studies conducted in 2000 to support environmental
protection programs are discussed.

Dose estimates presented in this report are based on hypothetical exposure scenarios for :

nublic use of areas near the site. In addition, release estimates have been calculated on the basis

of 2000 National Pollutant Discharge Elimination System (NPDES) and air monitoring data.

Effluent discharges from the site under routine NPDES and National Emission Standards for
Hazardous Air Pollutams (NESHAP) monitoring were below permitted levels for radionuclides.

MONITORING OVERVIEW

WRSSRAP environmemtal management programs are designed to ensure that releases from '

the site are at levels demonstrably and consistently “as low as reasonabiy achievable” (ALARA).
The ALARA pricciple drives the work activities refated to site remediation and contaminant
cleanup programs vnder U.S. Environmental Protection Agency (EPA) enforcement of the
Comprehensive Emvironmertal Response, Compensation and Liability Act (CERCLA).

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

DOEOR/Z1543-B36, Rav. 0 1
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REGULATORY COMPLIANCE

The Weldon Spring site is listed on the National Priorities List (NPL) and is governed by
the CERCLA. Under the CERCLA, the WSSRAP is subject to meeting or exceeding applicable
or relevant and appropriate requirements of Federal, State, and local laws, Primary regulations
include the Resotirce Conservation and Recovery Act (RCRA), Clean Water Act (CWA), Clean
Air Act (CAA), Toxic Substances Control Act (TSCA), National Historic Preservation Act
{NHPA), and becanse the U.S. Department of Energy (DOE) is the lead agency for the site,
National Environmental Policy Act (NEPA) values are incorporated into CERCLA documents as
outlined in the Secretarial Policy statement on NEPA.

" The fotlowing major tasks were completed at the Weldon Spring site during 2000;

» Both the site and quarty water treatment plants completed water treatment during
2000. The site water treattment plant was dismantled during 2000, and the quarry
water treatment plant will be dismantled in 2001,

e Building 434 and the TSA, both RCRA and TSCA facilities, were closed in
accordance with 40 CFR 264 Subpart G, during calendar year 2000.

*  With the exception of a small portion of the administration area storm sewer line
(completed in 20031), all other remaining areas awaiting confirmation were
remediated and confirmed clean during 2000,

* Radon flux monitoring for the disposal cell was completed in accordance with 40
CFR 61, Appendix B, Method 115. The average was well below the regulatory
requirement of 20 pCi/m”/sec.

» The Remedial Design/Remedial Action Work Plon for the Quarry Residuals Operable
Uit was finalized in January 2000,

o The Interim Record of Decision for Remedial Action for the Groundwater Operable
Uit at the Chemical Plant Area of the Weldon Spring Site was 1ssued in September
2000, -

MONITORING SUMMARY

Environmental monitoring data showed that dose estimates were below the DOE
guidelines for the public of 100 mrem (1 mSv) ammal total effective dose equivalent for all
exposure pathways, NESHAP air monitoring results for radioactive air patticulates showed that
dose estimates were all weli below the NESHAP standard of 10 mrem (0.1 mSv) per year.

DOE/OR21548-88E, Rev. 0 2
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Raden menitoring at perimeter and critical receptor locations showed no Rn-220 or Rn-222
concentrations above background levels. -

Release estimates for totaf uranium in water (which include storm water and water from
the treatment plants) decreased from the 1999 release gstimate of 9.56 kg/yr (21.08 Ib/yr) to 5.38
kg/yr (11.84 1bfyr) in 2000, The annual release of total uraninm for 2000 was a 98.8% reduction
from the 1987 annual estimate. Effluent releases were below the DOE derived concentration
guide level of 600 pCyt. Data from groundwater and surfice water monttoring indicated no
measurable impact on drinking water sources from Weldon Spring site contaminants.

Dose Estimates

Radiation dose estimates are discussed in Section 5. A radiation dose equivalent from the
chemical plant and raffinate pits to a hypothetical maximally exposed individual was not
calculated. This was because all radon/thoron and gamma exposure results from critical
receptors were not distinguishable from background, and the only radicactive air particulate
station that was statistically above background was not in an area frequented by members of the
public. A radiation dose equivelent from the quatry to a hypothetical maximatly exposed
individual was also not calcutated since all monitoring results were indistinguishable from
background.

The total effective dosé equivalent to a maximally exposed individual at the vicinity
properties from consumption of water was 0.35 mrem (0.0035 mSv). This estimate is weil below
the DOE guideline of 100 mrem (1 mSv) annual total effective dose equivalent for all exposure
pathways. By comparison, the annual total effective dose equivalent in the United States due to
naturalty occurting sources of radicactivity is approximately 300 mrem (3 mSv).

The collective population effective dose equivalent was estimated to be 0.10 person-rem
{0.0010 person-Sv) for users of the Busch Memorial Conservation Area.

Air Monitoring

As discussed in Section 4, airborne releases frotn the Weldon Spring Chemical Plant area
include Rn-220, Rn-222 gas, their progeny, and radioactive airborne particulates. Radioactive
airborne particulates are assumed to include Ra-226, Ra-228, Th-228, Th—231} Th-232, and total
uraniem.

During 2000, no critical receptor or perimeter monitoring station recorded Rn-220 or
Rn-222 concentrations above background levels. Statistical analysis of integrated radon track
etch data indicated that the concentration at one interiof station near the raffinate pits was greater
than background levels. Statistical analysis of modified track etch detector data indicated that
one station at the raffinate pits and two stations at the|disposal cell exceeded background levels

DOE/QR21548 886, Rev. [ 3
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of Rn-220. All track etch results were below the derived concentration guide (DCG) for Rn-222
and Rn-220 of 3 pCi/l {0.11 Bg/).

The results of NESHAP monitoring for radicactive particulates, which are discussed in
Section 6, irdicated that all doses to the public at critical receptor locations were less than the
NESHAP standard of 10 mrem (0.1 mSv) per year. Critical receptor focations included the
Missouri Highway Maintenance Facility, Busch Memorial Conservation Area, Francis Howell
High School and Annex, the WSSRAP administration building, the nearest quarry residence, and
the Department of the Army Weldon Sprmg Trammg Area,

Asbestos monitoring was cnnducted in 2008 at Francls Howeli High School and three site
perimeter stations. All environmental asbestos menitoring results were below the EPA limit of
0.01 fiber/ml.

- NPDES Monitoring

In 2000, surface water runoff at the chemical plant transported urznicm from the site
through six major discharge routes that are identified in Section 7 of this report. The total mass
of uranium migrating off-site in storm water and treated effluent was 5.38 kgfyr (11.84 Ib/yr).
Based on naturai uranium activity ratios, this is equivalent to an activity of 0.0037 Cifyr
(1.35E8 Bgfyr). The total mass of uranium was less than the 1999 mass of 9.56 kg/vr
{21.08 Ib/yr). The graph below, also presented as Figure 11-5 in Section 11, shows that the total
mass of uranium migrating off site in storm water and treated effluent has decreased substantially
since remedial activities began, and is expected to decrease further still when the site is vegetated
and stabilized.

Annual average uranium concentrations at the NPDES outfalis were all well below the
derived concentration guideline of 600 pCifl. With respect to 1999 levels, average uranium
concentrations increased at Qutfalls NP-0004 and NP-0050(51), and decreased at Outfalls
NP-0002, NP-0003, NP-0005; NP-0007, NP-0010, NP-1001, and NP-1005. The increases and
decreases were generally slight. Historical uranium trends for the three major NPDES outfails
(ie., NP-0002, NP-0003, and NP-0005) are discussed in Sectien 11.

Radiological parameters at the outfalls were in compliance with NPDES permit
requirements during 2000, Other parameters were also in compliance with the exception of eight
storm water settieable solids results and one sewage treatment plant result. Details of these
exceedances are presented in Section 2.5. .

Missouri River sediment was monitored during 2000 in support of site and quarry water
' treatment plant operations, Sediment samples were taken from the river both upstream and
downstream of the treatment plant discharge sites and ana]yzed for uranium. The sample results
indicated that the treatment plant discharges have caused nec increase in uranium concentrations
in river sediment. :

DOE/OR/21543-686, Rev. D 4
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Surface Water

Surface water monitoring in 2000 indicated that contaminant concentrations were withiri
historic ranges. Average uranium levels at four of the five off-site surface water locations
downgradient of the chemical plant were lower than 1999 levels. One location slightly exceeded
ity 1999 average. Average uranium levels at five of the six off-site surface water locations near
the quarry were lower than 1999 levels.

Groupdwater

The groundwater monitoring programs included extensive monstoring for radiclogical
and chemical compounds, as discussed in Section 8. Contaminant levels generally remained
within historic ranges at all chemical plant and quarry groundwater locations.

At the quarry, radiological resuits for the St. Charles County well field remained within
background levels, and no detectable concentrations of the six nitroaromatic compounds were
observed. Detection monitoring for the quarry water treatment plant facility was discontinued

DOEIORI21548-586, Rev, { 5
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based upon an’ evaluation of the aﬁalyﬁcal data and cnmpletiﬂn" of the equalization basin
confirmation. ' '

Chemical plant area monitoring continued to show high concentrations of nitroaromatic
compeunds in the former Frog Pond area. Three new monitoring welis were installed to further
define the extent of contamination. In addition, TCE monitoring continued to be investigated

during 2000, Several new monitoring wells were installed in this area also to further define the
extent of contamination. :

Monitoring data from wells placed around the permanent disposal cell showed no
excceedances of baseline for radiological parameters. Several wells exceeded baseline leveis for
nonradiological contaminants, but these data are likely due to natural variations in the existing
contamination plume underlj.rmg the site. Detection monitoring for the temporary storage area
was discontinued based upon an evaluation of the analytical data and cumpletmn of
confirmation.

DOE/ORIZI548-856, Rev. O G
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ABSTRACT

This Site Environmerntal Report for Calendor Year 2000 describes the environmental
monitoring programs at the Weldon Spring Site Remedial Action Project (WSSRAP) The
chiectives of these programs are to assess actual or potential exposure to contaminant ¢ffluents -
from the project area by providing public use scenarics and dose estimates to demonstrate -
cotpliance with Federal and State permitted levels and regulations, and to summarize trends
and/or changes in contaminant concentrations identified through environmental monitoring,

No critical receptor lecation had results which statistically exceeded background;
therefore, no total effective dose equivalent {TEDE) was calculated. The maximum TEDE to a
hypothetical individual who frequents the Weldon Spring Vicinity Properties was 0.35 mrem
(0.0035 mSv). This estimate is below the U.S. Department of Energy {DOE) requirements of
100 mrem (1 mSv) annual total effective dose equivalent for all exposure pathways.

The combined collective population dose equivalent for the population assumed to
frequent the Busch Memorial Conservation Area and employees of the MHTD facility and
WSSRAP administration building was 0.10 person-rem {0.0010 person-Sv). |

Resnits from radiological air monitoring for the Naitonal Emission Standards for .
Hazardous Air Pellytants {(NESHAP) program indicated that the maximally exposed individual,
who resides continuously near the quarry, received an effective dose equivalent of 0014 mrem -
(0.0001 mSv) during 2000. This is well below the 1J.§. Enwronmental Protection Agency (EPA)
standard of 10 mrem (0.1 mSv} per year.

Comprehensive monitoring at the WSSRAP has indicated that emissions of radiological
compounds in airborne and surface discharges from the Weldon Spring site consisted primarily -
of Rn-220 gas, Rn-222 gas, isotopes-of thorium and radium, and natural uraniom. During 2000,
no critical receptor or perimeter monitoting station recorded Rn-220 or Rn-222 concentrations
above background levels. In additicn, there was no measurable impact to any drinking water
source from radionuclides.

Concentration limits are set for water pollutants in the NPDES permits. Parameters were
in compliance with the permit limits except on nine occasions, eight for settleable selids in storm
water and one for fecal coliform in sewage treatment plant effluent. The total mass of uranium
migrating off site in storm water and treated effluent during 2000 was 5.38 kg (11.84 Ib).
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‘1. INFRODUCTION

The Weldon Spring Site Remedial Action Project (WSSRAP) is part of the
U.S. Department of Energy (DOE) Environmental Restoration Program, one of the remedial
gction programs under the direction of the DOE Office of Environmental Management. This
Weldon Spring Site Emvironmental Report for Calendar Year 2060 summarizes the
environmental monitoring results obtained in 2000 and presents the status of Federzl and State
compliance activities.

DOE requirements for envircnmental menitoring and protection of the public, the
mandate for this document, are designated in DOE Order 54001, General Environmenial
Protection Program; DOE Order 5400.5, Radiation Protection of the Public and Environmen,
and the impiementation gnide for DOE Order 5400.5, Emironmental Regulatory Guide for
Radiclogical Effluent Monitoring and Environmental Siprveillance.

In 2000, envircnmental monitoring activities were conducted to support remedial action
under the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA),
the Clean Air Act (CAA), the National Environmental Policy Act (NEPA), the Clears Water Act .
{CWA), and other applicable regulatory requirements. The monitoring program at the WSSRAP
has been designed to protect the public and to evaluate the effects on the environment, if any,
from remediation activities.

The purposes of the Weldon Spring Site Envirowsnental Report fw Cafendar Year 2000
include:

¢ Providing general information on the WSSRAP and the current status of remedial
activities.

* Presenting summary data and interpretations for the 2000 environmental monitoring
program.

» Providing information regarding ongoing remedial actions.

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

» Providing dose estimates for public &xpusure to radiplogical compounds due to
remedial activities at the WSSRAP.

DOEMOR2 545-866, Rev, O 1
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+ Summarizing trends and/or changes in contaminant concentrations to suppott
remediai  actions,” ensure public safety, maintain surveillance monitoring
requirements, and demonstrate the effectiveness of the remediation.

1.1 Site Description

The Weldon Spring site is in southern St. Charles County, Missouri, approximately
4% km (30 mi) west of St. Louis, a3 shown in 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 91 ha (226 acre) area that eperated 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 (polychiorinated biphenyls IPCRs],
nitroaromatic compounds, metals and inorganic ions) contaminants were found in the scil in
many areas around the site. Raffinate pits on the chemical plant site consisted of four settling
basing that covered appreximately 10.5 ha (26 acres), as shown in Figure 1-2. These pits were
characterized as being contaminated with uranium and thorium residues and chemiical
contaminants including nitrate, fluoride, PCBs, and varicus heavy metals (Ref. 2). The four
raffinate pits have all beer: remediated and backfilted as of 2000,

The Weldon Spring Quarry is a former 3.6 ha (9 acre) limestone quarry south-southwest
of the chemical plant area (Figure 1-3). The quarry is essentially a closed basin; surface water
within the tim flows to the quarry floor and into & sump. The amount of water in the sump varies
in response t¢ quatry water treatment plant operations and precipitation. Bulk waste stored in the
quaity contained radiological and chemical contaminants inchuding uranivm, radium, thorium,
metals, nitrates, PCBs, semivolatile organic compounds, nitroaromatics, and asbestos (Ref. 1).
The quarry bulk waste removal operation was completed in 1995, Residual contamination was
remediated during 2000, and backfilling of the quarty is scheduled to be begin in 2001.

1.2 Site History

From 1941 1o 1945, the U.S. Department of the Army produced trinitrotoluene (TNT)
ang 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. Memorial
Conservation Area) and to the University of Missonri (agricultural land). Except for several

small parcels transferred to St. Charles County, the remaining property became the Army
training area.

COEMDR/241548-586, Rev, 2
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Through a Memorandum of Understanding between the Secretary of the Army and the
General Manager of the Atomic Energy Commission {(AEC), 83 ha (205 acres) of the former
ordnance works property were transferred in May 1955 to the AEC for construction of the
Weldon Spring Uranium Feed Materials Plant (WSUFMP), now referred to as the Weldon
Spring Chemical Plant. Considerabie explosives decontamination was performed by the Atlas
Powder Company and the Army orior to WSUFMP construction. From 1958 until 1966, the
WSUFMP converted processed uranivm 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 1938, the AEC acquired title to the Weldon Spring Quarry from the Army. The Army
had used it since 1942 for burning wastes from the mamifacture of TNT and DNT and disposal
of TNT-contaminated rubble during the operation of the ordnance works. Prior to 1942, the
quarry was mined for limestone aggregate used in the construction of the ordnance works. The
AEC used the quarry from 1963 to 1969 as a disposal area for uranium residues and & small
amount of thornum residue. Matenal 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 radinm, Other radicactive materials in the
guarry included 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 uss 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 instalied.
The Army retained responsibility for the land and facilities of the chemical plant, but the 20.6 ha
{31 acre} tract encompassing the Weldon Spring raffinaie pits was transferred back to the AEC.

The Weldon Spring site was placed in caretaker status from 1981 through 1985, when
custody was transferred from the Army to the Depastment of Energy. In 1985, the DOE
proposed designating control and decontamination of the chemical plant, raffinate pits, and
quarry as & major project. A Project Management Contractor (PMC) for the Weidon Spring Site
Remedial Action Project was selected in February 1986. In July 1986, a DOE project office was
established on site, and the PMC, MK-Ferguson Company and Jacobs Engineering Group, Inc.,
assumed control of the site on October 1,,1986. The quarry was placed on the Environmentat
Protection Agency's Nationial 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, and waste history of the -

Weldon Spring site is available in the Remedial Investigation for Quarry Bulk Wastes (Ref. 1)
and the Remedial Investigation for the Chemical Plant Area aof the Weldon Spring Site (Ref. 2).

DOEOR/21545-856, Rey. 0 G
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1.3 Geology and Hydrogeology

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

(Ref. 3).

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

There are three bedrock aquifers underlying St. Charles County. The shallow aquifer
consists of Mississippian Limestones, and the riddle aquifer consists eof the Ordovician
Kimmswick Limestone. The deep aquifer includes formations from the top of the Qrdovician
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 Weldoen 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 racks dip to the northeast
at a gradient of 11 m/km to 15 m/km (58 f/mi to 79 fi/mi) (Ref. 4). Massive guatemary deposits
of Missouri River alluvium cover the bedrock to the south and east of the quarry.

1.4 Surface Water Systemn and Use

The chemical plant and raffinate pits area is on the Missouri-Mississippi River surface
drainage divide, as shown in Figure 1-4. Elevations on the site range from approximately 185 m
(608 ft) above mean sea levet {msl) near the northern edge of the site to 223 m (730 ft) above ms!
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 Qzark Platean
physiographic province (Ref, 3).

No natural drainage channels traverse the site. Drainage from the southeastern portion of
the site generally flows southward to a tributary referred to as the Southeast Drmnage (5300
Drainagewsy) that flows to the Missour: River.

In the suerounding 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
conservation area, although some may cccur. No surface water is used for irrigation or as a
public drinking water supply. The northern and western portiens of the chemical plant site drain

ROB/ORIZ{548-868, Rev. O 7
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to tributaries to the Busch Lakes and Schote Creek, which in turn enter Dardenné Creek, which
ultimately drains to the Mississippi River. ' '

Four sedimentation basins were used to minimize discharge of sediment from the site
during remediation efforts in 2000. One basin was downstream of the Ash Pond area and was
relocated to allow remediation of Ash Pond and the sedimentation basin. The relocated basin
cotlected water that had been diverted around the Ash Pond area. A second basin collected water
from the northeast section of the site and discharged to outfall NP-0002, This basin was used as
a retention basin during 2000 before it was remediated and removed. The sedimentation basin
was reconstructed just upstream of outfail NP-0002 during 200G to settle water from the
NP-0002 watershed. A third basin was created when the site water treatment plant and
associated basins were removed and remediated. This basin is the depression from the old
Sedimentation Basin 5 and captures runoff from the site water treatment plant area that is then
discharged, after settling, by pumping to outfall NP-0005. The fourth basin is just upstream of
NP-0010 and collects runoff from a portion of the construction material staging area (CMSA).
These basins are discussed in more detail in Section 7.

The Weldon Spring Quarry is sitvated on 2 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 ot 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 swmp that accumulates direct rainfail within the
quarry. Past dewatering activities in the quarry suggest that the sump interacts directly with the
local groundwater. Bulk waste removal, which included removal of some sediment from the
sump area, was completed at the quarry during 19953, The surface area of the sump remains at
0.67 ha (0.2 acres). The quarry pond is not used for any operational or public water supply and
1s maintained by the DOE within an access-controlled and restricted area.

The Femme Osage Slough, located approximately 213 m (700 ft) south of the quarry, is a
2.4 ke (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 & levee system around the University's experimental farms {Ref 4). The slough
is currently 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 acre) Busch Conservation Area io the north, the 2,977 ha (7,356 acre)
Weldon Spring Conservation Area to the east and south, and the Howeli Isiand Conservation
Area, an island in the Missouri River which covers 1,031 ha (2,548 acres) (Figure 1-4). The
wildlife areas are managed for multiple uses, including timber, fish and wildlife hzbitat, and
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recreation.  Fishing comprises a relatively large portion of the recreational use. Seventeen
percent of the area consists of open fields that are leased to sharecroppers for agricnltural
production. Inthese areas, a percentage of the crop is left for wiidlife use. The main agricultural
products are cotn, soybeans, milo, winter wheat, and legumes (Ref. 5). The Busch and Weldon
Spring Conservation Areas are open },rear-rnund and the number of annual visits to both areas
totals about 1,200,000.

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

{Ref. 4).

1.6 Climate

The climate in the Weldon Spring area is continental with warm to hot summers and -
moderately cold winters. Alternating warmv/cold, wet/dry air masses converging and passing
through the area cause frequent changes in the weather. Although winters are generally cold and
summers hot, prolonged periods of very cold or very warm to hot weather are unusual.
Occasional mild periods with temperatures above freezing occur almost every winter and cool
weather interrupts periods of heat and hurnidity in the summer {Ref. 6).

The National Oceanic and Atmospheric Administration has published the following
information based on analysis of long-term meteorotogical records for the St. Louis area. Taking
into account the past 30 years of data, the average annual temperature is 13.4 C (56.1°F). The
average daily maximum and minimum temperatures are 18.6°C (65.4°F) and 8.2°C (46.7°F),
respectively,. Maximum temperatures above 32.2°C (90°F) occur sbout 40 days per year.
Minimum daily temperatures below 0°C (32°F) oceur zbout 100 days of the year. Temperatures
below -18°C (0°F) are infrequent, oceurring less than 5 days per year, Mean annual precipitation
in the area is approximately 95.0 ecm {37.5 in.).

Wind data recorded on site since 1994 indicate that prevailing winds are from the south
and southwest. The average wind speed recorded during 2000 was 2.8 m/s (6.3 mph), and the
predominant wind direction was from the south-southwest.

The meteorological station located ai 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
accunwlation. Data from this station are used to assess metearological conditions and air
transport and diffusion characteristics, which help determine possible impacts of airborne
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contaminant releases. In addition, precipitation data are used to comelate water level fluctuations
and contaminant concentrations in surface water and groundwater wells.

On-site meteorclogical data recovery exceeded 99% in 2000. Precipitation, temperature,
wind speed, and wind direction results are in Table 1-1. These data wére validated by an off-site
meteorological specialist and met EPA quality assurance criteria. Precipiation was about 10%
higher than normal for the St. Louis area; however, average recorded temperature, wind speed,
and wind direction were all within historical ranges.

Table 1-1 Monthly Meteorological Monitoring Results for 2000

AVERAGE
TOTAL PRECIP AVERAGE TEMP WIND SPEED PREDOMINANT WIND

MONTH {CM) {(DEGREES C) {M/SEC) DHRECTION
January 2.7 . 0.5 3.2 S5W -13.1%
February g1 6.2 3.5 8 —16.8%
March 5.6 8.5 1 S5W - 12.7%
April 5.5 13.2 a3 MWW — 11,94
May 19.6 16.9 2.8 &~ 22 0%
Jung 23.8 : . M7 2.5 S8W - 10.3%
July ' 7.8 24.2 1.8 S8W ~— 15.2%
August 7.8 25.7 2.1 ) S5W - 15.2%.
Saptember 6.5 20.0 .24 5=-177T% .
Octaber 5.1 158 2.3 S5W —18.8%
Howvarnber .1 4.7 3z BB WY - 18 4%
Decamber 3.4 -5.9 a3 W — 18, 7%
Annusl 104.2 12.8 28 S8W (13.7%,)
Average/Total .

An anmazl wind rose is presested as Figure 1-5, Fagures 1-6 through 1-% are wind roses
for each quarter of 2000.

1.7 Land Use and Demography

The population of St. Charles County in 2000 was 283,883, Twenty percent of the
population lived in the city of St. Charles, approximately 22.4 km (14 mi) northeast of the
Weldon Spring site. The population in St, Charles County has increased by about 30% over the
past 10 years. The two communities closest to the site are Weldon Spring and Welden Spring
Heighis, about 3.2 km {2 mi) to the northeastt The cembined population of these two
communities in 2000 was 5,349, No private residences ¢xist between Weldon Spring Heights
and the site. Urban areas occupy about 6% of county land, and nonurban areas occupy 90%; the
remaining 4% is dedicated to transportation and water uses (Appendix A).

DOE/CR21 548-856, Rav. O 1t
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Francis Howell High School (FHHS) and the Missouri Highway and Transportation
Department (MHTD) Weéldon Spring maintenance facility are both within 1 km (0.6 mi) of the
site {Figure 1-4). Francis Howell High School is about 1 km (0.6 mf) northeast of the site along
Missouri State Route 54. The school employs approximately 150 faculty and staff, and about
1,500 students aitend school there (Appendix A). Students and staff generally spend about
7 hours to 8 hours per day, 36 weeks per year, at the school. At least 7 employees work at the
school year-round. The buildings are also used for other activities, such as athletic events and-
school meetings. 1n addition, approximately 53 fuli-time employees worked at the high school
annex, and about 50 bus drivers spent 3 hours/day at the annex during 2000. The METD
facility, located adjacent to the north side of the chemical plant, employs 11 full-time employees

{Appendix A).

- About 300 ha (741 acres) of land east and southeast of the high school is owneéd by the
University of Missouri. The northern third of this land is being developed into a high-technology
research park. The conservation areas adjacent to the WSSRAP are operated by the Missouri
Depariment of Conservation and employ about 438 people.

The Army Reserve Training Area is to the west of the WSSRAP and periodically is
visited by Department of the Army (DOA) trainees and law enforcement personnel. In addition,
one full-time employee worked for 6 months and 10 full-time subcontract personnel worked for
about 8 months &t the Training Area in 2000. One DOA employee worked at the office on the
reserve property 2 days per week for 52 weeks (Appendix A).

DOEAOR/21248-886, Rev. O 17
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2, ENVIRONMENTAL PROTECTION/RESTORATION PROGRAM OVERVIEW
2.1 Project Purpose

The U.S. Depariment of Energy (DOE}) 13 respensible for the remedial action activities at
the Weldon Spring site. The project is known as the Weldon Spring Site Remedial Action
Project (WSSRAP). The major goals of the WSSRAF are to eliminate potential hazards to the
public and the environment posed by the waste materials on the Weldon Spring site and to the
extent possible, make surplus real property available for other uses.

Remedial actions are subject to U.S. Environmenial Protection Agency (EPA) oversight
under the Comprehensive Environmential Response, Compensation and Liability Act {CERCLA).
Renedial 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 applicabie
Federal, State, and local compliance requirements and the current status of compliance activities
at the Weldon Spring site and incorporating National Environment Policy Act (NEPA) values
into CERCLA documents as cutlined in the DOE Secretarial Policy Statement on NEPA

2.2 Project Management

In order to manage the WSSRAFP under CERCLA, the proposed strategy for remedisl
activities at the Weldon Spring site is organized into the foliowing four separate operable units:
Weldon Spring Quarry Bulk Waste, Welden Spring Chemical Plant, Groundwater, and Quarry
Residuals. The Weldon Spring Quarry Butk Waste Operable Unit included all wastes deposited
in the quarry and their removal. The Weidon Spring Chemical Plant Operable Unit includes the
original chemical plant buildings, contaminated soils, raffinate pits, quarry bulk wastes that were
staged at the temporary storage area (TSA), vicinity properties, and surface waters within the
chemical plant boundary. The Groundwater Operable Unit includes the groundwater at the
chemical plant and vicipity areas. The Quarry Residuals Operable Unit includes the quarry
proper (post-bulk waste removal), surface waters, and groundwater,

2.3 Environmental Monitoring ngram Overview

The overall goal of the WSSRAP is different from that of most operating and production
facilities for which DOE Order 3400.1, General Environmenial Protection Program, was
developed. At the WSSRAP, environmental monitoring is conducted as required by DOE
Order 5400.1 to measure and monitor effluents and to provide surveillance of effects on the
environment and public health. In addition to these ubjacnves environmental monitoring
activities support remedial activities under CERCLA. This requires a careful integration of
WSSRAP activities to implement all the environmental and public health reqmremems of
CERCLA, DOE orders, and other relevant Federal and State regulations.

DOE/QR/Z1548-885, Rev. O ig
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The WSSRAP also complies with DOE Order 5400.1 requirements for preparation and
maintenance of an Environmental Monitoring FPlan (EMP) (Ref 8). The EMP details the
schedule and analyses for performing effluent monitoring and surveillance activities. '

The WSSRAP environmental protection program involves radiological and chemical
environmental monitoring and is separated into two distinct fimctions: effluent monitoring and
environmental surveiliance. Effluent monitoring assesses the quentities of contaminants in
environmental media at the facility boundary, in comaminant migration pathways, and in
pathways subject to compliance with applicable regulations (e.g., National Emission Standards
for Hazardous Air Pollutants [NESHAP]). 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 environment.

The WSSRAP radiological environmental monitoring program invelves sampling various
media for radiological constituents; primarily total uranium (U-234, U-235, and 1J-238), Ra-226,
Ra-228, Th-228, Th-230, and Th-232. These radionuclides are the primary radiological
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 quaity for
air particulates, ambient gamma radiation, and radon and thoron gas. Radiological monitoring is
alse conducted on National Pollutant Discharge Elimination System (NPDES) discharges,
streams, lakes, ponds, groundwater, and springs. Based on historic data and complstion of
virtually all radioactive waste handling activities, air monitoring at the perimeter and off-site
locations ceased at the end of calendar year 2000.

Chemical environmental monitoring is primarily conducted at the chemical plant and
quarry areas, but also includes monitozring at off-site locations to confirm that no releases have
occurred. The nenradiological compounds inciuded in the routine 2000 monitoring program are
metals, inorganic ions (nitrate and sulfste), TCE, and nitroaromatic compounds. Other non-
radiological parameters monitored as part of the emvironmental monitoring program include
asbestos at site perimeter air monitoring locations and Francis Howell High School.

2.4 Project Accomplishments in 2000

Several activities were completed in 2000 under the overall plan for remediation of the
site. Major accomplishments for the operable units are detailed below.

DOE/OR?1548.886, Rey. O 19
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2.4.1 Weldon Spring Chemical Plant Operable Unit
2.4.1.1 Site Water Treatment Plant and Quarry Water T reatment Plant

The site water treatment plant completed water treatment in May of 2000, The plant was
demolished and piaced in the cell. The quarry water treatment plant completed water treatment
in December of 2000, Decommissioning of the plant was started in December of 2000, The
plant is scheduled for demeclition in April 2001. It will be placed in the ceil.

Two mobile systems have been permitted to replace the quarry and site water treatment
plants. These are the Retention Basin lon Exchange (RBIX) System and the Train 3 Mobile
Treatment System. The RBIX has a nominal treatment capacity of 250 gallons per minute, and
Train 3 has a nominal capacity of 50 gallons per minute. Both systems utilize solid media
cartridge filters to remove suspended solids and Dowex 21K XLT lon Exchange media to
remove dissolved uranium. Additional treatment technologies can be added to these units as
needed.

2.4.1.2 RCRA/TSCA Storage

Building 434 and the temporary storage area were Resource Conservation Recovery Act
(RCRA} and Toxic Substances Cantrol Act (TSCA) facilities. Both were closed in accordance
with 46 CFR 264 Subpart G and the RCRA Closure Document (Ref. 7} during the year 2000.
Demolition of Buiiding 434 began on March 21, 2000, and cleanup confirmation was completed
May 1, 2000. Remediation of the temporary storage area began in 1999, and cleanup
confirmation was completed on May 16, 2000,

2.4.1,3 Disposal Cell

With the exception of a smail pertion of the administration area sanitary sewer line, all
remaining areas awaiting confirmation were remediated and confirmed clean during 2000

All 3:1 slopes were completed, as was most of the “collar,” or transition zone from the
3:1 slopes to the 4:1 slopes.

Placement of 99.5% of the total amount of weste, leaving a small depression (known as
the “dimple”) for minor amount of waste generated in 2001,

The cell cap was covered with soil and seeded for the winter to reduce erosion. This
effort was successful, and erosion was greatly reduced from the upper portion of the disposal
cell.

Radon ftux monitoring was performed on the top of the first foot of disposal cell’s radon
barrier during 2000, The monitoring method used to determine the average radon flux from the

DOE/DRZ1548-886, Rey. 0 a0
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WSSRAP disposal cell is approved by the U.S. Environmental Protection Agency (EPA) and is
found in 40 CFR 61, Asjpendix B, Method 115, The average was well below the regulatory
requirement of 20 pCi/m‘/sec. A summary of these results is in Section 11.2.

Senti-annual groundwater compliance monitoring for the disposal cell continued in 2000,
Analytical data for this effort can be found in Section 8, Groundwater Monitoring.

2.4.1.4 Raffinate Pits

The remaining two raffinate pits, Raffinate Pits-1 and 2, were successfully remediated
and confirmed during 2000. Raffinate Pits 3 and 4, which were confirmed during previous years,
were brought to final grade.

2.4.2 Weldon Spring Quarry Bulk Waste Operable Unit
This operable unit was officially closed in April 1997,
2.4.3 Weldon Spring Quarry Residuals Operable Unit

The Remedial Design/Remediad Action Work Plam for the Quarry Residuals Operable
Unit (Ref. 49) was finalized in Jasuary 2000. This plan provides the transition from the
environmental documentation phase (RI/FS/ROD) to final design and implementation of the
selected remedial action and supporting field studies. Activities performed during calendar year
2000 included: )

Characterization of the northeast slope and Snake Pit Area.
Construction of the Quarry Interceptor Trench System,

Initiation of the Quarry Interceptor Trench System field study.
Excavation of residually contaminated soils in the quarry proper.

2.4.4 Weldon Spriag Groundwater Operable Unit

The Interim Record of Decision for Remedici Action for the Groundwater Operable Unit
at the Chemical Plant Area of the Weldon Spring Site (Ref. 20) was issued in September 2000,
This document presents the selected interim remedial action for the Weldon Spring Groundwater
Operable Unit. This action provides for remediation of trichloroethylene (TCE) contaminated
groundwater in the chemical plant area. The other contaminants of concern will be addressed in
the final Record of Decision that will be issued at a later time.
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2.5 Incident Reporting - Environmental QOccurrences in 2000

In accordance with DOE Order 5400.1, Chapter II, 2.(b), field organizations are required
to prepare annual summary reports on environmental occurrence sctivities and to report this
information in the annual site environmental report.

In 2000, eight off-normal occurrences of an environmental nature were reported under
DOE Order 232.1A, Qccurrence Reporting and Processing of Operations Information.
Table 2-1 lists these occurrences and each is discuysed in the following paragraphs.

Tabie 2-1 Environmental Occurrences Calendar Year 2000

OCCURRENCE REPORT RUMBER | OCCURRENCE DATE SUBJECT OF OCCURRENCE
2000-8001 Q172700 WPDES permit exceedance.
2000-0002 0219400 Release of reportalya quantity.
2000-0003 022100 NPDES permit exxceadance.
_2000-0005 224100 Bypags of retention basin.

2000-0008 0421100 NFDES parmit excesdance,
2000-0003 05411410 NPDES permit excesdance.
2003-0011 05431700 NEDES permit exceedance,
20040-0017 07/28/00 NPDES parmit excesdancs, .

Qgcurrence 2000-0001

On January 20, 2000, the quarterly compliance effluent sample for the sewage treatment
plant outfall (NP-0006) was collected. The water was reported to appear slightly turbid with a
light brownish color. The analytical data were received on January 27, 2000, and the results for
fecal coliform were reported as TNTC (foo numerous to count). The laboratory reported that an
upper level for detection was approximately 15,000 colonies per 100 ml. The permitied daily
maximum for outfall NP-0006 is 1,000 colonies per 100 mi, Standard conditions of the permit
required the exceedance to be reported to the Missouri Department of Natural Resources within
five days of discovery of the event.

A letter was sent to MDNR on January 28, 2000, reporting the exceedance of the fecal
coliform permit limit,

Ocourrence 2000-0002

On Febrnary 17, 2000, during waste hauling operations between the adjacent Army site
and the DOE-WSSRAP site, hauling operations into the engineered disposal facility were halted
due to inclement weather. As a contingency, the jead phosphate contaminated soils were placed
in a staging area adjacent to the disposal facility. All but 32 cy of the soil was immediately
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transferrad into the disposal cell using equipment capable of operating in those conditions. The
remaining 32 ¢y were transferred to the cell the next day (February 18, 2000). However, the -
staging area was not an engineered facility; therefore, it was determined that as a result of
placement of the soils in this area, a CERCLA reportable quantity {RQ) for lead phosphate had
been excegded The RQ for lead phesphate is 10 .pounds, and it was calculated that
approximately 403 pounds had been placed in the staging area. This determination was made on
February 19, 2600, and the National Response Center was called to repost the reportable quamlty
exceedance.

Occurrence 2000-0003

_ Starm water samples collected the moming of February 18, 2000, at two NPDES cutfalls
exceeded the permit limit of 1.0 mlfli/hr for settleable solids. There had been an overnight
rainfall of approximately 3 in. Settleable solids for outfalt NP-0002 were 50 ml//hr with a flow
of 722 gpm. The water was noted as being very turbid and brown. Settleable solids for outfall
NP-0003 were 2 mlfl/hr with a flow of 888 gpm. This water was also noted as being very furbid
and brown,

The preliminary analytical results of outfall NP-00G3 were received on March 1, 2000.
Results indicated that arsenic, chromium, and lead exceeded the NPDES repnrtmg level for each
of these metals for the above sampling event.

For this event, Thorium-23C exceeded historical data. -An investigation to determine the
source concluded as follows:

“Results of various sampling efforts indicate that the contamination was transperted to,
Qutfail 3 along the diversion ditch, and that the source of the contamination was runoff
from the contaminated haul road and parking area.

“The diversion ditch was designed to direct storm water ranoff from ¢ontaminated areas
such as the haul road and the contaminated equipment parking lot through the
sedimentation basin prior to discharge. The purpose of this design was to remove
potentially contaminated suspended solids. The diversion ditch contained sediments that
exhibited thorium levels that were sufficiently above background to indicate that it was
the contaminant transport route to Gutfall 3,

“Efforts to characterize the potential sources of the contamination have been completed,
and the potential source areas have been successfully located and bounded. Immediate
steps have been taken to eliminate or reduce these contaminznt sources in order to
prevent recurrence of elevated thorium. Further, long-range plans ar¢ in place to perform
regular monitoring and maintenance of the subject areas. The measures detailed in this
report and appendixes appty a graded approach to managing contaminants along the haul
route. These measures will minimize the contaminated solids availabte for mobilization
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during runoff events, and therefore should maintain the concenirations at the outfall at an
acceptable level throughout the remainder of contaminated haul operations.”

Occutrenge 2000-0005

On February 22, 2000, at approximately 1040 hr a minor leak was discovered in the
HDPE pipeline that carries retention basin water (disposal cell mnoff and leachate) from the
basins to the site water treatment plant. The leak occurred at the point where the pipe crosses
under the emtrance road near Gate H. At the time, water was being transferred from Retention
Basin 1 to Holding Pond 3 at the treatment plant. The pump was shut off and locked out of
service as soon as possible (within 10 minutes after discovery of the leak), and the pipe was
drained as quickiy as possible, Pumping had started at 1450 hr the day before (February 21,
2000) and continued until the leak was discovered. No lezk 'was noticed on February 21. The
leak occurred where it would naturally drain to outfall NP-00035.

Although it was suspected that the water met discharge limits at outfalls NP-0007 and
NP-000S, this water was required to discharge at outfail NP-0007; therefore, the project was
required to report the leak to the Missouri Department of Natural Resources under the bypass
provisions in the NPDES Permit Standard Cond#ions Part 1, Section A.5.B.

