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EXECUTIVE SUMMARY

The Weldon Spring Site Exvirommental Report for Calendor Year 1991 is tho sixth in &
series of annual reports produced by the Weldon Spring Site Remedial Action Project {WSSRAF)
since 1986. Itrepomﬂmmuuaofammpzﬂmw,)uﬁmmdpmgmmmmm“nm
of the Weldon Spring site (WSS) on the surrounding region’s groundwater and surface waters;
air quality; vegetation and wildlife, and, through thése multiple pathways, the potential for
expasure to receptor human populations, Information is also presented on.the enviroamental
mmngthwmmmmmmwtmvm audits and reviews, and
special environmental swudies.

Data are included for both the Welkdon Spring Chemical Plant and raffinate pits and the

. Weldon Spring Quarry. Based on the consistent exescise of quality assurance in both standard

operating procedures and quality control sample collection, the WSSRAP asserts that the data
presented in the WSS Environmental Report for Calendar Year 1991 accumately reflect the

environmental conditions monitored at the WSS, This report presents narratives, summaries,

and conclusions on environmental monitoring at the WSS and surrounding vicinity properties for
the entire 1991 monitoring year. During 1991 the WSSRAP also published quarterly data
reports, wherein all routine monitoring. data were tabulated and presented quartexly to altow the
public to review the data in a timely fashion prior to issuance of the anaual repoit.

SCOPE AND PURPOSE

While the annual report. documents environmental conditions, effluents, emissions, and
monitoring results, its ultimate concem is with potential impacts to human health and the

environment, To this end, contaminant levels are reported both in absolute terms and in relation

to discharge limits established by State and Federal regulatory bodies according to existing
national guidelines and standards designed to protect human health and the environment.

The WSSRAP monitoring program provides a thorough and systematic ongoing
assessment to ensure compliance with State and Federal regulations. ' The environmental data
mwm&amnckfwmmmgimmthmmmmmmmmmmmm
Temedial actions.
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releases from the site are at levels demonstrably and consisteatly "as low az remsooably
-achicvable”, This is being done concurrently with sise rersediation and contaminant elean-up
through the course of the U.S. Bavironmentsi Profection Agency’s (EPA) environmontel

documentation process under the Comprehensive Environmental Response Compensation, and
Liahility Act (CERCLA}.

Therefore, the effluent and' environmental monitoring. program must (1) serve as @n
effective early indicator that detects and provides the data required t0 assess potentially adverse

discharges and impacts, md(l}pwvidefommunumg,regnlarvmﬁmmnofwmhmmm
applicable State and Federal permits and regulations.

Routine monitoring for radiation, radioactive materials, and chemical substances on and
off the WSS is an important ol t0 document complisnce with appropriate standards, and to
identify undesirable treads. Additionally, the monitoring programs provide information to the
. public in the St. Charles and St. Louis, Missouri areas, and contribute to the general scientific
database of knowledge on the environmentat effects of radiological and chemical substances.

MONITORING NETWORKS

The data reported in the Esvironmental Report for Calendar Year 1991 have been
collecied from a growing complex of monitoring stations -and a routine samphngpmgmm
supplemented by the following:

*  An air monitoring network of 22 stations located within and on the perimeters of the

two operable remedial units of the site, and at.critical receptor locations around the
WAS. ' :

¢ Six National Pollutant Discharge Elimination System (NPDES) locations and over
25 surface water sampling locations,

»  Twenty-two locations for measuring external gamma radiation.

¢  Groundwater monitoring networks consisting of over 100 groundwater monitoring

freuserstjoannsiasard | iaxecaum _ .2
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» . Dozens of seil and ground surface scasning locations for potential disect comtact
eXpoNIre. .

* An on-site meteorological monitoring statlon.
REGULATORY COMPLIANCE

The WSSRAFP is subject to meeting or exceeding the regulatory requirements of Federal,
State, and local laws and statutes. ' Therefore, the WSSRAP maintains a compliance staff to
monitor the progress and status of the project relative to environmental laws.

The major accomplishment under CERCLA during 1991 included the Record of Decision
Jor the Management of Bulk Weste at the Weldon Spring Quarry (ANL 1990a) which was signed
by the DOE on Marck 7, 1991. Several old and new compliance issues were identified,
including the application of the Resource Conservation Recovery Act (RCRA) to residues on
tanks and piping systems and storage prohibitions under both RCRA and Toxic. Substance
Coatrol Act (TSCA).

Other compliance activities at the WSSRAP during 1991 include construction projects to
support CERCLA remediation of the WSS, These construction activities include construction
of two water treatment plants (for the quarry and the chemical plant), a temporary storage area,
and a material staging area. :

SUMMARY AND CONCLUSIONS:

In 1991, the WSSRAP continued to adhere 1 its mission of environmental protection anid
site remediation. The 1.8, Department of Encrgy (DOE) is pursuing the WSSRAP as a
coordinated effort among the DOE, the EPA, the Missouri Department of Natural Resources
(MDNR), and others, :

Comprebensive environmental monitoring data for 1991 show that emissions of
radiclogical contamination from the WSS were approximately equal to the 1990 monitoring year,
Groundwater and surface water pathways were monitored and data indicate no measurable
impact to any drinking water sources from WSS contaminants.

PR AT A T 1 LAeCIm 3
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. The calculated total zadintion dose t0 % hypotbetical maximally exposed individual from
- the WSCP/WSRP was 0.07 mrem (TB4 mSv). The caicuiated total rdiation dose from the
WSQ to & maximally exposed individual was 1.9 mrem (019 mSv). The calculated total
radiation dose to a hypothetical saaximally exposed imdividual for the vicinity properties was
0.5 mrem (SE-3 mSv). The calculated total radintion dose to a maximally exposed individual
via all exposure pathways (i.e., inhalation, .ingesiion,  external gamma) was 2.4 mrem
£0.024 mSv). This represents the maximum contribution by sources from ail site properties.

The collective dose equivalent estimate for 1991 is 0.069 person-rem for an estimatedt.
exposed population of 61,840 persons. Section 4 of the report describes the assessment of
collective population dose.

Additional investigations are underway to further characterize environmental conditions
andd contaminant distributions; these investigations will support planning for the next stage of
remedial action. Waste consolidation and water treatment plant consiruction are examples of the

Total costs associated with the environmental and remedial activities at the WSS for
1991 were approximately $29.5 million. Remedial action at the WSS is presently slated to
continue until the year 2001,

The 1991 environmental report pays particular atiention to the following areas of health
and environmental concern: Airborne discharges of radionuclides and air particulates;
waterborne discharges and surface water monitoring; external gamma exposure levels;
meteorological measurements and potential chemical and radiation exposures fo the surrounding
public and public-use areas. Key results by sampling program are highlighted below. '

Groundwater

Groundwater at the WSSRAP is monitored ai least semiannually for total natural
uranium, nitroaromatic compounds, and inorganic anions in all monitoring wells at the Weldon
Spring Chemical Plant/raffimate pit/vicinity propertics (WSCP/RP/VP) and at the Weldon
Spring Quarry (WSQ). The grouridwater moaitoring network for the WSCP/RP/VP area .
consists of 65 monitoring wells. . The monitoring network at the WSQ congists of 36 DOE

musareijoannsiagers T\ axsosm 4
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- - mwonitoring wells, four St, MMMM&MSL MMW
- ‘wells, and the St. MHMWWM

om,nnmlmmwacquumpmmmmmm
the WSQ are consistent with previcus moaitoring. Trend analyses of available historical data
from monitoring wells continue to suggest an upward trond in uranium concentrations in six
wells between the WSQ aad the Femaie Osage Slough. The groundwater south of the slough
and in the welifield remaing within the range of background, with no indication of an upwasd
trend in either the DOE or the St. Charles County memitoring wells. Of the trends evident in
the uranivm concentration data from ths WSCP/RP arca, all are very slight and most are
indicative of slightly decreasing concestrations.

Surface VWater

During 1991, surface water and spring moaitoring involved the collection of samples for
radiological and chemical parameters from a total of 35 locations. Radiological peramieters
included uranium, thorium, and radinm. Chemical parameters included nitrate, sulfate, and
. nitroaromatic compounds. - All results were near or within their historical range-of values, The
results indicate that uranium continues to migrate from the site at relatively low levels in surface
water and springs along known discharge pathways. The derived concentration guideline (DCG)
for natural uranium was not exceeded based upon monthly measurements at the NPDES outfalls,

Surface water effluents from the WSS during 1991 were primarily due-to precipitation
 runoff. The WSSRAP maintains discharge permits under the NPDES. During 1991, the permit
at the WSCP apptlied io one sanitary discharge point and five stormwater discharge points-or
cutfalls. The five monitored outfalls that discharge precipitation runoff are subject to
*monitoring only* requirements under the permit. The sixth ouvtfall (administration building’s
treated sanitary effluent) is subject 1o specific discharge Hmits.

The sanitary wastewater outfall was monitored for comparison to effluent Emitations for
biochemical oxygen demand (BOD), total suspended solids (TSS), fecal coliform, and pH.
NPDES permit levels were exceeded seven times in 1991 at this outfall. Operational
adjnstments and repairs to the treatment plant were performed by the operating subcontractor

mdusarsijoanndiesard Iexoosun . 5
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. and levels returned to within the range of the permilted Limits. The planned additian-of a flow
. equalization tank should make oporation essier and allow the cfflucat to meet pesinit Emiss. in
2 more consistant manner. '

Gamma Radiation Monitoring

To monitor exposure from gamma radiation, 22 permanent monitoring stations using

stations are located at the WSCP, WSRP, WSQ and at off-site locations. Noaz of the

monitoring stations around the WSCP, the WSRP, or at the off-site locations detected gamma

radiation levels above background, st a-95% confidence level, Two of the six stations.around
the quasry were statistically greater than background levels, although the measured exposure rate
wasleasﬂmmenﬂﬂguidelineoflﬂﬂmmﬂyr(l mSv/yr) above background levels.