The notification letter was sent to the State on March 1, 2000,

Qccurrence 2000-0008

On April 20, 2000, a storm water sampie was collected at ontfall NP-0002. This outfall
15 the storm water outlet for the north portion of the site. The precipitation received over the
previous 12 hours was 0.44 in , and the flow was 61 gpm. The water was very turbid and brown.
The settleable solids were 36 ml/i/hr with & limit of 1.0 ml/i/hr. The pH was 7.86.

The suspected contributing cause was a large unvegetated area upstream of the outfall.
The Frog Pond area had been filled and graded, but not yet seeded, in preparation for rock
storage. Sedimentation Basin 1 had been cleaned oat. Surface water from two-thirds or more of
that area flows directly off site through NP-0002. Rock check dams were in place, but were not
adequate to control fine clay particles. The Erosion and Sediment Control Officer was present at
sampling and recommended that the area be seeded and strawed as soon as possible. The
NPDES exceedance was required to be reported to MDNR in writing within 5 days.

A letter was sent to the MDNR on April 24, 2000, addressing the exceedance of the
settleable solids level for NPDES permit MO-0107701.
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Occurrence 2000-00092

Over the weekend of May 6-7, 2000, approximately 5 in. of rain fell at the site.
Sedimentation Basin 4 was filled with water, and on May 8 the basin valve was opened and the
water sampled for NPDES permit monthly parameters, Settleable solids were in compliance at
<1.0 ml/¥/hr. The valve was left open and pumping was initiated to lower the pond level to gain
capacity in anticipation of an additional expected storm. Pumping was stopped at the end of the
day and restarted the next day, May 9. During the afternocn of May 9 it was observed that the
liquid being pumped off site had a murky appearance, and a sample was taken at Outfall 3. The
settleable solid sample resuits for the liquid were 80 ml/l/hr. {The NPDES permit Hmit is 1.0
ml/lhr.) Tt was determined that the water in the pond had been pumped down to the top of the
sediment layer. A letter dated May 12, 2000, was sent to the MDNR notifying them of the event.

T 0011

A storm water runoff sample was collected at outfall NP-0002 on May 26, 2000, at
approximately 1430 hr. Precipitation had been approximately 1 in. over the previous 8 hours.
The sample was collected in response to an observation by a Busch Wildlife Area employee that
water flowing inte Lake 36 was somewhat turbid, The settleable solids were reported at 50
ml/Ihr with an NPDES permit limit of 1 ml/l/hr,

There is & large unvegetated area upstream of the cutfall. In addition, runoff from the cap
of the disposal cell, which was under cnnstmction, flows io this drainage. The cell cap was
unvegetated at that time. Rock check dams were in place, and a silt fence had been installed
along the length of the channel where Sedimentation Basin 2 had been remediated.

Standard conditions of the NPDES permit required the exceedance to be reported to the
MDNR in writing within 5 days of discovery of the event. A letter was sent on May 31, 2000,
reporting the exceedance of the settleable solids level for NPDES permit Mﬂ-ﬂlﬂi"?ﬂl The
Erosion Control Officer made a field inspection, and the PMC performed an Engmeenng
Assessment, On the basis of the findings, the subcontractor initiated efforts to minimize erosion,

Occurrence 2000-0017

This occurrence was an accumulation of three separate storm water sampling events,

¢ Occurrence 1 — A storm water sample was collected at outfall NP-0002 on July 28,
2000, at approximately 0908 hr. Flow was 198 gpm, and the water was very turbid.
There were thunder showers before and during the sampling event, Sestleable solids
were 80 ml/l/br with a permit limit of 1.0 ml/l/hr,
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» Occurrence 2 — A storm water sample was collected at outfall NP-0002 on September
12, 2000. Flow was approximately 150 gpm, and the water was very turbid. There
was a 0.94 in rainfall the night before. Settleable solids were 20 ml//hr with a
permit limit of 1.0 ml/l/hr.

s (ccurrence 3 — A storm water sample was collected at cutfali NP-0002 on October 5,
2000. There had been approximately 1.0 in. of rainfall overnight and during the next
morning. Settleable solids were 1.2 ml//hr with a permit limit of 1.0 mlA/hr,

Standard conditions of the NPDES permit required the permit exceedance to be reported
to the MDNR in writing within 5 days of discovery of the event. Therefore, these occurrences
were reported under Category 2, Environmental, E, Agreement/Compliance Activities.

A letter was sent to the MDNR afler each occurrence reporting the exceedances of the
settleable solids level for NPDES permit MO-0107701,

The Erosion Control Officer inspected the area afier the first occumrence and noted that
the watershed area had been seeded, and vegetation was becoming established. Silt fences and
rock check dams were instailed along the channel, which drains to NP-0002. Additional riprap
was placed on the cefl to cover the areas where storm water drains.

After the second occurrence, the Erosion Control Officer noted that water coming off the
dispesal cetl {which was under construction) through the anchor trench and into the road (at a
swale in the truck crossing) appeared very clear. Tt was observed that it was at the road where
vehicles were driving through the water that it became turbid. The water was passing through
several check dams downstream of this point prior to reaching the outfall. Once the anchor
trench bedding and riprap placement was completed in this area, this swale in the road was filled
to finish grade and water begin sheet flowing across the road {as opposed to concentrated flow in
the swale). This was completed on August 22, 2000,

_ After Occurrence 3, the Erosion Control Officer stated that the corrective aciions
implemented after Occurrence 2 were effective. Construction-of Sedimentation Basin 5 and the
previous corrective actions controlled the water flowing to NP-0002 from upstream .of Basin 5.
It was water from a ditchline which was discharging below the sedimentation basin and just
above the weir at NP-Q002 that caused the elevated settleable solids during this rain evest.
Riprap, a rock check dam, and a diversion dam have been placed i this ditchline. The rock
check dam will filter slower discharges of water and will divert the higher volume flows into the
sedimentation basin. ' '
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2,6 Special DOE Order Related Programs

In addition to the direct program requirements and documentation reguired under DOE
Order 5400.1, the DOE Order specifically requests that other programs be presented in the
annual site environment repott, including the groundwater protection management program, the
meteorological monitoring program, and the waste minimization and pollution prevention
program, This section also addresses other programs such as self assessments, the radiclogical
control program, and the surface water management program at the WSSRAP.

2.6.1 Groundwater Protection Management Program

The WSSRAP has a formal groundwater protection and management program in place.
The policies and practices are documented in the WSSRAP Weldon Spring Site Remedial Action
Project Groundwater Protection Management Progrean Plan (Ref 12). The plan cutlines how
monitoring programs will be developed to assess the nature and extent of contaminants in the
groundwater, to evaluate potential impacts on public health, and to gather data for remedial
decisions. All policies pertaining t¢ groundwater monitoring, including well installation,
decontamination, construction, sampling methods, and abandonment methods, are detailed in this
plan. The pian cutlines the hydrogeological characterization program conducted as part of
CERCLA activities. These include groundwater sampling, water level monitoring, slug tests, -
tracer tests, and geologic logeging. The plan also describes strategies for implementing site-wide -
groundwater pratection practices and interdepartmental integration of these practices during all
aspects of project management and development.

2.6.2 Meteorological Monitoring Frogram

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

Since completion cf a system upgrade in August 1994, meteorclogical data recovery has
exceeded 99% each year. An off-site meteorologist provides monthly data reviews and conducts
annual 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) and ES&H 9.1.2, Surface Water Management. This program also
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incorpotates the as low as reasonably achievable (ALARA} concept in the execution of the
program.

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

2.6.4 Radiation Protection Program

The U.S. Department of Energy issued 10 CFR 835 (Occupational Radiation Protection),
in December 1993; 10 CFR. 835 sets the nunimum acceptable occupational radiclogical control
standards for DOE facilities. The regulation includes requirements for contamination coatrol,
ALARA practices, internal and external dosimetry, facility design and control, intemal -
surveiliances, instrumentation and calibration, worker training, posting and labeling, and release
of materials from radiclogical areas to controlled areas.

As of December 31, ZDD'L'}, the WSSRARP is in full compliance with all applicable sections
of 10 CFR 835. '

2.6.5 Waste Management Program

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

Waste management activities for 2000 include:

Shipment of incinerable waste to Diversified Scientific Services, Inc. (DSSI).
Macroencapsulation treatment of radioactive Ni'Cd batteries and lead security seals.
Carbon adsorpiion treatment of TCE-tainted monitoring well purge water.
Stabilization of small quantities of miscellaneous hazardous waste.

Treatment of 300 ¢y of nitroaromatic contaminated soil.

. " ® & »

The waste management program also includes transportation activities such as packaging

 and shipping hazardous and nonhazardous wastes. The following transportation activities took - -
place in 2000:
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» Seven shipments of hazardous waste were shipped off-site. These slﬁpmmts
consisted of waste flammable liquids, waste oil, waste chemical kits, waste cariridges,
hazardous waste solids, and waste corrosive liquids.

» Six hundred thirteen light bulbs of various types were sent off site for recycling.
» Eighty-five lead and 29 Ni-Cad batteries were sent off site for recveling.

» Nineteen shipments totaling 35,300 1 (9,330 gal) of used oil were sent off site for -
recycling.

2.6.6 Waste Minimization/Pollution Prevention Frogram

The WSSRAP Waste Minimization Program is outlined in the Waste Minimization’
Pollution Prevention Awareness Plem (Ref. 15) in accordance with the requirements of DOE
Order 5400.1. Becauss long-term, volume-specific goals for waste minimization are not
appropriate for nonoperationzl facijities, the WSSRAP has adopted ALARA goals.

The program is primarily geared toward matenal substifution and source or volume
reduction methods t¢ achieve minimization. This is accomplished by evaluating and reviewing
afl hazardous chemicals (as defined by 29 CFR 1926.59) before they are purchased or arrive on
gite, and recommending alternate materials or applymg use restrictions. Additional methods
routinely employed at the WSSRAP inciude removing packaging materials from products before
they enter the radicactive 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 tvpes.

The following is a detailed list of the waste minimization activities conducted during
2000. :

« Approximately 241 personal computer workstations and 127 monitors were donated
t0 a local high school under Executive Order 12821, which allows agencies to transfer
educationally related Federal equipment to secondary schools,

o Twenty-nine Ni-Cad and 83 lead batteries were sent off site for recycling.

e Approximately 440 m’ (570 cu yd) of paper/cardboard, 955 kg (2,100 lb) of
newspaper and 20,800 aluminum cans were collected by a recycler.

e Approximately 100 used tires were sent to a re::yclér.

DOE/OR/21548-586, Rev, 0 29




WELDON SPRING SITE ENVIRCNMENTAL REFORT FOR CALENDAR YEAR 2000 _ T3

e Approximately 300 toner cartridges were sent back to the mamufacturer. Money from
recycling cartridges will be donated to the Forestry Department.

s Cotton coveralls used ﬁ:nr personal protection were iaundered and reused.
¢  Six hundred thirteen various types of light bulbs were shipped to a recycler.

o Atotal of 35,300 1(9,330 gal} of used oil was sent to a recycler.
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3, COMPLIANCE SUMMARY
3.1 Compliance Staius for 2000

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, Conmpensation - and Liahility Act (CERCLA) procest.  Under
CERCLA, the WSSRAP is subject to meeting or exceeding the applicable or relevant and
appropriate requirements of Federal, State, and local laws and statutes, such as the Resource
Conservation and Recovery Act (RCRA), Clean Water Act (CWA), Clean Air Act (CAA),
National Historic Preservation Aci (NHPA), 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, National Environmental Policy Act (NEPA) values must be
incorporated. The requirements of DOE Orders must also be met. Section 3.1.1 is 2 summary of
WSSRAP compliance with applicable Federal and State regulations, and Section3.1.2 is a
summary of WSSRAP compliance with major DOE Orders.

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

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

Resource Conservation and Recovery Act

Hazardous wastes at the Weldon Spring site are managed as required by RCRA as
substantive, applicable, or relevant and appropriate requirements {ARARs) This includes
characterization, consolidation, inventory, storage, treatment, disposal, and transportation of
hazardous wastes that remained on site after closwre of the Weldon Spring Uranium Feed
Materizls Plant {WSUFMP) and wastes that are generated during remed:al activities.

A RCRA treatment, storage, and disposal permit is not required at the site since
remediation is being performed in accordance with decisions reached under CERCLA  Section
121(e} of CERCLA states that no Federal, State, or local permit shalt be required for the poriion
of any removal or remedial action conducted entirely on site.

The RCRA was amended by the Federal Facility Complianee Act (FFCA), which was
enacted-on October 6, 1992, The site treatment plan for mixed waste, which was required by the
FFCA was finalized with a consent agreement with the MDNR in October 1995, The 7998
Annuai Update to the Site Treatment Plan for the Weldon Spring Site (Ref. 16) was submitted to
the MDNR October 15, 1998. In the update the WSSRAP reported that most of the mixed -
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wastes had been treated. The actual completion of treatment of mixed wastes covered by the site
treatment plan was accomplished on October 23, 1998.

RCRA groundwater monitoring for regulated units is discussed in detail in Chapter 8.
Cleam Air Act

CAA compliance requirements pertaining to the site are found in Title I -
Nonattainments, Title III - Hazardous Air Poliutanats (including National Emission Standards for
Hazardous Air Pollutants (NESHAP), and Title VI - Stratospheric Ozeng Protection.

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

St. Charles County is not subject to nonattainment area requirements for particulate
matter (PM-10). However, the WSSRAP has instituted a voluntary program to monitor PM-10
on a regular basis in the vicinity of activities that generate dust. This program is discussed in
Section 4.6.

Under Title LI, asbestos and radionuclides are hazardous air pollutanis that must be
controtied in accordance with established standards. WSSRAP programs for radionuclides and
asbestos are described in detail in Sections 4 and 6, along with the 2000 status of monitoring.
NESHAFP dose calculations for 2000 indicated the highest effective dose equivalent at a critical

receptor location was 0.014 mrem (0.0001 mSv), which is well below the NESHAP standard of
10 mrem (0.1 mSvy).

Clean Water Act

Effluents discharged to waters of the United States are regulated under the Clean Water
Act (CWA) through regulations promulgated and implemented by the State of Missouri. The
Federal government has granted regulatory authority for implementation of CWA provisions 1o
states with regulatory programs that are at least as stringent as the Federal program.

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

No work was conducted during this reporting period that would fall under the jurisdiction
of this Agt,

Federal Insecticide, Fungicide, and Rodenticide Act

The WSSRAP maintains compliance with the Federal Insecticide, Fungicide, and
Rodenticide Act. Material Safety Data Sheets are reviewed for all pesticides before they are
purchased. The WSSRAP does not currently use restricted-use pesiicides and, therefore, does
net possess a permit/license to purchass {hese materials. The WSSRAP meets State
requirements for pesticide application, and reviews each application for State licensing
requiremerts. : '

Department of T ransportation

Pursuant to U.S. Department of Transportaiion (DOT) training requirements, the
WSSRAP continues to conduct on-site training on hazardous tmaterial transportation. The
training targets personnel with respensibilities for hazardous materiais transportation. It 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 vears. The certified shipping officers
maintaiti their required DOT training by attending courses off site.

Safe Drinking Water Act

Safe Drinking Water Act (SDWA) regulations are not applicable because meaximum
contaminant levels (MCLs} are applicabie only to drinking water at the tap, not in groundwater.
However, under the National Contingency Plan, MCLs are relevant and appropriate to
groundwater that is a potential drinking water source.

Emergency Plamning and Community Right-to-Know Act

The 2000 Emergency Planning and Community Right-to-Know Act (EPCRA) Tier 10
report was completed and provided on February 26, 2001, to the local emergency planning
committee (LEPC) and to the Missouri State Emergency Response Commission (MERC).

The Toxic Release Inventory {TRI) report for 2000 is due on July 1, 2001, At this time
the WSSRAP expects to submit a TRI report.
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Cultiral Resources/National Historic Preservation Act

The FY00 Federa! Archeological Activities Questionnaire was submitted on March l;
2001. No archeological evaluations were performed at the WSSRAP during FY00.

Endangered Species Act
There was no activity this reperting period.
3.1.2 DOE Order Compliance
3.1.2.1 DOE Order 5400.5, Radiation Protection of the P ublic 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 estimated total effective dose equivalent to the maximally exposed individual at the
vicinity properties due to consumption of water from Burgenmeister Spring was 0.35 mrem
(0.0035 mSv) is well below the 100 mrem {1 mSv) guideline for all potential exposure pathways,
The 10 mrem (0.1 mSv) anmual dose limit for public expesure to airbomme emissions, exclyding
radon and its respective decay preducts as specified in 40 CFR Part 61, National Emission
Standards for Hazardous Air Pollutanis, was not exceeded in 2000, The appropriate dose
evaluation techniques were nsed to assess 2000 environmental monitoring and surveillance data
in compliance with this requirement.

The annual average uraninm concentrations at all NPDES outfalls were below the derived
concentration guideline (IXCG) of 600 pCi/l (22.2 Bg/).

Records of all environmenta! monitoring and surveillance activities conducted at the
Weldon Spring site in 2000 are being maintained in accordance with the requirements of this
Order. All reports and records generated at the WSSRAP in 2000, pursuant to DOE Order
requirements, presented data in the units specified by the applicable regulation or Order.

3.1.2.2 DOE Order 5400.1, General Environmental Pro tection Program
The WSSRAP conducted both radiological and nonradiciogical envirenmental
monitoring programs at the site and vicinity properties. -Environmental monitoring required by

DOE Order 5400.1 was conducted to measure and monitor effluents and to provide surveillance
of their effects on the environment and public health,

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

o addition to the plans developed for overall environmental monitoring and protection,
the WSSRAP annually reviews and revises, as necessary, the Weldon Spring Site Remedicl
Action Froject Groundwater Protection Managememt Program Plan (Ref 12) and the Waste
MimmizationPollution Prevention Awareness Plam (Ref 15). Refer to Section 2.6.6 for
additional details.

3.2 Current Issues and Actions
3.2.1 National Emission Standards for Hazardous Air Pollutants Compliznce

The WSSRAP has completed its critical receptor monitoring program for demonstrating
compliance with the requirements of 40 CFR 61 Subpart H. No excesdances of the 10 mrem/yr
standard were measured during the 11 years -in which the program operated. Due to the
remediation of site soils and debris and final placement of waste in the disposal cell, there are no
longer any sources of radiological emissions with the potential ta cause an effective dose
equivalent greater than 1% of the 10 mrem/yr standard. Thus the NESHAP monitoring program
concluded at the end of 2000

3.3 Summary of Permiis for 2000

Various permits were maintained by the WSSRAP for remedial activities including
NPDES, excavation, and floodplain permits. Table 3-1 provides a summary of al! NPDES
permits. Five active NPDES operating permits covered discharges from the site water treatment
plant (MO-0107701) and quarry water treatment plant (MQ-0108987), storm water discharges
from the Borrow Area (MO-R100B69), hydrostatic test water from the site (MQ-G670203) and
quatty borrow area storm water land -disturbance (MO-R104031). An NPDES construction
permit for the cell leachate collection and removal system was issued in January 1997,

3.4 Site Mitigation Action Plan

Progress of mitigative actions for remediation of the Weldon Spring site is reported
annually in the site environmental report in accordance with DOE Order 5440.1E. The
Mitigation Action Pian for the Remedial Action at the Chemical Plant Area of the Weldon Spring
Site (Ref 19) was developed to present planned mitigation actions that provide protection for
human heatth and the environment during remediation activities, The MAP is reviewed and
updated, as necessary, to reflect site conditions. '
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Tabie 3-1 Summary of WSSRAP NPDES Operating and Gonstruction Pemmiis

} DATE REMEWAL
DATE DATE : OR EXTENSION
PERMIT ND. | (a} | ISSUED | EXPIRED | (h] REQUEST DUE RCOPE AND COMMENTS
MO-Q107701 O | 03/03/94 | Q304708 Y Renewal application | Covers storm water, sanftary, and
submifted and SWTFP discharges.
i} pending _
MO-0108887 o | o7MTen | 07603 M MHMGI0A Covers DWTP discharge.
MO-R100BB2 | O | 05/29/08 | 01/02/02 M DTG4 Etorm water discharges from Borrow
Area and haul road aparatfons.
MO-GE73202 | O | 12/05/07 | 10723102 | Qr2aio2 Covers hydrostatic test water at sita,
MO-R104031 | O | O7/28/00 [ MA02/02 | N o721 Covers guarry bormw area sform -
_ water land disturbance,
CE23-E185 C | 01/DB/AT | 01/0F02 N | 12/0701 Covers construction of cell leachate
_ collection systerm.
CP-22-5785 C ! 08Mese | D6MEH00 M 05M 500 Covers constructon of reversa
osmosls unik.

{8} Permi type, O = Operating, C = Construciion

{b} Permit renewal application submitted N = Mo, ¥ = Yes,
OWTP  Quarry water treatment plant

SWTP  Site water treatrment piant

Construction activities as the Weldon Spring site are managed by using good engineering
practices for control of surface water runoff at, and from, the site. Surface water protection
during 2000 included erosion prevention angd sediment contral and monitoring. Monitoring was
conducted at eight outfall locations at the chemical plant, and the requirements of NFDES
permits and the Missouri Clean Water Act were met during 2000, Further information on
compliance issues 18 provided in Sem:mn 7.

Topsoils and subsoils from the Borrow Area that were being stored for use in restoration
were stockpiled at the Borrow Area. Stockpile slopes were limited to 2.5:1 and stockpiles were
seeded and mulched to coentrol erosion. In 2000, exposed areas at the Borrow Area were
reclaimed and seeded with a top seed mix. Erosion control measurss were implemented at the
Borrow Area and aleng the haul road. Stockpiles were routinely inspected for erosion. Two
sedimentation ponds were constructed at the Borrow Area, and surface water was monitored to
measure the effective removal of settleable materials. Specific NPDES compliance details for
the Borrow Area are provided in Section 7.

Aidr, surface water, and groundwater wete monitored as part of the routine environmental
activities at the chemical plant area. The results of thizs monitoring are presented and discussed
in the remaining sections of this repott.
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4. ATR MONITORING FROGRAMS

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

4.1 Highlights of Air Monitoring

"« Statistical analysis at the 95% confidence level indicated that ene (RD-CEC7) integrated
radon alpha itrack monitoring station within the site boundary exceeded the annual
average background concentration in 2000. No annual integrated radon alpha track
results at perimeter or critical receptor locations were statistically greater than
background levels, '

o Statistical analysis at the 95% confidence level indicated that one (RD-CE07) modified
Bn-220 {thoron} alpha track monitoring location exceeded 2000 average background
levels. This station is within the site boundary.

» Environmental thermoluminescent dosimeter (TLD) results for 2000 at the chemical plant -
perimeter, quarry perimeter, and off-site locations ranged from 454 mrem/year
(0.45 mSviyear) to 63.1 mremfyear {(0.63 mSv/year). These results are inclusive of
background, which totaled 54.2 mrem (0.54 mSv) for the year. Statistical analysis of the
results indicated that, at the 95% confidence level, no stations exceeded background
levels. '

+ . Statistical analysis at the 95% confidence level indicated that one {(AP-2025) low-volume
radioactive airbome particulate monttoring station along the chemical plant perimeter had
an annual average concentration that exceeded the 52-week background average. This
station, which measures gross alpha airborne concentrations, exceeded the 52-week
background average by 1.7E-16 pCi/ml (6.3E-12 Bg/ml). '

» All 2000 radiological air monitoring results at Francis Howell High School {including
radon, gamma exposure, and airborne radioactive particuiates) were indistinguishable
from background.

»  All asbestos monitoring conducted during 2000 indicated fiber concentrations of less than
0.01 fibers/ml air.
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L)
4,2 Radon Gas Monitoring Program

4.2.1 Program Overview

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

Airborne radon and thoron concentrations are governed by source strengih and dilution
factors, both of which are strongly affected by meteorological conditions. The soil surface:
constitutes the largest source of radon and thoron, although secondary contributors include
oceans, natural gas, geothermal fluids, volcanic gases, ventilation from caves and mines, and
coal combustion. Radon and thoron levels in the atmosphere have been observed to vary with
height above the ground, season, time of day, and location. The chief meteorclogical parameter
governing airborne radon and thoron concentrations is atmospheric stability, however, the largest
variations in atmospheric radon and thoron occur spatially (Ref. 21).

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

In 2000, a pair of standard F-type alpha track detectors was deployed quarterly at each of
19 permanent monitoring locations: seven at the Weldon Spring Chemical Plant perimeter, two
at the Weldon Spring Quarry perimeter, three inside the site boundary, and seven at off-site .
locations. Alpha track monitoring locations are identified with an "RD" prefix in Figures 4-1
through 4-5. Two of the three locations inside the site boundary were discontinued after the first
quarter.

Monitoring locations are distributed around the chemical plant and quarry perimeters ta
ensure adequate detection of radon and thoron under varying meteorological conditions.
Locations RD-4005 and RD-400% monitor background radon and thoron concentrations.

Paired M-type alpha track detectors were deploved guarterly at 17 monitoring locations:
six at the chemical piant perimeter, cne at the quarry perimeter, three inside the site boundary,
and seven at off-site locations {including two background locations, RD-4005 and RD-4009).
Two of the three locations inside the site boundary were discontinned after the first quarter.
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Specific locations are identified on Figures 4-1 through 4-5. These detectors were placed in
conjunction with F-type alpha track detectors to distinguish radon from thoron concestrations.
Using Pearson's method (Ref 22}, separate concentrations of radon and theron were calculated
for these stations.

The WSSRAP radon monitoring program also used electret detectors, which provided
more timely data (bi-weekly) than the alpha track detectors (quarterly). Like alpha track
detectors, electret detectors provide a passive means of measuring radon and thoron gas
concentrations in air. The main purpose for the electret program was 1o assess shori-ierm trends
in radon and thoron gas concentrations in work areas on site. By May 2000, when most site
areas had been remediated, and radon and theron concentration in those areas had returned to
near background levels, the clectret program was discontinued. There was no longer a need for a
large network of radon monitors to demonstrate compliance with DOE Order 34030.5. During the
first quaster and half of the second quarter, 13 pairs of electret detectors that measure radon only
were placed at the following monitoring locations: 10 in the chemical plant area {including 6
along the site perimeter), and three off site. Eight pairs of electrets that indicate thoron
concentrations were deploved at the following locations: five in the chemical plant area, and
three off site. The electrets were exchanged and read bi-weekly. These locations, designated by
an “ET” prefix, are shown in Figures 4-1 through 4-5.

4.2.2 Applicable Standards

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

Dose limits for inhalaticn of radon and thoron progeny and gas are based on working
levels and concentrations in air, and are addressed independently in the Order. The Derived
Concentration Guide (DCG) specified in DOE Order 5400.5, 15 a reference value for airborne
concentrations of spectfic radicnuclides. - The DCG reference value for radon and thoron is
3 pCi/l {111 Bg/m®) in unrestricted (off-site) areas.

4.2,3 Monitoring Results

Table 4-1 summarizes quarterly and annual average integrated radon concentrations as
measured by F-type alpha track detectors. Since radon is naturally cccurring, 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
_perimeter locations with integrated radon concentrations statistically greater than background
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were compared te the DCG for raden by mbmint:ing the average annual background
concentration from the gross annual average concentration measured at a given location,

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

The annual F-type alpha track background concentration was calculated using the
arithmetic average of the twe background locations. The data yielded an annual background
average integrated radon concentration in 2000 of 0.3 pCi/l (11.1 Bg/m®). This result is
consistent with results in previous years.

Based on measurements from F-type and M-type alpha track detectors at locations where
the potential for & combined release of radon and thoron was suspected, thoron concentrations
were estimated using Pearson’s method (Ref. 22). Results are presented in Table 4-2.

The annual thoron background concentration was determined to be 0.1 pCifl (4 Bg/m*)
and was calculated using the arithmetic average of the two hackground locations. This result is
consistent with previous resulis in previous vears.

Concentrations measured by the electret monitors tanged from 0 to 0.89 pCil
(32.9 Bq/m") for radon and from 0 to 2.44 pCi/l (90.3 Bg/m’} for thoron. The highest results
measured for both radon and thoron occurred at station CEO7, which is located on top of the
disposal cell. Because efectret results were obtained bi-weekly rather than quarterly {ag with the
alpha track detectors), they were used primatily as advance indicators of trends in radon/thoron
levels at a given monitering location. Therefore, alpha track results, rather than electret results,
are used in performing off-site dose calculations.
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4.2.4 Data Analysis

Statistical analysis of the alpha track radon results indicated that, at the 3% confidence
level, the measured concentration at one of the 19 monitoring locations was greater than the
combined background result. This station, RD-CE07, was located on top of the disposal cell.
The results for other stations were not statistically distinguishable from background levels.

Statistical analysis of alpha track thoron results indicated that, at the 95% confidence
level, the annual average concentration at ¥ of the 17 monitoring locations exceeded background
levels. This station, RD-CEQ07, i3 located at the dispesal cell. Results for all other stations were
statistically indistinguishable from background levels.

4.2.4.1 Chemical Mlant and Eaffinate Piis

Statistical analysis of one radon alpha track monitoring location, RD-CEG7, inidicated a
result greater than background, The annwal average concentration for this station exceeded
background by 0.25 pCi/l (9.25 Bg/m’). With the exception of the immediate vicinity of the
disposal cell, radon results in most areas were lower than in previous years, and are likely due to
the removal of most contaminated materizls to the disposal cell. The quarterly measured radon
concentrations for all stations ranged from 0.1 pCidl (3.7 Bg/m®) to 0.7 pCifl (25.9 Bg/m’).

Statistical analysis of one thoron track etch monitoring location, RD-CE07, indicated an
anmual average result greater than the background level. The annual average ceneentratlen for
this station exceeded the annual average background by 0.25 pCi/l {9 25 Bg/tn’). The quarterly
thoron measurements for all stations ranged from 0 pCi/l (0 Bg/m®) to 0.4 pCi/t (14.8 Bg/m®).
Just as with the integrated radon results, these results are lower than in previous years due to the
removal of most contaminated materiai to the disposal cell.

4.2.4.2 Quarry

Statistical analysis of track etch radon and thoron monitoring results from the two quany
stations indicated that, at the 95% confidence level, these results did not exceed background
levels, The quarterly measured results for 1ntegrated raden from both quarry stations ranged
from 0.2 pCi/t {7.4 Bg/m’) to .5 pCi/l (18.5 Bg/m®). Querterlgr Rn-220 results at the quarry
station ranged from ¢ pCi/l (0 Bg/m™} to 0.3 pCif1 (11.1 qum )

4.2.4.3 Off-Site Locations

Statistical analysis of both track etch integrated radon and thoron monitoring results from
off-site locations {(shown in Figure 4-3) indicated that there was no reason to suspect, at the 95%
confidence level, that measured concentrations at any of the stations were grester than
background levels. The quarterly integrated radon concentration measurements at off-site
locations ranged from 0.1 pCi/l (3.7 Bo/m’) to 0.4 pCifl (14.8 Bg/m®). Quarterly results for
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thoron at the off-site stations ranged from 0 pCiA (0 ﬁqﬁms} to 0.2 pCi/l (7.4 Bg/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 5 years of annual average alpha track 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 levels in the
raffinate pits area reached a maximum in 1997 due to excavation of studge pockets in Raffinate
Pit 4, However, all results were well betow the DCG of 3 pCifl for raden and thoron gas. No
cther trends were evident.

4.3 Gamma Radiation Monitoring
4.3.1 Program Overview

Gamma radiation is emitted from natural, cosmic, and man-tmade sources. The earth
naturally contains gamma radiation-emitting substances, such as yranium, thorium, and
potassium (K-40). Cosmic radiation originates in outer space and filters through the atmosphere
to the earth, Together, these two sources comprise most natural gamma background radiation,
The Nationai Council on Radiation Protection and Measurements (NCRP) estimates the typical
gammsa radiation dose iz 28 mrem/year {0.28 mSv/vear) from terrestrial sources and
27 mrem/year {0.27 mSv/ygar) from cosmic sources (Ref. 13). The total estimated background
radiation dose equivalent due to gamma exposure is thus 55 mrem/vear (0.55 mSv/year).

Gamma radiation was monitored in 2000 using TEDs at 13 monitoring stations: five at
the site perimeter, one &t the quany perimeter, and seven off site. The locations are denoted by a
"TD" prefix on Figures 4-1 through 4-4. Stations TD-4005 and TD-4009 measure natural
background at locations unaffected by the site. The TLDs are exchanged and read every
calendar quarter.

4.3.2 Applicable Standards

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

DOENDRZ1548-8586, Rev. 50
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4.3.3 Monitoring Resulis

Table 4-3 summarizes quarterly and anmual total gamma radiation monitoring results
The table includes quarterly resuits, annual totals, and the anmial sample standard deviation for
gach station, and indicates whether a station’s annual monitoring results are statistically
distinguishable from background levels as determined by a one-tailed Student's t-test at the 95%
confidence level.

(Gamma background levels for 2000 were determined by averaging the anmual tosal
measurement from the two background stations. The annual average result from these stations
was 54.2 mrem/year (0.54 mSv/year) with a standard deviation of 3 mrem/year (0.03 mSv/vear),
This average background is within ]0% of the NCRP 94 estimate of 55 mrem/year
{0.55 mSv/year) (Ref. 13).

Table 4-3 2000 Environmental TLD Results™

15t 2nd Jrd ith Anntsal Annual Annual | Statistically |
Location | Quarter | Quarter | Guarter | Quarter Total Average | Standand | Significant
In {mrem) ™ | fmrem) ™ | (mrem)} ® | gorem) ® | (mrem) ™ | (mrem) ™ | Deviation (X3
{uarry Stations
TR0z [ 132 [ 122 [ 162 [ ve | 482 | 121 | 322 |
Charmical Plant Pernmetar Stations
| TE-2004 17.1 14,9 16.2 12.9 63.1 15.8 2.36
| TE-2008 14,8 12 8 15.4 7.4 50.4 12.6 384
TO-2024 16.4 14.3 16.7 85 55.9 140 a0
TO-3001 5.8 12.5 17 4 7.5 532 13.3 437
TO-2G03 168 - an - - 16.9 n/a
Off-5lite Stations
 TD-4001 148 128 16.4 7.2 51.2 12.8 4.01
[ T{-4002 13.4 12, 155 7.1 48.1 12.0 .60
TO-4003 128 11.1 14.4 71 45.4 11.4 314
| TD-4005 (d} 14.8 12.3 16.2 10 523 13,3 2.74
TO-4007 15.1 13,3 16.1 o6 541 125 2.58
TO-A008 {4} 15 12.8 16.3 10.8 56.0 12.8 241
TOADTS 15.8 14.1 kR 7.6 553 12.8 4.40
{a) Resulls include natural background gamma radlation.
{b} To conmvert from mrem to mSv, divide by 400,
{c) Statistical significancs is determined by comparing the ghnual average for & monitoring location with the 1-

year background averags using a Studant's t-4est at the 95% confidence level,
(e Background location. Average = 13.54 mrem (014 m3y),

DOE/CGRIZIS545-886, Ray, 0 52
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4.3.4 Data Analysis

Statistical analysis of TLD results reveated that, at the 95% confidence level, no stations
had annual results greater than background levels. As a comparison, two stations had anmual
results greater than background during 1999 and four were greater than background for 1998,

4,3.4,1 Chemical Plant/Raffinate Pits

The annuat effective dose equivaient from external gamma radiation measured by TLDs
at the chemical plant and raffinate piis ranged from 50.4 mrem (0.50 mSv) to 63.1 mrem
(0.63 m8v). These results are lower than previous years for these areas due to the completion of
remadiation of most of the chemical plant area.

4.3.4.2 Quarry

The annual effective dose equivalent from external gamma radiation measured by TLDs
at the quatry was 48.2 mrem (0.48 mSv). This resuit'ts lower than previous years for this area
and essentially represents background.

4.3.4.3 Off-Site Locations

The annual effective dose equivatent from external gamma radiation measured by TLDs
at off-site locations ranged from 45.4 mrem (0.45 mSv} to 55.3 mrem (0.55 mSv). Background
concentrations ranged from 33.3 mrem (.53 mSv} to 55.0 mrem {0.55 mSv). These resulis are
lower than previous years for these areas and essentially represent background.

4.3.4.4 Five-Year Trend Ansalysis of TLDs

Gamma radiation exposure monitoring resuits for the last 5 vears are depicted in
Figure 4-7. The graph shows yearly monitoring result totais for the chemical plant, raffinate pits,
quarry, and off-site locations. The results include the natural background dose rate. Results
indicate a downward trend in measurements around the raffinate pits due to completion of most
of the remediation work in this area. Calendar year 2000 gamma radiation exposure is
essentially at background levels.

4.4 Radicactive Air Particulate Monitoring
4.4.1 Program Overview

Radioactive air particulates are airbome dust particles that contain radicactive
contaminants. Background concentrations of radioactive air particulates are affected by the soit

concentrations of naturally occurmring radionuclides, soil moisture content, meteorclogical
conditions, and geological conditions. Increased airbome radioactive particulate emissions from

DOE/OR21 S45-886, Ray, O 53
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the site can result from wind erosion of contaminated soils piles or remedial work activities, such
as moving equipment and vehicles in contaminated areas.

In 2000, the WSSRAP monitored radioactive air particulates weekly at 18 continuous
permatient low volume air sampling stations: nine at the chemical plant perimeter, two at the
quarry, and seven at off-site locations. These locations are denoted by an "AP" prefix on
Figures 4-1, 4-2, 4-3, and 4-4.. Additional low volume air monitoring samplers may be deployed
on a temporary basis when current activities warrant their use. The low volume samplers cellect
airborne particulates by drawing ambient air at a flow rate of approximately 40 Vmin (1.4 cfin)
through mixed cellulose ester filters with a 0.80-micron pore size. The filters are then counted
using a gas flow proportional counter to determine the amount of tong-lived gross afpha activity
in the particulates on the filter surface.

The WSSRAP also monitored specific airborne radionuclides (i.e., total uranium, Ra-226,
Ra-228, Th-228, Th-230, and Th-232) as part of the NESHAP program to demonstrate
compliance with 40 CFR 61, Subpart H, National Eniission Standards for Emissions of
Radionuclides other than Radon Jrom Department of Energy Famfrﬁes Details of NESHAP
moenitoring are in Section 6.

4.4.2 Applicable Standards

The Weldon Spring site is comtaminated with a combination of alpha-emitting
radionuclides, including isotopes of uraniutm, thorium, and their decay products. The gross zlpha
concentrations measured by the low-volume samplers thus include contributions from a wide
array of aipha emitters. The DCGs for inhalation of the radicnuclides found at the WSSRAP are
listed in Chapter I of DOE Order 5400.5.

4.4.3 Monitoring Results

The arrmal average long-lived gross alpha concentrations and standard deviations for the
18 permanent low volume stations are summarized in Table 4-4. Anmal averages were
calculated using uncensored weekly air particulate analytical results. Uncensored data refers to
all results, including those near or below the minimum detectable concentration (MDC). The
DOE Environmental Regulatory Guide for Radiological Efffuent Monitoring and Exvironmentyl
Surveillance (Ref. 24) requires the use of uncensored data to minimize any bias in arithmetic
averages and calculation of standard deviation. Annnal results represent the average of up to
52 weeks of data for each mnmtnnng station.

The typical MDC for low volume air particulate sampling at the WSSRAP is
2.0E-16 pCi/ml (7 4E-12 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 uCi‘ml (2.6E-10 Bg/ml). Tf an individual inhales
airborne contaminants at the DCG for 1 year, the resulting committed effective dose equivalent

DOE/OR/1548 886, Rev. U 55
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is 100 mrem (1 mSv). Thus, this MDC gllows the WSSRAP {0 demonstrate compliance wn:h the
DOE Order 5400.5 limit of 100 mrem (1 m3v),

Table 4-4 2000 Radioactive Air Particulate Gross Alpha Results

ANNUAL AVERAGE NUMBER CF
LONQ-LIVED GROES STANDARD SAMPLES/TOTAL [STATISTICALLY
MONITORING ALFHA CONCENTRATION DEVIATION NUMBER OF SIGNIFICANT
STATION 1D (xE-15 pGitml)t* {XE-15 puClimi WEEKS Xy

[ . WELDON SPRING CUARRY _

AP-1009 1.33 0.44 5252

AP-1017 1 138 _ 0.44 52/52

| LDON SPRING CHEMICAL PLANT/RAFFINATE PIT PERIMETER

AP-2001 1.3 ' 0.44 52152

AP-2002 1.42 0.43 52/52

AP-2005 1.25 0.4 52052

AP-2008 1.3 0.3G S5

WP-2013 1.27 0.32 1552

AP 2025 1.44 0.43 e X

AP-3003 1.18 0.38 44/52

IAR-3004 1.13 1.33 22152

AP-3014 1.27 0.32 3152

OFF-SITE

AP-4008"" 1,29 0.29 ' 50/52

AP-4007 1.25 04 52/52

WP-4008 1.35 0.42 52/52

AP-4011 1.32 0.44 2152

AP-4012% 1.27 0.41 51752

AP-4013 1.15 0.38 52152

aP-4014 1.25 0.36 45/57
{a} Indicates background monitering station. Background concentration is based on 1 year of data.
{B) The annusl average gross alpha concentrations include background and were calculated using

uncensored data, which includes rasults less than raparted minimum detectable concentrations.