The radon gas monitoring program at the WSSRAP utilizes two radon gas detectors
{track etch cups) at each of 22 permanent locations, These detectors are situated at the same
locations as-the above referenced garnma TLDs. The WSSRAP has concluded that none‘of the
stations at the WSCP, the WSRP, or at off-site areas measured above background levels,

The results for the WSQ did indicate measurable levels above background. These
measurable levels are due to the higher radium concentraiong within the quarry, the contours
of the terrain within and around the quarry, and the effects of those contours on wind.direction

within the quarry. The concentrations released were below the DOE guideline of 3 pCi/l (111

Bq/m’) anmual average above background.

_ The implementation of a continuous radoe moaitoring program in mid-summer of 1991
allowed continuous monitoring of radon comcentrutions. and random fluctuations in the
environment. The five stations were locited at the WSCP, the WSRP, the W5Q, the Francis
Howell High School, and August A. Busch Wildlife Area (background). Continous monitosing
results also indicated that the concentrations measured at each location were below the DOE

guideline of 3 pCi/t (111 Bq/m’) annual average above background.

mlUsersjaannelanrerd axeoram &
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Elevea samplers are wtilized to momitor the gross alpha concentrations of radicactive air
particulates at the WSCP, the WSRP, the WSQ, and at off site locations. The WSSRAP has
concluded that no measurable levels of radicactive air particulates were dotected above
background levels at any of these stations, ' '

mutonjaanneiaesrd  laxecssn . 7
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program provides & thorough and systematic ongoing assessment t0 ensure coripliance with State
and Federal regulations. The environmental data also provide a yanistick for measuring
improvement in eavironmental conditions resulting from remedial actions.

mmmmﬂmﬁmmﬁrwmﬁmmm
mﬂmmdﬁomammmﬂﬂufmummsmdamﬁmmngmm
supplemented by the following:

' Mmrmmu@ngmknfﬂmknﬂedwhhmandmﬂupenmﬁ
the two operable remedial units of the site, and at critical receptor locations
amundtheWeJdonSmngute(WSS)

b SlxﬂmﬂPqﬂummmmeﬂmmSym(ﬂPDES)mmdm
25 surface water samypling locations.

» 22 locations for measuring external gamma radiation.

. Groundwater monitoring networks consisting of over 100 groundwater monitoring
- wells and piezometers,

Comprehensive envircnmental monitoring data for 1991 shew that emissions of
" radiological contamination from the WSS were approximately egual to the 1990 monitoring year.
Groundwater and surface water pathways were monitored and data indicate no measurable
impact fo any drinking water sources from WSS contaminants. The calculated total radiation
dose to a maximally exposed individual via all exposure pathways {i.c., mhalauon,mgmunn
external gamma) was 2.4 mrem (0.024 mSv).

The collective dose equivalent estimate for 1991 is G.069 person-rem for an estimated
exposed population of 61,840 persons. Trend analyses of available historical data from

monitoring wells continue to suggest an upward trend in uranium concentrations in six wells -

- between the WSQ and the Femme Osage Slough. The groundwater south of the slough and the
wellfield remains within the range of background, with no indication of an upward trend in
either the U.S. Department of Energy (DOE) or the St. Charles County monitoring wells. All

historical range of values. The results indicate that uranium continues to migrate from the site . -

at relatively low levels in surface water and springs along known discharge pathways.

The WSSRAP maintaing a compliance staff to monitor the progress and stats of the
project relative to environmental laws.

m:wsersgoamseiaserd iasers iif
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1 INTRODUCTION

This report presents the findings of the environmental monitoring program conducted at

the Weldon Spring site (WSS) in 1991. The report presents 4 summary of énvironmental data,
. .discusses compliance:with envizonmental standards, and highlights significant programs and
efforts undertaken at the WSS. Annual environmental monitoring reports have been prepared
for this site (or portions thr,reuﬂ'mnee 1981, The WSS is part of the U.S. Department of
Energy (DOE) Environmental Restoration Program, one of the remedial action programs under
~ the direction of the Office of Environmental Restoration and Waste Managemmt The WSS is
comprised of the Weldon Spring raffinate pits (WSRF), the Weidon Spring Chemical Plant

© (WSCP), and the Weldon Spring Quarry (WSQ). These areas encompass 2.7, 67.2 and 3.6 ha
{51, 166, and 9 acres), raspecuvely The WSRP and WSCP areas are contiguous. The WSQ
. jsapprmnmte}y 6.4 km (4 mi) to the south-southwest of the site.

. 'When custody of the WSCP was. transfared in 1985 from the U.S. Department ofthe.
Army (DA) to the DOE, the WSCP became part of the WSS. In conjunction with this transfer, )
the Weldon Spring Site Remediat Action Project (WSSRAP) was created as DOE Major Project
Number 182 (DOE Order 4240.1E - May 14, 1985) and later designated as a Major System -
Acquisition as of May 4, 1988. Consistent with the DOE environmental restoration mission,
the WSSRAP will eliminate potential hazards to the public and the environment and make
surplus real property avmlahle for other uses.

DOE Order 5400.1, General Envirommental Protection Program requires that an
environmenial radioactivity monitoring program be mamtmned at_existing sités and, as
determined on a case-by-case basis, at certain former sites to determine:

e Background levels and site contribution of radicactivity and other pollutants from DOE |
: uperations to the site environs. : :

* Compliance with applicable and appmpmte environmental standards for radioactivity )
and other pullutanis specified by the DOE and the U.S. Environmental Protecticn’ -

Agency (EPA).

~ * Compliance with environmental commitments in official documents such as
environmental impact statements and Federal Facility Agreements (FFA). '
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. Cmﬁmaﬂnnofadhﬁmmtnnﬂﬁmwmmemalpmmumpohms

_ ThmDDEﬂrderalsumqmresahsungnfmmnmtalpemnts Exlsungpcmutsand_
cmnplmnoemththosemnmts:s&scussedeecﬂnnZufthmmport

This annual site Envirommental Report is the DOE's vehicle for docurenting the results
of iis extensive monitoring program at the WSSRAP. The report provides the public and -
concemed regulatory agencies with summary level discussions and supporting data regarding the -
routine environmental monitoring program. Further, the réport indicates whether changes are
~ oeeurring in contaminant distributioni or contaminant source conditions on and around the site—~
changes which might equate to vanamns in potential exposum scenarios 1o me puhhc of

environmental receplors.

In addition to the routine environmentat monitoring conducted in 1991, a number of
. related activities and special studies were performed. These activities and studics help assess
the averall impact of site operations on the mwmnmt The results of these activities are
ﬂ.lSGI.ISSEd in Section 9.

Section 4 pmmts caleulations based on the 1991 sampling results, showing the maximum
radiation dose to a hypothetical maximally exposed individual at the WSCP/WSRP and WSQ
areas. Calculation of the doses 1o the general population in the vicinity of the WSS is alsc -
reported. :

- Appendix A contains individual data values for groundwater and surface water.

Bmlogml monitoring data are presented in Appendix B. ‘Definitions of selected texms used in

- this reported are listed in Appendix C. Mmuughmchanmnjrmusedmthlsreponlsdeﬁmd
when it is first used in each main section, a list of all abbreviations and acronyms used is-
provided in Appendix D. Appendix E presents a discussion of the environmental guidelines that
apply to the monitoring program. Appendix F provides a useful conversion table, Appendix G
is Dose Assessment Calculations and Appendix H is the result of trend analysis on historical
groundwater data. Appendix T contzins figures which represent groundwater data. Appendix
1 is the distribution list for this report. '
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1.1 . Location and Description

“The WSS is located in -St. Charles County, Missouri; about 48 km (30 mi) west of
St. Louis. The WSRP and WSCP areas are reached from Missouri State Route. 94, 3.2 km.

(@ mi) southwest of the junction of.Route 94 and U.S. Route 40/6]1. The WSQ is also reached .
from Route 94, 6.4 km (4 mi) south-southwest of the WSRP and WSCP areas. The Missouri -

River is approximately 2.4 km (1.5 mi) southeast of the WSRP* and WSCPF areas and 1.6 km

(1 mi) east of the WSQ. The Mississippi River lies approximately 22 km (14 mi) northeast of .

the WSRP and WSCP areas and roughly 29 km (18 mi) northeast of the WSQ. The general
locations of these properties are illustrated in Figure- 1-1.

Uranium and. thorivm remdues waste materials, -and contaminated rubble are stnred at

the WSS. In addition to environmental monitoring, engineering activities are being wndumd
to minimize the migration of contaminants from these facilities into surface water, gmundwuer,
and air.

Additional characterization activities have been conducted at the WSCPand WSRP during.

1991, These activities provide information on the types and magnitudes of the contamination.
Brief descriptions of each major area of the site are given below.

Figure 1-2 is map of the WSCP/WSRP area. The 20.7-ha {51-acre) area includes four
pits that cover approximately 10.5 ha (26 acres). The raffinate pits were constructed by -

excavating into the existing clay soils and vsing the removed clay for construction of dikes.
These pits contain radicactive residues (raffinates) from uranium and thorium ‘processing

operations at the former wadun Spring Uranium Feed Materials Plant (WSUFMP) which is now - |

the WSCP. It is estimatod that the four raffinate pits hold a total of 2.15 x- 10® liters
(57,000,000 gal) of mabenals :

Access to the area is cuntrﬂlled by a 2.1-m (7-ft) high fence that encloses the DOE
~ property. In addition, each pit is enclosed by a fence at least 1.3 m (4 fi) high. All draing and -

transfer lines from the pits to the WSCP process sewer have been sealed (Ficker 1981). Dunng
the 1991 monitoring year, surface water covered most of the res:duﬁs in the ptts
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The 67.2-ha (166-acres) WSCP is located to the north and east of the WSRP area

(Figure 1-2). The WSCP, which operated as the WSUFMP until 1966, contains 13 major =
buildings and 27 smaller buildings. - Of the former, ﬁvewﬂcusedasprmhuﬂdmgs and
eight were major support buildings. The entire site is fenced. Access is controlled at a manned
gate-house and site secunty mnunuasmbanmntmnedhyguﬂdspemdmally patromn,gﬂu-.ﬂte
24 hr/day.