[c) Statistical significance is determined by companng the annual average concentration for a

menitering 1ocation with the {-year (52-week) backgreund avarage concentration, using a one-tailed
Student's t-test at the 95% confidenca lavel.
(b) To convert from pCifml to Bg/ml, multiply by 37,004,
(&) Includes results from two colocated monitors.

4.4.4 Data Analysis

Statistical analysis of the annual results from the low volume airborne particulate
samplers indicated that one monitoring station (AP-2025) was greater than the 52-week

background concentrations.

concentration of 1.27E-15 pCi/ml (4.70E-11 Bg/ml).

Station AP-4012 indicated an annmal average background -

DOE/ORZ21548-805, Rav, 0
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4.4,4.1 Chemical Plant/Raffinate Pits

The average annual concentrations at the cheimical plani/raffinate pits perimeter ranged
from 1.13E-15 pCi/ml {4.18E-11 Bg/ml) to 1.44E-15 pCisml (5.33E-11 Bg/ml). Statistical
analysis of the gross alpha air monitoring results revealed at the 95% confidence level that one
station had an annual average result greater than the annual background average. The station
was AP-2025, on the northern site perimeter. Results for all other stations were indistinguishable
from background levels. The chemical plant and raffinate pits results are similar to those
measured in 1999,

4.4.4.2 Quarry

The average concentrations at the quany perimeter ranged from 1.33E-15 uCi/ml
(4.92E-11 Bg/ml) to 1.39E-15 pCifml (5. 14E-11 Bg/ml). These results are comparable to those
measured during 1999,

4.4.4.3 Off-Site Locations

The average concentrations at off-site locations ranged from 1.15E-15 uCi/ml
(4.26E-11 Bo/ml) to 1.35E-15 pCi/ml (5.0E-11 Bg/ml). All results are similar to those measured
during previous years. '

4.5 Airborne Asbestos Monitoring

Environmental monitoring for asbestos fibers was conducted during May-June 2000 at
Francis Howetl High School (AP-4006) and at the chemiical plant site perimeter {AP-2001,
AP-2002, and AP-3004). These locations are identified in Figures 4-1 and 4-3. Filters were
collected weekly and shipped off-site bi-weekly for anatysis.

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 (D.0] fibers per milliliter of air), the
sample is then reanalyzed by the off-site laboratory by the TEM method.

The results of envirpnmental samples collected at Francis Howell High Scheol and the
site perimeter are provided in Table 4-5. A total of 22 PCM samples were collected with all
samples indicating results above the detection {imits. The range of samples above the detection
limit (generally 7 fibers/mm®) was 00002 to 0.0007 fibers per mitliliter of air (ffml). Because all
PCM results were less than the site environmental action level, no samples were resubmitted for
TEM analysis. All results of the environmental air samples collected from the site perimeter and
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Francis Howell High Schoal were below the site environmental action level of 0.01 f/ml. These
results indicate that asbestos fibers were effectively contained during the year.

Table 4-5 Summary of Asbestos Air Monltoring Resuits

NUMBER OF
SAMPLES/SAMPLES

MONITORING ABOVE DETECTION

LOCATION ID LIMIT RANGE (fiberiml) AVERAGE (flber/ml}
AP-2001 8 4.0002 — 0.000% fi.0002
AF-2002 & 0.0002 — 0.0005 00004
AP-3004 & 000053 — 0.0007 0.0004
AP-4006 4 0.6002 = 0.0006 0.0003 -

4.6 PM-10 Monitoring
4.6.1 Program Overview

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

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

« Pulverization or abrasion of surface materials by mechanical means (e.g., soil
gxcavation or ireatment),

+ Loading or unloading of bulk dry material {e.g., transfer of fly ash from trucks tc
storage silos),

*» Movement of turbulent air currents over exposed surfaces (e.2., wind ercsion of
stockpiles).

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

» Combustion of fossil fuels (e.g., diesel-powered engines).

DOE/CRZ1540-5568, Rey. 0 58
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During 2000, the WSSRAP monitored ambient PM-10 levels at the perimeter of both the
chemical plant area and the Borrow Area, along the Borow Area haul road, and at the Weldon
Spring Quarry. Portable menitoring stations, consisting of real-time aercsol monitors (RAMS)
fitted with PM-10 impactor heads, were used to moniter concurrently upwind and downwind of
work activities. The chemical plant area map in Figure 4-8 shows the permanent locations
¢stablished to monitor PM-10 emissions from disposal cell operations. These locations are based
on historical prevailing wind patterns. Borsow Area locations were determined each monitoring
period, based on the National Weather Service local 24-hour forecast. Figure 4-9 shows the
cight designated locations along the Borrow Area perimeter where monitors could be placed,
depanding on predicted wind directions for the monitoring period. Figure 4-10 shows the
location at the Weldon Spring Quarry where monitors were placed.

PM-10 monitoring was conducted weekly during the construction season (1.e., March to:
October) at both the chemical plant and Bommow Areg perimeters. The chemical plant was also
monitorad once during November since construiction activities were taking place in and around
the disposal cell. In addition, monthly measurements were made along the haul road between the
Borrow Area and the disposal cell and at the Weldon Spring Quarry. Occasionally, severe
weather conditions such as high winds, below-freezing temperatures, or significant precipitation
precluded the use of the monitoring equipment, and the affected monitoring period was skipped.
Since this usually ceincided with the curtailment of excavation and hauling activities, it is
unlikely that any exceedances of the site action level would have occurred during these times.

4.6.2 Applicable Standards

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

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

DOE/ORIZ1548-886, Rev. 0 60
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Table 4-6 2000 PM-10 Data for the Weldon Spring Site Remedial Action Project

NUMBER OF SAMPLING MONTHLY AVERAGE OF MEASURELD 24-HOUR
LOCATION EVENTS CONCENTRATIONS {jgim’}
_ [UPWIND/DOWNWIND) UPWIND i DOWNWIND
WSCP )
February 142 . 18 23
March 4/8 25 a1
April 274 a5 22
May 24 24 20
Juna 43 21 <]
July 212 - av B
August 212 15 21
Saplember 445 17 14
Dctober 22 18 23
MNovember 140 12 KD
| BORROW AREA
February 142 45 83
March 22 15 18
April 24 18 22
May 2/6 27 28
June 35 16 . 24
July 3£ 25 22
| August 22 30 EL
Septambar 33 ] 17
Orchobear 32 18 24
HAUL ROAD
April 2 27 N/A,
May 1 25 MNia
June 1 5 Wi
July 2 11 MNiA,
| August 2 28 MiA
Saptember 2 12 tra,
Qctober 1 3 M8,
QUARRY
June 1 i MiA
July 2 14 NfA
_August 2 . 24 MNiA

Mis Mot applicable
ND Mo data recorded

4,6,3 Monitoring Results

Data loggers attached to the RAMSs recorded ambient PM-10 concentrations once per
second. Hourly minimum, maximum, and average, as well as 15-minute STEL values were
calculated and reported for each monitoring period. The resulting 24-hour average
concentrations were all below the site action level of 150 pg/m®. Table 4-6 shows the monthty
average concentrations measured at the chennical plant, borrow area, haul road, and quarry.

DOE/ORIZI548-888, Rev. 0 a3
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The highest 24-hour average concentrations of PM-10 recorded at the chemical plant
during 2000 were 57 pug/m’ at the upwind site and 90 pg/mr’ at the downwind site. The highest
24-hour average concentrations at the Borrow Area were 49 ug/m’ at the upwind site and
114 pg/m’ at the downwind site. The highest haul road concentration was 36 pg/m’. The
highest concentration at the quarry was 31 ug/m’.

4.6.4 Data Analysis

Results of the 2000 PM-10 momtoring program demonstrate that remediation activities
conducted at the WSSRAP have had no significant impact on ambient dust levels. Monitoring
stations near the site perimeter have recoerded minor fluctuations in PM-14¢, tut all results have
been substantially below the 150-pg/m® standard for 24-hour average concentrations.
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5. RADIATION DOSE ANALYSIS

This section evaluates the effects of atmospheric releases and sutface and groundwater
discharges of radiological 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. The calculations are compared to U.S. Department of Energy (DOE) limits
contained in DOE Order 5404.5 to demonsirate compliance with regulatory requirements.

Dose calculations are presented in this section for a hypothetical maximaliy 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, Subpart H
{Netional Fmission Standards for Emissions of Radionuclides other than Radon From
Department of Energy Facilities} are presented in Section 6, National Emission Standards for
Hazardous Air Pollutants (NESHAP) Program.

5.1 Highlights

» Radiation dose equivalents from the chemical plant/raffinate pits and quarry to a
hypothetical maximally exposed individual were not calculated since monitoring
results were indisiinguishable from background.

s The estimated total effective dose equivalent (TEDE) to the maximally exposed
individual at the vicinity properties due {o consumption of water from Burgermeister
Spring was 0.35 mrem {0.0035 mSv). '

¢ The collective popalation effective dose equivalent (CPEDE) was estimated to be
0.10¢ person-rem (0.0010 person-Sv) for users of the Busch Memorial Conservation
Area, -

5.2 Pathway Analysis

In developing specific elements of the WSSRAP environmental monitering program,
potential exposure pathways and health effects of the radioactive and chemical materials prasent
on site are reviewed annually to determine which pathways are complete. This pathway analysis
is detailed in the site Environmental Monitoring Plim (Ref 8). As required by DOE Order
5400.1, evaluation of 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 reviewed to determine whether a link exists between one or more
contaminant sources, or between ong or meore environmenial transport processes, to an exposure
point where human or ecological receptors are present. If it is determined that a link exists, the
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pathway is termed “complete” Complete pathways are used to assess radiological and
nonradiological exposures. Each complete pathway is reviewed to determing whether a potential
for exposure was present during the period of concern. If this is the case, the pathway is termed
“applicable.” Only applicable pathways are considered in eéstimates of dose.

Table 5-1 lists the six complete pathways for exposure to radiological contaminants
evaluated under the WSSRAP environmental monitoring program. These pathways are used to
evaliate monitoring requirements and 1o determine radiological exposures from the site. Of the
six complete pathways, five were applicable in 2000 and were thus incerporated inte 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 ot the
Chemtical Plant Avea of the Weldon Spring Site (Ref. 25) hiwe shown that the dose potential for
pathways not listed in Table 5-1 is miniscule.

Table 5-1 Complete Radiologicat Exposure Pathways for the \Weldon Spring Site

APPLICABLE TO

EXPOSURE 2000 DOSE
PATHWAY PATHWAY DESCRIPTIDN : ESTIMATE
Liquid({A) ingestion of groundwatsr frarn focal welts daymgradient from the site. N
Liquid(B) ingestion of game and figh inhabiting wildlife area. L
Liguid{Cy Ingestion of surface water and sediments. Y
Airborna{A} inhaistion of particulatas dispersed through wind erosion and ¥
remadial activities., '
Airbartes{ B) Inhalation of radon and radon decay products amitbed from Y
contaminated soilsfwastes,
External Direct gamms radiatien from contaminated soilsfwastes. Y

As shown in Table 5-1, the Liguid (A) pathway is not applicable to the 2000 dose
estimate for the WSSRAP. Concentrations of radioactive contaminants in the production wells
near the Weldon Spring Quarry are currently comparable to background concentrations (see
Section 8.5). In addition, no drinking water wells are located in the vicinity of the chemical plant
and raffinate pits ares. '

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

. NESHAP standard of 10 mrem {0.10 mSv) effective dose equivalent Maily due
to airborne emissions other than radon at off-site receptor locations. '

. DOE fimit of 100 mrem {1 mSv) total effective dose equivalent for all exposure
pathways on an annual basis {excluding background).
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5.3 Radiclogical Release Estimates

Estimates of radiological releases to air and surface water were caloulated for radioactive
particulates. Table 5-2 shows the estimated activity release of radionuclides to the environment,
the correspending mass released, and the haif-life for each radionuclide present at the Weldon
Spring site.

5.3.1 Airborne Radiological Releases

The airbome radiological release estimates shown in Table 5-2 were calculated based on
site characterization data and low volume monitoring results at eight stations at the chemical
plant perimeter. A series of box models was used to predict the aitborne particulate release rate

from the chemical plant. The assumptions used in estimating airborne releases are discussed in
Appendix B. '

53,2 Waterborne Radiolegical Releases

During 2000, intermittent surface water runoff transported isotopes of uranium, thorium,
gnd radium from the site through six major discharge routes. These include two water treatment
plant outfalls and four storm water cutfalis (see Section 7). These outfalls were monitored -
monthly in accordance with National Poltutant Discharge Elimination System (NPDES)
requirements. Natural uranium concentrations measured in runoff water were multiplied by .the
natural uramium activity ratios for U-234, U-235, and U-23%8 (49.1%, 2.3%, and 48.6%,
respectively) to determing the waterborme releases of those isctopes. (All release estimates are
based on data in Tables 7-3 and 7-5). Results are listed in Table 5-2.

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

'pnpuiatinn, and critical receptor locations for applicable exposure pathways (see Table 5-1) to
assess dose due to radiological releases from the Weldon Spring site. First, conditions were set

Table 52 Radionuclide Emissions te the Environment

ACTIVITY GF
ACTIVITY OF ' RADIONUCLIDES MASS OF
RADIONUCUDES | RELEASED TO WATER RADIONUGLIDE HALF-LIFE

RADIONUCLIDE | RELEASED TO AIR {Cl} {1y RELEASED {grams} (¥rs)
U-238 2 D4E-07 1.72E-03 5 13E+03 4 47E+00
U235 B.30E-09 8.07E-05 3.74E+01 7 GAE+DB
234 2.07E-07 1.71E-03 2.75E-D1 2 46E+05
Ra-226 — 3.37E-04 3.41E-04 1,600
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Table 5-2 Radionuclide Emiissions to the Environment (Continued)

ACTIVITY OF
ACTIVITY OF RADIONUCLIDES MASS OF
RADIONUCLIDES | RELEASED TO WATER RADIONUCLIDE HALF.LIFE

RADIONUCLIDE | RELEASED TO AIR {Cl} {cy_ . RELEASED {grams) {Yrs)
Rs-228 - 2.22E 04 1.02E-01 576
[Th-236 1.60E-06 2.19E-03 8.16E07 7.54E+04
Th-228 3.23E-07 2.86E 04 A81E07 161
{Th-232 252607 3.17E-04 2.88E+03 1.40E+10
Total Adiivity 2.30E-06 - 6.79E-03 B,OSE+03 NIk

MR, Mot applicable.
- Not distinguishable frum background at perimeter monitoring locations,
Multighy by 3. 7E10 to convett Gl fo Bq.

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 equivalent for a collective population was calculated, and a third set of dose
equivalent calculations was performed to meet NESHAP requirements (see Section 6).

Calculations using perimeter and off-site monitoring data determined the collective
population dose equivalent to be approximately 0.10 person-rem per year (0.0010 person-8v)
from all pathways combined. Since all air monitoring stations (other than the background
-station) are within & 13 km (8.1 mi) radius of the site, and all measurements recorded within this
radius result in TEDEs that are well below NESHAP and DOE limits, incorporating :a dose
calculation for a population within 80 km (49.6 mi) of the site is nnnecessary. Rather, the
collective population dose eguivalent was calculated for specific target populations where
complete exposure pathways were determined to exist.

The scenarios and models used to evaluate these radiological exposures are conservative
but appropriate. Although radiation doses can be calculated or measured for individuals, it is not
approptiate to predict the health risk to a single individual using the methods prescribed here.
Estimates of health risks are based on stakisticai models using epidemiological data collected
from large groups of people exposed to radiation under varions circumstances; therefore, they are
not applicable to single individuals. Dose equivalents to a single individuai are estimated by
hypothesizing a maximally exposed individual and placing this individual in a reasonable but
conservative scenario. This method is acceptable when the magnitude of the dose to- 3
hypothetical maximally exposed individual is small, as is the case for the WSSRAP. The
scenarios and resulting estimated doses used in the calculations are outlined in Table 5-3, In
addition, the percentage of the DOE limit of 100 mrem (1.¢ mSv) TEDE is provided.

The collective population dose equivalent estimate, provided in units of person-rem
{person-Sv), is the product of the effective dose eguivalent estimate at an exposure point and the
number of persons potentially exposed. For the WSSRAP, exposure points are locations where
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members of the public are potentially exposed to above-backgiound levels of airborne
radioactive particulates, radon gas, external gamma radiation, or above-background radionuclide
concentrations in water or food The committed effective dose equivalent is catculated by
measuring radionuctide concentrations in the air, water, and food at & given exposure point and
applying standard breathing rates, ingesticn rates, and dose equivalent conversion factors. These
concentrations and reasonable exposure scenarios are used to estimate the amount of
radioactivity ingested ot inhaled by the potentially exposed population. The contribution from
exposure to external gamma radiation is then factored into the collective population effective
dose equivalent.

All ingestion calculations were performed using the methodology described in -

International Commission on Radiation Protection (ICRP) Reports 26 (Ref. 26) and 30 (Ref, 27)
for a 50-year committed effective dose equivalent (CEDE). Dose conversion factors were
cbtained from the EPA Federal Guidance Report No. 11 {Ref 28).

4.5 Dose Equivalent Estimates

Dose equivalent estimates for the exposure scenarios were calculated using 2000
environmental monitoring data. Calculations for dose scenarios are provided in AppendixB.
Dose equivalent estimates are well below the standards set by the DOE for annual public
exposure and [J.8. Environmental Protection Agency (EPA) NESHAP limits,

In 2000, the TEDE for a hypothetical maximally exposed individual near the chemical
plant/raffinate pits was not calculated because radon/thoron, gamma exposure, and radioactive
air particuiate monitoring results were not statistically above background. The TEDE for a
hypothetical maximally exposed individual near the vicinity properties was 0.35 mrem (3.5 uSv).
These values represent less than 0.4% of the DOE standard of 100 mrem (1 mSv} TEDE above
background for all exposure pathways. In comparison, the annual sverage exposure to natural
background radiation in the United States results in a TEDE of approximately 300 mrem (3 mSv)
(Ref. 52). The collective population effective dose equivalent is 0.10 person-rem
(0.0010 person-Sv} for recreational users of the Busch Memorial Conservation Area and
employees of the Missouri Highway and Transportation Department facility and WSSRAP
offices. Assumptions upon which these doses are based are detailed in the following sections.

5.5.1 Radiation Dose Equivalent from the Chemical Plant and Raffinate Pits to a
Hypothetical Maximally Exposed Individual

Because all radon/thoron and gamma exposure results from critical receptors were not
distinguishable from background, and the only radioactive air particulate station that was
statistically above background was not in an area frequented by members of the

DOE/OR/21645-886, Rev. 0 - 69
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public, no dose estimate is necessary for a maximally exposed individual member of the public
near the chemical plant/ raffinate pits area for 2000.-

5.5.2 Radiation Dose from the Weldon Spring Quarry (o a Hypethetical Maximally
Exposed Individual

Because -atl monitoring results at the quarry were indistinguishable from background
levels during 2000, no dose estimate is necessary for a maximally exposed individual at the

quarry.

5.5.3 Radiaiion Dose from Vicinity Properties to a Hypothetical Maximally Exposed
Individmal

This section discusses the estimated total eE‘eéti_ve dose equivalent to a hypothetical

individual assumed to frequent the Burgermeister Spring area of the Busch Memorial
Conservation Area. This scenario provides a conservative but plansible exposure assessment.
No private residences are adjacent to Burgermeister Spring which is situated on land. curmrently
managed by the Missouri Department of Conservation (MDUC). Therefore, the calenlation of
dose equivalent due to the applicable pathway of water ingestion (Liquid C) assumes a reafistic
occupancy time of one day per week. This scenario is based on a hypothetical individual who
drank from Burgermeister Spring on a weekly basis in 2000, '

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

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

. No centribution to the estimated dose was included from radon or radon progeny
conceritrations associated with the Airborne (B) pathway because annual alpha-
track results in the area were at background levels.

. No contribution to the ¢stimated dose was included for the external ;ﬁathwag,r
because environmental TLD results at the Busch Memorial Conservation Area
indicated no greater than background levels.

. Maximum radionuclide concentrations in  water samples taken from
Burgermeister Spring during 2000 (see Appendix B) were assumed to be present
in the water ingested by the maximatly exposed individual.
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. The dose equivalent conversion factors for ingestion (Ref. 28) are as follows:

- total scluble uranium, 2. 69E-4 mrem/pCi
- Ra-226, 1.33E-3 mrem/pCi
-  Ra-228, 1.44E-3 mrem/oCi
- Th-228, 3.96E-4 mrem/pCi
- Th-230, 5.48E-4 mrem/pCi
- Th-232, 2.73E-3 mrem/pCi
- Ra-224, 3.66E-4 mrem/pCi
- Pb-212, 4 56E-5 mrenm/pCi.

(Total soluble vranium was calculated vsing isotopic dose conversion factors for
mgestion from Appendix B-1 and the natural uranism activity ratios listed in Section 5.3.2.)

The estimated total effective dose equivalent to the maximally exposed individual at the
vicinity properties due to consumption of water from Burgermeister Spring was 035 mrem
(0.0035 mSv).

5.5.4 Collective Population Dose

This section discusses the estimated CPEDE to the populations assumed to be exposed to
radioactive emissions from the WSSRAP. No perimeter monitoring locations for radon/thoron
or gamma exposure had resuits which statistically exceeded background. Only one perimeter
radicactive air particulate monitoting station {AP-2025) exceeded background levels. It was net
located in an area that is frequented by members of the pubtic and was not included in the
CPEDE estimate. '

The only 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. The scenaric used for the conservation ares is based on recreational use for fishing,
boating, and swimming activities. Only the ingestion pathways Liquid {B) and Liquid (C} were
considered plausible for this assessment. Exposure scenaric assumptions particular to this dose
calculation are as follows: . ' '

. It is estimated that there are approximately 200,000 fishing visits per year at the
Busch Memorial Conservation Area (Ref 29), which is adjacent to the chemical
plant and raffinate pits area. In addition, approximately 7,480 persons: per year
participate in recreational boating activities, Busch Lakes 34, 35, and 36 receive
tunoff from the chemical plant and raffinate pits area, and they are all used for
fishing and boating, '
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The ratio of fish caught to time spent is 0.4 fish'hour, and the ratio of fish kept to
fish caught is 0.5. The average duration of each visit is assumed to be 2.5 hours.
If each fish caught is consumed by a different person, the affected population
would be 100,000 persons.

The highest average total uranium concentration in a composite sunfish sample
collected from Lake 35 in 1998 (the last year for which data are available) was
0.019 pCu'g (7.0E-4 Ba/g).

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

Each of 7,480 boaters made only ane visit to the area and spent 5% of the time
swimming. '

The maximum concentration of total uranium from the water of Lake 35 was
7.45 pCi/l (0.28 Bq/t) (Teble 7-10, Appendix B-5)

No contribution from airborne pathways was included in the conservation area
dose estimates. Results from the measurements near the lakes indicated that there .

wasg no reason to suspect, at the 95% confidence level, that concentrations of
airborne radiocactive particulates or Rn-222 or Rn-220 gas were greater than
background levels.

For 2000, the estimated population effective dose equivalent for thé Busch lakes scenario
was (.10 person-rem (1.CE-3 person-Sv). Because the Busch lakes scenario is the only
applicable exposure route, this is also the estimated total coliective population effective dose
equivalent for 2000. Calculations are presented in Appendix B, Section D.
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6. NESHAP PROGRAM

This section provides information on 2000 annual atmospheric emissions of
radienuclides, in accordance with the requirements of 40 CFR 61, Subpart H, Nationa! Emission
Standards for Emissions of Radionuclides Other Than Radon From Depariment of Energy
Facilities.  Evaluations presented here include airbome emissions data as well -as dose
assessment and compliance information related to potential sources of radioactive particulate
emisgions at the Weldon Spring Site Remedial Action Project (WSSRAP).

6.1 NESHAFP Monitoring and Dose Assessment Highlights

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

s The highest dose assessment was for a maximally exposed individual residing
continuously near the quarry. Results indicated an annual committed effective dose
equivalent {CEDE) of ¢.014 mrem (0.000F m8v) for 2000,

¢ The NESHAP monitoring program was discontinued as of December 31, Zﬁﬂﬂ, since

there are no longer any sources of radiological emissions with the potential to cause an

effective dose equivalent greater than 1% of the 10 mrem/yr standard.
6.2 Source Descripiion

The Weldon Spring site is being remediated in accordance with the Comprehensive
Emvironmental Response, Compensation, ond Liabilify Act (CERCLA) and the Nationa!
Environmental Policy Aci (NEPA). The Weldon Spring Feed Materials Plant no longer exdsts,
nor do any of the original uranium processing plant sources of radionuclide emissions (ie.,
stacks, vents, or pipes described in 40 CFR 61, Subpart H).

Specific remedial activities at the site that may have cnmnbuted to airborne emissions of
radionuclides in 2000 included the foilowing:

= Excavation and hauling of contaminated scils from various lﬂcatlons amund the site,
including the quarry and vicinity properties.

+ Placement of contaminated waste materials in the permanent on-site disposat cell,
= Operation of the site and quarry water treatment plants.

 Demolition of the site water treatment plant.
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Radioiogical and chemical contaminants (i.e, PCBs, nitrcaromatic compounds, and
metals) were histerically found in soil and sludge from several areas around the site. Most of the
91 ha (226 acres) of the chemical plant surface area had abxwve background concentrations of
uranium {>1 pCifg) prior to remediation. Radionuclide concentrations measured in site seil and

. shudge ranged as shown in Table 6-1 (Ref 2 and Ref 30). Excavation, hauling, and disposal of
these contarminated materials was completed in 2000,

Table &1 Contamination Levels in Sife Scils and Raffinate Pt Sludge

SITE SOIL CONCENTRATIONS (pClig) RAFFINATE PIT SLUDGE

_ CONCENTRATIONS {pGifg)
GONTAMINANT MIN MAX _MIN MAX,

| 1-238 0.3 2 250 NIA W&
Total Uranium N/A NfA <10 3,400
Ra-226 0.2 452 T 1,700
Ra-278 G.1 155 <4 1,400
| Th-228 MN/A MN/A - <3 1,100
Th-230 0.3 . 123 <8 34,000
Th-232 MiA MA o 1,400

WA Mot applicable

5.3 Air Emission Data

Most airborne emissions of radionuclides at the. Weldon Spring site during 2000 were
diffuse in nature, resulting from wind dispersion of surface soils, re-entrainment of dust and dirt
from temporary waste storage areas, and generation of fugitive dust during remedial actions.
The filter press rooms at the site and quarry water {reatment plants constituted potential point
sources of radionuclide emissions other than radon while the plants were in operation. These
sources were controlled using high efficiency particulate air (HEPA) fiiter exhaust systems.

The site water treatment plant was decommissioned and dismantled in July 2000. The
quarry water ireatment ceased operation in December 2000 and was dismantled in Spring 2001.
Thus, these plants no longer constitute a potential point source of radionuclide emissions,

Traditional methods of estimating airborne emissions of radionuclides have been used at
the WSSRAP to suppert engineering design studies. These methods involve identification of the
various industriai activities, characterization of the activities by assuming numerous process
parameters (¢.g., soil characteristics, vehicle characteristics, meteorological conditions, etc.), and
application of empirically-derived emission factors. While this process has been useful for
evaluating the need for emissions control during planned construction and remedial activities, the
high degree of uncertainty associated with the resulting emissions estimates precludes its use in
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obtaining an accurate assessment of effective dose equivalents to maximally exposed members
of the public. :

The WSSRAP uses an alternate method of tracking emissions from the site, as allowed
by 40 CFR 61, Subpart H, and approved by US. Environmentai Protection Agency (EPA)
Region VII (see Appendix A). A network of critical receptor menitors has been established to
measure airborne radionuclide concentrations at locations where members of the public have the
potential to be impacted by emissions from remedial activities at the site. Background
concentrations are also measured so that the net coniribution of emissions from remedial
activities, and the resulting effective dose equivalemts, can be determined. Details of - this
monitoring program are presetited in the Plan for Monitoring Radionuclide Emissions other than
Radon at Weidon Spring Site Critical Receptors (Ref. 18).

The design of the critical receptor network is summarized in Table 6-2. Locations of the
nionttors are shown on Figure 6-2.

Table 6-2 Design of Critical Receptor Monltoring Network

STATION ID LOCATION

AP-2001 Highway Maintenance Factity
AP-2005 WSSRAP Adminlstration Building

| AP-4006 Frands Howell High School
AP-4007 Busch Memorlal Congstvation Area
AP-4008 ) Ay Reserva Training Area -
AP-4011 Mearast Quarry Residence
AP-4012 (background) Craniel Boona Elemantary School
AP-AD13 Francis Howell High School Annex
6.3.1 Point Sources

Table 6-3 summarizes airbome effiuent control at the chemical plant water treatment
plant and the quamry water treatment plant, along with the nearest critical receptor iocations.
Because critical receptor monitoting was performed at the WSSRAP, no source-specific effluent
monitoring was required by either 40 CFR 61, Subpart H, or U.8. Department of Energy (DOE)
Order 5400.5. Engineering calculations were performed to estimate releases from the quarry and
chemical plant water treatment plants and resulting dose equivalents to members of the public.
These results predicted an effective dose equivalent of less than 0.1 mrem/yr (0.001 mSv/yr) at
the nearest critical receptor location.
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Table 63 WSERAP Point Sources of Airb‘n::-n;le Radionuclides

EFFLUENT CONTROL NEAREST RECEPTOR

POINT SOURCE ID DESCRIPTION EFFCIENCY DESCRIPTION DISTANCE
Shte Water Treatment Flant High Efficiency Alr 86.97% for Administration 400 m
Particiiate {HEPA) 0.3 micron DOP* Building :
_ Fitterad
Cuamy Water Treatment Hlgh EfMclancy Alr S0 97% for Residence 700 m
Plant Particulats (HEPA) 0.2 tmicron DOP*
Fitterad
* OGP - Dioctylphthalate

6.3.2 Grouped Sources
The WSSRAP has not defined an}: grouped sources.
6.3.3 Non-Point Sources

The primary sources of airborne emissions ai the WSSRAP during 2000 were diffiise
sources in two general geographic areas: the chemical plant area and the quarry area. The
characteristica of these sources and the potentiat for airborne emissions are discussed below,

The quarry diffuse source is a 3.6 ha {9 scre) limestone quarry approximately 6.4 km (4
mi} south-southwest of the chemical plaat 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
0.07 ha (0.2 acre). Historically, the quarry was used as a disposal area for dinitrotoluene (DNT)
and trinitroteluene (TNT ) marufacturing process wastes; uranium, radium, and thorium residues;
decay products from on-site and off-site processing of uranium and thorium; and buitding rubble
and soils from the demclition of a wranium processing facility in St. Louis, Missouri. A major
remediation project involving removal and controlled temporary storage of approximately
110,000 m® (144,000 cu yd) of contaminated bulk waste was started in 1993 and completed at
the end of 1995. Residual radioactive contamination was remediated in 2000 and was a potential
source of radiological airborne particulate emissions.

The Weldon Spring Chemical Plant diffuse source encompasses 91 ha (226 acres) on
which the Ash Pond storage area, four raffinate pits, the temporary storage area, the material
staging area, and the disposal cell are or were located. Airborne emissions from the chemical
plant area had the potential to occur during mechanical operations such as soil excavation and
hauling, transfer of waste material to the permanent on-site disposal cell, and treatment and.
mixing of contaminated materials at the tetnporary storage arca and reffinate pits. Emissions
may also have resulted from windblown resuspension of radioactive particulates from site soils.
The entire chemical plant area was confirmed clean by the end of 2000, thus eliminating any
further potential to generate diffuse emissions of radioactive particulates.
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The emissions control strategy used during remediation of the quarry and chemical plant
diffuse sources was to minimize the quantity of fine grain soil that was to be relocated, select
equipment that would minimize dust generated during cperations, limit surface exposure of
contaminated soils, minimize hauling distances, and use watar sprays to suppress dust.

6.4 Dose Assessment

The net measured concentrations of radionuclides at each critical receptor lacation have
been used to assess the annual committed effective dose equivalent (CEDE}) to members of the
public. The exposure scenarios listed in Table 6-4 represent the maximum expected exposure of
any single individual working, residing, or visiting near each critical receptor location. Annual
CEDEs have been calculated for each exposure scenario and are summarized in Table 6-4.

The rest of this section provides firther details of the critical receptor monitoring
network, and how it has been used to estimate CEDEs and demonstrate compliance with the
NESHAP requirements, '

6.4.1 Sampling Procedure

The seven designated critical receptor locations surrounding the Weldon Spring site were
selected based on their proximity te the site (fess than 1 km [0.62 mi]) and the probabitity that
members of the public would spend at least 8 hours per day near them. The seven critical
receptor locations and the background monitoring location are shown in Figure 6-1. They
include: the common boundary of the Weldon Spring Chemical Plant and the Missouri Highway
and Transportation Department maintenance facility (AP-2001), the WSSRAP administration
building (AP-2005), Francis Howell High School (AP-4006), the August A. Busch Memorial
Conservation Area (AP-4007), the Weldon Spring Army Reserve Training Area on the
Department of the Army property (AP-4008), 150 m (0.1 mi) from the residence nearest to the
quarty (AP-4011), and the Francis Howell High School Annex (AP-4013). Daniel Boone
Elementary School in New Melle, Missouri, is the designated background tnonitoring location
(AP-4012). Technically, the WSSRAP administration buitding is considered an on-site receptor
rather than a critical receptor because its occupanis 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.

Each critical receptor location included a low volume air particulate sampier (~40 lpm)
and a high veiume air sampler (~950 Ipm). Low volume samples were collected on mixed
cellulose ester membrane filters approximately 1.5 m (5 ft) above the ground. They were
exchanged and analyzed for gross alpha activity on a weekly basis. High.volume samples were
collected on large 20 cm x 25 cm (8 in. x 10 in.} glass fiber filters approximately 1.2 m (4 ft)
gbove the ground. They were also exchanged weekly, but composited and analyzed quarterly for .
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isotopic radionuclides. It is the high volume sampling results that were used to demonstrate
NESHAP comgpliance at the WSSRAP.

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

6.4.2 Net Measored Radionuclide Concentrations

Net measured radionuclide concentrations for 2000 are listed in Table 6-5. Thess values
are based on the quarterly sample analysis results obtained at each critical receptor location.
Anpual average net concentrations of radiomrclides are also listed in Table 6-5 for each critical
receptor, along with the limiting levels prescribed in 40 CFR 61, Subpart H, Appendix E,
Table 2. The NESHAP requires that there be no exceedances of the limiting levels for net
concentration of each radionuclide, and that the sum of the fractions obtained by dividing the
annuzl net concentration of each radionuclide by its limiting level be less than cne. Both uf these
requirements were met during 2000.

6.4.3 Dose Estimateys
The net measured concentrations of radiomuclides have been combined with the

maximum exposure scenaric at each critical receptor location to estimate committed effective
- dose equivalents {CEDEs)} according to the following formula:

CEDE (mrem) = Concentration (pCisn') x DCF (mrem/ uCi)
x Exposure Duration (hr/yt) x Breathing rate (ni'/hr)

where:

» Concentraticn is the net arrborne concentration measured for a specific radionuclide
at a specific monitoring station. :

¢ DCF is the 30-year radicisotopic dose conversion factor listed for the inhalation
exposure pathway in the EPA Federal Guidance Report No. 11 (Ref. 28).

+ Exposure duration represents the maximum time an individual is expected to be in the
vicinity of a particular critical receptor location.
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o Breathing rate of 1.2 m3ﬂﬁ-(42.4 cu fi/hr) is assumed, as provided in TCRP Report
No. 23, Report of the Task Group on Reference Man (Ref. 23).

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

Total annual CEDEs are calculated by summing the quarterly contributions of each
radionuclide at each monitoring location. Total errors are derived by calculating the square root
of the sum of the squares of the quarterly errors. The highest annual CEDE to a member of the
public during 2000 is estimated to be 0.014 mrem (0.0001 mSv), based on the exposure scenario
of an individuaj residing near the quarry.

6.4.4 Compliance Assessment

Subpart H of 40 CFR 61 states the following: “emissions of radionuclides to the ambient
air from Department of Energy facilities shall not exceed those gmownts that would cause any
member of the public to receive in any year am effective dose equivalent of 10 mremir.”
According to DOE Order 54005, the total effective dose equivalent (TEDE) includes the 50-year
CEDE from internal deposition of radionuclides and the effective dose equivalent (EDE) due to
penetrating radiation from sources external to the body. Because the WSSRAP emits no
radiotuclides that could result in an appreciable submersion dose potential te¢ members of the
public, the external dose equivalent portion of the TEDE is not applicable to NESHAP dase
calculations. In addition, ingestion of radionuclides other than raden is not an applicable
pathway for a potentially maximally exposed individual at any critical receptor. Thus, for the
purpose of demonstrating NESHAP compliance, the EDE specified in 40 CFR 61 is assumed to
equal the CEDE from internal deposition by the inhalation pathway. The EDE contribution of
dose due to external sources is discussed separately in Section 5 and Appendix B.

Resulis of isotopic radionuclide moenitoring at eritical receptor locations demonstrate-that
airborne emissions from the WSSRAP contributed a maximum CEDE of 0.014 mrem/yr. This
value, which represents the maximum CEDE calculated for any critical receptor location during
2000, is several orders of magnitude less than the NESHAP limit of 10 mrem/yr.