The interiors of the eight major support buildings are heavily contaminated with uranfum
that is mostly *fixed” on surfaces. The rest of the hulldmgs contain only small quantities of
- uranjum contamination.

| Surface water runoff from the WSCP drains primarily along .three corridors. ~These
" inglude the natura! drainageways leading to Ash Pond and Frog Pond, and the complex of
 tributaries which exits the site to the southeast. Surface water drains into thm ponds and
drmnagemys where it transports uranium off-site.

Chemically hazardous substances are also present’ both in-the buildings and a2s
contamination in the soil in several areas of the site. These substances include ashestos,
polychlorinated biphenyls (PCBs), nitroaromatic compounds, ammuma, hydmﬂuonc acid,
sulfuric acid, and nitric amd

The WS(Q, an abandoned 3.6-ha (9-acres) limestone quarry, is located approximately
6.4 km (4 mi) south-southwest of the WSRP/WSCP area. As shown in Figure 1-3, the WSQ -
is accessible at both. the upper and lower levels from Missouri State Route 94. The WSQ is
essentially a closed basin; surface water within the rim flows to the quarry floor and into a2 pond
which covers approximately 0.2 ha (0.5 acres). The pond contains approximately 12 million
liters (3 million gal) of water and is 6.1 m (20 fi) deep at its deepest point. The amount of
- water in the pond varies according to seasonal variations in precipitation and evaporation.

Construction continued throughout 1991 on the'WSQ wastewaier treatment plant that will
be used to treat the contaminated water within the quarry pond and the influent
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- groundwater. Access to the site is restticted by a locked, 2.1-m (7-ft) high chiits link fence. '_j R
The amounts and types of wastes in the WSQ are summarized in the Remedial Investigation .-

Report Jfor Quarry Bulk Wastes (MKF and JEG 198%).
12 Site History
in April 1941, the Depariment of the Army acquired 17,232 acres (6,974 ha) of Land

‘where, from November 1941 through January 1944, Atlas Powder company operated four of its
20 trinitrotoluene (TNT) and dinitrotoluene (DNT) explosives production lines as part of the -

facility known as the Weldon Spring Ordnance Works (WSOW). The remaining 16 production .

lines were distributed across an adjacent property which is now referred to as the US Army
Reserve and National Guard Traiming Area (WSTA). By 1949, all but about 809 ha

(2,000 acres) had been transferred to the State of Missouri (August A. Busch Wildlife Areajand
to the University of Missouri (agriculttural land). Except for several small parceis- trnnsfmnd o

to Saint Charles County, the remaining property becarie the WSTA.

Through 2 Memorandum of Undcrstmding between the Secreta_ry_nf 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, Considerable explosives decontamination was
performed by Atlas Powder Company and the DA prior to WSUFMP construction. Until 1966, .
the WSUFMP was aperated as an integrated facility for the conversion of processed uranium ore -
concentratés 10 pure uranium trioxide, intermediate compounds, and uraniym metal, A small
amount of thorium was also processed. Wastes generated during these operations were stored’
in faurrafﬁmtep:tsonmemtepmper{y ' '

In 1958, the AEC acquired nﬂetaﬂlehmgsquuarr}r (WSQ) from the DA. The
quarry is logated approximately 5.6 kmn (3.5 mi) south of the WSUFMP. The WS(Q had been .
used since 1942 by the DA for the buming of wastes from the manufacture of TNT and DNT -
and the disposal of TNT-contaminated rubble during the operation-of the WSOW. Prior to
1942, the WSQ was mined for limestone aggregate during construction of the WSOW, The
AEC used the WSQ from 1963 to 1969 as a disposal area for uranium residves and 2 small
amount of thorium residue. Most of the material disposed of there consisted of uranivm and
. radium contaminated building ruble and soils from the demolition of a uranium ore processing
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facili ity .in Saint Louis. Other radmacnve materials inciude drummed wastes, unmntmmd B
-wastes, and contaminated process equipment. .

The WSUFMP was shut down in 1966, and in 1967 the AEC returned the facility to the
. DA for use as a-defoliant production plant to be known as.the Weldon Spring Chemical Plant.
The Army started removing equipment and decontaminating several buildings in 1968, The
defoliant project was canceled in 1969 before any process equipment was installed. The DA
retained the responsibility for the land and facilities at the WSCP, hutﬂmiﬂﬁha(ﬁlm)tract o
: emompassmgtheWeldnnSpnngraffmtepltsmmfenedhmkmtheAEc -

_ The WSS was placed in caretaker statvs from 1981 through 1985, whm custody of the
WSCP and WSQ was transferred from the DA to the Department of Energy. In 1985, the DOE
propuseddemgmmlgthcmntmlanddmmtammahmufﬂlewm WSCP, and WSQ as a
- major project. Designation was effected by DOE Order 4240.1E dated May 14, 1935 A
Project Management Contractor (PMC) for the Weldon Spring Site Remedial Action Pm}ect was
selected in February 1986. In July 1986, a DOE project office was stablished on site,.and the
PMC, MK-Ferguson Company and Jacobs Engineering Group, Inc., assumed control of the WSS
on October 1, 1986. The WSQ was placed on the Envitonmental Protection Agency’s Nationial -
Priorities List (NPL) in July 1987, The site was re-designated by DOE as a Major Acquisition
" System in May 1988. The WSCP and WSRP were added to the NPL in March 1989,

Remedial investigations were conducted at the WSCP/WSRP area in 1988 and 1989, .

These investigations included characterization of the groundwater, on-site soil mma:mnatmn
contaminated sediments in off-site surface drainages and lakes, surface water, and springs; the
chemical and radiological characteristics of the raffinate wastes; and other smaller. scale efforts.
The results of each of these investigations are presented in stand-alone documenis on the
respective effnrtsandarebmughttogetherandsummanmdmﬂmmreponforﬂm- '
WSCP/WSRP, which is in the final stage of pmducnm following agency review. -

‘Several small-scale actions have hem conducted to mitigate or eliminate conditions that
pose immediate or potential threats to worker safety, public health, or the environment. These-
have included removing exposed friable asbestos and overhead piping, PCB electrical equiprrmt '
power poles and wires; and nonprocess-building demolition; Ash Pond isolation; and
containerized chemical consolidstion. ' ' -
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The WSSRAP evolved from a National Enmonmenml Policy Act (NEPA) authority
decommissioning and cleanup project in 1986 into a remedial action project under combined ‘
NEPA-Comprehensive Environmental Response, Compensauon and Liability. Act {CERCLA)
authority requiring a Remedial- Investigation/Feasibility Study (RI/FS) and complete -

. environmental documentation-in July of 1987. . The environmental documentation.process

necessary to begin the excavation of the bulk waste from the WSQ is completed. The residual -

_ mmmaumwlmmmeqummnﬁnmmbedmmmmdwhmﬂmammmwmpletﬁ
A more detailed presentation ﬁfthepmductim,ommhip and waste history of the WSS

1savaﬂab1emmeRprormfm'meWSQandﬂwdmﬂWSCPMSRPreportspreparedhyﬂm

DOE Project Office.

1.3 EnvironmentalSetﬂng

The environmental setting of the WSCP!WSRP and the WSQ are described briefly below.

ﬁmuredemlleddmnpuonlspmmdedmmn%rkﬁanﬁ)rﬂmkmeﬂd"
Investigation/Feasibility Study-Environmensal Impact Statemen: for the Weldon Spring Site, .
Weldon Spring, Missouri (Péterson ¢t al. 1988). The WSRP/WSCP area is located on. the
Missouri-Mississippi River surface-drainage divide. The topography is gently undulating and -

generally slopes northward toward the Mississippi River. To the southeast are bluffs that
‘overlook the Missouri River floodplain. Though the bedrock under the gite is fractored, it is
ovelain by low permeability clays ranging from 1 m to 9 m (3 £t to 30 ft) thick.

 Most surface water runoff from the WSCP/WSRP area discharges either through an -
intermittent stream in the WSTA or through the Ash Pond diversion structure on the WSCP -
property o Schote Creek. An additional surface drainage system reaching Schote Creek exits -
the WSCP arca along the Frog Pond drainage. Thatdrainagewa}*mrﬁesstmnwaterﬁmnmost' _
of the plant area where concrete surfaces drain into a storm water sewer system. The Frog Pond '

drainageway also carries runoff from the northeastern portion of the WSCP. Drainage fiom the
southern portion of the WSCP property travels southeast to the Missowri River through a naturat

drainage known as the Southeast Drainage. Schote Creek joing with Dardenne Creek and flows

niortheast to the Mississippi River, Schote Creek and several of its tributaries are impounded

* on the August A, Busch Memorial Wildlife Area (ABWA). Dardenne Creek, portions of Schote. -

Creek, and lakes on the ABWA support aguatic life and are accessible to the public for
recreational activities, such as fishing. The WSQ is located on the northern. biuff nf the
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Missouri River valley The uncnnsuhdamd upland material mrerlymg bedrock consists uf up 10
10 m (30 f1) of silty clay soil developed from loess deposits. A residual soil is present in some
areas between the silty clay and bedrock. Figure 1-4 shows the envimnmmtal se.ttmg of the
WSCP/WSRP site.
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2 COMPLIANCE SUMMARY
2.1 Compliance Status for 1991

The Department of-Energy’s (DOE) Weldon Spring-Site Remedial Action Project
(WSSRAP) has been listed on the National Priorities List (NPL), and therefore is governed by
the Comprehensive Environmental Response, Compensation and- Liability Act (CERCLA)
process. Under CERCLA the WSSRAP is subject to meeting or exceeding the regulatory
requirements of Federal, State, and local laws and statutes, such as Resource Conservation
Recovery. Act (RCRA), Clean Water Act (CWA), Clean Air Act (CAA), Toxic Substance