All 2000 critical receptor monitoring data used to calculaie CEDEs and demonstrate
compliance with the 10-mrem/yr standard meet the criteria specified in 40 CFR 61, Subpart H,
for monitoring and tesf procedures {including a quality assurance program), compliance and

DOE/DR21548-885, Rev. 0 &5




SEI0D '+ THO0D

0+ P00

SOHD -+ 80000 -

ZE000 f+ . 99000

L1100 -+ _vO00 0

80000 -+ BI00'0

BOIY'0 -4 67000 -

Z0000 -+ 0O0UD
2000 4+ £0000

oo -+ EDOGG
FEQUO M 000D

- 20000 -f+ P00

00D -f+ SED0D

FOOOD -+ COOUD
201070 A 00000

333 iejel
(ST )
- ZEZ-UL

£300°0 =+ SI000 SEOO'D M+ BOODD BEDDD -+ 00000 GLO0'0 -f+ L0000 P00 -+ DODDO oeZ-ML
CEOO'0 -+ SO00'0 0D+ DO0G0 FIDOD F+ IO 1000 -f+ 50000 PLOOT ¢ OOOOD #ZZ-ul
POOO'0 ++ Z000'D OGO -+ DOODD 000’0 -+ 00000 H00'0 -+ 00000 POOTD + E000°D . gEiEY
$200'0 -+ TIOOD GO0 -+ 0000 LIO00 -f+ 0000 ZIO0D =+ ¥0000 20000 -+ 00000 9ZZ-Ey
LAY [EpCL HEnD P JIHERY pap SN pUT JAT) 151 aponuolpEy|
. A} jusEamb3 wsog .!Em PRI I
850010 v+ DEO0'D LIOOD i+ JOOTD JEDDD -+ POOGD L1060 -+ BOOOG PPO0D -+ Dro00 I3 TE)
10000 v+ SDOO'0 0T+ 000D 00000 -+ TOOOTD 000 -+ 00000 10000 ++ ZDAO'D 15 M
£5000 M+ JODO0 GUOG0 + SO0O'0 LTO00 M DODD FIOO'O F+ E0O0D ohDO'D -+ 00000 ZeTL
$ZO00 -+ 20000 SOOTD ~+ D000 TLO0G 00000 0000 -+ T SL00'0 ++ SOOOD OEZ UL
EHD00 -+ 20000 POOD 1+ LOOOD BOCOD -+ 000D - 20000 -+ PODOY I0DDD -4+ ZOODD R
0000 -+ O000'0 000D -+ OO0 DOOD ++ 00000 DOOO'0 f+ DOOOD . DODO'D - 00000 Hzzey
SO0+ 70000 Z000'D -4 D0GD. $O00'G -+ ZO0OD WODD -+ 00D 20000 ++ 00D00 gZ2-ey|
STRRAY (0L FRND 0¥ apEnD pIT FIHEN M UG 91 AT
. #E._Eﬂsﬁiumﬂ.on#_.ﬂtmuﬁ__isu U
S2HI0 -+ &ZT10'0 SEO0D -+ OZD00 ABL00 -+ 09000 00T -+ SHO0D 10000 ~/+ 20007 ERETL
ZODO'0 -+ Y1000 0000 -f+ 00000 Qo000 =+ 90000 0000 ++ G000'D 000 -+ ZOD0D &N
0100 f+ &FO0D SZO0°D -+ 90000 EEOOT 4+ EZO0'0 TEDGQ -+ 2L0G0 gEO00 -f+ 00000 ZESYL
SH000 Y+ GHO00 12060 -+ 80000 .- DEOOQ -+ ZTOD0 SEDOIG -+ GG - PLOCOD -+ ODDOD oEZYlL
TEHIa M+ 000 ZIDOD =+ #0000 OO0+ eH0D'G BLOEFG <4+ WOOOD BOODQ -+ DOOOG GTZTUL
LOOOD v+ OG0D0 00000 -4+ DOOO'D OOOGG -+ 0D0O'0 ©O0B0T 4+ 00000 10000 -+ 0DODD 8772
POOOQ 4+ 1GODQ LODO'D -+ DDOO'0 PODOD -f+ 10000 HIO0'Y </ 00000 Z0000 ¥+ 00000 OFT-EH
NIRRT [0 ) JHHERD) UaY JIenND pUg FRIEND puz JaNRO 151 spianrped |
juRRy JuopAInhy 3500 AAEFD PARRALGT
angz-dyr -
S000C M+ SS0OT EDDDD -+ SLO0C 0000 -+ S000 D =+ B2000 0000 -+ LOOGD 303 Fjol1
&I000 -+ Q00 _ J0D0'D ++ 00000 w1000 ~f+ £00O0 PODOT ~+ SO000 ELOOE =M+ 00000 =R
EDO00 M+ ZTOOQ LOOO'D -+ 9000 ZOOND -+ DDOD0 LOGO'D ~+ PLOOD 0000 -+ 00000 TeZ-UL
PEOXO M+ L1000 BODD'D ~+ SODDT L1000 ++ 10000 ZIOOD =+ 0000 F000'D ~+ DOOO'D ozl
S0000 =+ S0000 200000+ o000 000’0+ HODD © HDDD -f+ 20000 ZODO'0 -+ 10000 gzZZHl
POOO0 -+ DODOO 10od'0 + 00000 . #000'Q -+ Q000D 0000 -+ 00000 0000 -4 00000 g |
E0000 -+ LOOOQ L0004+ QD000 ZO00'0 + 00000 00D -+ 00000 2000'0 -+ 00000 gt |
LY [P0 ] REND i JIUERD P RNy pUZ RUEND }51 BpRONUOIpEY
(Liaae]} JUajEAINbsy S50 3AYST PAPRLMIOD S

{aopdasay franiio yorg Je sUCHNYUIUNC) Juajennby asog sansayy paEWWwe:)) Bnsey Bupciuoy iy ndojos| HOOZ OB eIGEL

DO HEA HeTRE T 80 L0d3 TEANIMNOMANT 3LIE ShiH4S NOTEM




- L A sop Adiney ‘ASI £ LRl 1em0D &) (9

'0JSZ BE P3SN 5) eEop Eﬁﬁﬂnnﬁﬁn&mu:ﬂﬁEﬁcﬂ_ﬁsmﬁ:EEuﬁsﬁ

© gz ol Hoday JuiDl ut parkold SB iy W 2 ) o sp Bungesls swnssy iy

“SUSIYPUOS punoithioen Eiesaidel | 30UI2 ‘ZL0b-dY 2 PIRNIED S| 350p o (£

1Y nzgmﬂcﬁzwgmgamgcggﬁﬁu “ARMYIRS LORBIBYU LD pesty Ble SUDREIOMES B0 {Z

SE0D IENI|ED O} POSn B

E_Eﬁﬁﬂmﬁﬂﬁa&ag.gﬂgﬂuﬁ:ﬂngﬁiﬂ%ﬁuﬁbzu _,.Mu_nn.psuni_smﬂtuﬁamﬂzmgﬂucuﬁgﬁosbtcﬁhp
) RN
Lo0Gd ~+ EZDO'D L1000 S+ 20000 FELOD o+ £0000D BEOOD F+ 0LOQD Q00D - SO0 303 el
DG <+ £OD0D LODO'D =M+ DOOO O ooolrD =M Z00O0°0D Lo0QQ -+ OO0 00D ~+ QD000 [P0g 1
#5000 -7+ 01000 © elo0D -+ HOlD EEQOD -+ D000'D Q00D -+ SOOO0D 000 -+ DOGO'0 ZEayl
SEOU] -+ 000D S000'0 -+ HOOO'0 S0 -+ 00000 20000 + EO00D 000 -+ 0G0 Q2ETL
S0000 =&+ 10000 20000 =+ 00000 Sono'0 -4 00000 20000 -+ 10000 00D ~f+ 0000C BEZ-UL
GOOOG -+ £O00D 0000 ~f+ ODDO'D 0000'0 -+ 00000 00000 -+ QOO0 G000+ BN Lt
SOO0T =+ 1GO0Q EODG0 =+ DGDO0 ennp'n -4+ 1Do'G - OO0 =+ DD D 0000 -+ 00000 BEZ-Ed
I (el ety Ui ) STy pag JBUEMRD PRIE : ety J9) BRI

. [amnuj juefeanb3g 3500 AM1IRE] PARULIDY ELOb Y
28800 -+ ZF00 12000 f+ EEOOD o000+ 00D ¥OO00 -+ TPON0 BEZ0 0D -+ B500°0 I3 |EeL
50000 7+ OL0D \DOTD -+ 20000 00000 -+ GODO O S000'0 -7+ 50000 ZOO0D -+ ¥OOOD B0 11
SEZTOD -+ OO0 S0 o+ SO0 OeO0D o+ QOO0 BCO0'0 ++ EL000 00200 -+ Q0000 ZETAL
C P00 f+ HA00 oo -+ S000°0 SO0 =+ OO0 BIODQ =+ LIOODD SO0 M+ 52000 QEZYL
. ESOOQ 4+ QDD Q0’0+ OO0 LROOD S+ 00000 SO0 -+ BOO0D G6F00D -+ E20G'0 2L
20000 =+ 1000 QOO0 -+ 00000 20000 =4+ X000 LOOGG =+ 00000 (OO0 <+ LOOOTD BEL-EH
SLO00 f+ FLO0'0 L0000+ L0000 FIO00 -+ 90000 FODD -+ QOO0 LIOD0 -+ 50000 9EC-Ry
JETLINY [EpL S K AN IS JHEND PuZ RFE 151 Tl st ||

{wanu) uamainhy asog] aal}aad] PR D

L& dy
PEOOD =+ HEDOT 000 1+ POO0T G000 -+ SDOOD 000 -+ 20000 G000 M+ SHNOD IS 19k
o000 =i+ SOYD 0o000 -+ DDOGD 20000 =+ 00O ooO0'0 -+ LDDOO 0oon'D -+ ODOD0 L2 L]
BAOOD =+ D00 CLOOD =+ LDOCO FEOOD o+ Q000D 0000 ++ TOHOOT CA000 -+ P00 ZETAL
LED0D -f+ 50000 S000°0 -+ DD LD =+ 00000 FOO0'Q =+ LOOOD EF00'0 -f+ Z0000 OIS
1000 -+ B0 o000 -+ 00D oLo0g -+ SO000 EDDOD -+ 10000 GOOO'0 -f+ 20000 A M
BAGG' -+ Q0000 00000 -+ Q0000 0000 -+ 000 00000 -+ Q0D 0oDO0 ++ D00 it
E000'0 <+ L0000 Q' =+ L0000 o000 -+ X0 OO =+ DOOYD ZO00Q =+ QOO0 ool |
[eTLHIY _Enw JaLrer Uiy JIURIY IS JHBN pUZ ANIEngD 151 n_u_u_uni-___wm_

. s} uBEAINBT F500 2019243 PALILOD B00hdy

{penuUnUCD) H0pdanay [EoPIH) YorT 1B SUDKNGUINDT Jusemb] 2500 SAR0GMD PORWLID) shintay Bulouiol Jiv Hdolos] 000z 99 a1ged

QO oA MoTRE T Hd 180434 TeLNIWNOHIANT 31E DMt NOOTM




WELDCH SPRING EITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 20(0 O7iZ3iH

reporting procedures, and record keeping requirements. In addition, as mentioned in
Section 6.4.2, net measurad concentrations of individual radioisotopes are all below the limiting
levels and proportional limits specified in 40 CFR 61, Subpart H, Appendix E, Table 2.

Data quality cbiectives for precision and accuracy, as cutlined in the Plan for Monitoring
Radionuclide Emissions other than Rodon at Weldon Spring Site Critical Receptors (Ref. 18),
were achieved in all four quarters of the vear, except the third quarter accuracy results for
uranium spikes. These samples exhibited high recovery rates for uranium, possibly due to matnix
interference. Thus, it is likely that uranium values reported for the environmental samples from
this quarter may overstaie the actual concentrations of uranium.

Based on verification and validation of each reported value, overall completeness of the
NESHAP data 15 greater than 95%. Omne-tailed Student’s t-tests performed at the 95%
confidence level indicate that only two of 42 quarterly data sample sets were statistically above
background at any of the critical receptors. Data sets that failed the t-test analysis included
Th-228 at both AP-2001 and AP-4006, The statistical test failure is not ltkely an artifact of the
extremely low concentrations reported (i.e, the reported values are generally less than five times
the detection limit, and the net quartetly concemtration are, in all but one case, less than the
associated errors).

The NESHAP monitoring program was discontinied as of December 31, 2000, since
there are no longer any sources of radiological emissions with the potential 10 cause an effective
dese equivalent greater than 1% of the 10 mrem/yr standard.

DOE/ORIT1548-658, Fay, 0 28




WELDON SPRING SITE ENVIRONMEKTAL REFORT FOR CALENDAR YEAR 2000 OFiZ3m

7. SURFACE WATER PROTECTION
7.1 Highlights of the Surface Water Program

During 2000, completion of soi remediation étrnngly affected the surface water program.
These items, and others, are discussed in detail in this chapter. ;

¢« The mass of uvranium migrating off site in storm water and treated efftuent, 5.38 kg/yr
(11.84 Ib/yr), was a 44% reduction from the 1999 mass of 9.56 kg/yr (21.08 Ibfyr) (see
Tables 7-5 and 11-1} and a 98.8% reduction from the 1987 mass of 442 kg

+ Twenty-three samples of treatment plant effluent were coliected at the site and quarry
- during 2000. All parameters monitored in treatment plant effluent were in compliance
with National Pollutant Discharge Elimination Systém (NPDES) permit conditions.

» The annual average for uranium in storm water was reduced to less than 16 pCi/l at all
outfalls (Table 7-3}.

o The overall results of the whole effluent toxicity (WET) tests indicated that the site and
quarty water treatment plant effluents were not toxic 1o test organisms during 2000
(Table 7-8),

» All major contaminated water sources (i.e., Ash Pond, raffinate pits) have been
remediated. _

» Surface water bodies downstream of the chemical plant site continue to shew a decline in
uraninm levels (Figure 7-1 and Table 7-10).

7.2 Program Overview

The environmental monitoring and protection program for surface waters at the Wetdon
Spring Site Remedial Action Project (WSSRAP) is prescribed in the Environmental Monitoring
Plan (Ref. 8) and includes monitoting discharge points permitted under the NPDES program and
streams, ponds, and lakes under the surface water monitoring program.

The NPDES effluent monitoring program establishes sampling requirements for
discharge points (outfalls) at the chemical plant, quarry, and site and quarry borrow areas. The
goals of this program are to maintain complisnce with the NPDES permit requirements and to
protect the health of dowmstream water users and the environment by characterizing water
released from the site. In accordance with the WSSRAP policy that ali surface water be closely
monitored and treated (as necessary} to meet Federal and State requirements, the Project
Management Contractor (PMC) uses the water sample data to develop strategies to minimize the
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discharge of waterborne contaminants from the site and to measure the effectiveness of
remediation.

I addition, the surface water monttoring prngram moniters off-site water bodies for
uranium contamination and temporal changes in uranium levels. The data generated from this
monitoring are used in conjunction with NFDES momtor:ng to measure the success of the
project goal of cleaning up the site with no long-term increase in contaminant discharge or

degradation of off-site water bodies,

7.3 Agplicable Standards

The WSSRAP is subject to, and complies with, Executive Order 12088, which requires
all Federal facilities to comply with applicable pollution contro} siandards. Eifluent discharges
from the site for 2000 were authorized by five NPDES permits issued by the Missouti
Depariment of Matural Resources (MDNR). The MDNR requires- specific parameters to be
monitored at outfalls listed in each permit. Each parameter is assigned either efftuent limits or a
"monitoring only" status, which means the concentrations are reperted but not limited by the
permit. In addition, the WSSRAP monitors and repotts some parameters on an informational
basis. Sampling frequencies and reporting requirements for the two major permits, MO-6107701
(at the chemicai plant site) and MO-0108987 (at the quarry), are summatrized in Tables 7-1 and-
7-2. These permits were reissued on July 14, 2000, and June 17, 1998, respectively. Permit
MO-0108987 was revised on April 21, 2600, )

The Site Borrow Area {and disturbance storm: water permit, MO-R100B68, issued on
September 1, 1994, and reissued on May 29, 1998, has no specified monitoring or reporting
tequirements. A program was developed in the Emvironmemial Moritoring Plan (Ref. 8) for
momtoring settleable solids and, under certain circumstances, ¢il and grease. The resulis of this
monitoring were used to measnre the effectiveness of erosion controls and to improve them, if
need be. '

Permit MO-(G670203 was issued on December 5, 1997, for discharge of hydrostatic test
water from the chemical plant site. Hydrostatic test water is water used to test tanks, pipes, etc.,
for leaks. It may also be used to test pumps, valves, etc. Sampling frequency and reporting
requirements and results are discussed in Section 7.6.1.2.4.

The Quarry Boreow Area land disturbance stonm water permit, MO-R10403 1, issued to
the WSSRAP on July 28, 2000, has no specified monitaring or reporting requirements.
Settleable solids will be moenitored if adverse effects are noted at the Bomrow Area.

Effluent discharges are also regulated by Department of Energy (DOE) Order 5400.5,
which calls for a best awvailable technology evaluation if the anmal average uranium
concentration at an outfall exceeds the derived conceniration guidetine (DCG) for natural
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"uranium (500 pCi/t [22.2 Bq/l]). Measures are taken t¢ keep uranium concentrations as low as
reasonably achievable (ALARA), not just below the DCG.

The primary criteria used to develop the surface water monitoring program were the
Missouri Water Quality Standards for drinking water supplies established under the Missouri
Clean Water Commission 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 drinking water standards that includes contaminants routinely monitored in
the surface water program can be found in: Table 8-1.

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

Table 7-4 Welden Spring Chemical Flant Storm and Sanitary Water (NPDES Permit MO-0107701} and
Quamy Storrn Water (MC-0108887) Monitoring Requirements

LOCATION

NP-0002, NP-0DDD3, NP-ODDJ,

PARAMETER NP-0005, NP-0310, NP-0050™ NP-0006
NP-1005
Sampling Fraquency _oncefmaonth oncalquarer
Flow GPD (montar caly) GPD {monitor only}™
Settieable Sdids 1.0 mithr —
Tatal Suspended Solids mg#t {monitor only)” 30745 mgAi™
Mitrate and Nitrite as N** mg/l (monitor enly) -—
Uranbim, total mgd {rnoniter only}* —
Gross alpha, beta pCiA {menitar only) —
pH 6 - & standard units £ - 9 standard units
Facal colifarm —_ . 4D0A000 colonies!
__ 100 mi*

Biochemical Oxygen Demand — 30745 mgA™
Total Resldual Chiorine — 1.0 mgd

NOTE: Referto Flgure 7-1 for NPDES monitoring tocations.

Fermit requires reporting in both mgAl and pCIA and netification of MDNR if uranlum concentration in any
sample exceeds 2 mgh.

- Daes not apply to quany stonm waker Cutfall NP-1005, '
{a) Crutfall NP-0050 represents two outfalls from the TSA The outfall was not permitted during the first
ha!f of 2000. Permission was given by MDNR to discharge at the cutfall as leng as it was monitared
as at other storm water outfalis. The outfall was permittad when the permit was reissued on July
13,2000 '

b} Frequency is onca/month.

fe) Limitis 50 mgf if erosion control is nat designed for a2 one in 10 year, 24-houy storm,
fd} Monthly average/weakly average

{a) Manthly averageddaily maximum,

—- Mot Appllcable.
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Table 7-2 Effluent Parameter Limits and Monitoring Regquirements for Site Water Treatment Plant
© (NPDES Parmit MO-0107701) and Quan’y Water Treatment Plant (NFDES Permit
MO-0108987) Outfalls*
LOCATION LGCATION

PARAMETER NP-0007/NP-1001 PARAMETER _NP-ODOTINP-1001
Gross a PG P, total "0.200.10 mgil
Gross p pCif™ M, totad 0.50/0.10 mgAl
Uranium, total pCi Hg, total 0.005/0.004 mg/
Ra-226" pCilT™ Se, total 0.05 mg/l/NA
Ra 228" pCii™ Cyanide, amenatle 0.05 mg/iNA
Th-2300 pCifI™ Z4DNT 1.1/0.22 ug/|
Th-232% pCiTe Fluoride, total 12 mgilNA
Flow GPO™ Nitrate and Nitrifs as N 100 mgA™
COD B0 (60) mgAl ™ Sulfate as 504 mumsuu mgli
TSS 50 {30) mgn™ Chicide UINA
pH 6-% standard units Priority Pollutants™ rn I o
Al Totl 7.5 mgAiNA ™ wWhela Efiuent Toxicity 0
As, total .20 mg/iiNA
Cr, total 040 mgdfNA

NOTE: Refer to Figurss 7-2 and 7-3 for NPDES monitoring locations.

M

{a}
{b}

{c)
{d}

{8}
{f)
{3}
(h)
{i)
U}
{k}

Mot applicable

Frequancy = once per batch uniess ntharwlsa notad,

Monitoring onty,

Watar treatment plants designed for an average concentration of 30 pCifl (1,11 Bag/l) and never to
exceed concentrations of 100 $Cifl (3.7 Bg/l).

Once/month,

Polychlorinated biphenyls (PCBsg) have a {imit of 1.0 puga untii July 14, 2000, After that the limit is
0.5 ugi.

" Daily maximum {monthly gverage).

Priority polfutants ara listed in 40 GFR 122.21 Appendix D, Tables Il and 111,

LImhit appliss to chemical plant; monitaring only at quarry

Annhual monitoring.

Quarterly monitaring.

"Mo statistical difference between affluant and upstream rasults at 85% confidence level "
Added when permit refssued on July 14, 2000,

7.4 Hydrology Description of the Site and Quarry

Separate surface water monitoring programs have been developed at the chemical plant

and quarry due to differences in the topography and hydrologic conditions. Both programs take
into account the mechanisms controlling surface water source areas,

7.4.1 Weldon Spring Chemical Plant and Raffinate Pits

The chemical plant area is located on the Missouri-Mississippi River surface drairiage

divide (Figures 7-1 and 7-2). The topography is gently unduiating and genersliy slopes.
northward to the Mississippi River and, more steeply, snuthwa,rdwme Missouri River. Streams
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do not run through the property, but because the site is elevated above surrounding areas,
drainageways originate on the property and convey storm water off site. Surface drainage from
the western portion of the site, which included Ash Pond, the scuth and north dump areas, the
temporary storage area, and raffinate pits, drains to tributaries of Busch Lake 35 and then to
Schote Creek, which in turn enters Dardenne Creek, ultitnately draining to the Mississippi River.

(Figure 7-1).

Ash Pond, Raffinate Pits 3 and 4, the chipped wood storage area, and the south end of the
temporary storage area were completely remediated and confirmed clean during 1999. The
remainder of the site was remediated and confirmed clean during 2000. A portion of the water
that discharges at NP-0003 flows through Sedimentation Basin 4 before reaching Ouifall
NP-0003. Outfalis NP-0004, NP-0005, and NP-0050 {NP-0051} do not have sedimentation
basins but have appropriate vegetation and/or erosion control upstream of the outfalls.

Surface water drainage from the north and east sections of the chemical plant site, which
includes the administration parking lots, part of the disposal cell outer berm, and the constraction
material staging area, discharges to Dardenne Creek from Schote Creek after first flowing
through Busch Lakes 36 and 35 (Figures 7-1 and 7-2). Leachate from the interior of the cell and
storm water runoff from open portions of the cell were collected in Retention Basins 1 and 2 and
Sedimentation Basin 1 (converied 1o & retention basin) for sampling and/or treatment. These
basins were remediated during 2000. Retention Basin 2 was made smaller and may be used to
store treated storm water from open portions of the celi when it is reopened for a brief period
during 2001. Leachate is now collected in the Leachate Collection and Removal System (LCRS)
sump, Runoff from the construction material staging area equipment area near the north
decontamination pad was collected in the construction material staging area retention basin and
sampled to ensure compliance before being discharged to Outfall NP-0010 during 2000. The
equipment area, decontamination pad, and reiention basin were removed, and the area was
remediated during 2000.

Runcff from the southern portion of the chemical plaat site (Figures 7-1 and 7-2), which
inciuded the site water treatment plant, Buiiding 434, and parking and equipment areas for the
former chemical stabilization and solidification facility, flows southeast to the Missouri River via
the Southeast Drainage (Valley 5300). The site water treatment plant, efffuent basins,
equalization basin, Raffinate Pits 1 and 2, and Building 434 were removed and the area was

remediated duriag 2000. By the end of 2000, all surface water runoff was from confirmed clean
areas.

7.4.2 Weldon Spring Quarry
Surface water bodies in the quarry area are the Femme Osage Slongh, Little Femme

Osage Creek, and Femme Osage Creek (Figure 7-3). These water badies do not receive direct
runoff from the quarry, but are sampled to monitor potential changes due to movement of

DOE/ORIZ1548-868, Rey. 0 Q3




WELDON SPRING SITE ENVIRONMENTAL REPORT FER CALENDAR YEAR 2000

QiGN

_______

CHEEK

— NP-0010~,
T NP-0003

ks ‘\

NP- nuu4

NP-C050 (NP-0051)

MOTE: SEE FIGURE 7-2 FOR
LOCATION MP3007.

LEGEMD

- SURFACE WATER LOCATION
- NFDES LOCATION

- AT COLINTY ROUTE M,
AFPROXBMATELY 2 MILES

WELDON SPRING

NP-0006 CHEMICAL PLANT

~ NP-0005 -

/{'/SGUTH EAST DRAINAGE

CROCKELR

SURFACE WATER AND NFDES
MONITORING LDCATIONS AT THE
WELDON SPRING CHEMICAL PLANT
AND RAFFINATE PITS

DOE/QRZ1548-886, Rav. O

Q 172 1 M FIGURE 7-1
e
Q A 1.6 KM MRRNS DOE/ORA21548-885 |"“"”'°” AMNPIOTIN 133
SCALE fomdbarn — qwy [ gy [ 320t
94



WEEDON SPAING SITE ENVIBCHMENTAL REPCHT: FOH CALENDAR YEAR 2000 rirslia i

CONETRUCTION MATERALAL

ETAGING AHAEA J[/HQHHQW AfEA HALUL ROAD

BEDBMENT BAZIN 1
[LUSED A% AETENTIGNG

DOE FEMNCE LINE

S
' MISSOUR STATE
%, ROUTE 24

'BEDINENTATION | |
. BASIN

NP-200; -4
----- .-"r‘l J_' :?"IL
DISPOSAL BELL I
S Ae WIORK ZONE P _-I?‘— | Ll cuMPOsITE
= b BumoiNz |
e ,ff.' | ’ ] ‘
- ! _ i
-“.“_1“- K.—' ‘.-fril-ﬂ ."'-1..‘_‘_ H ;
- N | ~. I
| e | ¥ moDuLaR,
J : L R = BURDNG
. 1 e
#’ REFFINATE RAPFINATE | ‘53“ - INETRATIGN
PIT & I B
AL A P
%, - SRR 7 NP-0006
[ -..':;--.._ _.,\.__,;d‘
- * Y, STTE WATER TREATHMENT
N ? 7 __N.F,ﬂnﬂ? ﬁ" yla) PLANT FACHITEES
+,....' = SILTATION BAZIN
S ﬂ,,-;‘TF;";"’;TE ! [CONVERTED TU EEFLUENT
\ Te—— AREA L FOND 5798
ha e . NP-0005
h.-‘_‘
NP-DO50 @, e
TEMPORARY STORAGE ARER ~ ' !
[}
NP-0051 ﬁ‘, . N
(Wi
GE 4 XITE wafmmmmw
STORAGE FlF.A _ i e
- ! 5 S |
ARMY BROFERTY / = OUARKY HALL ROAC \

reCIARGES Th e MESSOUM RIVER, SUREACE WATER AND NPDES
\IA THE EFFLUENT PIPELINE AT NP.0007. MONITORING LOGATIONS AT THE
(S FIGURE 4.2 WELDON SPRING CHEMICAL PLANT
@ - SAMPLE LOCATION AND RAFFINATE PITS - 1/1/2000
o 500 106D FT l FIGURE 7-2
. L .
57 1524 304.8M o DOBOR1GAGAAE [P A/CPI0B6I0883
BCALE
_ p— ™ |n-mw GLM |mt YT

DOEORZ1548-886, Fev. 0 _ ©8




OFr2sind

WELDON SPRING SITE ENYIRCMMENTAL REPQAT FOR GALENDAR YEAR 2000

LOFLZIE “ WD s.z:.,._ Ml e
mm:.ﬂcz,ﬁ__{ coimmna| DBE-BFGLZANEOD - g pem
g/ FUN9I

AUHYAD DNIHGS NOGTIM IHL
LY SNGILY 20T ONIHOLINOW
SACdM ANV HALYM 32¥AHNS

E Rkt

T 1 i}

N w07 TN $304M - 7
HOILY 07 ONHOLINOW LTHFRIJAS - &
KL 20N BHIMOLUNGW KLY IATYSHNS - -

QrETHA

TTHANG IDEYHIELD
AT ANV LY SHL
HALW A AHHYND

ITFFLA0 IDYYHISIT 1NV
AW YAl HaLYA SIS

.Hl| IDYHIFHa

¢

f 1SYAHLO0S

Mo

QE0F0F
HN23HD ATVED IS
—~ N/\

--/;.

N
w_ .

_._mu_.__ﬁ-l_.m ADYE0 IWND
E0OL- ..__:.m‘.‘
.Wﬁ-_u_.. S mgﬂnn_z '

.mnamwhm. R &..un;._m

AHHYND s
HNIHdS e
HOodEam i
L F
[
*
b
5

PEALNOY ALYLE

.EE.EM /. e

%6

DOEMOR21 B4B-886, Rev. 4



ELDON SFRING SITE ENVIRONMENTAL REFORT FOR CALENDAR YEAR 2000 el

contaminated groundwater from the fractured bedrock of the quarry through fine-grained alluvial
materials. .'

The Femme QOsage Slough is directly south of the quarry and is known to receive
contaminated groundwater from the quarry through subsurface recharge. There is no natural
sutface flow from the slough; it is esséntially land locked. Little Femme Osage Creek is located
west of the quarry and discharges into Femme Osage Cresk approximately 0.5 km {0.3 mi)
souttwest of the quarry. Femme Osage Creek flows into the Missonri River. Although there has
been no evidence of impact from contaminated groundwater on the creeks via stream emergence,
they are monitored to detect changes in the system.

7.5 Monitoring

Sections 7.5.1 and 7.5.2 discuss monitoring requirgments at NPDES outfalls and surface
water locations at the chemical plant site and the guarry.

7.5.1 National Pollutant Discharge Elimination System Monitoring

The NPDES permits issued to the site identify the parameters to be monitored. The
requirements for the two major permits are shown in Tables 7-1 and 7-2, and the requirements
for the three minor permits are discussed in the following text. Physical, chemicai, and
radiological parameters were monitored at afl storm water outfalls, as well as the quarry and site
water treatment plant ouifalls. The Environmental Monitoring Plan (Ref 8) refiects the
requirements of the NPDES permits.

7.5.2 Surface Water Monitoring .

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

7.5.2.1 Weldon Spring Chemical Plant and Raffinate Pits

In accordance with the surface water monitoring program, Dardenne Creek, and Busch
Lakes 34, 35, and 36 were sampled quartesrly, at five locations (Figure 7-1) for total uranium
(Ref. 8). Samples were split and analyzed by the site Kinetic Phosphorescent Analyzer (KPA)
and an off-site lab. This monitoring was conducted 1o measure the effects of surface water
discharges from the site on the quality of downstream surface water.

7.5.2,2 Weldon Spring Quarrjr.
Six locations within the Femme Osage Slough were monitored to determine the impact of

groundwater migration from the guarry. Surface water locations SW-1003, SW-1004, and
SW-1005, SW-1007, SW-1009, and SW-1010 (Figure 7-3) were monitored quarterly by on-site

DOE/QR/Z1548-808, Ray_ D a7




WELDOH SPRING SITE ENVIRONMENTAL REPORT FOR CALENDAR YEAR 2000 OFr23m

KPA for total uranium. Due to elevated total uranium concentrations detected at slough
locations in 1999, uranium samples were analyzed by off-site laboratories semi-annually in
support of on-site results. :

7.6 Monitoring Results

Analyiical results of the monitoring of surface water and NPDES owifalls are presented in
the following subsections.

7.6.1 National Pollutant Discharge Elimination System Program Monitoring Results

Radiochemical, chemical, and physical anzlytical resylts for NPDES outfalls are
presented in subsections 7.6.1.1 and 7.6.1.2.

7.6.1.1 Radiochemical Analysis

For 2000, the annual average uranium concentrations at the storm water discharge poimis
ranged from 1.0 pCi/1  0.04 Bq/l) at NP-1005 to 15.6 pCifl  0.58 Bq/l} at NP-0003, which are
0.1% and 2.3%, respectively, of the DCG for natural uranium. Average annual gross alpha
concentrations ranged from 2.5 pCil (0.09 Bg/l} at NP-1005 to 37.7 pCi/l ( 1.39 Bg/l) at
NP-0005. The year 2000 annual average radionuclide concentrations for all the permitted storm
water outfalls are shown in Table 7-3. Historical antiual averages are tabulated in Table 1-6,

Uranium concentraticn averages were calculated on a flow weighted basis for storm
water Outfalls NP-0002, NP-0003, NP-0004, NP-0005, NP-0010, and NP-1005. Flow was
measured at these outfalls by flowmeters, v-notch weirs, or visual estimates. Beginning
January 1, 2000, total flows were calcutated using watershed areas, precipitation measurements,
and nnoff coefficients. Flow weighted averages {rather than straight averages) were calculated
for uranium levels at these outfalls to estimate the total uranium that migrated off site during
2000. The flow-weighted average for the year was calculated by summing the total activity
{pCi} for the days the samples were coilected and dividing by the sum of the total daily fiows
{liters) for the same days. A straight average was used for outfail NP-0050 {and NP-0051)
because the temporary storage area is relatively flat and the flow was diffuse, so it was difficult
to get a flow measurement accurate enough for averaging.

Treatment plants at both the site and quarry were in operation during 2000, Eight batches
were discharged from the quarry plant, and 15 batches wére discharged from the site plant. Ten
of the site and three of the quarry batches were continuous discharge, as opposed to batch
discharge. A true batch discharge is treated water that is stored, then sampled, then discharged
when compliance is demonstrated. A continuous discharge is discharged as it is treated and
sampled at the discharge. Analytical results are received after the discharge. No daily maximum
or monthly average limits are established for uranium in treated water; however, the design of
the treatment plants is based on achieving an average of 30 pCi/l (1.11 Bg/l) urantum with &
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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 2.7 pCi/l {0.10 Bg/l) and 0.84
pCi1 {0.03 Bg/l), respectively (Table 7-5). In addition, the site water treatment plant averaged
5.0 pCy/1 (0.19 Bg/l) for gross alpha and 7.6 pCi/l (6.28 Bg/l) for gross beta. The quarry water
treatment plant averaged 2.3 pCifi (0.09 Bg/l) and 7.1 pCi/l (0.26 Bg/), respectlvel},r for these
same parameters (Table 7-4).

Table 7-3 2000 Annual Average NPDES Results for the Weldan Spnng Chemical Plant and CQuarry Storm
Water Outfalls'™

_ LGCATIONS —

PARAMETER NP-D002 | NP-DO03 | NP-DDO4 | KP-D005 | NP-DD1D | NP-10056 | KP-DOSO0, 51
Humber of sampla 12 11 1 - 13 4] 8 10
eviants
FIH mnga : ] T&F -EJ [0 & EY T&F
Nitrate as N (mg/h 13 4.2 47,7 4.5(13} 0.2 NS 24
Total suspended 1,029 282 178 282 142 424 B02
solids {mgf) _

Sataable solds 15/E(b) 12f2(h) 11/0{b) 12/0(b} SO(k} &/{b) 1000k}
{mlflhr}
Arsenie (mgh) 0.0042) 0.022 NS D.005{8) NS NS 0.017(2)
Chromium {mg/) 0.0122) 0.066 NS 0.014(2) N3 NE 0.048(
Lead (mgd) 0.0202) 0.038 NS 0.005(5) NS NS 0.02002)
Thallium (mp) 0.026(2) 0.003 NS 0.003(9 NS NS 0.003(2)
Tatal dranium 5g* 15.6" B.0" a8.9* 6.1 1.0+ 8.4
{pCil) _ _
sross alpha {pClm 35,2 278 15.9 ar7 12.3 2.5 14.8
Gross beta (pCifl) 42 5 234 222 245 87 5.9 th.7
Fadium-225 (pCifl) NS 1.B8(10) N3 0.427) NS WS NS

| Radium-228 {pCif) NS 0.62{10} NS D.68{7) ME K3 ME
Thorium-228 pCifl) NS 17210 NS 0.28(7) NS NS NS

| Thorium-230 pCifl) NS 13710 NS 0.58{7) ME NS ME
Therium-232 pCil NS 1.84{10) M5 0.30(7) NS NS NS

{a) All pH readings were in the permitted range of 6.0 to 5.0 standard units.

{b) Number of samples/numbar of results abowve daily maxirum limit of 1.0 miAthe.

(&) The number in parentheses indicates the number of samples analyzed for the specified parameter, if

it differs from the number of sampls events,

Flaw proportional averagas.

Suspected outlier of 374 mg/t elevates avaraga to this level. Next highest level is 46.8 magl.
WS Nnt Sampled,

Mote: 1 pCifl = 0.037 Bgl.

L]

ik
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In addition to effluent monitoring, the NPDES permit for the quamy, MO-0108987,
required that river sediment sampiing be conducted upstream and downstream of the guarry
water treatment plant outfall (NP-1001) on an annual basis. The river sediment was sampted for
uranium upstream at Jocation SD-4090 and downstream at location SD-4091 (see Figure 7-3).-
The one-time sampling vesults were 3.06 pCifg {8.11 Bq/g) at SD-4090 and 2.88 pCi/g (0.11
Bqg/g) at 8D-4091, These concentrations are an indication that discharges from the site have not
had a deleterious effect on nver sediment.

Table 7-4 Site and Quarry Water Treatment Plant Annual Averages for Radium and Thonum (BpCil)

PARAMETER SITE WTP {NP-00DTY* QUARRY WTP (NP-1001)

Re-226 0.53 {3M12] 0.26 (48]

Ra-224 0.52 {812} 0.27 (6/6)

Th-228 0.18 {812} 0.22 (4/6)

iTh-230 0.78 (212) 0.83 {1/8)

Th-232 0.21 {(8/%2) 0.32 (4/6)

Gross glpha : 5.0 {4/15) 2.3 {&/8)

Gross beta 7.8 {4/15) 7.1 {36)

* Mumber in parentheses represents the number of results below detection limit {including uncensored

values)iftotal number of samplas,
Mote: 1 pCi/l = 0.037 Bg

Radium and thorium were monitored once per month, as required by the permit, in both
siie and quarry water treatment plant batches, Annual averages for radium and thorium at both
plants are shown in Table 7-4. Radium and thorium levels were all well below the DCGs at
anmual averages less than 1.0 pCi/l.

Estimated quantities of total natural ucanium released off site through surface water
runoff and treatment plant discharges are in Table 7-5. The total volume of storm water at all the-
outfalls was calculated using watershed area, total precipitation, and runoff curve mumbers,
Runoif curve numbers are cited in the U.S. Department of Transportation Design of Roadside
Drainage Channels (Ref. 31). Best professional judgement was used in determining runoff
curve numbers. The estimated mass of ueanicm released off site in storm water and treated
effluent during 2000 was 5.38 kg (11.83 Ib) and was calculated by multiplying the total mnoff
volume by the average uranium concentration. This is a substantial decrease from the estimated
amount released during 1999, which was 9.56 kg (21.08 Ib). Table 7-6 shows the annual average
uranium concentrations at NPDES outfalls from 1987 t0 2000. Average uranium concentrations
for 2000, in comparison to levels for 1999, decreased at ali outfalls except NP-0004 and
NP-0050(51) The uranium levels at outfalls NP-0004 and NP-0050(531) were very low in 1999,
and although they increased during 2000, they were still below 10 pCi/l. This is suspected to be
a natural variation due to soil disturbances and does not appear to be the start of an upward trend.
Historical trends of uranium at Qutfalls NP-0002, NP-0003, and NP-G005 are discussed in
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Section 11.1. Radium and thorium were both petiodically monitored at Outfalls NP-0002,
NP-0003, and NP-0005 throughout the year to monitor the effects and effectiveness of
remedigtion, The parameters for each outfall are discussed in the following paragraphs.

Table 7-5 2000 Estimated Annual Release of Naturat Uranium from NPDES Cutfalls

" TOTAL | TOTAL
DRAINAGE ESTIMATED RAINFALL| RUMOFF
AREA % OF AVERAGE URANIUM] VOLUME | VOLUME | TOTAL U {TOTALU
HECTARES | PRECIPITATION | CONCENTRATION Miltyr Mifyr RELEASE JRELEASE|
IOUTFALL} {ACRES) | AS RUNOFF{a} {pGif) {Mgalfyr} | {Mgalfyr) (Clhyr). |- {
NP-0002 3B B0 5.6* 1 B330.01 188.03 1.11E-3 1.831
| {78.8} _ (87.18) {52.32)
HP-0003 253 40 15.6* 245 B85 9E.28 1.53E-3 2.254
(58.5) ' (64.90) | (25.96) _
NP-0004 11.3 40 8.0 117.56 47.01 0.28E-3 0.415
{28) {31.06)} {12423
HP-0005 12 40 a.a* 124.20 489.70 0.34E-3 0,504
(28.6) f32.84) {13.13}
NPF-0010 5.7 30 a6.1* 5878 17.84° 3. 11E-3 0. 158
{14} {15.53) {4.68} _
WP-0050, 5 30 a4 52.08 15.63 0.13E-3 0.153
51" | (24 (13.76) {4.13} _ _
HP-1005 0.5 &0 1.0 L.45 3.2 3.28E-6 005
L _ 1.3} {1.44) {0.87) _
NR-0007 MfA Mrd a7 NA 47.35 0.123E-3 0.188
f12.51)
NPF-1001 MNfA [ 0.8 NA 26.19 220E-5 | 0.032
{5.92}
TOTAL MA NIA NA D88 83 503.08 3.68E-3 8,380
1 (246.72) {132.91)
* Flow-weighted average.
(a} Runoff curve number estimated from U5, Depattment of Transportation Design of Roadside
Drainege Channalz (Ref. 31).
{iy COne gutfall is monitored to represent both.

A Mot Applicable.
Note: To eonvert from Cifyr to Bafyr, multiply Cifyr by 3.7 x 10"
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Outfall NP-0001 was the outlet of the abandoned process wﬁer line. This outfall was
physically removed in May 1994 and was ofﬁcially eliminated from the permit on August 4,
1995,

The average uranium concentration for Outfall NP-0002 in 2000 was 5.6 pCil
(0.21 Bg/l), a decrease from the 1999 average of 8.0 pCi/l (0.30 Bg/l). No radiclogical
contaminants were detected sbove baseline values. Baseline values for contaminants in storm
water were set before soil and foundation removal started and the site was still stabilized with
vegetation, Baseline monitoring and values are in table E-6, Appendix E, of the EMP (Ref. 8),
All levels were well below the DCGs.  Annual average NPDES results for Outfatl NP-0002 are
in Table 7-3.

The average uranium concentration for Qutfall NP-0003 was 15.6 pCifl (0.58 Bg/l),
which was much less than the 1999 average of 38.3 pCi/l (1.42 Bg/l). The decrease may be the
resuli of completing remediation and establishing vegetation in the watershed. Although
numerous thorium and radium levels were above baseline. levels, with the exception of one
sample, they were well below the DCGs for the specific parameters. The exception was a
gsample coliected on February 18, 2000, Radium angd thorium levels were elevated, particularly
Thorium-230, at 119 pCi/l. The sample was out of compliance for settleable solids and above
the notification level of 100 pg/ for arsenic, chromium, and lead. The flow on Febmary 18 was-
the result of a greater than 3 in. rainfall in the previous 24 hours. Two inches of rain fell during a
2-hr period. Elevated metals are typically seen with elevated solids; however, radium and
thorium, especially Thoruim-230 were also elevated. All the radiological levels were below their
respective DCGs, but the unexpectedly high levels of both metels and thorium triggered an
investigation to find the source, Scil and sediment samples were collected during the
investigation, and the results indicated that the source was soil that had accumulaied on the
contaminated haul road (between the cell and Raffinate Pits 1 and 2} and, 0 a lesser extent, on
the contaminated vehicle parking area in the old material staging area. Both of these areas shed
storm water to the diversion channel that flows to Sedimentation Basin 4 (Figure 7-2). . This
normally allows settling of the solids in the basin before the storm water leaves the site. It was
determined that the water management methods worked as designed, but could not accommodate
the heavy rains in combination with the lack of vegetation. Corrective actions were taken as
folows:

» The top level of seil was removed from the surface of the haul road and the parking
area and placed in the cell.

» Sediment was removed from the diversion channel and placed in the cell Rock
check dams were inspected and built up as required.

» Sedimentaticn Basin 4 was operated as a retention basin to altow a longer seftling
time before the water was released. Water was sampled for uranium before release
was authorized,
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¢ The haul road and parking area were monitored more frequently to ensure that there

was no build up of contaminated materigl.

¢+ Monthly NPDES samples of effluent a1 Qutfall NP-0003 were analyzed for arsenic,
chromium, lead, thallium, radium, and thorium. Seven-day or faster turnaround times
were requested.

Monitoring of sediment downstream of outfall NP-0003 indicated that all levels were

below the cleanup criteria. Parameters for the storm water runoff sample collected during March
were all in compliance with NPDES limits, below notification leveis for metals, and below the
DCGy for the radiological contaminants. Radium and thorium were reduced to levels that had
been seen in the past. During the latter part of 2000, Sedimentation Basin 4 and the outfail
NP-0003 area were remediated and confirmed clean. A new sedimentation basin was installed to

. slow water flow and retain settleable solids from the confirmed clean watershed. Baseline values
are in Table E-6, Appendix E, of the EMP (Ref. 8). Annual average values for uraninm, radium,

thorium, gross alpha, and gross beta are shown in Table 7-3.

Qutfall NP-0004 was eliminated from NPDES permit MO-G107701 on March 4, 1994,
but was repermitted on May 22, 1998, because a portion of Raffinate Pit 4 was being remediated
upstream of the outfall, and storm water from the area flows to Quifzl! NP-0004. The annual
average for uranium at NP-C004 was 6.0 pCifl (0.22 Bg/1), slightly higher than the 1999 annual

average of 3.5 pCi/l (0.13 Bq/l). The slight increase was most likely due io soil d:srurbance in
the area and precipitation patterns.

The annual average uranium concentration at Qutfall NP-00035 for 2000, which wes less

than the 1999 average of 20.3 pCi/l (0.75 Bq/l) was 6.9 pCifl {0.26 Bg/l). There were instarices’

of radium and thorium being sbove baseline values but still within levels seen during
remediation and well below DCGs. Baseline monitoring and values are in Table E-6, Appendix
E, of the EMP (Ref. 8). Annual average NPDES results are in Table 7-3,

Qutfall NP-0010 was added to NPDES Permit MO-0107701 when it was reissued on
March 4, 1994, This outfall is near the west end of the north perimeter fence in the construction
material staging area, and drains a portion of that area (Figure 7-2). Clean soil, gravel, and other
construction material are stored there. Contaminated soil was removed, and the construction
material staging area was compieted early in 1996. The annual average uranium concentration
for 2000 was 6.1 pCi/l (0.23 Bg/}, well below the DCG of 600 pCv1 (22.2 Bg/l) and slightly less

than the 1999 average of 7.3 pCi/l (6.27 Bg/i). The annual average NPDES resuits are in
Table 7-3.

Outfall NP-0051 represents two outfalls on the west side of the temporary storage area.
Outfall NP-0050 is the other outfall (Figure 7-2). Before the temporary storage area was
remediated; these outfatly served its north and south ends. After the remediation, sheet tlow was
established, and enly one cutfal! is now being sampled at the property line. The annual average
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- uranium concentration for 2000 was 8.4 pCi/l (0.31 Bg/l), well below the DCG of 600 pCifl
{22.2 Bq/)) and somewhat higher than the 1999 average of 2.7 pCi/l {0.10 Bg/1). The increase is
suspected to be the result of scil dismrbances and prec:pltatmn patterns. The annual dverage
NPDES results are in Table 7-3. :

Outfiatl NP-1005 is the storm water outfali at the quarry. During 2000 the flow was from
a hillside and a ditch along the effluent ponds from the quamry water treatment plant, In the
fiture this cutfail wili discharge water from the quarry area after it is backfilled and graded. The
annual average uraninm concentration for 2000 was 1.¢ pCi/l (0.037 Bg/l), a decrease from the

1999 average of 1.9 pCi/i {0.07 Byg/l). The annual average NPDES results are reported in '

Table 7-3.
7.6.1.2 Physical and Chemical Results

Analytical results for physical and chemical parameters at NPDES outfafls an-:l nther
sample locations are discussed in Subsections 7.6.1.2.1 through 7.6.1.2.4. '

7.6,1.2,1 Chemical Plaot and Q'unrry Storm Water
The annual averages for the physical and chemical parameters for storm water Outfalls

NP-0002, NP-00G3, NP-0004, NP-0C0S5, NP-0010, NP-0050, NP-0051, and NP-1005 are in
Table 7-3. In addition to the perrmtted parameters, arsenic, chromium, lead, and thallium were

periodically monitored at some outfalls. There were three instances at outfall NP-0003 of metals

that do not have permit limits having levels above the 100 pg/l reporting levels for foxic
pellutants. TFhese elevated levels were noted in the sample collected on February 18, 2000.
Radium and thoritm were elevated in this same sample. The incidemt i3 discussed in
Section 7.6.1.1. ' '

There were also eight samples where settleable solids were above the 1.0 ml/l/hr Yimit.
These results are shown in Table 7-3 and further discussed in Section 2.5,

7.6.1.2.2 Administration Building Sewage Treatment Plant
Monitoring results for the sewage treatment plam, Uutfall NP-()06, are in Table 7-7.
Except for one fecal coliform result in January, parameters were in cnmplmnce. for the year, See
Section 2.5, Incident Reporting — Environmental Occurrences in 2000, for further discussion.
7.6.1.2,3 Site and Quarry Water Treatment Plant Physical and Chemical Parameters
Ph}rsmal and chemical parameters were all within permitted limiis {where limits were

assigned) for water treatment plants at the site and quarry. Therefore, the parameter levels are
not summarized here. -
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During 2000, Whole Effluent Toxicity (WET) tests were required quarterly for effluent
frem both the site and quarry water treatment plamts. Because neither the quarry nor the site
plant was in operation during one quarter, there are only three sample results for each site. The
WET test is a measure of toxicity without quantifying or identifying the toxic constituents. Tests
were conducted on both Ceriodaphnia dubia (water flea) and Pimephales promelas (fathead
minnow). The tests were conducted in effluents and in test controls of upstream river water and
laboratory control water. No samples failed the WET tests during 2000, indicating that the site
and quatry water treatment plant effluents did not canse the receiving stream to be toxic to test
crganisms (see Table 7-2). WET test results are summarized in Table 7-3.

Table 7-7 NP-0008, Sewage Treatment Plant Outfall, Monthly Averages of Permitted Parameters

BARAWETER (a) (PERMIT LIMITS) _
FC (0} . . TOTAL RESIDUAL
MONTH TSS BOD (400F1000 CHLORINE
{QUARTER) (3045 mgl) {30445 mgily colM 60 mi™ pH (6.0 ~ 8.0 SU) {1.9M1.0 mg/)=~

January (13 11 =] TNTC 7.19 0.78 .
February {1} M5, N8, 4 MN.&. G562
April {2 M. 5. N.S. <2 MN.8. 1.0
May(2p =5 <5 M.5. 7.08 (.16
May(2)- <2 <5 4 7.08 — 0.14
August [3) <h <5 g2 713 0.2
Octobar (4} <5 <5 33 3.08 115

{a} One sample analysis required for sach calendar quarter. (b}
* - Monthly averagefVeekly average b

* - gxcended termperature requlremants
TNTC — Too Numercus ta Count (=15,000 colonies 00 mi),

N.E,

F.C. - Facal Coliform
Manthly average/daily maximum
Mot Sampled

Tabile 7-8 2000 Whale Effluent Toxicity Test Resulis for the Site and Quarry Water Treatment Fjants*

PIMEPHALES RWER LAB
- DAPHMIA [D} {F} CONTROLD,P | CONTROLD,P
BATCH DATE % MORTALITY | % MORTALITY | % MORTALITY | 3% MORTALITY
8179 11000 0 2.5 0,25 025
5181 4/6/00 3] i 0,0 8.0
3187 A7 10 1 5 0,25 0,258
Q084 IME00 0 3 0. 02.5
Q055 Gf28/00 1] ] 0.0 0,0
Q071 11728100 [i] 1] 0.0 0.0
3 Site
Q2 Cuarry
F Pimeaphales .
(M) Daphnia {Ceriodaphnia}

Each test is on four replicates of 10 arganisms. % mortatty is based on 40 oarganlsms.
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7.6.1.2.4 Hydrostatic Test Water Results

NFDES permit MO-G670203 was issued on December 5, 1997, for the discharge of
hydrostatic test water. The pertnit requires that a sample be collected during the first 60 minutes
of each discharge. It also requires that flow, total petroleum hydrocarbons {TPH), total
suspended sotids (TSS), and pH be monitored. There is a daily maximum and monthly average
for TSS and TPH; however, the monthly average and daily maximum are the same. The limit for
TPH is 10 mg/l and for TSS 100 mg/l. The pH is limited to a range of 6.0 to 9.0. During
calendar year 2000, there were three hydrostatic test water discharges from the Leachate
Cellection and Recovery System (LCRS) storage pipe. All parameters were in compliance

7.6.1.2.5 Borrow Area Land Disturbance Results

NPDES permit MO-R100B69 was reissued on May 29, 1998, and has no specified
monitoring er reporting requirements. The 2000 Envirommental Monitoring Plan (Ref. 8),
however, requires that settleable solids be monitored once every calendar quarter, and that cil
and grease be moniiored as indicated by operations at the facility. Settleable solids and oil and
grease resulis are shown in Table 7.9. Settleable solids were all less than 1.6 mifi/hr. Oit and
greaze were monitored five times at the NP-0040 outfall, which is the outfall from the vehicle
maintenance area sedimentation basin. Three resukts were above the 10 mg/! water quality
standard for oil and grease. There was no noticeable sheen or odor when these samples were

collected. When elevated values were detected, additional serbent booms were placed -

downstream of the maintenance building. This resulted in decreased levels.

Table 7-9 Bomow Area Settleable Solids (mi#hr) and Ol and Grease {mg/)

LOCATIONS
DATE NP-0040" NP 0046~ NP-0052
SETTLEABLE EETTILEAELE SETTLEABLE
SOLIDS OIL AND GREASE S50LI0DS SOLIDS

2ME00 ¢4 2.1 =01 YES
51800 <01 - 33% =01 N8
TI2aMn - 1.6 19 MG, N.8.
19100 0.2 153 N.5. NS
BHN0D =01 . N.B, MN.S. N8,
811/00 <01 N.8. N.5. M8,
925400 0.1 N8, N.5, M.E,
1 WS/00 <01 13 NS NS -
1600 0.2 <5 N.S. 0.5

M.S. Mot Sampled

* Morth Borrow Area sedimantation basin.

i East Borrow Area sedimentation basin.

Fririr

Qischarge to Mesour River watershed. Watsr was purmnped only ane fimea fram the east sida of the bomrow
ares t NP-0052. '
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7,6.2 Surface Water Monitoring Results -

Anglytical results for surface water monitoring tocations at the chemical piant site and
quarry are in Subsections 7.6.2.1 and 7.6.2.2.

7.6.2.1 Weldon Spring Chemical Plant and Raffinate Pits

Average uranium levels at the off-site surface water locations were lower than the 1999
annual averages at four of five locations, and slightly higher at one Jocation. This reflects the
lower levels seen at the NPDES. outfalfs. Average anaual uranium concentrations for surface
water are in Table 7-10, along with the 1999 figures and the historic high for each location for
comparison. Surface water locations are shown in Figure 7-1. Historic annual averages for
Lakes 34, 35, and 36 outlets, as well as locations in Schote Creek and Dardenne Creek, are
plotted in Flgure 7-4. Uranium levels at the Busch Lake outlets have shown an overall decline
since remediation started. The Schote Creek and Dardenne Creck locetions are downstream of
the lakes and have always shown relatively tow levels because the chemical plant pertion of the
watershed is much smaller than the total watershed ares. Data points are shown from the date
the samples were first collected. No samples were collected for SW-2012 during 1995 because
there was no flow from the lake. The historic high of 326 pCifl at location SW-2012, the outlet
of Lake 35, is considered an outlier. An outlier is a sample result that does not fit the rest of the
uranium results for the location. It does not necessarily mean that the result was not real, but that
it is an anomaly and is suspect. This was an isolated same with no samples colected before or
after (umil 1993). This location is downstream of Lake 36, which showed no similar elevated
levels. The secend highest uranium concentration at SW-2012 was 17 pCi/l during 1994,

Table 7-10 Annual Averages for Tatal Uraniem (pCif) Concentrations at Weldon Spring Chemical

Plant Area Surface Water Locations*

LOCATION AVERAGE MAXIMUM MINIMUM HISTORIC HIGH
SW-2004 5.3(8.3) 11.5(10.7) <0.7(6.3) 39 (1980)
SW-2005 5.2(7.0) 8.0[7.7) 3.3(6.0) 53.7 (1908)
SW-2012 4.3(5.7) 7.5(8.5) <0.7(3.7 § 326 (19517
SW-2018 1.4{13) 3.1(2.2) <0.7(0.8 ) 7.8 (1984
SW-2024 1.6(28 ) 1.95.3) 0.8(11) 5.3(1598)

* 1909 results are given in parentheses,

* This histaric high is considered an cutlier. .
Note 4. 1 pCifl = 0.037 BgA,
Mote 2. Four samples were coliected from each location during the year,
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7.6.2.2 Weldon Spring Quarry

The annual averages for the surface water locations are summarized in Table 7-11.
Uranium levels in the Femme Osage Siough remain within historical ranges. No new historic
total uranium high cencentrations wers reported for quarry surface water during 2000,

Table 7-11 Apnual Averages for Total Uranium {pCLT) at Weldon Spring Quarry Surface Water Locations

ANNUAL

LOCATION AVERAGE MAXIMUM MINIMUM HISTORIC HIGH
SW-1003 22.6 (32.67) 23,3 (57 .28) 21.8 (10.60) 252 (1989) :
SW-1004 19.0 (40.10) 21,8 {65.05) 17.0{14.04) 382 (1887)
SW-1005 15.0 (18.40} 18.3 (36,17} 11,6 {12.42) 116 {1961)
SW-1007 162 (20.88) 19,8 (46.46) 10.5 {7.04) B9 (1962)
SW-1005 15.7 {12.81) 20.4 (21.97) 1.0 (6.13) 28.6 (1581}
SW1010 9.8 (28.57) a4 (57.55) 15.8 (8,91} 156 (1897

Mote 1; 1880 results given in parentheses
Note 20 1 pCiA = 0.037 BaA

{a) A sample collected during 1883 fioed conditlens, which represented groundwater discharge to the surface
' had & rasult of 4,000 pCifl. This sample is not reported as the histaric high since it represents groundwater,

ned swrface water,
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8. GROUNDWATER MONITORING
8.1 Highlights of the Groundwater Monitoring Program

The following are highlights of the 2000 g;mﬁndwater moenitering program. These items,
and others, are discussed in detail in this chapter. :

« Contaminant levels generally remained within historic ranges at all chemical plant
and quarry groundwater moenitoring locations.

» High concentrations of nitroaromatic compounds reported in groundwater monitering
locations in the vicinity of Frog Pond continued to be monitored during 2000. Three
new monitoring wells were installed in this area at the end of 2000 to firrther define
the extent of contamination. ' '

* Volatile organic compounds {(VOC)} trichloroethene (TCE) and 1,2-dichloroethene
(DCE} detected in groundwater in 1996 at the chemical plant continued to be under
investigation during 2000. Several new monitoring wells have been installed in this
area and will be monitored in 2001 to further define the extent of contamination,
Treatment of the VOC-contaminated groundwaier is scheduled to begin in 2001,

* Groundwater detection monitoring for the disposal cell that was inittated in June 1998
continued in 2000. -

+ Monitoring results for Burgermeister Spring were within histotical ranges. No new
highs or lows were recorded, although average annual concentrations of contaminants
are decreasing.

* Quarry water treatment plant and temporary storage area waste facility monitoring
programs were discontinued during 2000

8.2 Program Overview

The groundwater monitoring and protection program at the Weldon Spring Site Remedial
Action Project (WSSRAP) includes sampling and analysis of water collected from wells at the
chemical plant and raffinate pits site, the quarry site, adjacent properties, and selected springs in
the vicinity of the chemical plant site. The groundwater protection program is formally defined
in the Weldon Spring Site Remedial Action Project Groundwater Protection Managememnt
Frogram Plan (Ref. 12). The groundwater monitoring portion of the program is detailed in the
Environmental Monitoring Plan (EMP) (Ref. 8).
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Due to lithologic differences, including geologic features that influence groundwater flow
mechznics, and the geographical separaticn of the chemical plant and quarry areas, separate
groundwater monitoring pregrams have been established for the two sites. Generalized geologic
and hydrelogic descriptions of the two sites are found in Section 1.3, A generalized stratigraphic
column for reference is prmrlded in Figure B-1, and hydrogeologic descriptions of lithologies
monitored for the program are in Sections 3.4 and 8.5

8.3 Referenced Standarvds

Two references used to develop the criteria for the groundwater monitoring program are:
(1) the U.8. Environmental Protection Agency (EPA) Owality Criteria for Water 1986 (Ref. 32),
which is intended to protect public groundwater resources, and {2) the Missouri Drinking Water
Standards (Ref. 33). Table 8-1 identifies EPA water quality standards and Missouri Drinking
Water Standards for contaminants that are routinely monitored in the groundwater program.
Maximum contaminant levels (MCLs) and other drinking water standards are used only as

Table 8-1 Referenced Federal and State Water Standards

PARAMETER LEVEL REFERENCE STANDARD
Radiochsmical | Uranium, total 3¢ pCi1 Groundwater Standards for Remedial Actlons at Inactive
Uranium Processing Sites — 40 CFR 192
Sross Alpha 15 pCiA MDWS - Primary Maximum Cortaminant Level
Radium £ plott MI:IWS Primary Maximum Contaminant Leval
Mg, 2.4 DNT .11 pigfl MDHNE - Vvater Luality Standard for Groundwater
TCE 5 pgh EINR Water Quality Standard for Groundwater
Metzais As 50 pgi MDWS - Primary Maximum Gontaminant Leval
Ba 2 mgl MI:IWS Prirnary Maximium Contaminant Lavel
Anians Nz 10 mgA FMDWS - Primary Maximum Centaminant Leva!-
S04 250 ma/l MDWS - Secondary Maximum Cortaminart Leve|
(a) . Standard for combined Ra-226 and Ra-228.
MONR Missoun Department of Matural Resources.
MOWE Missaun Drinking Water Standard,

DOEORZ1548-8E6, Rey. D 1312
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references by the WSSRAP since the affected groundwater aquifer underiying the site is. not a
public drinking water source as defined in 40 CFR, Part 141, Subpart A - General.

Groundwater is also monitored under the requirements of Department of Energy
Order 5400.5, Radiation Protection of the Public and the Environment, which designates derived
concentration guidelines (DCGs) for ingestion of water equivalent to 100 mrem (1.0 mSv}
effective dose equivalent, based on the consurnption of 730 litersfvear {193 gal/year) (Table 8-2).
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 equivalent greater than 4 mrem {0.04 mSv/year) per year
or 4% of the DCG.

Table 8-2 Derived Cencentration Guidelines for Discharge Waters

PARAMETER PERIVED CONCENTRATION GUIDELINE
Natural Uranium BOG pGifl
| Ra-225 100 pCif
Ra-228 100 pift
Th-230 300 pCift
Th-232 50 pCift

Mate: 1 pCid = ¢.037 BgA.

8.4 Weldon Spring Chemical Plant
8.4.1 Hydrogeologic Description

The chemical plant site is in a physiographic transitional area between the Dissected Till
Plains of the central lowlands province to the north and the Salem Plateaw of the Ozark Plateans
province to the south,

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

The chemical plant and raffinate pit area lithologies consist of two major geologic units;
unconsolidated surficial material and carbonate bedrock. The unconsolidated surficial materials

are clay-rich, mostly glacially derived units, which are generally unsaturated. Thicknesses rangc
ﬁ‘ﬂmﬁlmtulﬁEm(ZﬂfttnSﬂﬂ:}(Ref 2). :

. DOE/DRI21540-808, Rev. D 114
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Potentizl groundwater impact: are assessed by monitoring groundwater from the
monitoring weli network at the site. The aquifer of concem bengath the chamical plant, raffinate
pits, and vicinity properties is the shallow bedrock aquifer comprised of Mississippian-age
Burlington-Keokuk Limestone (the uppermost bedrock unit)  The Burlington-Keokuk
Limestone is composed of two different lithologic zones, a shallow weathered zone underlaid by
an. unweathered zone. The westhered poition of this formation is highly fractured and exhibits
solution voids and enlarged fractures. These features may also be found cn 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 conirofled by fracture spacing, solution voids,
and preglacial weathering, including structural troughs - along the bedrock-unconsolidated
materizl interface.

More than 100 monitoring wells have been used for groundwater observations and
sampling since 1987. Many of these have been deactivated and abandoned. In 2000, seven
wells were abandoned, and active monitoring was performed in 46.

“ All monitoring wells are completed in the Burlington-Keokuk Limestone, Some wells
that are screened in the unweathered zone of the Burlington-Keokuk Limestone are used to
assess the vertical migration of contaminants. Most of the wells are completed in the weathered
unit of the bedrock where groundwater has the greatest potential to be contaminated. Where
possible, monitoring wells within the boundaries of the chemical plant area are located near
potential contaminant sources to assess migration into the groundwater system, Additional wells
are focated outside the chemicgl plant boundary to detect and evaluate potential off-site
migration of contaminants (Figure 8-2)

Upgradient-downgradient water quality comparisons are not practical for the chemical
plant site because it straddles the regional groundwater divide. Background values developed
by the U.5. Geological Survey (USGS) for uranium and sulfate in the shallow aquifer have
previously been used as reference levels in lien of these comparisens (Ref 34). In this vear’s
report, the site-specific background levels established in the Groundwater Operable Unit
(GWOU) Remedial Investigation are used instead (Ref. 50).

Springs, a common feature in carbonate terrains, are present in the vicinity of the site.
Four springs are mongtored routinely as part of the EMP (Ref 8). These springs, which are
shown on Figure 8-3, have been historically influenced by chemical plant discharge water that
contained one or more of the contaminants of concern.

_ The presence of elevated total uranium and nitrate Jevels at Burgermeister Spring
{SP-E-HDI} which is 1.9 km (1.2 mi) north of the site, indicates that discrete flow paths are
present in the vicinity of the site. Groundwater tracer tests performed in 1995 (Ref. 50) indicated

DOE/OR2 1 546-806, Ray. O 115
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that a discrete and rapid hydraulic connection exists between the northern portion of the chemical
plant and Burgermeister Spring.

8.4.2 Monitoring Program

The 2000 groundwater monitoring program. ai the chemical plant and raffinate pits area
focused on monitoring known contaminants and determining any groundwater impacts which
may have resulted from remedial action (e.g., soil excavation and sludge removal) at the site. A
summary of monitering locations and parameters may be found-in the Environmental Monitoring
FPlan (Ref. 8). The EMP includes provisions for initiation of special environmental studies if
evidence or conditions arise that warrant investigation beyond the scope of the EMP sampling
schedule.

Total uranium, nitroaromatic compounds, VOCs, and nitrate were monitored at selected
locations throughout the chemical plant area. The frequency and type of sampling performed at
each location was based on recent concentrations of contaminants in the groundwater at each
location and on the likelihood of nearby remedial activities causing mobilization of contaminants
into the groundwater. Analytical results for all monitored parameters are summarized and
discussed in Section 8.4 3.

Prior to construction of the chemical plant, the site was part of a Department of the Army
Ordnance Works ¢complex for production of the nitroaromatic compounds trinitrotoluene (TNT)
and dinitrotoluene {DNT). One of the first nitvoaromatic production lines was located within
what is now the chemical plant area perimeter. Wastes generated from the initial operation of
these early production lines were disposed of in open earthen pits which released contaminated
seepage to groundwater. Wastewater containing nitroaromatic compounds was transported
through wooden pipe networks. Discrete focations at the chemical plant known to be impacted
by nitroaromatics were sampled and analyzed for these compounds in 2000.

Groundwater in the vicinity of the former raffinate pits has been impacted with elevated
nitroaromatic compounds, nitrate, and uranium concentrations, The pits contained ore-refining
wastes from uranium ore concentrates that were digested with nitric acid during the original
chemical plant operations. Some of the wastes generated and disposed of as raffinate also
contained isotopes of thorium and radium. Groundwater samples from seiected locations near
the raffinate pits were analyzed for nitrate, thorium, radium isotopes, total uranium, and
nitroaromatic compounds.

Monitoring wells in the vicinity of Frog Pond, which began demonstrating elevated
concentrations of nitroaromatic compounds in 1999, were sampled quarterly in 2000. In
addition, three new wells were installed at the end of 2000 to further define the extent of
nitroaromatic contamination in this area. Data from the new weils will be available in the 2001
site environmental report.

DOEMDRZ1548-586, Rey, : 118
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Groundwater in the vicinity of the former Ash Pond has been impacted with elevated
nitrate, as well 23 some wranium and nmtroaromatic cempounds. Since racent remedial activities
may have mobilized more of these contaminants into the gronndwater, wells in this area were
monitored quarterly for nitrate, uranium, and nitroaromatics. ' '

Trichloroethene {TCE) was detected in groundwater southeast of Raffinate Pit 4 during
1996. VOC menitoring was condusted bi-monthfy at selected wells during 20006 to evaluate
potemtial trends in the area of TCE impact, assess the mobility of the contaminant, and evaluate
the effect of remediaticn activities on VOC comtamuingtion levels. Tn addition, several new
monitoring wells were installed in this area in early 2001 to further define the extent of
contarmnation. :

Groundwater moves under the chemical plant by both diffuse and discrete flow
components. In order to monitor the discrete flow component, Burgermeister Spring was
monitored during 2000 for total uranium, nitroaromatic compounds, VOCs, nitrate, sulfate, and
geochemical parameters. The spring was sampled diring high- and base-flow conditions to
mienitor the potential impacts to the spring recharge from surface water mnoff in the vicinity of
the chemical plant. Thres other springs along drainages that flow away from the site were
sampled quarterly for VOCs during base-fiow conditions.

3.4.3 Chemical Plant Monitoring Results
8.4.3.1 Groundwater Monitoring Wells

Analytical data for contaminants monitored during 2000 {e.g., uranium, radiological
parammeters, niirate, sulfate, volatile organic compounds, and nitrosromatics) are summarized and
compared with background levels and water quality standards in the following paragraphs.
Comparisons to drinking water standards are for reference purposes only, and are not intended to
imply that groundwater from WSSRAP meonitoring wels must be in compliance with drinking
water standards. Average annual concentrations are compared to background levels established
during the GWOU remedizl investigation {Ref. 50).

Utranium. Total uraniuvm, which is measured at all monitoring wells, continues to be
present in the groundwater near the raffinate pits. In 2000, groundwater from seventeen
monitoring well locations exceeded the average background level of 0.93 pCi/l (0.03 Bg/l)
established during the GWOU remedial investigation (Ref 50). Only one well exceeded the
groundwater standard of 30 pCifl (40 CFR 192). Average measured values exceeding
background are shown in Table 8-3. “A new historic high for uranium in MW-3024 was recorded
during 2000 (64.7 pCifl [2.39 Bg/l]), although subsequent samples have indicated lower
concentrations, '
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Table 8-3 Annual Averages for Total Uranlum {pCill) Above Background at thé Weldor Spring Chemical

Plant
AVERAGE
LOCATION (pClil} SAMPLE POPULATION
MW-2003 - 180 4
MV-2017 718 1
MMEGB_II 242 1
MWY-2037 1.0 2
MW-2038 1.74 2
MyY-2038 3.25 1
MW-3002 14.77 - 3
(| MWL3023 ' £.90 2
MW-3024 e 52.43" 3
MW-3025 : 2.61 3
MAY-3026 1.92 1
MW-A0E7 1.13 2
Mw-4020 8.79 2
hiv-40624 . 5.84 2
MW-40Z7 287 2
MW-4028 1.02 2
My-8021 1.40 2
* Concentration exceeds the groundwater standard of 30 pCifl.

Mate 1. Background uraniutm concantration equgls 0.93 pCifl,
Note 2; 1 pCi/l = 0.037 BgA.

Radiological Parameters. The other radiologicat parameters (Ra-226, Ra-228, and
isotopic thoriam) that were measured in the raffinate pit wells were within historic values. The
annual averages are presented in Table B-4 for all wells where at least one parameter was present
above the detection limit. No welis in the chemical plant area exceeded the EPA drinking water
MCL of 5 pCi/l for Ra-226 and Ra-228 combined.

- Nitrate and Sulfate. In 2000, nitrate was measured at 27 monitoring wells in the chemical
plant area that previously exceeded the reference levels. Nitrate levels exceeded the Missouri:
drinking water primary MCL (10 mg/l) at 20 of those locations (see Table 8-5).

Suifate was measured at 10 monitoring wells in the chemical plant area. Average sulfate
levels exceeded background. (12 mg/l) as determined during the GWOU remedial investigation
(Ref. 50) at eight locations. {See Tehle 8-6.) No well indicated sulfate concentrations above the
Minimum Drinking Water Secondary MCL (250 mg/1).
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Tabls -4 Annual Radiciogical Isotope Activities (pCif) at the Weldon Spring Chemical Plant
AVERAGE CONCENTRATION {pCifl}

LOCATION Ra-228 Ra-228 Th-228 Th-230 Th-232
MW-D037 <015 <0.79 <0.07 0.05 <0.03
Mwv-2038 <014 111 <0.08 010 <0.05
MW-2040 1.09 <083 0.27 .42 0.17
MW-3003 0.27 <81 <(.0@ <{.05 0.04
MVWY-3023 =017 ={.79 =0.08 a1 042
MW-3024 {57 <G8 <006 0.10 <0.03
WMW-3025 .40 <) 81 <0.05 0.09 .05
MW¥-3026 0.58 =120 0.10 0.11 <003
MW-2027 0.5 =085 =007 0.05 =03

= All samples less than the highest detaction limit

Table 8-5 Annusl Values of Nitrate (mgA) Levels Exceeding Drinking Water CQuality Standarg at the
Weldon Spring Chemicai Plant

LOGATION AVERAGE [mgh) SAMPLE PGPULATION
MW-2001 108 4
MW\-2002 220 4
MW-2002 356 4
MW-2005 230™ 4
NW-2037 275 2
MW-2038 814 2
MW-2040 138 4
MW_3003 7 4
MW-3023 183 4
MW-3024 411 3
MW-3025 245 3
MW-3026 153 4
MW-3027 28 4
MW-400 50 4
MAA-400G 12 q
MWD 104 4
MW-4027 30 4
MW-4028 281 4
MW-4029 513 4
MW-S0Z1 172 4

Mote ! Missouri Drinking Water Standards desi

(&) This value comains a kistoric ki
119 myg/l.

) This value eontains a historic hi
JB1 mgi.

gnate the primary meEximum contaminant level s 10 mgfl. _
gh of 363 mg/t. Whan this value is disregarded, the averaga concentratian ks

gh of 189 mg/l. When this vaiue is disregzrded, the average conhcentration is
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Table 8-6 Annuai Values of Sulfate {mgA} Above Background at the Weldon Spring Chemical Plani

LOCATION AVERAGE SAMPLE POPULATION
MW-2001 16.7 ' 2
MW-2002 140 ]
MW-2003 209 ]
MW-2005 75 2
MyW-3003 129 1
MW-3024 70 1
MW-3025 45 1
MW-A011 43 1

MNaote ; Background suifste concentration equals 12 mgil.

Nitrgaromatic Compounds Nitroaromatic compounds, which are not naiurally occurring,
were detected in 25 monitoring wells (Table 8-7). New historic highs were reported during 2000
at several wells in the wvicinity of Frog Pond, most notably at MW-2012. Levels of
nitroaromatics have increased at this well since 1997, most likely as a result of remedial
activities in this area. Three additional wells were installed in the vicinity of MW-2012 at the
end of 2000 to further define the extent of contamination in this area.

Table 87 Annual Averages for Monitoring Locations with at Least Qne Detectable Concentrailon of a
Nitroaromatic Comipound (ug/) at the Weldon Spring Chemical Plant

LOCATION | 1,35TNB 1,3-DNB 246-TNT |  24DNT 2,6-DNT NB
MiW-2001 0.07 <0.08 <0.03 0.05 0.05 <0.03
MW-2002 <0.03 <0.08 <0.02 0.05 022 <003
M-2003 =0.03 =0.08 =003 R 1.00 <0.03
M- 2005 .13 0.08 <0.03 0.06 . 0.17 <6.03
MAN_2006 475 <0.20 0.2 1.27* 217 <0.20
MW-2012 6.2 <2.0 180 598 635 <20
MN-2013 4.60 (.20 0.34 0.15" 1.84 <(1.20
MW.2014 3.15 <3.20 <0.20 017 0.51 <0.20
MVW-2033 236 <0.20 0.33 019 148 <0.20
MW-2037 <0.03 <0.08 <0.03 0.10 0.03 <0.03
IMiR-2038 0.07 <0.09 <0,03 0.40° 0.07 0.03
MW-3003 <0.03 <0.09 __<0.03 0.14* .19 <0.03
MW-3023 <0.03 <0.09 <0.03 0.08 0.45 <0.03
MW-3025 <0.03 <0.85 <b.63 0.74* 0.08 <0.03
MN-3025 0.12 <0.09 <0.03 0.07 3.5 <0.03
3027 0.09 <0.09 <0.03 . 0.64 0.65 <0.03
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Tabie 8-7 Annual Averages for Moniterdng tocations with at Least One Getectable Concentration of &

Nitrearomatic Compound (ug/ at the Welden Spring Chemical Plant (Continued)

LOCATION 1,35-TKE 1,3-DNB 248-TNT | Z4-DNT 2,6DNT NB
W-4001 48 <0.08 2.05 011 1.75 .02
MW-4005 13.5 =0.08 =0.03 - g.11" 235 =0.03
hW-4011 <(.03 =0.08 =0.03 <0.03 (.04 <0.03
MW-4015 3.70 =0.08 <0.03 0.07 0.59 <.03
MW-4027 0.04 =0.08 <i1.03 0.08 0.02 <103
MYY-40175 0.56 0.083 . <203 .18 D.18 =0.03
M-A020 0.83 0.18 0.073 0.17* 0.52 0.03
MW-5004 8.10 0.08 0.68 Q.00 0.65 =0.03
MW-S021 0.p9 <0.0B 0.05 D27+ .09 . =0.03

= All samptas less than the highest detection limit.

* Equals or exceeds the Mizsouri water gusiity standard of 0,11 [T T8

The Missouri drinking water quality standard for 2,4-DNT of 0.11 g/l was ¢qualed or
exceeded in 14 locations at the chemical plant (see Table 8-7). Elevated nitroaromatics in
groundwater underlying the site are attributable to wastewater impoundments and production
lines used in the production of TNT and DNT during the 1940s.

Yolatile Organic Compounds. TCE monitoring continued through 2000 to monitor the

extent of contamination and changes in concentration that may have resulted from remedial
activities. The analytical results for all wells with detectable levels of TCE are summarized in
Table 3-8. Six wells exceeded the Missouri water quatity standard of 5 ug/l. Many new wells
have been installed in this area to further define the extent of contamination. Data from these

wells will be used to support remediation of the VQC-contaminated groundwater, scheduled to
begin in 2001. :

Metals. One location (MW-4006) was monitored for metals (TCLP metais) as part of the
environmental monitoring program. This well did not exceed Missouti drinking water primary
MCLs for any metals and will not be monitored for metals in 2001

Groundwater Overview. Contaminant levels generally remained within recent historical
ranges & the monitoring wells sampled under the environmertal monitoring program during
2000 :
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Table 3-8 Annual Average TCE (ug/l) Analytical Results

: TCE
LOCATION AVERAGE N}
MW-2037 Epc ' 6
MW-Z038 2077 3
MW-3024 20 5
MW-3025 47 5
MO0 5.5 =]
MW-4027 : 44 5
WMi-4028 447* =]
MW-4029 647" 5
MW-5021 T 122% 3

(N} Sample population

* Cancentration exceeds the Missourt water quality standard of 5 pg/,

{a)  This value includes a historic jow of 66 pg/l, which is 10 times lower than cther data collected in 2000. When
this value |s disregarded, the average concentrations is 736 pgii. .

{b)  This value includes a histaric high of 950 ugd, which I3 10 times highet than cther data collected in 2000,
When this value is disregarded, the average concentrations is 55.5 pgil.

Select chemical plant locations were trended and are discussed in Section 8.4.4. Uranium,
sulfate, and nitrate contamination continues to be concentrated in the area of the raffinate pits,
with a small area of elevated uranium near the eastern boundary of the site. Discrete areas of
nitroaromatic-contaminated groundwater continue to be present in the vicinity of Frog Pend,
along the northern perimeter of the site, near Raffinate Pit 4, and west of the raffinate pits on the
former Weldon Spring Ordnance Works property. The VOC contamination southeast of
Raffinate Pit 4 remains under investigation.

8.4.3.2 Springs

Springs in Valley 6300 and Valley 5300 were monitored in accordance with the 2000
environmental monitoring program. Burgermeister Spring {SP-6301) is a perennial spring and is
a localized emergence of groundwater impacted by a recognizable contribution of contaminants
from the chemical plant throughout the year, with the highest concentrations occurting during
base flow stages. During high flow conditions, surface water recharge along the stream
segments miixes with contaminated groundwater from the site, and the concentrations are
effectively lowered. This spring {SP-63C1) was monitored during both high and base stages
during 2000,

Uranium, nitrate, sulfate, and nitroaromatic data for Burgermeister Spring were all lower
than data collected in 1999. Sampling results for these parameters are presented in Table 8-9.
Nitroaromatic compounds were analyzed in samples from base stage flow only, and the
compounds 2,4,6-TNT and 2,6-DNT were reported above detection limits. These results are
presented in Table 8-9 also. '
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Monitoring of Burgermeister Spring will continue for the duration of the project to
determine whether remediation activities across the northern haif. of the chemical piant have
- impacted the local groundwater quality.