~ Control Act (TSCA), and Missouri regulations. Because the U.S. Department of Energy (DOE) -

is the lead agency for the site, the procedural and documentation requirements of National
Environmental Policy Act (NEPA) must be met, in addition to the requirements of DOE Orders. .
WSSRAP maintains a compliance staff fo monitor the progress and status of the pru_;act relative

'to the environmental laws and requirements. Section 2.1.1.1 is a summary of applicable
" regulations and the WSSRAPs current compliance status, Section 2.1.1.2is a summary of the -

WSSRAPs current compliance status with major DOE Drdcrs

2.1.1 Compliance Status

21,11 unlatory Cmnp]ianoe

‘The WSSRAP has successfully integrated the procedural and documentation requircments
of the CERCLA as amended by the Superfund Amendment and Reauthorization Act (SARA) and
the National Environmental Policy Act (NEPA), as required by the policy stated in DOE
Order 5400.4. Site documents are published as integrated documents, such as the site’s .
Remedial Investigation/Feasibility -Study-Environmental Impact Statement (RI/FS-EIS)

. documents. For example, Engineering Evaluation/Cost Analysis (EE/CA) and RI/FS documents,

which are CERCLA documents, are adopted by the DOE as Environmental Assessments (EAs)
or Environmental Impact Statements (EISs) and contain the required NEPA information.
Proposed plans and actions are evaluated in terms of both the NEPA and the CERCLA.
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. The Recond of Decision (ROD) ﬁir the Managemens of Bulk Wastes at the Weidbn Spring

Quarry was signed by the U.S. Environmental Protection Agency (EPA) September’ 9, 1990 -

(ANL 1950a). The DOE signed thé ROD on March 7, 1991, which makes this the first DOE-
approved CERCLA ROD. An EE/CA-EA and a Remedial Action Decision Document (RADD)
were prepared for the‘dismanﬂing of mmmrous contaminated structures at the chemical plant.-

* The WSSRAP removal and remedial actions are perfonned according-to the mqmremenls
of the following acts, laws, and regulations (other than NEPA) as applicable or relevant and
. appropriate requirements (ARARs) for the site. The WSSRAP is developing a ducummt that.

lists the ARARs for each ma;uracuonthatlsplannedatﬂwslte '

NEPA

A finding of no s;gmﬁ{:ant 1mpact (FONSI) was approved and pubhshed in October 1991 -
for the dismantlement of process and non-process buildings/structures. at the chemical. p]ant _
Two EE/CAs for the non-process buildings and contaminated process. structures were adopted
as EAs by the DOE. The FONSI covers both EE/CA-EAs because of the similarities in
dismantling process and non pmcess buildings. : '

The categorical exclusion (CX) actions at the WSSRAP (hat have been approved are:
(L) the off-site removal of tributyl phosphate (TBP) for disposal, {2) removal and disposal of
transformers and equipment contaminated with polychldﬁnated biphenyls (PCBs) from an-out-of- .
service electrical substation, (3) site characterization and environmental monitoring acuwnes _
(4) construction of a composite building, which will house an updated access coritrol and a .
warchouse, (5) an. annex to- the administration building, and (6) a variety of general plant
projects, e.g., repaving the administration building parking lot. Two CXs that were. submitted
to the DOE for approval in 1991 will allow continued site chmctﬂnmtlon and routine
maintenance activities. : :

Hazardous wastes at the Weldan Spring site (WSS) are managed as required by the

- RCRA (as suhstanuve ARARs), This includes the characterization, consolidation, inventory, |

storage, transportaﬂcrn, and disposal of hazardons and other wastes that remained on site after
closure of the Weldon Spring Uranium Feed Matenals Plant {WSUFMP} and wasies that were
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- generated during remedial activities. The WSSRAP has completed the containesization of ~. . .

unknown abandoned chemicals at the chemical plant;. detailed -characterization of the
- containerized chemicals is ongoing. Other RCRA issues during 1991 included the application
of RCRA to residues on tanks and piping systems, the removal of three underground storige
tanks; and applicability of the Jand disposal restriction. storage prohibitions for approximately 20 .
containers of California List Wast.es Mme mfnrmatmn is uffemd in the secunn on Issues and
Actions, - :

'_ RCRA permits are not required at the WSS since remediation is being performed in

accordance with decisions reached under the CERCLA. . Section 121{e) of the CERCLA states -

~ that no Federal, State, or local permit shall be required for the partmn of any removal or
remedial action cnnductad entirely on site,

Toxic Substanges Control Act

Polychlorinated biphenyls (PCBs) are managed at the WSS under the requirements of the
TSCA. A shipment of nonradiologically contaminated PCBs was sent oﬂ’ site on August 20,
1991, More information is offered in the section on issues and actions.

Clean Ajr Act

“The portion of the CAA that pertains to the WSSRAP is the National Emission Standards

for Hazardous Air Pollutants (NESHAPs). The standards contain maximum levels for
' radionuclides and asbestos.. The WSSRAP plan for monitoring radionuclide esmissions hiag been -

approved by the Environmental Protection Agency (EPA), and is: explamed in more detaﬂ in the

sactlnn on 1ssuﬂs and actions. Lo

Compliance with the CWA inciudes meeting parameter limits set in three Natiohal
Pollutant Discharge Flimination System (NPDES) permits. Both effluent and erosion control
monitoring are performed. NPDES permit limits were exceeded for bmchenncal oxygen den'l,and '
(BOD), total suspended solids (TSS), andfor fecal coliform during four of the mnnthly
‘monitoring events in 1991 at the administration building sanitary wastewater plant. Operational
adjustments to the plant were made by the subcontractor, bringing levels to below permit limits.
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The permitted stormwater outfalls at the site were. in mmphance with the cond:tlun& of the . |
NPDES permit for the mtc

Onnstrucuon of a wate:r treatment plant located at the Weldon Spnng Quarry {WSQ) is
almost complete. - The quarry water-treatment plant (QWTP) is-designed to remove the chemical
and radioactive components of the contaminated water in the quarry to, or below, levels
established in the applicable NPDES operating permit for the quarry. -No effluent is currently
discharged at the quarry. The NPDES permit for the QWTP will be in effect when the plant
iy operational which is scheduled for September 1992. Once operational, batch analyses of |
treated effluent water wﬂl verify cumphance, with NPDES limits set by the pennmt

Construction of & water treatment plant located at the chemicat plant began in November
1991. This water treatment plant hias been designated as the sife water treatment plant (SWTF) -
Train 1. The SWTP wilt treat shower and decontamination water generated during the upooming .
building dismantlement and demolition activities and runoff from the temporary storage area, -
where bulk waste will be stored afler excavation from the quarry. The SWTP is scheduled to
begin operation in the fall of 1992, Once operational, batch analysis of treated effluent water
will verify compliance with NPDES limits, . |

In 1986, the Missouri Department ‘of Natural Resources determined fhat' any
archaeological resources present in the chemical plant area would have been so severely damaged
or destroyed during plant construction that further investigation would not be warranted. A

qualified archeologist was consulted for the quarry and the quarry haut road construction |

activities. The archaeologist found six sites in the quarry vicinity; the sites are not expected to
be disturbed and therefore, will need no mitigation. The archacologist identified one site along
the haul road that required data recovery. On July 7, 1991, the WSSRAP received approval
from the Advisory Council on-Historic Preservation for the proposed data recovery plan for an
‘archaeological site on the gquamry haul road. The work promptly commenced following the
approval and was successfully completed by September 1991, Artifacts of chert reduction from
the Dalton age were recovered and curated. The data recovery report for the quarry haul road
will be finalized by June 1992.
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. The U.8. Fish and Wildlife Service (USFWS} has been consulted under Section 7(a) of
the Endangered Species Act. The Missouri Department of Conservation has lso been consulted
pertaining to Statelisted threatenod.and endangered species.-.-No- threatened or eadangered:
species or designated critical habitat is known to exist at the quarry. Therefore, no impacts from

- construction activities to- threatened or endangered species are expecied.

Consultation with USFWS continued in 1991 in conjunction with an ecological evaluation
of the quarry haul road and the chemical plant site. The evaluation of the havl road was
completed before construction began in July. The ecolnglcal evaluation of the chemical plant
initiated in 1991 continued into 1992 and will be incorporated into the Baseline Assessment for -
the Chemical Plant Area of the Weldon Spring Site (ANL 1992). The Baseline Assessmens will
- evaluate risks to human health znd the environment in support of overall site waste management
decisions and cleanup criteria. ' '

" The Engineering Evaluation/Cost Analysis Environmental Assessment For the Proposed
Management of Contaminated Water in the Weldon Spring Quarry (ANL 19892) contains a
floodplain assessment that describes the impact to the Missouri River floodplain as a result of
construction activities at the quarry. The structure located on the floodplain is a portion of one
of the effluent ponds associated with the guarry water treatment piant. The floodplain
assessment was written in accordance with 10 CFR 1022.12 of the DOE Floodplains/Weslands
. Environmensal Review Reguirements which establishes policy and procedures for discharging the

DOEs compliance responsibilities for EO 11988. A notice of ﬂundplmn involvement was ;3_ .

- published in the Federal Raglster in November 1989.

Four raffinate pits and two drainage ponds (Ash Pond and Frog Pond) are located in the
chemical plant aréa. Those pits and ponds are classified as wetlands according to the curent
1J.8. Fish and Wildlife Service Wetlands Inventory Map. A wetlands survey that describes the
existing ponds in terms of the soil, vegetation, saturation regime, and wildlife was initiated in
1991 and will be continued into 1992. The documentation may be used as a baseline description .
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if mitigation is ﬁqﬂr&d later. The wetlands assessment for these areas will be included in the

FS-EIS for the chemical plant.
2.1.1.2 DOE {)rder Cumplianm
2.1.1.2.1  Order 5400. ERadhﬂnantecﬂon of the Puhhc andtheEnﬁmnment

DOE Order 5400.5 establishes standards and requirements for DOE operations with respect to
" proteeting 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 10 members of

the public are maintained within established limits. As low as reasonably achievable (ALARA)
practices are implemented to minimize exposures to the puhhc as far below the hrmts as is
reasonably achievable.