Table 3.5 2000 Monitoring Data for Eurgarmgistar Spring

HIGH FLOW LOW (BASE) FLOW
FARAMETER MIN MAX [ AVG [} MIN MAX AVG (n}
Nitrate (mgA} 5.18 7.3 6.26 2 0.52 13.8 7.40 8
" Sulfate (mgA} 24.2 26.3 | 2625 | 32 226 486 33.76 8|
U-Total (pCil} 1.02 0.2 | 1317 3 14,1 BTA 4774 7
2,4 6-TNT {pgA) NS NE NS 0 <6 43 0.05 0.01 4
2,6-DNT (pghl) NS NS NS 0 0.11 .15 0.13 4

(n} Sarnple popuiation
NS Mot zampled.

VOCs were monitored quarterly at SP-5303, SP-5304, SP-6301, and SP-6303 during
2000 to assess the potential for off-site migration of TCE that was detected in groundwater in the
vicinity of the raffinate pits. These locations were sampled during base flow conditions, which
are predominated by groundwater flow. No TCE concentrations were reported above detection
limits at any of these locations in 2000.

8.4.4 Trend Analysis

The computer program TREND, developed at Pacific Northwest Laboratory, was vsed 1o
perform the format groundwater trend testing. Results of the TREND analyses indicated the _
potential presence of statistically-significant trends, as well as their direction and magnitude.
The trend testing output data are to be interpreted as screening indicators based on existing
cumulative deta. Results of the analyses are not intended to be used for the prediction of future
concentrations, but they may be used to indicate areas that should be more closely monitored in
the firture. '

8.4.4.1 Statistical Methods

The TREND program was selected because it does not require the data o conform to a
particular distribution {such as a normal or lognommal 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 Jess than the detection limit can be used by
assigning them a common value that is smaller than the smallest measured value in the data set
(ie., one-half the specified quantitation limit). This approach is valid since only the relative
magnitudes of the data, rather than their measured values, are used in the method. The TREND
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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 versicn 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, and a negative value of Z indicates a dowmward trend. The
alpha vajue (or error limit) selected for testing was 0.05. In the two-tailed test at the 0.05 alpha
levet of significance, the nusll hypothesis of "no trend" was rejected if the absolute value of the Z
statistic was greater than Z.-o/;, where. Zi-o/y was obtained from & cunmlbative normal
distribution table. In other words, the absolute value of the TREND output statistic, Z was
compared to the table Z g7s value of 1.96. If the absolute value of the Z output statistic was
greater than 1.96, then a significant trend was reported.

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 procedute
included in the computer code for the TREND program. A 93% two-sided confideace interval
about the true slope was calculated to indicate the variability of the values upon which the trend
line was based. The direction and siope of the trend, along with the upper and lower 95%
confidence limit estimates, are included in the sumimary tables at the end of this section.

One-half the specified quantitation limit (on the date of analysis) was used in the trend
analysis for all data reported as below the detection limit. The purpese 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 results may have been
impacted by gquantitation limits changing over time. The effect of varying quantitation limits is
more likely to impact the trending analysis in instances where a large nmumber of non-detect data
are present within a given time series. The summary tables include the total number of data
observations and the total number of non-detect data points for sach data set so that this factor
may be considered.

In cases where both filtered and unfiltered samples were collected for uranium anzlysis,
the unfiltered sample data were used in the trend analysis. Filtered sample data are typically
used only for evaluating whether a particular parameter {e.g., metals} exceeds baseline
conditions established under the detection monitoring program at one of the on-site waste
treatment facilities. (Baseline levels are based on 1993 to 1994 data coliected from filtered
samples.) For trending purposes, the unfiltered sample data are used becaunse the 1997 to 2000
dats are based predominantly on unfiliered samples.

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
condueted for suspect outhiers. Data that were suspect were flagged and rechecked for potentiai
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data transcription errors. No obvious emors were identified.  Outliers were included in the
analysis since the TREND program corrects for these.

8.4.4.2 Chemical Plant Trend Results

The seiected wells from the chemical plant were trended for nitrate, trichioroethene, and
nitroaromatic compounds. The cumulative results for the time period 1997 through 2000 were
evaluated using the TREND program and are summarized below.

Nitrate

Fifteen locations near the chemical plant were selected for nitrate trend analyses. These
locations consisted of both weathered and umweathered bedrock wells in the chemical plant and
raffinate pit areas.

Nitrate trends for 1997 through 2000 data were stationary at seven locations as shown in
Table 8-10. Two of these locations, MW-2003 and MW-4029, were not previously trended for
nitrate. The stationary trend was a change from the analyses using the 1995 through 1999 data
where two locations, MW-2037 and MW-2038, previously indicated an upward trend, and
MW.-3024 previously indicated a downward trend.

Nitrate trends were upward for: MW-2001 and MW-2002, possibly due to remedial
activities in the Ash Pond area. These wells were not previously trended for nitrate, thus no
comparisons to past trend results can be made.

Nitrate trends were downward for the following six weils;: MW-3025, MW-3026,
MW-3027, MW-4006, MW-4011, and MW-4028. One location, MW-4028, was not previously
trended for nitrate. The downward trend was a change from the analyses using the 1995 through
1999 data where two locations, MW-4006 and MW-4011, previously indicated a stationary
trend.

Five of the 15 locations that were evaluated for the 1997 through 2000 period had
concentrations in 2000 that exceeded all past 1997, 1998, and 1999 data for their respective

sampling locations. The 2000 new high concentrations for these locations dre in the far right
column of Tahle 8.10.
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Trichloroethene

Six locations in the southwest portion of the chemical plant were selected for
trichleroethene trend analyses. Five of these locations are weathered bedrock wells, and one is
an unweathered bedrock well.

Trichforoethene trends for 1997 through 2000 data were stationary at cne location and
downward at the remaining five as shown in Table 8-11. The wells with the downwasd trends

were MW-2037, MW-2038, MW-3025, MW-4028, and MW-8021. MW-4028 and MW-4029

were not previously trended for trichloroethene. The results of the recent analyses for the four
other locations were the same as in the previcus tests conducted using the 1995 through 1999
data.

None of the six locations evaluated for the 1997 through 2000 time frame had
concentrations in 2000 that exceeded ali past 1997, 1998, and 1999 data for the specific sampling
location. These resuits are consistent with the removal of TCE source matetial from the
overburden in this area of the site.
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" Nitroaromatic Compounds

Seven locations near the chemical plant were selected for trend analyses of nitroaromatic
compounds. All seven of these locations are weathered bedrock wells. The results of these
analyses are in Table 8-12. Each of these locations was trended for the following nitroaromatic
compounds: 2,4-DNT, 2, 6-dinitrotoluene (2,6-DNT), 2,4,6-trinitrotoluene (2,4,6-TNT), and
1,3,5-trinitrobenzene (1,3,5-TNB). A total of 26 trend analyses were performed .on the
nitroaromatic compounds at the seven groundwater monitoring well locations, Trending was not
performed on 2,4,6-TNT at MW-2006 and MW-2014 because either none or only one detectabie
concentration was reported for the time period between 1997 and 2000.

Omne location, MW-2012, had an upward trend for 1,3,5-TNB. The results of analyses
from the three other nitroaromatic compounds trended for this location previously indicated
upward irends, using the 1995 through 1999 data, but changed to stationary trends using the
1997 through 2000 data. No other upward trends were identified.

Downward trends were indicated for zll four nitroaromatic compounds at MW-2032,
which is consistent with previous analyses using the 1995 through 1999 data. Downward irends
were also indicated for 2,4,6-TNT at two other Jocations: MW-2013 and MW-2033. The
analyses for 2,4,6-TNT for these two Jocations had previously indicated a stationary trend.

Al other results of the trend analysis indicated stationary trends, which is consistent with
prior analyses with the following exceptions: 2,6-DNT at MW-2033 and MW-4001 previously
indicated downward trends, and 2,4-DNT, 2,6-DNT, and 2,4,6-TNT at MW-2012 previously
indicated upward trends.

: As shown in Table 8-12, alt four nitroaromatic compounds at MW-2006 and MW-2012

reported concentrations in 2000 that exceeded all past 1997, 1998, and 1999 data for their
respective sampling locations. New highs were aiso observed at MW-2013, MW-2014, and
MW-2033 for at least one of the four nitroaromatic compounds. The 2000 new high values for
these locations are ins the far right cojumn of Table 8-12.
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WELDON SPRING SITE ENVIRONMENTAL REFORT FOR, CALENDAR YEAR 2000 QTZ3/01

8.5 Weldoa Spring Quarry
3.5.1 Hydrogeologic Description

The geology of the quarry area is separated into three units; uptand overburden, Missoyri
River alluvium, and bedrock. The unconsolidated upland material overlying bedrock consists of
up to 9.2 m (30 f) of silty clay soil and loess deposits and is not saturated (Ref 1). Three
Ordovician-age formations comprise the bedrock: The Kimmswick Limestone, the limestone
and shale of the Decorah Group, and the Plattin Limestone. The alluvium along the Missouri
River consists of clays, silts, sands, and gravels above the bedrock, The alluvium thickness
increases with distance from the bluff towards the rver where the maximum thickness is
approximatety 31 m {100 f). The alluvium is truncated at the erosional contact with the
Ordovician bedrock bluff (Kimmswick, Decorah, and Plattin formations) which also composes
the rim wall of the quarry. The bedrock unit underlying the alluvial materials north of the
Femme Osage Slough is the Decorah Group. Primary sediments between the bluff and the
Femme Osage Slough are intermixed and interlayered clays, silts, and sands. Organic materials
are intermixed throughout the sediments.

The uppermost groundwater flow systems at the quarry are composed of alluvial and
bedrock aquifers. The alluvial aquifer is predominantly controlled by recharge fom 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 bedrock (Figure 8-4). Eleven of the 17 monitoring wells were installed to monitor
contaminants within the Kimmswick-Decorah Formations comprising and surrounding the
quarry. The remaining six monitering wells are located south of the quarry within the Plattin
Limestone to assess vertical contaminant migration.

There are 25 monitoring wells completed into the alluvium near the quarry and 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. Those 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 §t. 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.
Eight groundwater monitoring wells located in the Darst Bottom area approximately 1.6 km
(1 m1) southwest of the St. Charles County wetl field were utilized to study the upgradient
characteristics of the Missouri River alluvium in the vicinity of the quarry. These wells provided
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a reference for background values in the well field area and have been sampled by both the
USGS (1992} and the DOE {1994). These wells have since been abandoned.

A summary of background values 45& at the quarry is provided in Table 8-13 (Ref. 51).

8.5.2 Monitoring Program

Three separate monitoring pmgram;s were empioyed in 2000, The first program addressed
sampling the Department of Energy wells and monitoring the quarry area to determine

. contaminant migration: and the effects of quarry dewatering and bulk waste removal. These -

activities began in mid-1993 and were conpleted in late-1995.

The frequency of sampling for each location was based on the distance of the well from
the source or migration pathway. Mnnitoring wells o the quarry rim were sampied quarterly for
total uranium, due to the changes in congentrations pver time, to better establish the trend in
concentrations at these locations, and to mpnitor the effects of quarry dewatering and buik waste
removal activities on the groundwater system. All lopations were sampled at least annually for
radicchemical parameters, nitroaromatic campounds, and sulfate,

The second program monitors the $t. Charles County well field and the associated water
treatment plant. Active production welis, the St. Charles County RMW-series monitoring wells,
and untreated and treated water from the County public drinking water ireatment plant were
sampled quarterly of semiannually for s¢lected pargmeters. This portion of the monitoring
program was developed by representatives of the DOE, EPA, several State regulatory agencies,
and St. Charles County. ?

Table 8-13 Average Background Values (pCiA)ifor Quarmy Monitoring Locations

PARAMETER ALLUVIUM ™ | KIMMSWICK/DECORAH™ PLATTIN™

- Total Uranium (pCil) kTN : 3.41 12,30
Ra-226 (pGU) 0.61 : 0.47 3.04

| Ra-228 {pCifly 215 ; 1.08 2.95
- Th-228 {pCilly _0.32 ' 0.33 4.25
| Th-230 {pCiA) 1.59 : 0.81 11.20
Th-232 {pCiMm) 0.28 ! 0.38 3.02
Gross Aipha (pCidl) 4,32 : 15,80 : NA
Grozs Beta (pCin} £.82 ! 149,30 M&,
Mltroaromatics (/) NA f MNA ' M,
Arsenic (na#) 515 1.48 10.90

Barium (ugd} 463.00 147.00 109,00

Sulats {mg/) 44.20 : 95.80 16514}

zH Darst Battom Wells (USGS and DOE)
{b} MW-1034 and MW-1043 (DOE)

(e} MW-1042 (DOE)

M, Mot analyzed
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The third program monitors the equalization basin at the quarry water treatiment plant
{Section 8.6). 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 monitoring of contaminants of concemn in groundwater beneath storage
facilities. The contaminiams of concem were derived from Engineering FEvaliationCost
Analysis for the Proposed Manoagement of Contaminated Water in the Weldon Spring Quarry
(Ref. 35) and Baseline Risk Evaluation for Exposure to Bulk Waste at the Weldon Spring -
Quarry, Weldon Spring, Missouri (Ref. 36).

8.5.3 Weldon Spring Quarry Monitoring Resulis
8.5.3.1 Quarry

Radiochemical Parameters. Groundwater monitering wells at the quarny were sampled
for the following radiochemical parameters: total uranium, Ra-226, Ra-228, and isctopic
thoritun.  The uranium values continne to indicate that the highest levels occur in the bedrock
downgradient from the quarry and in the alluvial material north of the Femme Osage Siough.
The 2000 anoual averages for the locations that exceed background are summiarized in
Table 8-14.

Table 8-14 Annual Averages for Tutal Uranium {pCil) Above Backgrourd at the Weldon Speing Quarry

LOCATION AVERAGE i

n} BACKGROUND VALUE
MW-1002 4,70 7 341
MA-1004 1,605 2 344
MA-1005 1,630 1. 349
MWN-1006 200 P 217
_MW-1007 104 2 2.77
MW-1008 1,340 7 2.77
MW-1042 4.6 1 .41
MW-1013 508 2 3.41
MVW-104 h1g 2 - 277
MW-1015 188 2 3.41
FTMW-015 . 73 2 277
M#-1627 384 2 341
W-1030 i ] 341 .
MW-1031 a2 1 12.30
MW-1032 1,605 2 3.4
Mw-1045 8.7 1 277
MW-1048 ' 448 1 12.30

NOTE: 1 pCil = 0.037 BgA
{m Sarnple population.
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The groundwater standard of 30 pCi/l (40 CFR 192} was exceeded at 13 locations. 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 River alluvium. The standard, while used as a
reference level, is not applicable to groundwater north of the siough because this area is not
considered a usable groundwater source. Locations exceeding background remained unchanged
from 1999 with only a few exceptions. MW-1038 and MW-1046 no longer had averages greater
than background. While MW-1012 and MW-1045 were added to the list with averages slightly
ghove background.

Ra-226, Ra-228, and isotopic thorinm (Th-228, Th-230, and Th-232) were anatyzed at all
groundwater monitoring locations at the quarry. The 2000 annual averages for the locations that
exceeded background are summarized in Table 8-15. Only 10 locations during 2000 had values
exceeding background compared with 20 identified during 1999,

Tabie 8-15 Annual Averages for Isotopic Radionuclides {pCifl) Above Average Background at the w&dun

Speing Quarry
LOCATION Ra-226 fn} {Ra-228 | {n) | Th-228 | {(n} | Th-230. | (n} | Th-232 | (n]
MW-1002 - - - - - - 1.11 1 - -
MyY-1004 - - - - - - - - .58 1
MA-1013 0.75 1 - - - - - - - -
MW-1017 1.25 2 - - 0.46 2 - - - -
MY-1023 2.25 1 - - 1.48 1 - - 1.07 1
MW-1027 - - ] ] - - - - - -
MWN-1030 0.69 1 - - 0.64 1 - - 0.51 1
MW-1032 - - 1.1 1 = - - - - -
MW-1038 1.56 1 - - 0,37 9 - - - -
WY-1044 - - - - - - - - 020 . 1

HOTE: 1 pCil= 0.037 BgA.

(n} Sampla poputation.

- Did nat exceed average background,
Background valuss are presanted [n Table 8-13.

Nitrpargmatic Compounds. In 2000, samples from quarry monitoring wells were
analyzed for nitroaromatic compounds. The monitoring wells, which have historically been

impacted with nitroaromatics, are situated in the alluvial materials or bedrock downgradient of
the quarry and north of the Femme Osage Slough. Results were similar to those reported in

- 1999, No detectable concentrations were observed south of the Femme Osage Slough A

summary of the annual averages for alf locations where af least one nitroaromatic compound was
measured above the detection limit is provided in Table 8-16. One location, MW-1027, had
average concentration which exceeded the Missouri drinking water standard of 0.11 g/l for 2,4-
DNT during 2000, |

DOEAORIZ1540-555, Ray, 0 138
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Table 8-16 Annual Averages for Monitosing Locetions with at Least One Detactabte Cancentration of a

Nitroaromatic Compound (ug/l) at the Weldon Spring Quarry

| LOGATION | 1,35-TNB [ ¢r) | 13-DNB [ (n) | 24,8-TNT | (n} | 24-DNT | () | 2,6-DNT | {n} [ NB | ()
MW-1002 56 2 004 |2 200 1 2 005 [ 2 315 2 <005 ] 2
MW-1004 0.22 2 <008 2 0.56 2 0.19 Z 025 2 [=0n3 1 2
MWW-10085 =0.03 1 <0.08 1 <0.03 [ <003 1 <001 1 | <603 { 1
MW-1008 200 2 0,09 2 0.18 -2 008 | .2 0.33 2wt | 2
MW-1013 <0.03 2 <008 | 2 <0.03 2 0.02 z 0.0 2 [ 03[ 2|
MW-1015 0.85 ) 017 2 0.46 2 0.02 z 0.12 2 [<003] 2 |
MW-1018 <0.03 2 <0.09 2 0,03 Z | =63 Z | <001 2 | <003 2
MW-1027 <0.03 2 <003 2 0.20 2 1.21* 2 i8 2 [<003] 2
MW-1030 <0.03 1 ~<0.09 1 <0.03 1 (3,03 i 6,02 1 | <003 [ 1
WMW-1032 <0.03 1| <0.08 1 <0.03 1 0.03 1 0.02 1 | <083 1
- All samples less than highest detection it
{n] Sample population.
* Exceeds the Missouri Water Quality Standard of 0,41 ug.

Sulfate. Groundwater analyses in 2000 comtinued to indicate elevated sulfate levels in the
monitoring wells in the bedrock of the quarry rim and in the alluvial materials nerth of the
Femme Osage Slough. Those wells with annual averages above background are summarized in
Table 8-17. Ome location, MW-1005, had an annual average which exceeded the secondary
MCL of 250 mg/l m 2000. Overall only 11 monitoring wells had averages above background,
which i3 less than the 16 monitoring welis from 1999,

Tabte 8-17 Annual Averages for Sulfate (mgd) Above Background at the Weldon Spring Quarmy

LOCATION ANNUAL AVERAGE {n} BACKGROUND VALUE
MW-1005 B5%* 1 8590
MW-1006 52.8 2 44.20
WMW-1008 128 1 44 20
MA-1013 106 2 8560
MyV-1014 110 2 44.20
MW-1016 85.9 3 44 20
MyV-1029 107 2 85.90
MN-1032 246 2 85.50
hY-1038 225 1 44 20
MyY-1039 6895 1 44.20
AMA-1045 6.5 1 44.20

. Excesds secondary MCL of 250 mgil.
il Sample papuiation
" DOEAOR{Z548-868, Rav. 0 139
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8.5.3.2 St. Charles County Well Field -

Radiochemical Parameters. The St. Charles County production wells, the RMW.series
monitoring wells, and DOE well MW-1024, were sampled semignnually during 2000 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 8-18. The annual averages for total uranium in.the well field remain at
background. No production well exceeded the groundwater standard of 30 pCi/l as established
in 40 CF¥R 192,

The St Charles County production wells, the RMW-series welis, and pretreated
(MW-RAWW) and treated water (MW-FINW) from the St. Charles County water treatment
plant were sampled quarterly for gross alpha and gross beta. The annual averages for these
locations are within the statistical variation of background ranges for groundwater in the
Missouri River alluvium. The Missouri Drinking Water Standard of 15 pCi/l (0.555 Bg/l) for
gross alpha was niot 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
4G CFR 141 and endorsed in Department of Energy Order 5400.5. The Missouri Drinking Water
Standard of 5 pCi/l (0.185 Bg/l) for combined Ra-226 and Ra-228 was not exceeded at any of the
St. Charles County production well lecations. No water quality standards have been established -
for isotopic thorium in drinking water.

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

DOEIORZ21545-866, Rev_ O o 140
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Sulfate. The St. Charles County production wells were sampled semiannuatly and the

RMW-series monitoring wells were sampled quarterly for sulfate. The 2000 annual averages for
the well field are summarized in Table 8-19. The secondary MCL for sulfate of 250 mg/l was
not excecded at any location in the well field. '

Metals. Arsenic and barium were monitored during 2000 at the St. Charles County well
field. The primary MCL for arsenic (50 pg/f) was exceeded at locations RMW-2 and RMW-4.
The MCL for barium (2,000 pg/l) was not exceeded at any location. Nene of the values for
either metal exceeded their respective MCLs in samples from the public water supply weils or
from the St Charles County water treatment plant (see Table 8-19). The 2000 results were
similar to those reported for 1999,

8.5.4 Trend Analysis

Statistical tests for time-dependent trends at the quarry were performed on historical data
from select groundwater wells. Trending was performed on total uranium and nitcoaromatic data
coliected from 1997 to 2000. The analyses were performed at specific monitoring locations
based on historical data and knowledge of the quarty 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. :

The computer program, TREND, which is described in detail in Section 8.4.4, was used
for this trend testing. The method employed was the nonparametric Mann-Kendall test.

8.5.4.1 Quarry Trend Resulis

The cumulative results for the period 1997 through 2000 for each analyte that was
evaluated using the TREND program are summarized below. Remedial actions that addressed
contamination source areas in the quarry were completed in 1995, The trending resulis for the
period 1997 through 2006 for the quarry area were also compared to past trending results
performed for the period 1995 through 1999. The resubts of these analyses are also summarized
below by analvte.
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Table 8-19 Annual Averages for Sulfate {mgT), A_rsanic (g, and Barium {pgh) in the St. Charies County

well Field
T SULFATE ARSENIC BARIUM

LOGATION AVERAGE {n} AVERAGE {n} - AVERAGE (n}
MW-1024 23 4 19 4 425 4
WAV 24 4 14 4 406 4
WA-RAMAD 18 4 100 4 265 4
MW-RNW3 40 4 39 2 415 4
WA RV 47 4 a5 4 288 4
[T E 115 1 <1 40 1 437 1
MW W03 138 2 =1 50 P 337 2
WMA-PWO4 156 2 <1 50 2 325 .

-PVWOS5 &4 2 1.50 2 408 2
MW W05 75 2 1.70 2 308 2
MN-PWOT 75 2 1.60 2 460 !
MW-FWoB 35 2 3.50 2 505 .
MW-PYWD9 a2 1 2.80 1 450 1
WAL RAVW 108 7 1.15 2 402 2
MVV-FINWY. 108 5 <1.50 2 a1 2

{n Sampie population.
= All samples less than highest detection limit.

Tot ranjum .

Sixteen locations near the quarry were selected for total uraninm trend analyses. Of
these, 10 were bedrock wells and six were alluvial welis. Total uranium trends for 1997-200
data were stationary except for two locations as shown in Table §-20. :

Overall, all trend directions are downward or stationary. The data from the bedrock well
MW-1004 again indicated a downward trend. The recent data from the atluvial weli MW-1016,
previously reported a stationary trend, now appear to indicate a change to a downward trend.
The recent data for MW-1002, previously reported as indicating an upward trend .based on the
1995 through 1999 data, appear to indicate a change te a stationary tread. The allivial well
MW-1014 .and the bedrock wells MW-1013 and MW-1027, previously reported as indicating
downward trends, also indicated a change to a stationary trend.

The stationary and downward trends of the quarry rim welfs (which are similar to.the
nitrearomatic compound trends) may be due to bulk waste removal at the guarry. None of the 16
locations that was evaluated for the 1997 through 2000 period had uranium concentrations. in
2000 that exceeded ail past 1997 through 1999 data for the specific sampling location,
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Nitroaromatic Compounds

Four locations near the quarry were selected for trend analyses of 2. 4-DNT. Of these
locations, three were bedrock wells and one was an alluvial well. . The resuits of the 2,4-DNT
analyses are presented in Table 8-21. Based on the results of the analyses, no upward trends
were identified in groundwater from the bedrock wells or the alluvial well that were analyzed
from the 1997 to 2000 period. The most recent analyses of MW-1004 indicated a change from g
downward to a stationary trend. The most recent analyses of MW-1006 indicated a change from
a stationary to a downward trend. MW-1027 was not included in last year's scope of work;
therefore, no comparison can be made,

As .shown in Table 8-21, one of the four locations that were evaluated for the 1997
throngh 2000 period reported concentrations in 2000 that exceeded zll past 1997, 1998, and 1999
data for the specific sampling location. This concentration- was 0.14 pg/l at MW- lnﬂ4
Consistent with last years trending, all trends were downward or stationary.

8.6 Waste Treatment Facilities
8.6.1 Monitoring Program

Groundwater monitoring wells were used to monitor three waste management units
daring 2000: the temporary storage area, the quarry water treatment plant, and the disposal ceil
(see Figures 8-2 and 8-4). These wells were installed to detect contaminants in the uppermost
water units beneath these facilities in order to meet the substantive requirements of 40 CFR 264,
Subpart F, and 10 CSR 264, Subpart F. . The monitoring parameters were derived from previous
evatuations performed and documented in Engincering Evaluation/Cost Analysis for -the .
Proposed Managentent of Contaminated Water in the Weldon Spring Quarry (Ref 35); Baseline
Risk Evaluation for Exposure to Bulk Wastes at the Weldon Spring Quarry, Weldon Spring,
Missouri (Ref. 36), and Weldon Spring- Site Disposal Cell Groundwater Monitoring Plan
(Ref 37).

The detection monitoring programs at the temporary storage area and quarry water
treatment plant consisted of quarierly sampting for the following parameters:

Total uranium

Anions (nitrate, sulfate, chloride, and fluoride)

Metals (arsenic, barium, cadmium, chromium, lead, mercury, seleniut, and silver)
Nitroaromatic compounds

and anmal sampling for the following parameters:
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» Radiochemical parameters (Ra-226, Ra-228, Th-228, Th-230, Th-232, U-234, and
U-238)

¢ Polychiorinated biphenyis (PCBs)
o Polynuclear aromatic hydrocarbons (PAH}
¢ Pesticides.

The detection monitoring pmgram for the dlspﬂsal cell consisted of semi-annual
sampling for the following parameters:

+ Total uvranivm.
» Anigns {nitrate, sulfate, chloride, and fluoride).

»  Metals (aluminum, anmtimesy, arsenic, barium, chromium, cobalt, copper, léad,
lithium, magnesium, molybdenum, nickel, selenium, silver, vanadium, and zinc).

s Nitroarematic compounds.
» Radiochemical parameters (Ra-226, Ra-228, Th-228, Th-230, and Th-232)_

o Miscellanecus indicator parameters (chemical oxygen demand, total cyanide, total
dissolved solids, total organic carbon, and total organic halegen).

After each sampling event, the concentrations of constituents in the facility monitoring
wells were compared with previously established baseline concentrations for each well. By
definition, any exceedance of baseline was determined to be statistically significant, and
triggered certain reporting requirements. These requirements invelved evaluation of historical
and analytical data and leachate volumes collected within the liners of the basins or in the storage
unit to determine whether the basin liners were intact.

8.6,.2 Temporary Storage Area Monitoring Results

Collection of basetine data for the wells sutrounding the temporary storage area (TSA)
was completed in December 1994, The baseline dataset for each well was established with a
minimum of eight samples collected on a quarterly basis. A summary of baseling data for wells
MW-2035 through MW-2039 may be found in Table 8-22, Monitoring data collected during
2000 were compared to the baseline values to identify significant changes in groundwater quality
potentially attributable to operation of these facilities.
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Once the TSA was removed and subsequent confirmation that the underlying soil met
cleanup criteria, detection monitoring of these wells was discontinued in June 2000 in
accordance with the RCRA Closwre Document (Bef. 7). Annual average concentrations based on
data collected during the first two quarters of 2000 are listed in Table 8-23. The only exceedance
of baseline at the TSA was barium in MW-2039 during the first quarter of 2000, The reported
concentration, however, was well below the EPA MCL of 2,000 pg/l.

8.6.3 Quarry Water Treatment Plant Monitoring Results
Monitoring wells MW-1035 through MW-1039 were installed in 1991 to monitor the

shallow gronndwater in the vicinity of the quarry water treatment plant. In 1993, two additional
menitoring wells, MW-1640 and MW-1041, were instalied closer to the equalization basin to

better monitor the facility. A baseline was established for these newer wells utilizing 1994 and

1995 quartstly data. Monitoring wells MW-1038 and MW-1039 were deleted from this program
because they were located cross pradient from the equalization basin at a distance too far to
adequately monitor the basin and were possibly downgradiemt of contaminant sources in the
quarry.

A summary of baseline data for these wells is in Table 8-24. Annual average
concentrations are in Table B-25, Monitoring data collected during 2000 were compared to the
baseline values 10 identify significant changes in groundwater guality potentially attributable to
operation of these facilities. All metais, PAHs, PCBs, and pesticides were below baseline.
Exceedances of baseline were as follows:

» Anions exceeded baseline at each well, including the upgradient well, during all four
quarters.

« Total uranium exceeded baseline during two quarters at MW-1036.
+  Radium-226 exceeded baseline during one quarter at MW-1036.

¢ Thorium-230 and 232 exceeded baseline during one quarter at MW-1037.

While ions were elevated above baseline concentrations, these values are not believed to -

be attributable to operation of the waste facility as they are similar to past results. lon values are
similatly increasing at the upgradient monitoring location. The Radium-226 and Thorinm-230/
232 exceedances were each slightly above baseline (less than 0.05 pCi/1 over baseline in all threé
cases) and within two times background for the quarty area (Ref. 51).

DOE/OR2{543-568, Rev. 0 148




WE|. DO SPRING SITE ENVIRONMENTAL REPORT FOR GALENDAR YEAR 2000 7123
Table 8-22 Baseline for the Detection Monitoring System at the Temporary Storage Area
PARAMETER MW-2035 MW-2036 MW-2037 MW-2028 MW-203%
Arsenic {g} 225 2.08 . 18z 577 2.43
Barium {ugi) 107 333 250 583 240
Cadrmium (pgA) 3.81 3.58 387 3.67 £.94
Chromium {pgh) 421 4.53 3.83 3.83 14,7
Lsad (g} 408 217 185 165 1.50
Mercury (pgh) 0.14 0.14 340 4,37 015
Selenium (ugf) 4.71 1.86 20.0 249 24.5
| Silver {ugi} 578 &.07 £.08 6.08 13.8
Total Uranium 1.3 164 ZAT 232 412
{pCil) :
Nitrate {mg#) 2.05 5.03 68 2271 147
Sulfate (mgfh) 5.89 5.84 177 132 B4 6
1,3,5-TNB (pg/h) 002" | T 078 0.37 0.02%
2,4,6-TNT (ugA) 0.03% G.02% 0,02 0.02% 0.2
2,4-DNT {jugfl) 0.02% 0027 0.78 2.14 0.02% |
2,6-DNT (ugh) 0.01™ 0.0 0.19 041 0.07™

MNote: 1 pCil = 0.037 Bg/,

[a) Walue represants the detection limit
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The detection monitoring program for the quarry water treatment plant facility was
. discontinued in December 2000 following remediation. The equalization basin was confirmed
during November 2000 and a!l resaits were less than the cleamp criteria. Once confirmation
was complete, the requirements for a detection monitoring program were no longer applicable as
outlined in the RCRA Closure Document (Ref. 7). Evaluation of historical analytical data from
these wells shows no discernible impact on groundwater quality due to the quarry water
treatment plant. The evaluation invelved comparison of the data to respective monitoring well
baselines, to background values for the quarry alluvium north of the Femme Osage Slough
(presented in the report on Quarry Residuals Operable Unit remedlal investigation [Ref. 51]),
and to the process water data.

8.6.4 Disposal Cell Groundwater Monitoring

Int the Record of Decision for the Remedial Action &t the Chemical Ploni Area of the
Weldon Spring Site (Ref. 9), substantive requirements of Federal and State hazardous andfor
solid waste regulations are identified as applicable or relevant and appropriate requirements
~ (ARARS) for the selected remedy. 40 CFR 264, Subpart F, 10 CSR, 25-7.264(2)F), and 10 CSR.
80-3.010(8) are idemtified as relevant and appropriate requirements for the disposal cell.

(rroundwater monitoring requirements under the Resource Conservation and Recovery
Act (RCRA) (40 CFR 264) specify that a monitoring system musst consist of a sufficient number
of wells installed at appropriate locations and depths to yield groundwater samples from the
uppermost aquifer that represemt the quality of background water and provide detection of
contamination. No set number of wells is required under the RCRA, but the Missouri Sanitary
Landfill regulations (10 CSR 80.3) specify 2 minimum of one upgradient and three devmgradient .
wells.

The disposat cell groundwater detection monitoring network consists of one upgradient
well (MW-2048), four downgradient wells (MW-2032, MW-2045 through MW-2047), and one
downgradient Spring (SP-6301). All six monitoring locations were sampled quarterly during all
of 1997 and early 1998 te provide baseline data. Semi-anmual detection monitoring began in
mid-1998, =fter waste placement activities were initiated. 1In accordance with Missouri
hazardous waste management regwiations (10 CSR 25-7.264(2)(F)}, a surface water compenent
is included in the detection menitoring program. Spring 6301 {Burgermeister Spring} has been
identified as the appropriate downgradient location for surface water monitoring, Sampling of
this spring will yield samples representative of the quality of surface water hydraulically
downgradient of the disposal cell.

8.6.4.1 Baseline Conditions

Prior to wagte ptacement, the disposal cell monitoring wells and SP-6301 were sampled
on & quarterly basis for I year in order to establish baseline water quality conditions. A
comprehensive list of parameters was analyzed at this time. Baseline conditions for each location
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were determined by generating an upper bound value for each parameter based on a 95%
tolerance interval calculated for each data set.

The Disposal Cell Groundwater Monitoring Plan (Ref. 37) indicates that the analysis-of
variance (ANOVA) procedure was the preferred method for data comparisons between the
upgradient well and the compliance wells. However, subsequent monitoring data results have
shown that, due fo the presence of preexisting groundwater contamination, such inter-well

comparisons cannot provige conclusive results. Instead, an intra~-well comparison of baseline

conditions with detection monitoring results is performed using the tolerance interval approach,

This method is an accepted alternative procedure, as discussed in the Groundwater Monitoring -

Plan (Ref. 37) and recommended in the Statistical Analysis of Groundwater Monitoring Data af
RCRA Facilities, Addendim to Interim Final Guidance (Ref. 38).

Table 8-26 presents the baseline vatues for each monitoring well in the cell well network
and SP-6301. No baseline values are presented for volatiles, PCBs, PAHs, and nitrobenzene, as
these parameters were not detected during baseline sampling. The baseline values in Table 8-26
represent a revision to baseline values used in previous years, based on a re-interpretation of the
appliceble guidance (Ref 38). :

8,6.4.2 Monitoring Results

The detection monitoring program for the cell weil network provides for semi-annual
sampling at each location. The 2000 monitoring results are presented in Tabies 8-27 and 8-28.
Resuits are reported for all parameters that exceeded the detection limit in at {east one location.