There are nine primary requirements for radiation p_rmecﬁm of 'the_ public: and the
environment outlined in Chapter II of the Order. ‘The WSS is in compliance with alt applicable
_parﬁuns of DOE Order 5400.5. A summary of the compliance status is g;ivc_n as follows:-

l Public Dose Limits. Theannualdnsemmemanmallyexpmed member of the public

as a result of activities at the WSS was below the 100 mrem (1 mSv) guideline for

all potential exposure modes as detailed in Section 4.2. The 10 mrem (0.1 m$v)

annual dose limit for public exposure to airborme emissions excluding radon and ifs
. respective decay products as speciﬁed' in 40 CFR Part 61 was not exceeded at the
WSS in 1991. Section 4.1.3.4 provides an assessment of all exposure scenarios and

~ conclusions. S

The WSS was not used as a disposal facility during lhE subject period, and thus is not

subject to the requirements given in 40 CFR Part-191. In addition, the WSS does not

operate a public drinking water supply, and therefore is not subject to the o

reqmmmmts of 40 CFR Part 141,

2. The ALARA FProcess. ThcALARApmcesslslmplemcntedattheWSSona
continual basis, Each time a different remediation activity is initiated on the site,

ALARA - objectives are established to maintain poiential exposures as low as

‘reasonably achievable, Routine ALARA inspections are conducted to ensure that
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' appropnateanuonsarebwlgunplemmteddunngworkacuvmﬂ Thesemelhodsare
Mﬂ*ﬂmmmmﬂmmﬁsmusa.'

" of Soil Columns.- Paragraph 3 C of ﬂus section-states conmnunated sml mlumus.
diaimge: systems, and groundwater to which contaminated liquid discharges have been:
discontinued shall be managed or decontaminated pursuant to-the procedures and
requirements of DOE Orler 5480.4, Environmental Protection, Sofety; and Hegith

- Protection Standards.” The natural drainage systems at the WSS are not gnvmwd
by this paragraph. The terms "contaminated hqmd discharges” and "liquid wastes”
refer to discharges from operating facilities. The WSS facilities ceased operations in
1966. In CY 1991, the WSS did not affect contaminated liquid discharges. or
discharge liquid wastes from an operating facility: Stormwater runoff -did, on -

occasion, exceed the Derived Concentration Guideline (DCG) for naturat uranium of .

600 pCist (22.2 Bq/l), but the annval averages for the runoff were below the
600 pCi/l (22.2 Bq/l)-criteria. Clean-up operations at the WSS are waderway to
eliminate the source areas and to reduce the levels of contaminated discharge in
accordance with the provisions of NEPA and CERCLA.

. Manage evel Radioactive a5 lgglmmagenmntnfluw—

-level wastes at the WSS was in cumphawe with the guidelines given in DOE Order
5400.1, General Environmental Protection Program Reguirements, and DOE Ovder -
5820.2A, Radioactive Waste Management; as specified in this requiremént.

. Be gsid i ateris The WSS is in
cnmphance with me guldelmes fnr relmse of rml pmpert:,r, release of pérsonal’

property, and release of materials and equipment, when applicable, as outlined in this

requirement. The release of real property did not.occur at the WSS in 1991, butalt

equipment utilized on site was properly surveyed to ensure that contamination lwels '

~ given in DOE Order 5400.5 were not exceeded prior to release. :

. IX ARY: ' ance w e Dose Limits. Mappmpnatedo-semw"

tachmques were used to.assess 1991 enwrnnmental monitoring and surveillance date
in compliance with this requirement, Specific exposure scenarios and subsequent
public dose estimates are outiined in Sections 4.1.3.4 and 4.2.
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7. mmng_ﬂng Therepornngmqmmtsspmﬁedmnﬂﬂﬂrdmiiﬂﬂiqi |

havenntheenuuhmdhyﬂmwssduetnmeahseneeofmmsﬂmwuld

require such reporting. However, records and reports are maintained according to

DOE Order 5400.1 andDUEﬂrder54841 whmharehoth referenced in this
re:qmmnent

| 8. Records. All environmental mmﬁtm'ing and: surveillance activities mﬂductad..at the -
WSS in 1991 are_maintaimd in accordance with thls requirement.

9. Units. All reports and fecords generated at the WSS in 1991 pursuant to DOR Order
~ requirements presented data in the units referenced in the applicable regulation or

2.1.1.2.2 Order 5820.2A Rndmact:lw Waste Management. DOE Grde: 5820.2A -
 establishes policies, guidelines and minimum requirements by which the DOE manages its
radicactive and mixed waste and contaminated facilities.

. . The Order is divided into six chapters. Chapters T through IV cover specific types of
radicactive waste; those being high-level, transuranic, low-level, and NORM/accelerator

' produced. Chapter V addresses the decommissioning of radioactively contaminated facilities and
Chapter VI addresses the administrative activities related to the Waste Management Plan. The '
Weldon Spring Site (WSS) is in compliance with the applicable portwns of Chapters 1II, V; and
V1 of the Order. The types of wastes addressed in Chapters I, 1I and 1V are not present at: the
WSS. A summary of the compliance status for each applicable Chapter is given as foliows: ;

Chapter 111
. Chapter III is divided into sections that outline the requirements for the various activities
within waste management. A summary of the compliance status for each activity is provided
below: . o
1. Performance objectives - the WSS is in compliance with the requirements for

protection of the public health and safety, extemal exposure limits, and protection
of ground water resources,
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-2 Peaformanceamssmt-the'ﬂﬂﬂmnotadmpo@fmhtythmfomﬂw
' mqummmamnmammmble

3. ‘Waste generation - the WSS has implemented a waste minimization prograrh in an
© effort to reduce the quantity of radioactive and mixed-waste generated. The program
is described in the Waste Minimizotion/Pollution Prevention Awareness Plan
(MKF and JEG 1991a) developed as a requirement of DOE Order 5400.1. The
requirement for waste segregation is dncummted in t:he WSS Waste Mmgenmu"
Pfan {MKF and JEG 1992a).

. 4, Waste characterization - the WSS is in complianeﬁ with the requirements for
conducting characierization of waste materiais in order to permit proper scgregauun
treatment, storage, and disposal.

5. Waste acceptance criteria - Since the WSS does not receive waste from other
. facilities, these requirements are not applicable. :

6. Waste treatment - the WSS is not performing waste .treatmmt at this time.
7. Shipment - the WSS is not shipping low-level waste at this time.

8. Long-term storage - Thereqummtsufﬂusmcﬁmarenutapphcablemmemm
storageattheWSSlsnntcmmdmdlong—

'9, Disposal - the WSS is not considered a disposal facility.

10. Quality assurance - Management of low-level waste is conducted in accordance with -
the requirements of NQA-L. : :

11.. Records and Reports - All records and reports, inciuding analytical data and waste
manifests, are maintained as permanent records.
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Chapier ¥V
‘Chaptér V outlines the requirémems for the planned dmﬁmmissiunin_g of mdiomﬂvﬂy
contaminated facilities, The WSS is in compliance with the requiréments of this chapter by

conducting the site-remediation under the CERCLA process which include the reqmrements for
characterization, mmonmental review, engineering, and site closure; '

Chapier V]

Chapter- VI of the Order provides guidance on the dévelopment and maintenance of 8~
waste management plan in¢luding plan format and content requirements. Although the Order -
requires that each site develop a waste management plan fo serve as a annual report, the WSS
plan was developed o serve as a guidance document for day-to-day waste management
_ npl:ratinns '

The ‘W8S Waste Management Plan (MXF and JEG 1992a} 15 submlttad to D{)E_.
Headquarters (HQ) for review and comment annually.

2.1.2 Issies and Actions

 2.1.2.1 New Issues

AVARE: astes be aliowa e limits, On August 24, 1990 mght- .
drums ﬂf numadimnﬁ PCB mntammated oil and a nnmadmacuve PCB

* transformer were removed from a concrete pad (Substation 411) and piaoed into-
storage in Eulldmg 434, '

* The PCB oils and transformer were seat off site for treatment and/or dlspoﬂl on
August 20, 1991, . Pursuant to 40 CFR 761.65(a), PCB containers and articles must -
_be removed from storage and disposed of within one year from the date when first
placed into storage. The required disposal date for tl'u: Substation 411 PCB items -
was August 24, 1991. : '

The certificates of disposal for the cight drums of PCB oils'and the transformer list
August 27, and September 3, 1991, respectively, as the final disposal dates. An
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Occurrence Report (DOE Order 5000.3A) was submitied due 10 the exceedence of
~ the one year stofage limitation. The receiving facility notified the EPA of the late
" destruction of the PC]_?-E per 40 CFR 761.215(¢)1).

~ The PCB items were disposed of past the August 24,1991, deadline due to delays
cansed by recent changes in the DOE’s nationwide policy regarding off-site release

. of nonradioactive material.. The policy requ:red the WSSRAP to develop procadures
and “obtain headquarters’ approval for off-site  shipment and disposal . of
nonradioactive material. The procedures have been developed and were submitted
to DOE-HQ on Sepiember- 20, 1991. DOE-HQ sent back the procedures with .
comments. The WSSRAP incorporated the comments and retumed the procedures

- 10 DOE-HQ for final approval on January 1, 1992

Depanmmtof}htumlkmmm (MDNR)hasl:akﬂnaposman, mﬂieformuf
comments provided on the WSSRAP Contaminated Structures EE/CA (ANL 1991a),
that any RCRA listed or characteristic -residues on the surfaces of tanks and pipes
must be managed in accordance with the RCRA, The MDNR defines residue as
anything that can be removed by rinsate. The regulatory basis for the State’s
" position is the closure of tank systems addressed in 40 CFR 264.197 and closure
-performance standards stated in 40 CFR 264.111. The ramifications of the State’s
position, with regard to WSSRAP building dismantiement activities, is that no .
removable hazardous waste residues should remain on tank systems (mcluding
ancillary components) that will be stored at the newly constructed material staging
area (MSA). Of immediate concern was the pombﬂlty that the pipes and tanks
removed to date could be contaminated with RCRA residues and thus would be -
improperly stored, Specific cases include the overhead piping removal conducted
under IRA 6 and dismantiement of the steam plant, Building 401. :

C : :

The WSSRAP has identified the chemical species associated with overhead piping
currently .stored near Pads 109 and 110, Selected piping has been examined 10 .
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determine if visible residues are present. . In addition, representative swipe festing

* was performed to detect removable residues. None of the. mmples showed any"

RCRA charactemtlcs present.