Resuits of the first semi-afnual sampling event, as shown in Table 8-27, indicated that
the following parameters exceeded baseline:

MW-2043 chromium, molybdenum
MW-20406 molybdennm

MW-2047 chromium

MW-2048 magnesiom, molybdenum

Results of the second semi-annual sampling event, as shown in Table 8-28, indicated the
following parameters exceeded baseline:

¢ MW-2045 chromium, molybdenum
« MW-2048 sulfate, chromium, magnesium

It is believed that these above-baseline data are a result of natural variations in the
existing groundwater contamination underlying the site. Evaluation of the disposal cell leachate
water quality and volume confirm that the elevated groundwater data are not the result of adverse
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impacts from the disposal cell. A demonstration report was prepared in November 2060 1o
identify the contributing factors to recurting above-baseline conditions. The report discusses
results of resampling the wells, evaluation of historical site-wide water quality, analysis of

disposal cell leachate data and flow rates, and review of cell well hydraulic performance
(Ref. 10).
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Table 8-28 Basellne Values for the Disposal Cal! Compllance Wells

PARAMETER MW-2032 HWM MW-2045 MW-2047 MW-2048 SP-6301
Chloride (ma/} 055 87.28 19,66 13.10 16.09 29.M
Fluaride (mgl} 1.64 0.25 0.24 1.28 0.49 B.37
Nitrate (mg/) 163.32 .04 364 | 15042 21 35.28
Sulfate (mg/) 91,53 643 7166 52.98 270.88 121.35
Aluminum {pgf) 3546 22 242 .84 4?2.9!_ 85878 12815 1,771.684
Antimony {ngf) 8.83 15,59 28.07 2720 13.47 1357
Arsemnic (pgf) 4.74 .80 4.46 459 3.80 .80
Barlurn (pg} 547 66 0462 219.96 501.17 58.20 28061
Chrotmium {pgd) 111 61.34 9.56 12.54 2.38 10.96
Cobatt (wgf) 274 14.14 2.71 2.46 2.73 13.12
Copper (ugf) 28.89 42.22 18.01 48.56 10.34 864"
Lead {pa/l) 1570 1,78 4.27 4.43 2.02 427

- LIthiumr {pgA} 2513 3531 17.43 87.30 _14.56 44 .41
Magnesiur (g} 68,805 a0 857 66,542 94 431 47 493 54,057
Molybdenuren {jug/l} T7.05 10.75 7685 23.06 813 - 848
Nickel { g 2283 1161.79 2210 S6.41 3.33 1840
Selenium {ugfH 857 512 5.08 284 17.74 5.4
Sitvar (ugf) 17.73 77 6.12 5.41 4 B 275
Wanadium (gt} 8.2¢ 797 13.69 13.00 273 2078
Zine gy 61.47 024 45.86 40.25 53.48 5303
C.2.0. (mgf) 3.94 _ B.44 8.45 574 10.54 28.84
Cyanide {ugf) 13871 473 a.84 5.70 5.53 4 88
T.D.5 {pg) 1,262 568 637 1,051 813 553
T.0.X {pgh) 2.07 0.07 0.05 0.06 0.2 0.04
T.G.C.{mgH) 49.55 56.25 109.75 102.94 57.51 48.32
1,3,5-THB (pg#) 7.80 0.03 474 =Bl <DL . 0.156
1,2-DNB {pgd) 1.18 0.18 0.75 0.075 <DL 010
2,4 8-TNT {ugM 12.84 =DL 3.93 <DL <DL 0357 .
2,4-DNT {ugf) 1.04 0.18 112 0.55 <DL 0.151
2 B-DNT {ugi) 7.08 1.12 12823 1.25 <Dt 0.508
Radum-225 (pCif) 1.02 1.03 0.45 0.70 1.11 0.50

| Radlum-228 {pCi¥]} 3.62 240 4.1 2.12 7.20 g7
Thorium-228 (pCiAl) 0.38 .87 0.21 0.27 022 1.13
Therium-230 (pCifl) 0.35 0.91 0.28 0.68 0.60 1.74
Thorium-232 [pCif} 0.15 0.28 0.1g 0.19 0.22 074
Urenium, Taotal (aCIA} 5.56 1.76 213 1.69 2.39 203.73
pH (Std. Units) 7.81 745 7.33 7.60 7.36 712
Specific Conductance 2,021 1,114 1,061 1,545 1,122 543
{umhosiom)
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Tabie 8-27 Summary of Detection Monitering Data for Cell Well Network (June 2000}

_ ' CONCENTRATION _
PARAMETER MW-2033 | MW-2045 | MW-2045 | MW-2047 | MW-2048 | SP-8301
Chloride (mg) 2.7 63.3 14.5 8.1 g9 231
Fluarlde {mg/M 0.21 0.14 0.13 <DL 0.2 0.36
Mitrate-N {mg/} 7.5 1.5 2.0 1 12 13.5
Sulfate {rmgM) 17.8 3a.4 45.3 ] 269 36.9
Adurainurs (pgfl) 164 <DL 415 200 9.5 398
‘Barium (g} 167 189 221 366 38.8 144
Chromium {pgfl) 7.9 988 5.3 134 a.6 <DL
Cobalt (g} <DL 53 <DL <DL <DL <DL
Copper (g} =0L 11.8 <0OL =[L =<0OL <DL -
Cyanide, total (uyl} <DL <DL <DL <BL <DL 7.5
Lithiurn {ugA) <DL <DL =<0l <DL <DL Z28.4
Magnesium {j:g/} 26,200 44 500 45 500 76,000 | 46,400 23,500
Molybdenum (ugf} =DE 111 156 18.5 11.4 3.5
Nickel (ug/) <DL 1,080 <DL <DL <Dl <DL
Salenium {pgf) <DL <DL 2.7 a4 13 =L
Zine {pgf) <DL <DL 58 <DL <DL <DL
Yanadhim (uad) <DL _44 <DL <DL <D, <0OL
Chemical Cxygen Cemand <Ol 7 12 12 12 =0l
{mg) _
Total Dissahved Solids {rmgf) 405 483 547 78A 747 418
Total Qrganic Carbon (mgd} 1.3 <DL 1.2 <DL 13 1.4
TOX {mgf) D.01 0.013 0.02 <DL —0.03 <DL
1,3 S-Trinitrobanzenea (pg/)} <0L, <DL 18 <D <DL <DL
2,4 6-Trinitrotoluene (uad} <[ <Ol 2.8 <DL <DL <L
2,4-Cinitroteiuens (g} <CL <DL <DL 0.17 <DL <DL
| 2.6-Dinitrateluens {ug/) <DL 0.71 0.79 .44 <0l .13
Thariwm-228 (pCif) 0.02 <DL <DL <PL <DL <DL
| Thetium-230 {(pClH) 0.03 <DL 0.17 0.04 0.04 .15
Thorium-232 (pCi) 0.02 <DL 0.03 0.03 0.01 <Dl
Uranium, Total {pCif) 1.84 =0l <DL 0.54 1,31 78.1

Note:  Parameters for which average canceniration was below the highest detection lmit for each sampling
locatian ara not included in table.
<DL Averzge concentration was lase than highest detection livit
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Table 8-28 Summary of Detection Monitoring Data for Cell Well Network {December 2000)

— CONCENTRATION
PARAMETER MW-2032 | MW-2045 | MW-2048 | MW-2047 | MW-2048 | SP-8301
Chloride (mg/) 28 o7.4 14.2 7.3 6.7 11.7
Flucride {mgf) 0.1 0.13 014 0.15 0.26 0.21
Nitrate-N {mg/) 5.02 1.72 4.05 82.4 14.2 66
Sulfate {mg} 18.2 40 429 25.8 2868 26.2
Aluminum (pgfh <DL 134 625 <0L <DL 528
Barium (pg/) 181 184 213 452 42.1 127
Chramtum (pgh) 48 108 2 3.4 28 <DL
Cobalt {ug} <DL a <0l =DL =DL <Dl
Cyanide, total [pgf) <DL =L 51 0.6 280 <DL
Lead (1o =DL <DL 6.0 <DL =DL <DL
Lithiumn {1g/1) =DL <DL <DL 4.3 = N
Magnesium {pgfl) 34,400 48,200 35,600 92,600 55,100 13,500
Molybdenium {ug) 1.5 283 <DL 1.8 1.8 NS
Nickel (ugfl) 2.4 743 13.6 7.4 <0l NS
Selenium (pgi} <L <DL <DL 5.5 16.5 <DL
Silver {pgf) 1.2 <DL <L <Dk, 1.1 <DL
Zinc {pgf} <DL <DL 222 <DL <DL <DL
1 Chemileal £nygen Demnand <DL =Bl <DL <DL <L 24
_{mgA) _ _
Total Dissotved Solids [mg/) 270 428 s00 g72 726 335
Tatel Organic Carban (mgf) =0k <D 1.0 <DL 1.2 16
TOX (maf) <0l 0.012 0.04 =0L £.008 =0L
1,3.5-Trinitrobenzene (ugf} <0, <DL 23 <DL <DL =DL
1,3-Dinftrobenzana (ugh} =<0 0,16 <DL =[L <DL =0L
2,4,6-Trinitrotoluane (ug/h <DL <DL 17 <DL <DL 0.5
2 4-Cinfiretoluene (ugl) <bL 0.081 0.17 0.2 <DL =0l
| 2 5-Dindtretoluena (ugl) <DL 0.62 1.00 0.38 =0, 0.15
Therium-228 (pCifl} <DL 0.03 <DL <DL <DL 0.42
Therium-230 (pCin} 0.125 0.10 _ 0114 017 - 0.27 0.09
Therium-232 (pCif) <DL <DL <DL 0.05 <DL <DL
Uraniumm, Totat {pCill} 1.84 <DL <D 1.32 1.7 21.4

Mote:

location are not Included in table.
hS Farameter was not sampled.
<DL Avergge concentration was less than highest detection limit.

Farametars for which average conceniration was below the hiphest detection limit for each sampling
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9. BIOLOGICAL MONITORING PRUGM
9.1 Biological Program Highlights

DOE Order 5400.1, 5400.5, and the Reguiafory Guide (Ref. 24) have requirements for
monitoring contaminant levels in terrestrial foodstuffs as well as in aquatic biota in the water
column and sediments of affected surface waters. Past monitoring - focused primarily on
properties that received effluent from the site such as Busch Lakes 34, 35, and 36; Femme QOsage
Slongh, and associater drainages. :

Historical calculations have consistently shown that the radiation dose to native aquatic
organisms in water influenced by the Weldon Spring site is well within the protective guidelines
of <1 rad/day (they have never exceeded 0.1 rad/day) as established in DOE Order 5400.5. Owver
the past few years, biclogical monitoring was reduced to surveillance levels, with air and surface
water results being used to determine the need for additiona!l sampling. Statistical anatyses of
annual effluent sample results for both air and surface water indicated there was no need for
further biclogical sampling. In addition, the total uranium migrating off site in surface water has
steadily decreased since 1987 and is approaching background levels. The air monitoring
program has been discontimued because the WSSRAP has no remaining sources of airborne
radiological emissions. Based upen this information, no further hmlaglcal monitoring will be
conducted.

9.2 Program Pescription

Many of the biclogical sampling activities directed by DOE Orders 5400.1 and 5400 5
such as precperational monitoring, effluent monitoring, and environmental surveillance are used
to support the National Envirormental Policy Act (NEPA} and Comprehensive Environmental
Response, Compensation and Liability Act (CERCLA) biological monitoring program and may
include the collection and analysis of water, soil, foodstuffs, and biota samples.

Activities for the 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. 8). Complete pathways are those that
show a link between one or more contaminant sources, through one or more envitonmental
transport processes, to a human or ecological exposure point. These exposure pathways are used
to direct biclogical sampling activities and determine the type of data that need 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 protection of native aquatic organisms from the
potential bicaccummlation of radionuclides. The Order states that the dose absorbed by such
organisms shall not exceed 1 rad per day from exposure o the radioactive matesial in hqmd
wastes discharged to natural waterways,

The biclogical monitering program provides supporting data on the possible ingestion of
biota by bumans for the dose estimates in Section 5. These calculations were based on the
guideline from DOE Order 5400.5 stating that members of the public should not be exposed to
radiation sources as a consequence of all routine DOE activities in any one year that could cause
an annual effective dose equivalent greatér than 100 mrem {1 mSv),

9.4 Aquatic Monitoring

Biota are primarily exposed to radionuclides aad other contaminants of concern at the
Weldon Spring site by aquatic pathways. Contaminated surface water funoff from the site to off-
site lakes and streams provides the main route of exposure to biota. Studies bave been cenducted
to determine the uptake of contaminants by biota at on-site and off-site properties. Uranium is
the main contaminarnt monitored in off-site surface water.

9.4.1 Fisk Monitoring

The Emvironmental Monitoring Plan (Ref. 8) required that sunfish samples from Busch
Lake 35 to be collected if the average anmyal uranium concentration in the lake was found to be
statistically higher than the average concentration found in previuus yEArs. Surfa_ce- water -
samples collected in 1999 demonstirated that annnal average uranium concentrations in the lake
waters were no higher than in prewqus years, therefore, no fish samples were collected during
2000,

9.5 Terrestrial Monitoring

The Environmemal Monitoring Plan (Ref. B) stipulated that monitoring of terrestrial
foodstuffs should be conducted only if annual average air monitoring results indicate above
background concentrations of radionuclides at critical receptor sites. Since anmual air monitoring
resuits did not show above background air monitoring results at these sites during 1999,
foodstuff sampling did not take place in 2000,
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10t ENVIRONMENTAL QUALITY ASSURANCE PROGRAM INFORMATION
10.} Quality Assurance Highlights

* Average relative percent differences caleulated for pgroundwater, surface water,
MNational Pollutant Discharge Elimination System (NPDES) samples, and springs
were within the 20% criterion recommended by the Contract Laboratory Program
(CLP). ' :

» The data validation program accepted 99.4% of the data selected for vajidétion
gualifying in 2000

10.2 Program Overview

The environmental quality assurance program includes management of the quality
assurance and guality control programs, plans, and procedures governing environmental
" monitoring activities at the Weldon Spring Site Remedial Action Project {WSSRAP) and at the
subcontracted off-site laboratories. This section discusses the environmental monitoring
standards at the WSSRAP and the goals for these programs, plans, and procedures.

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

10,21 Quality Assurance Program

The Project Management Contractor (uality Asstirance Program (QAP) (Ref 39)
establishes the quality assurance program for activities performed by the Project Management
Contractor (PMC). The QAP requires compliance with the criteria of DOE Order 414.1A.

10,22 Environmental Quality Assurance Project Plan

The quality assurance requirements for WSSRAP environmental data operations are
addressed in the WSSRAP Environmental Quality Assurance Project Plon (EQAP)P)Y (Ref. 40).
‘The EQAFP outlines the appropriate requirements of 7.8, Environmentat Protection Agency
{EPA) QA/R-5 (Ref. 41} for characterization and routine monitoring at the WSSRAP. The
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EQAP)P does not supersede the QAP, but rather expands on the specific requirements of
environmental monitoring and characterization activities.

The primary purpose of the EQAPIP is to specify the quality assurance requirements for
environmental data operations of the WSSRAP. The document is alse supported by standard
operating procedures (SOPs), the Sample Monagement Guide (Ref 42), the Environmental
Safeity emd Health Depariment Plegr (Ref. 43), the Environmental Monitoring Plan (EMP) (Ref
8), and sampling plans written for specific environmental sampling tasks.

10.2.3 Sample Management Guide

The Sample Management Guide summarizes the data quality requirements for collecting
and analyzing environmenial data. The puide describes administrative procedures for managing
environmental data and governs sampling plan preparation, data verification and validation,
database administration, and data archiving. Guidance on developing data quality objectives for
specific investigations is also detasled. The guide details the specific reguirements of the
EQAPjP.

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 respensible for most SOPs used to administer the environmental
quality assurance program described in this section. Controlled copies of SOPs are maintained
in accordance with the document control requirements of the QAP (Ref. 39)..

10.2.5 Evaluation and Presentation of Data

Analytical data are received from subcontracted analytical laboratories. Uncensored data
have been used in reporting and calculations of annual averages where available. Uncensored
data are data that do not represent an ND (nondetect) and instead report instrument responses
that quantitate te values below the reported detection limit, These types of data are designated
by parentheses around the data value, for example "(1.17)". When there was no instrument
response, nendetect datz were tnsed in calculations of averages at a value of ane-half the
detection limit {DL/2), as specified in Procedure ES&H 1.1.7, Environmenial Data Review and
Above Normal Reporting.
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10.2.6 Independent Assessments and Appraisals

The environmental programs are assessed by the Project Quality Department. They
evaluate compliance by performing surveillances and independent assessments of the
environmental programs and generate assessment rep{rrts to track deficiencies and mrrectwe
actions.

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 (CLFP) methodotogies when applicable. For certain
analyses (such as radiochemical and wet chemistry) the lfaboratories use EPA 600 (drinking
water), or methods that are reviewed and approved by the Project Management Contractor
{PMC} prior to analysis. Each of the subcontracted off-site laboratories has submitted to the
WSSRAP a site-specific Quality Assurance Project Plan (QAPjP) and controlled copies of their
SOPs. The QAPPs and SOPs are reviewed and approved by the PMC before any samples are
shipped to the laboratory. Changes to the standard analytical protocels or methodology are
documented in the controlied SOPs - All of the laboratorics currently being used by the
WSSRAP have had a prelimingry 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 atre performed routinely to inspect the labnratc-r}r facilities and operations, to ensure
that the laboratories are performing analyses as specified in their contracts, and to check that
WSSRAP data documentation and records are being properiy maintained.

10.3 Applicable Standards

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

10.3.1 Arnalytical and Field Measurement Methodologies

Analyticat and field messurement 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) {(Ref. 44 and Ref. 46), and
the EPA drinking water and radiochemical methodologies or methods that are reviewed and
approved by the PMC prior to analysts of each sample. Field measurement methodologies
typically follow the American Public Health Association Standard Methods for the Examination
of Water and Wastewater (Ref, 45),
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10.3.2 Quality Control Samples
Quality control samples for environmental monitoting are collected in accordance with

the required sampling plan, which specifies the frequency of quality control sample collection,
Quality control samples are nomally -collected in accordance with guidelines in the EPA CLP

(Ref. 46). :

Descriptions of the Quality Control samples collected at the WSSRAP are detailed in
Table 10-1.

10.3.3 Accuracy, Precision, and Completeness

At a minimum, the WSSRAP Data Validation Group determines the analytical accuracy,
precision, and completeness of 10% of the environmental data collected. Data validation is
required under DOE Order 5400.1.
10.3.4 Preservation and Security of Documents and Records
| Requirements for preservation and security of documentis and records are specified in
DOE Order 414.1A. All documents pertinent to environmental monitoring are preserved and
secured by the departments that producethem.
10.4 Quality Assurance Sample Resulti

The quality assurance program is assessed by analyzing quality control sample resuls
and cemparing them jo actual samples using the following methodology.

10.4.1 Duplicate Results Evaluation

Two kinds of duplicate analyses were evaluated in 2000, 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 duplicate is an
additional aliquot of the original sample that is split by the WSSRAP, placed in a separate
container, and sent to a secondary laboratory. Matrix duplicates were used to assess the
precision of analyses and also to aid in evaluating the homegeneity of samples or analytical
interferences of sample matrixes.
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Table 10-1 Quality Control Sample Description

TYPE OF @G SAMPLE

CESCRIPTION

Watsr Blank (WE}

Monitors the purity of distilied weter used for field blanks and decontamination of
sampling equipment. Water blanks are collected directly from tha distillad water
reservoir in tha WESSRAP laboratory.

Field Blank {FE}

Monitors potential conteminants, such as dust or volatile compounds, thai may be
introduced at the ske of sample collecton,  Flald blanks are eollacted in the field =t
the same time as samples ares collacted.

[ Equipment Blank (EE)

Manitars the effactiveness of decartamination procedures used on non-dedicated
sampling equipment. Equipmert blanks include rinsate and filer blanks.

Trip Blank {TB)

Manitors volatile organic compounds that may be introduced during transportation or
handling at the laboratory. Trp blanks are collected in the WSSRAP laboratory with
prepurged distilled water,

Flald Replleate (FR)

Manlters field conditions that may affect the reproducibility of samples collected from
a given jogatlan. Field replicates are callected in the field at the same location,

Blind Cuplicate A duplicate that provides an unbiased meazure of [aboratory precizion. Blind
duplicates are additional aliquots of routine samples taken in the field and given
altered identification codes to conteal each sample’s identity from the laboratory.

Matrix Spike™ {MS) Assesses matrix and accuracy of laboratory measurements for a given matrix type.

The results of this analysis and tha routine sample are used to compute the percent
recovery for each parametar,

Matrix Duplicate” (OU)

Assesses matrlx and precision of taboratory measurements for Inorganic parameters

in a given matrix type. The resulis of the matrix duplicate and the routing sample
ara Laed to computs the ralsive percent differancea for aach parametar,

Matrix Spike Duplicate® {MD)

Assesses matrx and pracision of laboratory measurements for organic compounds.
The matrix spike duplicate is spiked in the same mannar as the mafrix spike sampie.
The results of the matrix spilke and meatrid spike dupicate ane used to determine the
relative percent difference for erganic parameters.

Sscondary Duplicate (3D)

A dupticate that compares the pimary laboratory with a secondary laboratory,
providing an additional check on the perfermance of the primary Bahoratory. The
sacondary duplicate s an addiional aliguot of the rautine sample that |s sentto a
secondary iaboratory.

L

A [aboratory sample is split from the parent sample.

Generally, matrix duplicate samples were analyzed for the same parameters as the
original samples at the rate of approximately one for every 20 samples. Secondary duplicate
samples were collected on a mnnthly hasis, T}fplcally, duplicate samples were analyzed for more
common patameters (e.g., uranium, inorganic anions, and metals}.

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

of Work, (Bef. 46), was:
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RPD = [$-D| A(S+D) /2) x 100%

where § = concentration in the normal sample
D = concentration in the duplicate analysis

The RPD was calculated only for samples whose analytical resuits exceeded five times
the detection lirnit.

Table 10-2 summarizes the data of calculated RPD for groundwater (including springs}
and surface water (including National Pollutant Discharge Elimination System [NPDES])
samples. Both the matnx duplicates and the secondary duplicates are summarized together.
Parametets that were not commonly anatyzed for and/or wete not contaminants of concern were
not evaluated. '

Table 10-2 Summary of Calculated Relative Percent Differences

PARAMETER N AV3. RPD WIN. RPD MAX. RPD
Aluminum g 9.20 .22 )|
Arsenic i ) 1783 073 1]
Barium 21 3.45 .00 53
Chemical Oxygen 10 15.07 30a A0
Demand _

Chlorda 19 7.89 oop - 85
Chromium 20 19.82 .00 107
Flugrids 17 724 Q.00 42
Grass Alpha 3z 17.85 0.00 )
Gross Beta 32 15.9 1.8 5
Lesg 11 14 5 15 e
Manganese 12 2.45 .44 37
Nitrata-M 40 5.28 .00 75
Salanlum 10 13.23 .00 ELN
Sulfate 30 5.03 .00 3G
Total Suspended Salids 24 4,23 .00 28
Trichlorosthens i 9a7 0.00 17.28
Liraniurm, Total 60 a.50 0.00 3B
M= Data Fopulation

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. 44 and Ref 46). As
a result, duplicate sample analyses in 2000 were of acceptable quality.
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10.4.2 Blank Sample Results Evaluation

Various types of blanks are collected to assess the conditions and/or contaminants that
may be introduced during sample collection and transportation. These conditions and
contaminants are monitored by collecting blank samples to ensure that environmental samples
are not being contaminated. Blank samples evaluate the:

e Environmental conditions under which the sampies (i.e., volatile analyses) were
shipped (trip bianks}.

» Ambient conditions in the field that may affect a sample during collection (fieid/trip
blanks).

» Effectiveness of the decontamination procedure for sampling equipment used to
coliect samples (equipment blanks). :

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

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

Sections 10.4.2.1 through 10.4.2.4 discuss the sample blank analyses and the potential
impact of Hlank contamination upon the associated samples.

To evaluate whether samples were potentially impacted by blank contamination, all
samples in the same analytical batch as the blank were reviewed. If the samples and blank had
roughly the same concentration, the samples were considered to be potentially contaminated.
For all parameters except radiochemical, the sample concentration had to be above the detection
limit and less than five times the blank concentration to be potentially contaminated. For
radiochemical parameters to be potentially impacted by blank contzamination, the concentration
had to be above the detection limit, and the normalized absolute difference (NAD) had to be less
than 2.58. The NAD was calculated as follows:

Nap=-— 15281
Err; +En‘;
where:
S = concentration of the sample
B . =concentration of the blank
Emr; = error associated with the sample
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Errg = error associated with the blank
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 znalyzed for volatile organic compounds. Trip blanks
are sent o the laboratory with each shipment of volatile organic samples.

In 2060, 31 trip blanks were analyzed for volatile organic compounds. Detections for
acetone were found in nine blanks, methylene chloride in four blanks, 1,2-dichioroethene in one
blarnk, and 2-butanone in three blanks. All environmental samples associated with these 12 blank
samples were evaluated. Twenty-six samples were potentially impacted, 10 where methylene
chloride had been detected, 10 where acetone had been detected, and seven where 2-butanonie
had been detected. None of the other samples evaluated exceeded the recommended CLP
criterion. AH of the parameters found in the trip blanks were associated with common taboratory.
solvents except 1,2-dichloroethene. No environmental samples were impacted by the one
detection of 1 2-dichloroethene. :

10.4.2.2 Field Blank Evaluadon

Field blank samples are collected at monitoring locations just prior to, or immediately
after, actual samples are collected. The field blanks are collected to assess ambient conditions at

the sample locations and are generaliy for the parameters of concern, such as uranium, anicns,
metals, and nitroaromatics. :

In 2600, two fieid blanks were collected. Table 10-3 presents the ratio of detects to total
number of blanks collected for each parameter having results above the detection limits. The
table also presents the ratio of potentially impacted samples to the total number of samples
analyzed with the blank. In cases where there were no detects in any blank, the ratio of
potentially impacted samples to the total number of samples is not applicable.

Table 10-3 Summary of Field Blank Parameter Resulis

NUMBER OF DETECTS/NUMBER - NUMBER OF FOTENTIALLY
PARAMETER OF BLANK ANALYSES IMPACTED SAMPLES
Arsenic 0 of 2 {0%) h/A
Barium 1 of 2 (S0%) 0 of 12 (0%
Cadmium 0 of 1 {(%:} MR
Chlaornide 1 of 1 (100%] 2 of B {33%)
Chromium 1 of 1 (10056) 8 of 12 (50%]
Flucride : 0 of 1 [0%) - WA
Giross Alpha ' 0 of 1 {0%) MFA
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Table 10-2 Summary ¢f Field Blank Parameter Resulis (Confinued)
NUMBER. OF DETECTS/NUMBER NUMBER OF POTENTIALLY
PARAMETER OF BLANK ANALYSES IMPACTED SAMPLES

5ross Bets 0 of 1 {088} MNfA

Leag 1 of 1 (100%) 7 of 22 [32%;)

Mercury 0 of 1 {(0%) NiA,

Nitrate as N 1 of 1 (100%) 5 of 10 {50%:;)

Nitroaromatfcs 0 of 2 {0%) NFA

Radium-226 {1 of 1 {0P%) N7A
Radium-228 @ of 1(0%) NiA_

‘Belenlum 1 of 1 (100%) 2 of 12 {17%)

Sibver 0 of 1 {08%) N/A,

Sulfate 1 of 2 (50%} 0 of 10 {0%)

Therum-228 0 of 1{0%) WA

Thorium-Z30 0 of 1 {0%) MNIA,
Thorum-232 0 of 1{0%) N/A

Uranium, fotal .0 of 2 (%) hfA

Volatlles 0 of 1 {0Fk) N/&:

Semi-volatiles 0 of 1 (086 N/A,

MiA kot applicable

10.4.2,3 Equipment and Bailer Blank Evaluation

Equipment and bailer blanks are coltected by rinsing decontaminated equipment and
bailers with distilied 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 arg collected from dedicated equipment, and surface water is collected by placing the
sample directly into a sample container. No equipment blanks were coflected in 2000 for non-
soil sampling. '

10.4.2.4 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 samples also serve as laboratery blanks, Generaily,

the water blanks were analyzed for contaminants of concern and were collected at the same time
as field blanks,

In 2000, two water bianks were collected. Table 16-4 presents the ratio of detects 0 the -
total number of blanks coilected for each parameter that had results above the detection limit.
The table also presents the ratio of potentialty impacted samples to the total number of samples
analyzed with the blank. In cases where there were no detects in any blank, the ratio of
potentially impacted samples to the total mimber of samptes is not applicable. In cases where no
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samples were analyzed with the blank, a zero has been placed in that column, and no percentage
has been shown.

Table 10-4 Summary of Distilled Water Blank Parameter Rasults

NUMBER OF DETECTS/NUMBER NUMBER OF POTENTIALLY
PARAMETER OF BLANK ANALYSES -AMPACTED SAMPLES

| Aragnic 0 of 2 (0%} MN/R
Barium 0 of 2 (0%} MfA
Cadmium 0 of 2 (0%} MfA
Chloride 0of 2 (0%} MNiA

| Chramlum 0 of 2 {(%} MNiA
Flugride 0 of 2 (05} MNfA
Lead 0 of 2 (0%} MNFR,
Mercury 0 of 2 (0%} _ MNfA,
Nitrate as N 2 of 2 (100%} 1 of 1 (100%)
Nitroaromatics 0 of 2 {1%) MN/A,
PAHs 0 of 2 (0%} MNIA,

_PCBs 0 of 2 {0%) sy
Radium-226 1 of 2 {50%) i}
Radium-228  of 2 (0%} NfA
Selenium ' 0 of 2 (D%} IR
Silvar 0 of 2 (0%} NIA
Sulfate 0 of 2 (0%} MNiA
Thorum-228 0 of 2 (0%} N{A,

| Therium-230 1 of 2 {50%) 0 of 1 (%)
Therium-232 0 of 2 (05} MNFA,
Uranium, Totsl 1 of 2 (50%) ¥
Wolatlles 0 of 1 (05} MNiA

MiA Mot Applicabla

10.5 2000 Data Validation Program Summary

Data vatidation programs at the WSSRAP invalve reviewing and gualifying at least 10%
of the data collected during a catendar year. The data points represent the aumber 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 vatidation, and indicates the percentage of those selected that were complete. Data points in
this table include all sample types.
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Table 10-5 WSSRAF Validation Summary for Calendar Year 2000

NO. OF DATA NO. OF
NO. OF DATA POINTS VALIDATED

CALENDAR POINTS SELECTED FOR PERCENT DATA POINTS .

QUARTER COLLECTED VALIDATIO! SELECTED REJECTED COMPLEYENESS™
Cruatter 1 8,847 R 10.5% i 09.5%
Quarter 2 14,513 1,535 10.8% 4 49.7%
Quarter 3 40,284 1,104 11.6% 14 58 8%
Quarter 4 4 428 471 10.6% 0 100%
2000 Total 36,072 3,850 11.0% 22 23.4%

{a) Completensass Is 2 mesasyre of acceptable data. The value is given by
Completensss = i - # rej
# validated
Reflects all validatable data for the calendar yeer.

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 accordanice with
the U.8. EPA Contract Laboratory Program Statemeni of Work for Inorgemics Analysis
(Ref 46), the U.S. EPA Contract Laboratory Program Statement of Work for Organic Analysis
(Ref. 44), and the Laboratory Data Validation Guidelines for Evaluating Rodionuclide Analysis
(Ref 47). For calendar year 2000, 100% of data validation has been completed. Data points in
this table include groundwater, surface water, spring and seep water, NPDES, and NESHAP
samples only.

Table 10-7 identifies the average accuracy and precision for anion, metals, nitroaromatic,
radiochemical, and miscellansous parameters. The atcuracy values are based on the percent
recoveries of the laboratory control sampies, and the precision values are based on the relative
percent difference between laboratory comtrol sample duplicates. The data population size
associated with cach accuracy and precision value is listed as "N." Data points presented in this
table include groundwater, snsface water, spring and seep water, and NPDES samples only.
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Table 10-7 Laboratory Acturacy and Fracision Summary for Calendar Year 2000

LABORATORY ACCURACY LABORATORY PRECISION

PARAMETER N | AVERAGE | MINIMUM | MAXIMUM | AVERAGE | MINIMUM | MAXINUM
IONS
Chloride 1 63.5 ) 93.5 36 0 3.6
Flucride 1 92.2 i 922 107 0 1.97 -
Nitrate 1 $7.9 0 47.9 0.81 0 0.61
Sulfate 1 64.4 ] 64.4 0 0 ]
METALS
Arsenic 1 106.8 0 106.8 1.2 0 1.2
Barium 1 106.7 0 106.7 18 0 1.9
Cadmium 1 106.1 0. 106.1 1.74 0 .74
Chromium 1 1041 0 104.1 176 ] 176
Lead 2 102.5 101.7 102.5 1.61 135 1.86
Mereury 1 808 0 80,8 0.77 0 0.77 .
Selenium j 112.8 D 112.8 1.64 0 1.64
Silver 3 96.8 0 96.8 188 0 1,98
MISC. _ :
Oil & Grease ] 80.7 0 80.7 83 0 63
Solids 1 o7.0 0 g7 0 504 g 5.03
RADIGCHEMICAL ’
Uranium, Total 1 111.0 1] 111.0 8a . 1y A H
Radiitm-226 1 802 D 30.2 8.2 0 B2
Radium-228 1 85.0 0 85.0 17.2 g 17.2_
Thotlum-228 1 §5.9 D 95.9 7.6 i) 75
Thorium-230 L 86.4_ a 964 7.9 0 7.8
Tharium-232 1 81.7 D B1.7 252 0 23.3

M = [ata populstion.
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11. SPECIAL STUDIES

This section highlights significant activities and efforts at the Weldon Spring. Site
Remedial Action Project (WSSRAP) that support implementation of environmental protection
policies. In addition, short term environmental studies are described that support implementation
of regulatory requirements not specifically covered by U.S. Department of Energy (DOE)
Order 5400.1 or that were not plaaned in the Environmental Monitoring Plan (Ref. 8).

11.1 Off-Site Migration of Uranium in Storm Water

In an effort to determine the effect of site activities and anmual rainfall on the off-site
migration of uranium in storm water at the three major National Pellutant Discharge Elimination
System (NPDES) outfalls {NP-0002, NP-0003, NP-0005) annual mass migrating from each
outfall is plotted with annwal precipitation. The mass per inch of precipitation for each outfall is-
also plotted with precipitation. The uranium data for the vears 1987 through 1994 were reviewed
previousiy and corrected for several factors, as required, t¢ normalize the data. The coirections
were for precipitation, watershed areas, and runoff coefficients and are cutlined in-the Weldon
Spring Site Environmental Report for Calendor Year 1994 (Ref. 48). :

These data have been updated with the inclusion of data for 1995 through 2000. The
recent data did not require correction. The annual mass, antual precipitation, and mass per inch
of precipitation are in Table 11-1. The annual precipitation and total annual mass discharged off
site through 2000 are plotted in Figure 11-1, Figure 11-2, and Figure 11-3.. The mass per inch of
precipitation and annual precipitation are plotted for 1987 through 2000 for all three outfalls in
Figure 114

Tabte 11-1 Mass of Uranium Discharged from NPDES Storm Water Outalls®

QUTFALL
NP-0002 NP-0003 NP-0005

' MASS/NCH MASS/INCH MASSANCH TOTAL
ear | @ I::T } H':ﬁs IDF PF"I:'] n:nss OF PPT | MASS | OFPPT MABS/YEAR

nches ng kga} {kginch Ainch a
1887 3EF 42E k{lﬁ 362 | _10.19 ] g‘ég] {kﬂ.ua : ﬁzﬂ“ :
1688 32.9 25 0.74 178 5.19 26 - 0.77 27
1889 28.5 22 0.77 35 1.23 15 0.53 73
1560 45.1 33 0.73 177 0.39 25 0.55 75.7
1891 38.9 32 0.87 73 1.98 27 0,73 132
1662 33.4 41 1.23 75 2.25 16 3.48 132
1852 547 56 .21 163 298 H 0.57 __260
1094 34.7 38 1,03 49 1.41 12 0.34 B7
1985 393 20.8 0.52 126 | 032 5 0.13 33
1996 43,9 14.3 .33 18.1 0.44 4 0.08 aT.4
1897 315 2.3 .07 192 0.6 4.5 0.02 22.0
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Table 11-1 Mass of Uranium Discharged from NPDES Storm Water Outfalls (Continued}

OUTFALL
NP-DDDZ NPOD3 NPOO05 .
MASSANCH . MASSANCH MASSANCH TOTAL
PPT MASS OF PPT MASS OF PPT MASS OF PPT MASSIYEAR
YEAR | (Inches) | {kg) | (kginch} | (ka} | (kgnch) | {kg} | (kgfinch) (g} (a)
1853 496 8.4 Q.17 133 027 - 0.57 0.0% 223
1984 4.1 .83 0.0z 3.9 0.11 oav .02 5.4
2000 41 18 0.04 23 0,06 0.5 .01 4.4
{7) . Inzludes Quifalls NP-0002, NP-0003, and NP-ODDS, Cther outfalts have historically contributed negligitie
amourts.

FPT  Frecipitation

11.1.1 Storm Water Qutfall NP-0002

Cutfall NP-0002 15 downstream of the Frog Pond area and receives runoff from the
eastern section of the chemical plant area. Figure 11-1 indicates that before remediation started,
uranium migrating off site initially decreased or increased in relative proportion to- anmual
precipitation. Building dismantlement in 1992 appears to have increased the mass of uranium
migrating off site, although precipitation was less than the previous year. Wih the completion of
buitding dismantlement, the positive correlation of uranium versus precipitation resnmed until
1995 when precipitation increased and uranium decreased. This trend continued into 1996,

Mass reduction in 1995 was presumed to be due to precipitation patterns, since the
reductions were simitar at all three outfalls, although activities in the three watersheds differed.
The reduction in 1996 is believed to be due to action of the sedimentation basin in addition to the
removal of contaminated soil and building foundations. The dovwnward trend continued in 1997.
During 1997, storm water was diverted around Frog Pond, and the pond was removed in mid
1598, Total mass at Outfall NP-0002 increased slightly in 1998. An increase in precipitation
during 1998 is suspected io be the cause.

The mass for 1999 was much reduced, as was the mass per inch of precipitation. This
reduction is attributed to the NP-0002 watershed being almost completely remediated, and a
significant reduction from 1998 precipitation. Precipitation in 1999 was not only less than in
1998, but there were few major storm events, which reduced runoff from the site.

There was a stight increase in total mass at outfall NP-0002 during 2000, Although the
area was completely remediated, there was a large area of unvegetated soil which increased the
runoff. In addition, precipitation was greater in 2000 than in 1999. The cell and parking areas
have high runoff coefficients which alse added to the increase in runoff and subsequently, mass.

DOE/CR/Z1548-RR, Ray, 0 175



WELDON SPRING SITE ENVIRONMENTAL REPDIT FOH CALENDAR YEAR 2000

OTIEED

Y | —!_-..i.lu_ ._-.-_r_- *H L YT

Lovazie _.L. Nio

AEGOIOZONIY "E.E_.__.L SBE-SVE1SAROA0T

L-L1 34N

ZO00-dN TIVALNO HALVAM WBOLS LV
G30UYHOSIT WNINVEN TYNINNY 1YL

[Ldd-"5-_sova—w—]

u

L1y

=
|

=
=

'
]

{magsoyaul) vopsydisadd el
2

05 v

FEBL .
[} (1] (2] )] [+2] o . O 1] 23] -] =) =3
[ ] 23] o o0 o o o o -] 2] 2] 2] o
™ — R — — — -~ - - - — — — —
I 1 L] "y L - L L L - A 1 i

[1}7]

- Ok

Gl

vBa By winjuen el

176

DOEQRETS43-886, Rev. 0



WELDOM SPRING SITE ENVIRONMENTAL REPORT FOR CALEKBAR YEAR 2000 723

11.1.2 Storm Water Outfall NP-0003

Figure 11-2 indicates that uranium migrating off site sharpiy decreased from 1987
through 1989 at Outfall NP-0003. The reduction for 1938 is assumed to be due to precipitation
patterns since there was no other activity in the watershed. The reduction in 1989 was due to
construction of the Ash Pond diversion channel, which began in November of 1988 and was
completed in April of 1989, along with lower precipitation in 1989. Prior to construction of the
diversion channel, most of the water in the watershed flowed through Ash Pond, which was a
highly contaminated area. Following construction of the diversion channel, the only water that
flowed from Ash Pond was precipitation that fell directly on the pond area.

Construction of the diversion channel made the fluctuations in anmial uranium mass at
Onzifall NP-0003 highly dependent on the flow from Ash Pond. During the summer and other
dry periods, there was littie or no flow from the pond. As a result, the diversion channel fiow
(from a much less contaminated area of the site) made up the bulk of the flow. This caused
everall lower uranium levels at the cutfatl during pericds of normal precipitation. During winter,
when the Ash Pond soils may have become saturated and precipitation amounts generally have
been. higher and evaporation lower, flow from Ash Pond increzsed and concentrations at the
cutfall trended higher

The mass in 1950 was again reduced over the previous vear, although precipitation was
much higher. This may have been a result of precipitation patterns andfor the times the samples
were taken (ie, no flow from Ash Pond). During 1991 and 1992, precipitation was less than in
1990, but uranium mass was higher, Agmn, this presumably was due to precipitation patterns
and the time of sample collection.

Uranium mass increased greatly in 1993 because precipiiation increased dramatically and
Ash Pond discharged throughout the year. Mass decreased in 1994 with the decrease in -
precipitation, and a soil cover was placed over the South Dump area of Ash Pond during the
middle of the year. Mass was again reduced in 1995 with an increase in precipitation. This was
likely the Tesult of precipitation patterns (because reductions were gimilar at all three outfalls)
and construction during 1995 of a sedimentation basin immediately upstream of Outfall
NP-0003. Mass increased slightly in 1996 due to increased precipitation and the storage of
contaminated soil and debris in Ash Pond. With this storage, the water was managed and was
not discharged to the sedimeniation basin unless it was less than the 600 pCi/l (222 Ba/l)
Derived Concentration Guideline (DCG). With the storage of contaminated materials in Ash
Pond, the mass of uranium at Outfall NP.0003 was expected to be highly dependent on
precipitation and water discharged from the pond. The mass of uranium discharged during 1997
was slightly higher than that discharged during 1996, even though precipitation was much less.
This was likely the result of the storage of contaminated materials in the pond area, During
1998, total mass at Qutfall NP-0003 was less than during 1997, even though precipitation was

DOEMRZ154B-228, Ray, O 177
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much higher. The decrease is aséumed to be the result hf menagement of the pond water and the
removal of contaminated materials from the pond during 1998,

The 1999 mass of uranium migrating off site at Outfall NP-0003 was less than the 1958
mass. This reduction is attributed t¢ a reduction in precipitation and remediation efforts in the
Ash Pond area. The entire Ash Pond-area and the chipped wood sterage area were remediated
and confirmed clean during 1999,

During 2000 the NP-0003 watershed was largely vegetated, and uranium mass migraxiun
was slightly decreased compared to 1999 levels even thnugh there was an increase i
- precipitation. With remed:ation and soit stablhzatmn, vranium discharges are expected to
stabilize at a low level.

11.1.3 Storm Water Outfall NP-0005

Figurs 11-3 indicates that the mass of uranium migrating off site at Cutfall NP-0005 has
been generally proportional with annual precipitation through 1994. Constrction of the site
water treatment plant, which began in 1992, appeared to have had little effect on the outfalt, even
though it ifvolved substantial earth disturbance for construction of the efffuent and equalization
basins. A siltation basin was constructed to setile sediments from the water flowing off the
treatment plant area and storm water from the siltation basin has historically contained less than
10 pCi/l (0.37 Bg/1) uranium, The other major source for the Qutfall (until it was remedigted in
1986) was a watershed that drained the highly contaminated Building 301 area. This area was
partially capped during 1994 to decrease the concentration of uranium in storm water leaving the
area,

The concentration of uranium in storm water from individual sampling events was highly
dependent on precipitation rates, periods between precipitation, and the ratic of flow from the
sedimentation basin and the Building 301 area. The mass of uranium migrating off site was
reduced in 1995 and again in 1996. The reduction in 1995 was likely the result of precipitation
patterns because all three outfalls had similar reductions. The watershed for NP-0005 was
remediated during 1996. This resulted in another reduction in uranium mass leaving the site,
The mass of uranium migrating off site at Qutfall NP-0005 for 1997 was much reduced
compared to 1996 most likely due to the near complete remediation of the watershed. Because
of the remediation uranium mass was expected to remain near backgronnd levels at Qutfall NP-
0005, The tota}l mass at the outfzll remained low for 1998, despite the increased preclpltatmn
There was very little soil disturbance in the watershed during 1998

There was a slight increase in mass at Outfall NP-0005 in 1999 although the total mass
remained low. This increase is attributed to a collection sump near the chemical stabilization and
- solidification (CSS} area that prevented water from flowing to the NP-0003 watershed. The
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water was collected to allow construction of the cell berm. The water was then pumped to
Outfall NP-0005. The water that collected in the sump was from an area that was only partially
remediated and slightly higher in uranium than other NP-0005 waters, thus causing the slight
increase. : K

Mass at Outfall NP-0005 for 2000 decreased from 1999 levels despite an increase in
precipitation and earth disturbance caused by the removal of the site water treatment plant-and
ponds. Complete remediation of the watershed contributed to the reduction.