At the steam plant, three chemical systems--the water softener (ion exchange resins
and acid/base regenerates), the refrigeration units, and. the feedwater treatment
system (consisting of phosphate and sodiwm sulfite components)--were ideatified a3
potential sources of hazardous waste. During the dismantlement, samples of the jon
exchange resin from the water softening system and coolant from the refrigeration -
units were obtained and analyzed for RCRA characteristics. None were detected.
As a follow-up, the ‘sodium sulfite mix tank was sampled to determine if residual

hazardous wastes were present; the results demonstrated that the tank was free of

RCRA characteristics. An acid storage tank, which was a component of the water

softener, was sampled and found to contain no RCRA characteristic waste,

The identification and characterization of residues in building tanks, equipment, and
piping is ongoing. The WSSRAP has determined that there are no listed waste
residues present in the building tanks, equipment, or piping. To date a small
quantity of RCRA charactmsuc residue has been found in the process piping in

. Building 108.

For proposed buﬂdmg dismantlement, the WSSRAP has agreed to coordinate and -~

review the RCRA issue with the State on a building-by-building basis. The State
and the WSSRAP agreed that the WSSRAP would submit a list of buildings and
structures to be excluded from individual review based upon the nature and type of
building and/or stracture. “This list of bmldmgs has been compiled and was sent o
the MDNR, ' '

" A site visit from the MDNR resolved State questions and supported the WSSRAP

determination of buildings excluded from review, Apprﬂval from the MDNR was -

received in early 1992,
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2122  Old Issues

Approximately 28,120 liters (7,400 gal} of tributy! phosphate (TBP) contaminated
with radionuclides and with PCBs in excess of 50 ppm are containied in tanks on the
Weldon Spring site. In addition, p&'ﬂnunaryaml}rmmdmateﬂmTBPisalm
contaminated with mercury exceeding the regulatory level for toxicity characteristic
(TC), thereby making it a RCRA hazardous waste. Also contained on site are small
amounts of radiologically contaminated PCB wastes, including electrical capammrs :
and PCR-contaminated soif and oil. '

All PCB wastes identified to date by investigative and remedial activities have been
present since the plant was operational in the 1950s and 1960s. The WSSRAP

~ continues to locate and identify all PCB-containing material and to place it in pmper'
storage. '

Corrective Acti

In December 1989, the WSSRAP-DOE sent a letter to the EPA (Region Vll} _
notifying them that the one-year storage limitations had been exceeded.

The WSSRAFP planned to send the TBP to the Oak Ridge Gaseous Diffusiun Plant
“Incinetator for destruction, and during 1991, awaited word-on whether the State of
Tennessee would allow the TBP to be Shlpped to Oak R1dge

" An attelnpt by the WSSRAP to decontaminate the radiologically cortaminated PCB
capacitors failed. Therefore, the capacitors will remain on ‘site amd e:'venma]ly be .
disposed of with other radiclogically mntannnawd nutenal when a viable disposal -
. option is identified, . -
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The Weldon Spring site is currently storing 20 containers of mixed waste in
Building 434 that are classified under the land disposal testrictions (LIYRS) as
California List Waste. This waste is prohibited from storage under 40 CFR 268.50, |
which prohibits storage of LDR waste unless solely for the purpose. of accumutation -

of such quantities as are necessary to facilitate recovery, treatment, or disposal,

C . :

The August 29, 1991, Federal Register announced the EPA policy of placing a low
enforcement priority on the storage of cerfain mixed wastes that are prohibited from
land disposal under. the RCRA Land Disposal Restrictions (LDRs). The wastes
affected included spent solvents, dioxins, and California List Wastes. The EPA
recngmzedthe]acknftwannmtand disposal options for thw:wastes and stated this. -
policy will apply at least until December 31, 1993, '

The Weldon Spring site has submitted a request to the EPA for an ARAR waiver for
storage of LDR waste based on the fact that the schedule for fina! disposition of the
wastes is controlled by the decision making process for remediation of the chemical

plant area. The EPA has not yet responded to this request. '

When thé uranivm processing plant was shut down in 1966, large quantities of

' urgamcandmmgamcchenmalswereabmﬂmedmbnthpmcessandmpmms__

buildings. Phase I characterization activities included an initial effort to identify and
containerize these chemicals. As Phase 1 progressed, more chemicals were -
discovered; these were addressed by Phase II. mmmcalswefnundmtanka g
sumps, process vehicles, and abandoned buildings during both phases. Phase I and

. Phase II were completes in January 1989 and March 1991, respectively. -
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InmrrymgautPhaseIandIldwnucalmmmnenmhmms, theWSSRAP'

observed a conflict between the requirements of the RCRA and what the WSSRAP E

mnmdm the best conduct of oparaums for cxpedmng Secure swrage of chemlcals

The WSSRAPS primary concern was to move chemicals into the RCRA storaga area '_ '

as quickly as possible, To accomplish this a gross field analysis was conducted to
" determine compatibility; the material was then moved into the RCRA storage aves,

and a detailed chemical analysis conducted, as required, to fully meet the

requirements of 40 CFR 264,13. This regulation requires, however, that the

detailed analysis be performed prior to placing the material in the RCRA storage
area and that the containers be properly labelled during the entire storage period.

Therefore, there was a period of time during which the WSSRAP was not in
compliance.. '

The WSSRAP labets all containers based on all information currently available; the

containers will be relabelled as detailed chemical analyses become available. For -

the most part, all reguired information for labelling is provided by the gross field
analyses. Additionally, all chemical waste is being packaged in U.S. Department.
of Transportations (DOT) appmved mntainm regardless of its RCRA standing. Lo

The WSSRAP Iecmved concurrence from the MDNR in 1990 on ﬂus method of '
hand]mg potentla]}y hazardous matenials,

‘The Missouri Code of State Regulations limits -quarterly-averaged raden
" concentrations outside eontrolied areas to | pCifl. This concentration is regularly.
exceedad at one quarry perimeter monitoring station and occaﬂonally exceednd at
other quarry peritmeter monitoring stations, '
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The long term solution is the excavation and final disposal of the bulk waséz (which
is the primary radon source). This is addressed in the quanry ROD.

2,1.2.3  Actions

As part of the work scope for construction of the temporary storage area (TSA), the WSS
removed three underground storage tanks (USTs). The USTs were used for storage of diesel .
fuel, gasoline, and fuel oil, respectively, and were taken out of service in the 1960s. Thereare

two additional confirmed USTs locawd on site which will be removed during future foundation
* removal activities.

- Various waste streams were generated during the removal of the 1JSTs and were managed o
-_as follows: : '

1. Water - water inside the tink was analyzed by the toxicity characteristic leaching
procedure (TCLP), and one tank contained water above the regulatory level of -
0.5 mg/l for benzene., This water was characlerized as a hazardous. waste and was -
putnped into 55-galion drums. The drums are currently stored in Building 434 as

- a RCRA hazardous waste DO18. The nonhazardous water in the remaining tanks
was treated with a carbon adsorption systern and pumped into the raffinate’ plts
This action was discussed with, and approved by, MDNR.

2. Soil - petroleum contaminated soil outside of a UST is deferred from regulation
under the toxicity characteristic (TC) rule for DO18-D043 (40 CFR 261 A (10)).
The soil was analyzed for TC metals and radioactivity and was below the regulatory
level for the metals, and below background for mdluacuwty The soil was sent off
site to & sanitary laﬂdﬁllasrwomnmded hyth-eMDNR :

. 3. Tanks ~ thetankswmcutupandsmﬂnffmtemampmaalfamhtyfﬂr
reclamatmnasrmnmnwn&ed by the MDNR.
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2124 Siguificant Accomplishments

1. The Record af Decision.(ROD) for Quarry Bulk Waste Managemens (ANL 19902)
was signed by the EPA (September 1990). The DOE signed the ROD on March T
1991, whlch makes ﬂ'ﬂs the first DOE-approved CERCLA ROD. .

2. ‘The amended Federal Facility Agreement (FFA) was signed by the DOE and the
EPA. A draft impiementation plan has been prepared to define an approach towards
compliance with the requirements of the¢ FFA, and the schedule impacts of
complying with the FFA have been assessed. The FFA will become effective upon
issuance of a notice to the DOE by the EPA, which will follow a public comment
period scheduled for March 24 to May 7, 1992. | -

3. The WSSRAP received final written approval from the MDNR on October 24, 1991,

- for an equivalent design for the liners of the site water tréatment plant equaluanm -
‘basin and the TSA pond. A synthetic liner plus Claymax was pruposed as equivalent
to the State requirément (for surface impoundments), which is 90 cm (3 i) of -
compacted clay with a permeability of, at most, 1 x 10® cm/sec. This substitution
is termed “equivalency" and requires State rather than EPA approval because
Missouri is an authorized seate for RCRA and the requirement is more stringent than
the Federal RCRA requirement of 90 cm (3 ft) of mmpamd clay with a
permeability of 1 x 17 cmfsec . o

4, Construction of Phase T of the MSA was completed in 199 and-the MSA is in
operation. The MSA Phase I will accommodate, but is not limited to, the debris,
equipment, and building materials associated with dismantlement of IRA 15A series -
Buildings 302, 435, 436, 437, and 438 and the outside debris consolidation and
nulrmd tra:k removal project.