11.1.4 Mass of Uranium Per Inch of Precipitation

Figure 11-4 and Table 11-1 indicate that the mass of uranium migrating from the site per
inch of precipitation has rejatively flat trend lines for the three major outfalls since 1995, This
indicates that, all other factors remaining constant, the mass of uranium migrating off site is
dependent upen annual precipitatior and the contamination level in the watershed. Outfalls
NP-0002 and NP-0005 show similar levels, with NP-0003 showing relatively higher levels. This
is to be expected because the Outfall NP-0003 watershed contained Ash Pond, which was a
highty contaminated area.

Variations may be due to precipitation patterns, soil disturbance, or remediation, and in
the case of Outfall NP-G003, the storage of contaminated materials in Ash Pond. Outfalls NP-
0002 and NP-00035 have trended downward as a result of remediation in the watershed. Qutfall
NP-0003 increased slightly for 1997 because of the storage of contaminated materials in Ash
Pond, but decreased during 1998 despite the increase in precipitation. With remediation of the
Ash Pond area in 1999, the mass per inch of precipitation was reduced at Quifall NP-0003. The
mass per inch of precipitation continued to trend downward during 2000 at outfalls NP-0003
and NP-0005 but increased at NP-0002. When the NP-0002 watershed is stabilized and
vegetation established, this level is expected to be reduced to the same ranges seen at the other
two outfatls. '

11.1.%5 Aonual Migration of Uranium Mass from the Chemical l‘]ﬁnt Site

The mass of uranium that migrated off site from the three major outfalls in 1987, before
any remedial actions were taken, was 442 kg (972 [b). During 2000, 4.4 kg (9.68 Ib) of uranium
migrated off site, a 99% reduction from the 1987 mass. Table 11-1 shows the mass of uranium
that migrated off site during the intervening years. Mass has fluctuated from vear to year with
precipitation levels, remedizl actions, land disturbance, and foundation and contaminated soil
temoval. The masses during 1995 and 1996 were at similar levels of 38.2 kg (84 ib) and 37.4 kg
(82 lb). Because contaminated soil removal was completed for major sections of the site during
1996, levels for 1997 were reduced even further. The slight increase for 1998 may be attributed
to increased precipitation. The 2000 mass was at a historical low, which was the expected result
of extensive site remediation and soil stabilization.

. DOEQORI21545-886, Rey, & 181
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The total annual uraninm discharged from NPDES outfalls during 1987 through 2000 is
shown in Figure 11-5. These values include yranium discharged at the three major outfalis
discussed above, as well as at other minor storm water outfalls and in the water treatment plant
effluents. As shown on the graph, total uranium migrating off site in surface water has steadily
decreased since 1987, and is expected to decrease further still when the site is vegetated and
stabilized. '

11.2 Radon Flux Monitoring Results for the WSSRAP Disposal Facility

This section summaries the results of Radon-222 (radon} flux menitoring performed on
the top of the radon barrier proper of the WSSRAP disposal cell, Additional information can be
found in the Completion Report for Radon Flux Monitoring of the WSSRAP Disposal Facility
{Ref 11).

The Record of Decision for Remedial Action af the Chemical Plant Area of the Weldon
Spring Site (Ref. 9) states that radon flux standards in 40 CFR 61, Subparts Q and T, and 40 CFR
192.32(b)(1)(1i) are applicable and/or relevant and appropriate. These standards require that
Radon-222 (radon) flux from the disposal cell will not exceed an average of 20 pCi/m’/sec.

The primary method approved by the U.S. Environmental Protection Agency (EPA) for
measuring radon flux is found in 40 CFR 61, Appendix B, Method 115. This method congists of
deploying large-area activated charcoal collectors on the radon barrier proper for a 24-<hr period
during which time the radon emanating from the surface is adsorbed on the activated charcoal.
The collectors are then returned to the vendor laboratory where they are analyzed by gamma
spectroscopy to determine the amount of radon adsorbed. This was the monitoting method used
to determine average radon flux from the WSSRAP disposal cell.

Qriginally, monitoring was going to be conducted in two phases, Phase 1 covering
approximately 70% and Phase 2 covering that portion not included int Phase 1. However, due to
favorable changes in consiruction sequencing, a I-ft radon barrier surface was available over the
entire cell by September 2000. Therefore, Phase 1 was conducted as detailed above and Phase 2
was rescheduled as a one-time monitoring effort covering the entire radon barrier area. The
resuits are discussed below.

Phase 1 monitoring was conducted August 1-2, 2000, at 76 separate locations on top of
the disposal cell. These locations included about two-thirds of the radon barrier area (i.e., all
radon barrier area available at that time).

The requirements of both EPA Methad 115 (40 CFR 61, Appendix B) and the Radon
Flux Monitoring Plan jor the WSSRAP Disposal Facility (Ref. 17) were met during Phase 1
monitoring. The average measured radon flux on the disposal cell was 0.10 pCifm%/sec (standard

deviation of 0.15 pCi/m’/sec, maximum value was 1.255 pCifm*/sec). The average was well
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below the regulatory requirement of 20 pCi/m*/sec. The individual measurements compared
favorably to background radon flux levels, which can range from 0.005 to 1.4 pCi/m’/sec, with
an average value of approximately 043 pCi/m/sec. In fact, nome of the individual
measurements exceeded this background range.

Phase 2 monitoring was conducted October 11-12, 2000, at 100 separate locations on top
of the disposal cell. These locations included all of the radon barrier area except the “deep
dimple,” the approximately 0.7 acre {at cument grade) area reserved for the remaining
contaminated waste. At the time of sampling, the dimple had at its deepest point approximately
9.5 fi of clean fill above the cell waste. Two monitoring locations, WSSRAP IDs 10 and 23,
were to have been placed directly above the dimple. However they were repositioned 28 ft
southeast to avoid the possibility of biased low measurements.

The requirements of both EPA Method 115 (40 CFR 61 Appendix B) and the Radon Fiux
Monitoring Plan for the WSSRAP Disposal Facility (Ref. 17) were met during Phase 2 -
monitoring, The average measured radon flux on the disposal cell was .55 pCi/m*/sec (standard
deviation of 2.64 pCi/m%/sec, maximum vitue was 26.4 pCi/m?/sec). ‘The average was well
below the regulatory requirement of 20 pCi/m®/sec. Only three of the 100 individual
measurements excesded the background range of 0.005 to 1.4 pCifm®/sec, (Section 2.1.2).

. Additional monitoring was performed October 26-27, 2000, to confirm the
26.4 pCifm*/sec maximum flux measurement. This included four additional measurements: one
at the original location (WSSRAP 1D 56), the others within 3 fi of this location. Additional
monitoring results were 0.2795, 0.5629, 6.9934, and 13.2819 pCi/m’/sec. This was interpreted
as confirmation of the original results. These additional results wete not included in the
calculated average since they were not part of the monitoring plan. However, they would have
changed the average only slightly (from 0.55 to 0.74 pCitm?/sec).

In summary, the average measured radon flux during Phase 1 and Phase 2 were both less
than 5% of the regulatory requirement of 20 pCi/m?/sec.
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A Dose from the Chemical Plant and Raffinate Pits to a Maximally Exposed Individual

. Because monitoring resuits at the crifical receptor station representing the Missouri Highway and
Transportation Department (MHTD) maintenance factlity (AP-2001 - radioactive air particulate,
RD-2004 — radon and thoron gas, and TD-2004 — direct gamma exposure) did not exceed
background levels in 2000, and ingestion pathways are nonexistent (no bodies of water exist ai
the MHTD), nc dose assessment is necessary for an individual located there.

B. Dose from the Weldon Spring Quarry to a Maximatly Exposed Individual

Because air monitering results at the quarry did not exceed background levels in 2000, and
ingestion pathways are implausible {access to the quarry area is restricied by a chain link fence),
no dose assessment is necessary for an individual located near the quarry.

C. Dose from the Vicinity Properties to a Maximally Exposed Individual

Burgermeister Spring, in the  Busch Memorial Conservation Area, exhibits elevated
concentrations of radium, thorium, and yranium, It is assumed that an individual walked past
Burgermeister Spring once a week during 2000, stopping during each visit to drink one cup’
(0.237 1) of water from the spring. Therefore, the individual ingests (52 x 0.237) liters of water,
or 12.3 liters (3.24 gal). No radiclogical exposure was calculated: for the individual for
inhalation or external exposure because environmental monitoring results indicated radicactive
air particulate, gamma exposure, and radon levels to be no greater than background at this
location.

The maximum concentrations recorded in 2000 for the radionuclides detected in
Burgermeister Spring and their correspending dose conversion factors {DCFs) for ingestion are:

2000 MAXIMUM
RECORDED CONCENTRATION DCSE CONVERSION FACTOR
RADIONUCLIDE (peim™ FOR INGESTION (rtem/pCi}
Total Uranium {soluble] : 81.1 2 BIE-4 {Sclubfe)
Ra-226 0.13 1.33E-3
Ra-228 1.25 1.44E-3
| Th-228 0.88 3.06E4
Th-230 3.91 5.48E4
Th-232 0.58 2.73E3
Ra-224 0.88 3.66E4
Pb-212 .88 . 4.5BE-5

{2} Ra-224 and Pb-212 concentrations derived from measured Th-228 concentraticn, based on assumption of
secylar equilibrium.
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The above DCFs are obtained from EPA’s Federal Guidance Report Ne. 11 (Ref. 28). The DCF
for total soluble uranium is calculated using the isotopic DCFs and the natural uranium isotopic
activity ratios given in Section 5.3.2.

The total effective dose equivalent (TEDE) is calculated by summing the doses contributed by
each radionuclide in the water, as shown below:

TEDE (ingestion of contaminated water) = TEDE (oial uraninm) + TEDE (Ra-226) +
TEDE (Ra-228) + TEDE (Th-228) +
TEDE (Th-230} + TEDE (Th-232) +
TEDE (Ra-224) + TEDE (Pb-212)

where:

TEDE (ingestion of contaminated water for a given radionuclide)} = Concentration (pCifl) x
Volume of Water Ingested (L) x Dose Conversion Factor (mrem/pCi}

TEDE (total uranium) = 81,1 pCi/t x 12.3 1 x 2.69E-4 mrem/pCi

=0.27 mrem

TEDE (Ra-226} =013 pCiflx 123 1x 1,33E~3. mrem/pCi
=0.002 Iﬁrem

TEDE {(Ra-228) =1.25 pCy1x 12.3 {1 x 1.44E-3 mrem/pCi
={.022 nu;em |

TEDE (Th-228}) =0.88 pCi/l x 12.3 1 x 3.96E-4 mrem/pCi
= {.004 mrem

TEDE (Th-230) =391 pCifl x 12.3 | x 5.48E-4 mremy/pCi
= 0.026 nrem

TEDE (Th-232) = 0,58 pCi/l x 12.3 1 x 2.73E-3 mrem/pCi
= 0.01% mrem

TEDE (Ra-224) = (.88 pCi/l x 12.3 | x 3.66E4 mrem/pCi

DOEDORZ1548-506, Rev. O B-2
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= (3004 mrem
TEDE (Pb-212) = (.88 pCi/l x 12.3 1 x 4. 56E-5 mrem/pCi
= 3.0005 mrem

Thus, the TEDE for all radionuclides combined is (0.27 + 0.002 + 0.022 + 0.004 + 0.026 + ¢.019
+ ¢.004 + 0.0005) mrem, or 0.35 mrem (3.5E-3 mSv).

D. Collective Population Effective Dose Equivalent (CPEDE)

Exposure peints are locations near the WSSRAP where members of the public have the
potentizl for exposure to above-background concentrations of (1} airborne radioactive
particulates, {2) radon gas concentrations, (3) external gamma radiation, or (4) radionuclides
in food or water. All four pathways are addressed for the CPEDE. Exposure to above-
background radionuclide concentrations in food or water is applicable only for users of the
Busch Conservation Area, a recrestional area adjacent to the chemical plant/raffinate pits
area. :

Exposure points, by definition, must be located where there is potential for public exposure
as a result of activitics performed at the site or from materials stored at the site. If there is no
reason to suspect that environmental monitoring results are differem from the appropriate
background monitoring results, then the area surrounding the environmental monitoring

- station i8 not considered an exposure point. Therefore, neither the population nesr that
gtation nor the population beyond the station would be included in the CPEDE.

A collective population dose assessment is performed at the exposure points where above
background environmental monitoring results are obtained and a potential for public
exposure is suspected. All five applicable pathways are addressed for this estimate.

1. Airborhe Radioactive Particulates

In 2000, a statistical analysis of low volume monitoring resuits indicated that, at the 95%
confidence level, one chemical plant perimeter location (AP-2025) had an ambient gross
alpha concentration greater than the 52-week background average. Station AP-2025 is
located on the northem site perimeter, in an area that is not expected to be frequented on
& regular basis by members of the public. Therefore, inhalation of airberne radionuclide
particulates is not included in the CPEDE estimate for 2000. -
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2. Radon/Thoron Gas Exposures

Statistical analysis of annual integrated mdon (Rn-220 and Rn-222) alpha track
monitoring results indicated that all critical receptor stations had concentrations that were
indistinguishable from the annual average background concentration. In addition, the
only elevated resnlt occurred at Station RD-CE07, located on top of the disposal cell, in
ah area that was not accessible to members of the public. Therefore, inhalation of radon
and thoron gas is not included in the CPEDE estimate for 2000.

3. External Gamma Pathway

Statistical analysiz of gamma monitoring locations indicated that at the 95% confidence
tevel none of the results were distingunishable above background. Therefore, external
gamma exposure i9 not included in the CPEDE estimate for 2000,

4. Ingestions of Food or Water

Exposure to above-background radionuclide concentrations in food or water by a
significant human population is applicable only for visitors o the Busch Conservation
Area, a recreationai area adjacent to the chemical plant/raffinate pits area. Three of the
lakes at the area {i.¢., Lakes 34, 35, and 36) receive runoff from the Weldon Spring site
and are used for fishing and boating activities, In 1991 .the Missouri Department of
Conservation conducted a year-long survey to determine the mumber of visitors to the
area, the types of activities in which users participste, and the amount of time allocated
for these activities (Ref 29}, Because this study is 10 years old, and the population of St.
Charles County has increased significantly during the past decade, the numbers in the
study have been increased by 25% for purposes of this dose assessment.

Fishing at the Busch Conservation Area is assumed to have averaged 2.5 hours per visit
for the approximately 200,000 visits to the area for that purpose (assuming a fish-canght
to time-spent ratio of 0.4 fish/hour and a 0.50 ratic of fish kept to fish.caught for & total of
100,0G0 fish). Assuming that each petson keeps ome fish, the population of concern
would be 100,000 persons. For the water ingestion scenario, boating is the activity
assumed to provide the potential for incidental water ingestion. An estimated 7 430 visits
were made for the purpoese of boating with an average of 5.7 hours per visit. Assuming
that each visit constiiues one individual, the total popuiation would be 7,480 persons.

‘Each of these ingestion scenarios is further addressed in the calculations below. '

a. Collective dose estimate due to ingestion of fish obtained at the Busch Memorial
Conservation Area is based on the following assumptions:

- Each person of the 100,000 population is assumed to consume one fish.
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- The edible portion of a fish is assumed to have a mass of 200 g. Over a L-year
(365 days) period, the average comsumption rate specific to the affected
population is 200 g/365 days, or 0.55 g/person/day.

- Fish samples were last collected in 1998 as part of the WSSRAP biclogical
monitoring program. Based on a total uranium concentration of 0.019 pCi/g
cbtained from a composite of sunfish samples collected in Lake 35 and the
population specific consumption rate derived from Missouri Department of
Conservation data, the estimated population effective dose equivalent is:

Population Dose Equivalent (fish ingestion)

= consumption rate x total uranium concentration in fish x exposure time x total
soluble uranium dose conversion factor X persons

= 0.55 g/day x 0.019 pCi/g x 365 day x 269E4mrempr1x 100,000 persons x
1 remy/1,000 mrem

= 0.103 person-rem (1.03 E-3 person-Sv)

b. Collective dose estimate due to incidental ingestion of water at the Busch
Conservation lakes is based on the following assumptions:

- Esach person of the 7 480 popu]atmn makes one boating visit on an annual hasm
and 5% of the visit 18 spent swimming (0.285 hours/visit).

- Maximum total uranium surface water content is 7.45 pCi/l {obtained from
Lake 35 in 2000, Table 7-10), and ingestion rate is 0.05 Vhour (Ref. 29).

Population Dose Equivalent {water ingestion)

= ingestion rate X average total uranium concentration in Lake 35 water x
exposure tine x total soluble uranium dose conversion factor x number of
individuals

= Q05 Vhr x 7.45 pCifl x 0285 hr x 2.69E- 4m1'em|"pC1 X 7,480 persons x
1 rem/1,000 mrem

= {.0002 person-rem (2.1E-6 person-Sv}

Therefore, the CPEDE obtained from ingestion of food or water at the Busch
Memorial Conservation Area is:
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Dose {fish ingestien) + Dose (water ingestion)

0.103 + 0.0002 person-rem
= (.103 person-rem (1.03E-3 person-5v)

The 2000 total collective population effective dose equivalent (CPEDE) for ail
applicable pathways addressed in this section is:

CPEDE (airborne particulates) + CPEDE {gamma exposure) + CPEDE (ingested food
and water)

0+ 0 +0.103 person-rem
= 0.103 parson-rem {0.00103 person-Sv)
E. Airborne Radioactive Release Estimates

During 2000, one low volume monitoring station at the chemical plant perimeter indicated an
annual average concentration that was statistically greater than the 52-week average background
conceniration. This station was AP-2025. The net annual average gross alpha concentration at
this station was incorporated into a box model to estimate the total radioactive airborne
particulate release from the site for 2000. Table B-1 summarizes the approximate activity ratios
for the radiomaclides contained in the waste common o the arez of the site where the elevated
annual average concentration was documented (see Section 4). The table also identifies the
source believed to be responsible for the station that indicated elevated readings for the vear.

The box model approach provides conservative results and is used in place of Gaussian plume
dispersion modeling, which is generally inappropriate for estimating ambient poliutant
concentrations at receptors close to a source, which is the case for the perimeter monitors at the
WSSRAP. Parameters required for inclusion in the box models include: net average gross alpha
concentration (fisted in Table B-1); the range of wind directions (measured out from the source}
encompassing the area in which a given monitoring station is located, including the average wind
speed and directional frequency (percentage of time that the wind blew toward those directions)
for that range; the estimated release height at the fence line; and the box length, which is the
distance between two points along the fence line drawn on either side of a monitoring station.
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Table B-1 Sources and Activity Ratins Enrrespnﬂdmg te Elevated Gmss Alpha Concantratfons at

Perimetes Low Volume Monttordng Stations

Activity Ratios
Nut Alpha
Concentration
Above WSSRAP Source
STATION Background Contributing to
(3] (CimY} Elevated U-234 | 235 | U238 | Th-228 { Th-230 | Th-2az
Goncentrations
AP-2025 | 1.70E-18 Disposai Call 0074 | 0003 | 0073 | 0080 | 0880 | 0.0090

(These two peints are the midpoints between a given monitoring station and the next closest
station along the site perimeter.) Table B-2 summarizes the parameters and assumptions used in

the modeting.

The radioactive particulate release rate from the chemical plant is estimated by applying the
following equation for each monitoring station result:

Release Rate {Cify) = Z; Z;[Box Length (m) x Release Height (m)} x Wind Speed (m/s) x
Net Annual Gross Alpha Concentration (C¥m’ ) x 3.1536 E7 sec/y x Directional
Frequency]

where:

i = monitoring station
j = radionuclide

For Station AP-2025, the total release rate was determined as follows:

Total Radioactive Airborne Pariiculate Release Rate (AP-2025) =252 m x 3 m x 2.77
m/s x 1.70 E-16 Ci/m’ x 3.1536 E7 secty x 0.249

— 280 E-6 Cify

The radicnuclide-specific airborne particulate release rates based on annual results from
Station AP-2025 were suhsequently determined by multiplying the total AP-2025 release
rate by each activity ratio listed in Table B-1 for the contributing source. Tabte B-3
provides radionuclide-specific activity releases calculated for all monitoring stations that
were determined to have concentrations that were statistically greater than the 52-week
average background concentration. The total activity for each radiomuclide released from
the chemical plant area was found by summing the results in each column of the table.
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Table B-2 Parameters and Assumptions Used in Box Modeling to Determine Radioactive Airbome

Particulate Release Rate from the WSSRAP for 2000

Range of Wind Avarage Wind
Directlong (Wind Spaed for Range Dirnctional Box Length Retaass Halght
Bax Modal | Station ID) Blowing From} o jmis) Freguency im) {im}
1 AP-2075 191,25 - 258 757 277 0.249 252 3
(SEWY, SW WS

Table B-3 Radlonudlide-Specific Activity Release Rates Corresporcting to Monitaring Stations with Gross
Alpha Resulis Greater Than Background far 2000

Het Concerntration

Release Rates (Ci'y)
Statéon
U-z34 U235 U238 Th2Z8 Th-230 Th-z32
AP-2075 2.80E8 207E-7 B.39C-5 204E-7 _ Z.24E-7 1506 262E-7
Tolal Release Rates 207TE7 5309 S04E-T 24ET 1606 Z53E.7

F.

Radon-220 and Raden-222 Release Estimates

All annual average Rn-222 and Rn-220 concentrations measured at critical receptor and
perimeter focations were statistically indistinguishable from background levels. Therefore, it is

assumed that no Rn-222 or Rn-220 gas above background levels was released from either the
chemical plant or the quarry arezs in 2000,

DOEQRI1545-885, Rey, 0

B-8




APPENDIX C
Distribution List

DOEQR/Z1548-856, Rav. 0



WELDON SPRING SITE ENVIRONMENTAL REPDRT FOR CALENBAR YEAR 2000 07RAm

DISTRIBUTION LIST
FEDERAL - ELECTED OFFICIALS:

The Honorable Jean Carmahan
LS, Senate

517 Hart Senate Office Building
Washington, D.C. 20510

Office of Senator Jean Carnahan
Robert A. Young Building, Suite 3206
1222 Spruce Street

St. Louis, Missouri 63103

The Honorable Christopher 8. Bong -
U.S. Senate :
274 Russeil Office Building
Washingion, D.C. 20510

Patrick Werner*

{Office of Senatcr Christopher 5, Bond
8000 Marytand Avenue Suite 440

St. Louis, Missonri 63101

The Honorable Richard Gephardt

.8, House of Representatives

1236 Longworth House Office Building
Washington, D.C. 20515

Ms. Mary Renick*

Administrative Assistant

Office of Representative Gephardt
11140 South Town Square Snite 201
St. Louis, Missouri 63123

The Honorable Kenny Hulshof
U1.8. House of Representatives

412 Cannon House Office Building
Washington, D.C. 20515
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(rina Abington Office Director
Office of Representative Hulshof
516 Jefferson Street

Washington, Missouri 63090

The Honorable W. Todd Akin

U.8. House of Representatives

501 Cannon House Office Building
Washington, D.C. 20515

Office Representative W, Todd Akin
1023 Executive Parkway, Suite 18
St. Louis, Missouri 63141

The Honorable William L. Clay
U.S8. House of Representatives

415 Cannon House Office Building
Washington, D.C. 20515

Office of Representative William L. Clay
5261 Delmar Avenue
5t. Louis, Missouri 63108

STATE - ELECTED OFFICIALS (by district)

The Honorable Bob Holden, Governor
atate of Missouri

Misgsouri Capitol Building

Room 216

P.O. Box 720

Jefferson City, Missouri 65102

The Honorabie Ted House
D-2nd Dhistrict

Missouri State Sepator

State Capitol, Room 227

201 West Capitol Avenue
Jefferson City, Missouri 65101
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The Honerable Charles Gross
R-23rd District 8t. Charles

. Missouri State Senator

State Capitol, Room 434
201 West Capitol Avenue
Jefferson City, Missouri 65101

The Honorable William Leutkenhaus
D-12th District Yosephville

Missouri House of Representatives
State Capitol, Room 233-A

201 West Capital Avenue

Jefferson City, Missouri 65101

The Honorable Jon Dolan

R-13th District Wentzville
Missouri House of Representatives
State Capitol Room 135-BA

201 West Capitol Avenue
Jefferson City, Missouri 65101

The Honorable Cindy Ostmann
R-14th District St. Peters

Missouri House of Representatives
State Capitol, Room 115-E

201 West Capitol Avenue
Jefferson City, Missouri 65101

The Henorable Thomas S. Green
D-15th District 8t Charles
Missouri House of Representatives
State Capitol, Room 409A

201 West Capitol Avenue
Jefferson City, Missouri 65101

The Honorable Carl L. Bearden
R-16th District St. Peters

Missouri House of Representatives
State Capitol, Room 115G

201 West Capitol Avenue
Jefferson City, Missouri 65101
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The Honorable Bruce W, Holt
D-17th District St. Peters
Missourt House of Representatives
State Capitol, Rootn 3004

201 West Capitol Avenue
Jefferson City, Missouri 65101

The Honorable Thomas D. Dempsey
R-18th District 8t. Charles

State Capitol, Room 135BE

201 West Capitol Avenue

Jefferson City, Missouri 65101

COUNTY - 8t. Charles County Govermment (by district)

The Honorabie Joe Ortwerth
County Executive

St. Charles County Courthouse
100 North Third Street, Suite 318
St. Charles, Missouri 63301

Milkee Duvall

Director ~ Division of Environmental Sciences
201 North Second Street, Suite 433

St. Charles, MO 63301

The Honorable Terry Vamer
District #1, County Council

§t. Charles County Courthouse
100 North Third Street

St. Charles. Missouri 63301

The Honorable Joseph Brazil
District #2, County Council

5t. Charles County Courthouse
100 North Third Street

St. Charles, Missouri 63301
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The Honorable Robert Schnur
District #3, County Council

St. Charles County Courthouse
100 Nerth Third Streei

St. Charles, Missouri 63301

The Honorable Doug Funderburk
District #4, County Council

St. Charles County Courthouse
100 North Third Street

St. Charles, Missouri 6330]

The Honorable Sally A. Faith
District #5, County Coungil

$t. Charles County Courthouse
100 North Third Street

8t. Charles, Missouri 63301

The Henorable Dan Foust
Diistrict #6, County Council

St. Charles County Courthouse
100 North Third Street

St. Charles, Missouri 63301

The Honorable John White
District #7, County Council

St. Charles County Courthouse
100 North Third Street

St. Charles, Missouri 63301

COUNTY - St. Lounis County

Mr. G.R. “Buzz” Westfall
County Executive

St. Louis County

Administration Building, 9 floor
41 South Central Avenue
Clayton, Missouri 63105
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Rick Wolf, Director
Environmental Protection Division
County Health Department

111 Scuth Meramec, 3rd Floor
Clayton, Missouri 63105

CITY - Elected Officials - Mayor

The Honorable Vickie Boedeker
Mayor, City of Wentzville

310 W. Pearce Blvd.
Wentzville, Missouri 63385

The Honecrable Thomas W. Brown'
Mayor, City of St. Peters

Post Oifice Box 9

St. Peters, Missouri 63376

The Honorable Francis G. Slay
Mayor, City of 8t. Louis

City Hall, Room 200

1200 Market Street

St. Louis, Missouri 63103

The Honorable Michael Potter
Mayor, City of Lake St. Louis

1600 Lake 5t. Louis Boulevard, Suite 16

Lake 5t. Louts, Missouri 63367

The Honorable Robett Powers
Mayor, City of Cottleville
P.O. Box 387

Cottleville, Missouri 63338

The Honorable Donald D. Licklider
Mayor, City of Weldon Spring

711 Nancy Lane

Weldon Spring, MO 63304 .
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The Honorable Patii York
Mayor, City of St. Charles
St. Charles City Hall

200 North Second Street

St. Charles, Missouri 63301

The Honorable Paut F. Renaud
Mayor, City of O'Fallon

100 North Main Street
O'Failon, Missouri 63366

CITY - Weldon Spring Heights Board of Trustees

Catherine Davis — Chairperson
16 Weldon Spring Heights
at. Charles, Missouri 63304

FEDERAL AGENCY - U.S, Environmental Protection Agency

Mr. William Rice

Acting Regional Administrator

U.S. Envirenmental Protection Agency -
Region VII

201 North 5th Street

- Kansas City, Kansas 66101

Mz, Denise Jordan-Tzaguire
Sr. Regional Representative
ATSDR c¢/o EPA Region VII
500 State Avenue, Suite 182
Kangas City, Kansas 66101

Mr. Dan Wall {4 copies)

Superfund Division

U.5. Environmental Protection Agency
Region VII

901 North 5th Street -

Kansas City, Kansas 66101
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FEDERAL AGENCY - U. 8. Army Corps of Engineers

Mr. Dan Mroz

Program and Project Management Division
Attn: CEMRK-MD-H

U.S. Army Corps of Enginecrs

Kansas City District

601 East 12" Strest

Kansas City, Missouri 64106

Mr. Mike Green CEMRK-ED-GH*
Engineering Divigion

U.8. Army Cotps of Engineers
Kansas City District ’
601 East 12th Street

Kansas City, Missouri 64106

Master Sergeant John Rogers .
Environmenital Coordinator
Weldon Spring Training Area
7301 Highway 94 South

8t. Charles, Missouri 63304

Bayv Allison

U.S. Corp of Engineers
7295 Highway 94 South

St. Charles, Missouri 63304

FEDERAL AGENCY - U.S, Department of Interior

M, Jim Barks

.8, Geological Survey
1400 Independence Road
Mail Stop 200

Rella, Missouri 65401
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Mr. Charlie Scoti

Field Supervision

17.5. Figh and Wildlife Service
Columbia Field Office

608 Cherry Street, Room 200
Columbia, Missouri 63201

Media Contact List

Mr. William H. Allen, Science Writer
St. Louis Post-Dispatch

900 N. Tucker Blvd.

8t. Louis, Missouri 63101

Dennis Miller & Gina Kutsch (2 copies)
8t. Charles Journal

1529 Old Highway 94 South Suite 108
St. Charles, Missouri 63303

Mr. Raymond Castille

St. Charles Journal

1529 Old Highway 94 Scuth
Suite 108

St. Charles, Missouri 63303

Mr. Adam Goodman

5t. Louis Post-Dispatch

500 North Tucker Boulevard
St. Louis, Missouri 63101

Mr. Shane Anthony

St. Charles Post

1355 South Fifth Street

St. Charles, Missouri 63301

'STATE AGENCIES

Mr, Steve Mahfood

Director, Missouri Department of Natural Resources
Post Odfice Box 176

Jefferson City, Missouri 65102
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Mr. Robert Geller (5 copies)

Missouri Department of Natural Resources
Post Office Box 176

Jefferson City, Missouri 65102

Mr, Lany Erickson

Missouri Department of Natural Rescurces
Post Office Box 176

Yefferson City, Missouri 65102

Mr. Ben Moore

Missouri Department of Natura! Resources
7295 Highway 94 South

St. Charles, Missouri 63304

Ms, Mimi Garstang

Missouri Department of Natural Resources
Division of Geclogy and Land Survey
Post Office Box 250

Rolla, Missouri 65402

Ms. Myrna Bueff _
Missouri Department of Natural Resources
Divigion of Geological Land Services

Post Office Box 250

Rolla, MO 65402

Dan Witter

Palicy Coordination Department
Missouri Department of Conservation
Post Office Box 180

Jefferson City, Missouri 65102-0180

Mr. Kurt Kysar, Manager _

August A Busch Memorial Wildlife Area
Route 2, Box 223

St. Charles, Missouri 63304

Mr. Mike Schroer

August A Busch Memorial Wildlife Area
Route 2, Box 223

St. Charles, Missouri 63304
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Mr. Gale Carlson

Environmental Section Chief

Bureau of Environmental Epidemiology
Missouri Department of Health

Post Office Box 570

930 Wildweod Drive

Jefferson City, Missouri 65102

Mr. Gary Novinger

Fish and Wildlife Research Center
Misgonri Department of Conservation
1110 South College Avenue
Coluntbia, Missouri 65201

STATEACOUNTY WATER (point of contact)

Mr. Thomas Aaren

St. Charles County Water Department
1635 Highway 94 South

Defiance, Missouri 63341

Mr. Ron Molly, Manager

Missouri American Water Company
1290 Motherhead Road '
P.O. Box 390

Cottleville, Missonri 63338-0350

Mr. Roger Dunajcik, Environmental Sanitarian
St. Charles County Health Department

1650 Boones Lick

St. Charles, Missouri 63301

Mr. Dennis Wingertsahn

Vice President for Production
Missouri American Water Company
535 North New Ballas Road

St. Louis, Missouri 63141

DOE/QR/Z1548-886, Rev. 0 C-11




WELDON SPRING SITE ENYIRONMENTAL REFORT FOR CALENDAR "I"E.E.RZI.'HII

Mr. Don Rea

City of 5t. Louis Water Division
Chain of Rocks Plant

10450 Riverview Drive

St. Louis, Missouri 63137

Mr. Curtis Skouby

City of 8t. Louis Water Division
Howard Bend Plant

14769 Qlive

Chesterfield, Missouri 63017

FEDERAL - IUS. DOE - Headquarters

~ Ross Natoli, EH-41

Office of Environmental Policy and Assistance
1.8, Department of Energy

1000 Independence Avenue

Washington, D.C. 20585

Dave Stadler, EH-2

Deputy Assistance Secretary for {}vemght
[J.8. Department of Energy

19901 Germantown Read

Washingten, D.C. 20585

James 1. Fiore, EM-30
Deputy Assistant Secretary
U.8. Department of Energy
1000 Independence Avenue
Washington, D.C. 20585

James M. Owendoff, EM-2

Office of the Principat Deputy Assistamt Secretary

U.8. Departmment of Energy
1000 Independence Avenue SW
Washington, DC 20585-0113
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Mr. Jim Wagoner, EM-32

Office of Site Closure

1.8, Deparntment of Energy
Cloverleaf Building

19601 Germantown Road
Germantown, Maryland 20874-1290

Mr. Robert Boetiner, EM-32

Office of Site Closure

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, Maryland 20874-1290

Mr. David Geiser, EM-51

U.S. Department of Energy

1000 Independence Avenue S.W.
Washington, D.C. 20585

FEDERAL - U.S. DOE - Oak Ridge

Mr. Steven L. Wyatt, M-4 (3 copies)
U8, Department of Enerpgy

Oak Ridge Operations Office

Public Information Office, Rm 102
Post Office Box 2001

QOuk Ridge, Tennessee 17831-8052

Mr. Rod Melson, EM-20

Asgigtant Manager for Environmental Managﬂment
Oak Ridge Operations Office

U.S. Department of Energy

Post Office Box 2001

Oak Ridge, Tennessee 37831-8545

Office of Scientific and Technical Information
U.S. Department of Energy

Post Office Box 62

Oak Ridge, Tennessee 37830
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Mr. Harold Monroe, SE-32
Environmental Protection Divisicn
Oak Ridge Operations FB/2209
U.S. Department of Energy

Post Office Box 2001

Oaic Ridge, Tennessee 37831-8730

G. Leah Dever, Manager

Oak Ridge Operations FB/3022
.8 Department of Energy

Post Office Box 2001

QOak Ridge Tennessee 37831-8738

Mr, Robert Poe, Manager, SE-30
Envircnmental Safety and Quality
Oak Ridge Operations

U.5. Department of Energy

Post Office Box 2001

Ozk Ridge, Tennessee 37831-8738

Ms. Julie Conner

I[daho Operations Office
LS. Department of Energy
M5 1201

850 Energy Drive

Idaho Falls, ID 83401

‘Ms. Donna Bergman-Tabbert (3 copies)
Manager, Grand Junction Office

U.S. Department of Energy

2597 B 3/4 Road

Grand Junction, Colorado 81503

COUNTY - Libraries

Kisker Road Branch

St. Charles City/County Library
1000 Kisker Road

St. Charles, Missouri 63303
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Spencer Road Branch

St. Charles City/County Library
427 Spencer Road

- §t. Peters, Missouri 63376

Kathryn M. Linneman Branch
St. Charles City/County Library
2323 Elm Street

St. Charles, Missouri 63301

Middendorf-Kredell Library

St. Charles City/County Library
2750 Highway K

('Fallon, Missouri 63366

COUNTY - School Districts

Mr, Steve Griggs, Principal
Francis Howell High School
7001 Highway 94 South

St. Charles, Missouri 63304

Mt. Pat Houlahan

Francis Howell High School District
4545 Central School Road

St. Charles, Missouri 63304

Mr, Donald J. McQueen, Consultant
Shannon & Wilson Tnc.
11500 Olive Blvd. Suite 3276

St. Louis, Missouri 63141-7126

COUNTY - Weldon Spring Citizens Commission

Ms. Helene Diller (8 copies)
Administrative Assistant

Weldon Spring Citizens Commission
7295 Highway 94 South

8t. Charles, Missouri 63304
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Other sgencies/companies/organizations

Mr. Bill Ferdinand*

Quivra Mining Company

6305 Waterford Boulevard Suite 325
Oklahoma City, Ok 73118

Mr. Timothy J. Vitkus

Qak Ridge Institute for Science and Education
Post Office Box 117

Qak Ridge, Tennessee 37831-0117

Mr. Jack Stein, Director

Environmental Engineering & Site Services Depan:ment
Anheuser Busch .

One Busch Place

$t. Louis, Missouri 63118

Mr. Richard Hoermann, County Program Director
University of Missouri-Cooperative Extension Service
260 Brown Road

St. Peters, Missouri 63376

Ms. Mary Picel (4 copies)

EID Division

Argonne National Laboratory

9700 South Cass Aveme, Building 900
Argonne, IL. 60439

Chris Byme

Propram Manager—Air, Land, and Water
St. Louis County, Department of Health
111 8. Meramec

Clayton, Missourl 63105

Dr. Robert Nicolotti

St. Louis County Health Depariment
111 South Meremac

Fifth Floor

St. Louis, Misgouri 63105
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Date: July 23, 2001 '_ o : Transmittal Nu.:. CD-02%9-00 - -
Tit.le.c-f Document: Weldon Spring Site Environmental R;!purt For Calendar Year 2000 -
Doc. Num.: 886 Rev.No.: ¢ Date of Document: Faly 2401

Purpose of Transmittal: Request for Department of Energy acceptance of contract
deliverable. '

Tn compliance with the Project Management Contract, MK-Ferguson Comgpany hereby-
delivers the attached document to the U.S, Department of Energy, Weldon Sprmg Site -
Office. The document has been reviewed and approved by Project Management
Contractor management. :

' The document will be considered accepted uniess we receive written notlﬁcatmn tn the
contrary within 30 days of the date of this transmittat. '

" Number of copies transmitted: Two

Project Director
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About the front cover. .., clockwise from the top left:

¢ Demolition of Building 434, the fast legacy Imildiﬁg on-site,

+ Routine environmenta} water sampling conducted at Burgermeister Spring.

» Construction of the Interceptor Trench at the quarry, near the Katy Trail.

« Demolition of the site water treatment plant. This water treatment plant operated
hetween 1993 — 2000 and treated over 222 million gallons of contaminated water.

« Aerial view of the Disposal Cell taken on June 10, 2001. Tn this phote, all seven
layers of the disposal cel! cover can be seen in sequence from the bottom of the cap
up — clay radon barrier, geocomposite linez, geotextile, drain gnwal drain sand,
bedding material, and rip-rap.
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