The MSA Phase I consists of a 1.2 ha (3-acre) (approximate) gravel pad and a

" runoff collection system with a .32 ha (0.8) acre storage pond. The runoff
collection system consists of corrugated metal piping and manholes. An
embankment/dike surrounds the facility to control runon. and runoff water. The
MSA will be nperatad in accordance with Mu'saun Solid Wcure Mauagm
Regulaions, 10 CSR 80-5. |
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5. The containerization of unknown abandoned chemicals at the chemical plant was
completed in 1991. Dmledcharacﬁenzaunn ofthecontamemedchmumlsm_
continuing into 1992 ' :

6. Severaldocumentsandsystemswmdevelopedmmdmmsunngmgu]mry
mmphanocattheWSSRAP mcludmg the following: '

a. ﬁdocumenthsungmemmmhmgormmyatmaum

b. A database that lists each oontmmrufRCRA wasie, its applicable EPA waste
codes, land disposal restriction (LDR) status, L.DR treatment standards and best
demonstrated available technology (BDAT).

c. Fact sheets for each work package dncummﬁng -all ARARs, regulatory..
commitments, Federal Facility Agreement (FFA) - reqmmmts waste
management requirements, and waste profiles.

d. Databases used for tracking permits and. permit requirements, ragulatory '
notifications, and environmental reports and plans. -

2.1.2.5 NESHAPs Complance. The WSSRAP has developed an alternate method for
NESHAP compliance as provided in 40 CFR 61.93 paragraph (b)(5), whereby air concentrations.
ammnmmmdatﬁvedemmmdmﬂmlmptmhmﬂmsmmdmund the Weldon Spring
site. The WSSRAP plan is contained in the report Plan for Monitoring Rodionuclide Emissions
Other Than Radon at Weldon Spring Siie Critical Receptors (MKF and JEG 1990a), which has -
-been approved by the EPA, The EPA has also approved the WSSRAP plan to report annual
monitoring results and effective dose equivalenis at critical receptor locations via the annual sn:
: mwmnmmml teport.

The air at each critical receptor location is continuously sampled for radionuclides. The
air sampling filtexs from each crifical receptor location are separately composited and analyzed
annmally for the radionuclides that are major contributors to-the effective dose equivalent, i.e., -

. U=234, 1J-238, Th-228, Th-230, Th-232, Ra-226, and Ra-228. Air sampling filter collection,
handling, and analysis methods are regimented by the EPA such that radionuclide concentrations
that would cause an effective dose equivalent of 10% of the standard (i.¢., | mrem} are readily
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detectable and dlshngmshahle from hackgrmnd Radmnuchde detection levels anrd sampled air
volumes are sufficient to meet the sensitivity requirements of Table 2, Appendix Eof 40 CFR 61
‘which determines compliance with the standard. The quality assurance program described in
Section § of the WSSRAP NESHAPscomphanoeplan (MKF and JEG 1990a) meets the
requirements- of 40 CFR 61 Appendix B. ‘Detailed information, including calculations on

radiation mumtnnnganddosecalculaﬂmsarefuundeecuon4andAppmduG Dunng
calendar year 1991, no significant ashestos abatement activities were performed at the site. -

2.1.2.6 Satistaction umeporung Requirements

2.1,2.6.1 Release Reporting. There have been no reportable quantity mléaﬁes from the -
WSS that were not exempied as a Federally permitted release. Comequently, no release reports
under CERCLA or SARA Title III have been reqmred :

: 2.1.2.6.2 SARA Title IIf Report. For the 1991 calendar year, szSSRAPreponﬂd-'
" the following hazardous chemicals in the SARA Title I Annual Chemical Inventory Report:
15 drums of PCBs; two process tanks containing a solution of TBP/uranyl nitraie; four raffinate
pits containing sludge and water contaminated with uraninm, thorium, radium, lead, arsenic, and

other inorganic r::dnta:ninants; approximately 1,011 cu m (1,330 cu yd) of bagged asbestos; and
16 drums of elemental magnesium and magnesium oxide. The WSSRAF is not 2 manufacturing
facility according to the Standard Industrial Classification (SIC) Codes 20-39, and is lherefore _

. not required to submit the annual Toxic Release Inventory under Section 313 of the SARA.

_ 2.1.2.7 Audit Sumunary. The Department of Energy Ufﬁae of Environmental ‘Audit
conducted an audit of the WSSRAP April 15 through 30, 1991. Draft findings were transmitted

to the WSSRAP on April 30, 1991. The audit team identified a total of 32 findings; seven

findings associated with lack of conformance with Federal and State laws and regulations and

" DOE Orders; 22 findings in whi¢h best management practices were ot achieved, and three . .

findings in which internal project procedures were not followed. A response to the audit in the
form of an action plan was submitted to the DOE in June 1991. On January 22, 1992, the
WSSRAP transmitted the final action plan to EM-421, having incorporated  responses to
comments presented by EH on the plan. ' ' '
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2.1.3 Summary of Permits for 1991 |
The WSSRAP maintains the following permits:
. Three NPDES permits {guarry and chemical plant).

"I‘hmecunstruction permits from the Missouri Wt of Natural Resources (twnfor L |
the quarry water treatment plant and one for the chemical plant). '

"Three driveway permits from the Missouri I-hghway and Tmnsportaunn Department for
the entrance at the quarry, entrances to the quarry haul road, and the entrance to the
Missourt Department of Conservation parking lot. .

One Floodplain Develnpmmt permit from St. Charles Dnunt)r leunng and Zoning
Commission for construction of 4 portion of one of the effluent ponds at the quarry.

3.2 Compliance Status for the Period January 1 - Aprit 15, 1992

A functional appraisal of selected environmental, safety, health and guality assutance:
programs, and conduct of operations was conducted by the Oak Ridge Field Office March 2
through 6, 1992. The appraisal was pesformed to assist the WSSRAP site office in their self- |
assessment program. The following is a list of each area that was apprmsed along with the

- number of proficiencies and deficiencies reported for-each area. Also listed is the nimber of
past audit findings that were. corrected and closed out during this audit.

Proficiency  Deficlency  Past Daﬂuiencv Closed
NEPA 1

4 3

Water Pollution Control 1 6 a4
RCRA 2 3 3

- Groundwater 1 0 ]
Radioactive Waste Management 1] 0 1
Field Monitoring QA 0 6 . 3
Laboratory QA/Data Validation 0 B . 5
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Clean Air Act
Heaith Physics

indusiriatl Hygiene
Industrial angd Construction

G = P
- I R
W 2 B o

Safety
. Transportation Safety 0 0
Fire Protection 0
- Conduct of Oparations 4 10

Status remnains unchanged under the RCRA, the TSCA, the CAA, the Endangered Spemes' o
Act, the hrchaeolpgmal and Hlstmc Preservation Act and Executive ﬂrdﬂr 11988

CERCLA

Construcuun ufthnTSﬁbegaanehrua:y 15‘!9‘2 TthSAwﬂlheusedtostnrewaste
excavated during the quarry bulk waste remedial action. This action is docummted in the .
CERCLA ROD discussed in Section 2.1.1. :

Construction of MSA Phase 1T and Phase ITI has begun. The primary purpose of the
MSA will be 1o provide temporary storage of material gencrated by decontaminating und
dismantling site structures, The dismantlement and management of 30 contaminated structures
is documented in the EE/CA for the Proposed Management of Can:mmm:ed Sfruemms a a‘w
Weldon Spring Cheniical Pfam -May 1991 (hNL 1991a).

NEPA

. A routine mainienance CX was approved January 30, 1992, Approval ufﬁ rcvis_ad-sitﬁ.
characterization CX and one brief EA and FONSI covering the composting of radiologically .
contaminated wood debris is anticipated mid-1992. A wetlands assessment is included in the EA -
that discusses any potential impacts to the wetlands (the area around a man-made raffinate pit)

" from the composting activities. A notice of wetland involvement will be puhhshad in the
Federal Register aliowing for a public comment period.
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CunstnmhunuftbeQWmneanngwmplcﬁunandmnsuumonuftthWIP Tmm 1

“has begun. The Weldon Spring site has received two additional permifs to support the SWTP:

{1) an NPDES operating permit for discharge of uncontaminated water used for leakage testing

" of the ponds and for testing of the plant, which was approved in March 1992, and () 2

. : omau'ucuon permit for construction of the treatment plant system was approved in April 1992,

Plannting has begun for the required information and sampling for the stormwater. pmmt _
application due to be submitted by October 1, 1992, :

2.2.1 Summary of Permits for 1992
The WSSRAP currently maintains the following permits: -
qu' NPDES permits {quarry and chemical plant).

 Four construction permits from the MDNR (two for thc quarry walet treatment plant and
two for the chemical plant). :

Three driveway permits from the Missouri Highway and Transportation Dmrtmmt for
the enirance at the quarry, entrance to the quarry haul road, and the entrance to the -
Missouri Depariment of Conservation parking lot, :

One Floodplain Development pernﬁt from St. Charles County Planning and Zoning
* Commission for construction of a portion of one of the effluent ponds at the quarry.
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3 ENVIRONMENTAL PROTECTION/RESTORATION PROGRAM OVERVIEW
3.1 Praject Purpose

The U.S. Depariment ‘of Energy (DOE), under the Surplus Facilities Management
Program (SFMP) is responsible for cleanup activities at the Welden Spring site, Weldon Spring,
Missouri, The DOE designated the Weldon Spring site (WSS) as a major project in May 1985,
and since then has redefined the WSS 23 a major system acquisition. The program is known as -
the Weldon Spring Site Remedial Action Project {WSSRAP). The major goals of the WSSRAP
mmchmmatepotmuallmzardsmmepubhcmdmemmmt and to make surplus real
property avaﬂable for other usm, to the extent possible.

Remedial actions carried out a: the WSS are subject to U.S. Environmental Protection:
Agency (EPA) oversight under the Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA) of 1980, as amended by the Superfund Amendments -and
Reauthorization Act of 1986 (SARA). Response actions at the WSS are subject to the CERCLA
requirements because the site is listed on the EPAs National Priorities List (NPL). The DOE
is also responsible for complying with the National Environmental Policy Act (NEPA) of 1969,
which requires Federal agencies to consider the environmental consequences of a pmposed action
aspartufth&dammonmahngpmcﬂssfmﬂmacmn '

The pmposed management of the clean-up of the WSS i3 organized into four separate
operable units: quarry bulk waste, waste from the chemical plant and raffinate pits, chemical -
plant groundwater, and the quarry residuals area. A Feasibility Study-Environmertal Impact
Statement (FS-EIS) will be. prepared for cach of the operatable units to analyze various
. alternatives for conducting remedial action at the WSS, Prior to issuance of the record of -
decision (ROD), various interim response actions (IRAs) will be performed to nutlgate actual
or potential uncontrolled releases of radicactively or chemically hazardous substances o the
environment. The scope of the TRAs is limited to those actions matcanheperformedundame :
CERCLA and within the constraints of the NEPA regulations. It is DOE policy to integrate the
requirements of the NEPA and the CERCLA pmcesmmnrdnrtumuumwadocummtanmmd. '

expenditures. -

DOE Order 5400.1 General Environmental Protection Program requires the preparation
of an Environmensal Protection Program Implementation Plan (EPPIP) (MKF and JEG 198%b)
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ataHDDEsﬂﬁ TthSSEPPIPdctmlsmenﬂhodsbywhmhﬂmpmgmmmadmuusumd

under CERCLA as amended by SARA and by NEPA. Wuhﬂmseaddmmalrenmdlalamm

requirements, the WSSRAP has a different overall goal from the standard operating and/or
production facilities for which DOE Order 5400.1 way developed.

As a result, the WSSRAP EPPIP has been prepared to meet .the intent of DGE.Urde;
5400.1 while being tailored to the unique aspects of a remedial action project. One mechanism
used to meet WSSRAP requirements is the annuzl preparation of an Environmental Monitoring

Plan(EMP)mqmredbyDﬂEﬂrderﬁdﬂDl All requirements for air, groundwater, water,

efftuent, sediment, biological, radiological, and non-radiological monitoring are satisfied by the
plan. Results of the annual mumtonngpmibedhyﬂmﬂﬂ?mrepomdmthismuai gite
envmmtal repurt

3.2  Eavironmental Program Overview

" The monitoring of remedial activities and sclected remedial altematives as directed by.
‘the CERCLA, the SARA, and the NEPA regulations and the environmental mmﬁtoring
requirements set forth by DOE Orders has been developed for incorporation at the WSS,
program is specifically designed to reduce the threats to health and/or safety to on-site wm‘knrs
and the public, and to mitigate actal or potential uncontrolied contaminant releases by a '
_combination of active and routine periodic monitoring of various environmental media,
Currently, routine monitoring at the WSS provides baseline data (prior to remedial action) and
documents releases and exposures to the public and the environment at a no-action cléan-up

o level, Enwrmmtalmomwnngwﬂlmnunuewhepafommdmamsstheinmmﬂfmmedial

action on all affected media, Over the long term, this environmental monitoring data will be
used to demonstrate the effectiveness of mgumenng controls and remediation,

New requmts of DOE Order 5400.1, effective November 1991, have been -
~ successfully incarporated into the 1991 program on a characterization: of preliminary study level.
These new program elements include sampling of sediments, benthic invertebrates, zooplankton
and -agricultural Crops as part of the overall hmlogm] monitoring. activities.

~ Additions to the overall 1991 EMP program inr:lude a surface water management
program that includes sampling of the. material staging area (MSA) effiuent pond prior to
discharge, and an increase in geochemical monitoring including. sampling and . analysis of
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- cmwhtuentssuchasaﬂuhmtymdmetals Aconunumsmdmmumtnnngpmgrammuuﬂamd
for the project and includes five monitoring locations: quarry perimeter, southwestern corner of |
" - the chemical plant near Raffinate Pit 4, anc:sHuweﬂﬂlghSchml the administration building -
at the chemical plant; and a background location at the Busch Wildlife Area. {)me:mmphanoe-
activities include the preoperational sampling of the Missouri River prior to start up of the
qumywﬂertmtmmtphntmdmmmddaﬁmmmuunsuchasnendma]ymmd

~ In all, a total of 111 groundwater locations were moritored, 33 surface water lui;atibns,

" 22 radon and TLD stations, five radon and radon daughter stations, 11 air particulate, 'six

asbestos locations and 10 NPDES locations with one location awaiting the quarry water treatment
. plant operational start. ' ' '

3.3 Summary of Project Accomplishments for 1991

~ Several activities have been completed in 1991 under the overall plan for remediation of
the Weldon Spring site. The ROD for the quarry bulk waste removal was approved by the EPA '
and the DOE on September 28, 1990, and March 7, 1991, respectively. As part of the
- remediation of bulk wastes, the design for the temporary storage area (TSA) for bulk wastes was
completed and approved by the EPA in August 1991, The wastes will be removed and
.transported via a dedicated haul road from the quatry to the chemical plant where the TSA is
to be constructed. The quarry haul road work, which was started in 1991, is nearly -completed =
and includes the sealignment of Highway 94 by the Missouri Department of Transportation. The
preparation of the TSA area included: the demolition of Building 302 and the 13A series

buildings and clearing of debris and brush in the TSA area. Construction of the quarry water
_ treatment plant was initiated in 1991 and included excavation and grading. In conjunction with -

" the quarry water treatment plant, the quarry decontamination pad was built to support bulk waste
" yemoval, and general construction and road work was completed in the immediate quarry area.

| The construction of the chemical plant water treatment facility was initiated in 1991,
according to the approved EE/CA of July 1990. Activities included grading of the treatment _
plant area, Btuldmg 401 slab removal, and cleanng and grubbing in the area, '

The EE/CA for the Proposed Management for the c'mmim;ed Structures At The
Chemical Plants (ANL 1991a) was completed in May 1991; reviewed and approved by the EPA
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~and a Fmdmg of No Significant Impact (FDNSI} was 1ssued by the DOE. The mmmral action |
" document (RAD) for contaminated structures was 1saued in November 1991.

- TheMSAPhaseIatﬂwWSﬂPwascomp&et&dml?Ql and included grading and fining
. _ufﬂweft‘luentpund,placnrnentnfstomgecompactadhnmmﬂieMSAm and beginning of
transfer of debris materials to the storage area. Phase]IandllInftheMSA the final portion,
was started in 1991.

The Resource Conservation Recovery Act (RCRA) and Toxic Substances Control Act
(TSCA) storage facility received an upgrade in 1991 in order to support storage capabilities and
operational needs. The upgrade included the installation of a nmnpachor to manage persortal
prmectm-. equmﬂnt {PPE) debris and waste.

Effurts have also begun. o the dcvelopmmt of -a work plan for long term remediation. of"
quarry and surrounding areas, defined as the quarry residuals area. The development of the .

quarry residual area work plan was started in 1991 and will identify pntenualmutes of human - -

exposures to site contaminants, identify data £aps, and summarize the prucess and proposed
studies for the residuals mveshgauun

3_.4 - Waste Maua.gement

_ Consolidation of containerized wastes at the WSS was completed in a two-phase effort
in January 1991, Owver 1000 containers (varying in size from 203 liters [55 gallon drums] to
small vials) were collected, field analyzed, consolidated, and placed in interim storage pending
a final disposition, The field analysis provided qualitative data to support the consolidation
effort. Treatiment and disposal options are being supported by a comprehensive off-site analysis
program. This detailed characterization program is.guided by the Weldon Spring Site Waste
Analysis Plan (MKF and JEG 1991b). The wastes are stored in the on-sitt RCRA and TSCA
" torage facility, Building 434, untif a final treatment or disposal option is available. The .
_WSSRAP has not shipped any RCRA waste off-site and therefore his not been reqmred to
comply with RCRA. manifest or biénnial report requirements, The biennial report requirement

under- 40 CFR 264.75, which includes the requirement for hazardous waste minimization - .

certifications and waste reduction reports, is an adminstrative requirement and therefore does
not meet the definition of an ARAR under CERCLA. If RCRA waste is shipped off-sﬂsa_
aﬂnﬂnistrative requirements must be complied with and a biennial report will be prepared.
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Thenn-ﬂteRCR&swragefacﬂltypmwdesappronmmdylTﬁ‘?sqm{wDﬂﬂsqft)of

. storage area. The building, originally a warchouse, was renovated to meet the RCRA standards
for containerized storage areas. -Most of the wastes are comtained in U.S. qutmentnf
Transportation (DOT) approved 209 liters (55 gallon) drums and um_packs The current
containerized inventory includes 25 drums of asbestos containing material, 249 drums of RCRA-
regulated material, 38. drums of the Missouti Department of Natural Resonrces (MDNR)
regulated material, 39 drums of TSCA-regulated material, 83 drums of other DOT hazardous

. material, and 804 drums of nomhazardous material. Themmalm??shngbagsufnm-*

hazardous material stored in Building 434. The drums are siored in accordance with all -
applicable RCRA and TSCA standards. .

A number of areas on site are used for long term shqrage-of bulk wasie, The active bulk
* waste storage areas consist of two soil spoils areas, the MSA, Building 103, and the mulch pile.

Thetwosnﬂsspoﬂareasmusedtusmremlandooncretembhlege;mteddunngnn*
site construction activities. One area is used for the storage of material with U-238
contamination levels less than 15 pCi/g (0.56 Bg/g). The other area is used for the storage of

material with U-238 contamination levels greater than 15 pCi/g (0.56 Ba/g). Matenal is plaoed L

in the appropriate area based upon representauvc tm-mtﬂ sampling.

. The MSA is a 52 ha (13 acre) staging area for radicactive building demolition material.
Construction of Phase I was completed in the spring of 1991. It is used to stage building
demolition and site clean-up material. MSA Phases Ii and 1H are scheduled to be completed in .
" the spring of 1992, The entire MSA will be used to stage all building demolition and site clean-
up material, excluding concrete rubble, asbestos-containing materials {ACM) and soil. - No
RCRA waste will be staged at the MSA

Building 103 is presmtly used for temporary siorage of ACM and PPE generated on site.
Futute pians mcludathedwelopmentofammgearmfurmﬁngmehCMunﬁlﬁml
disposition is determined. The PPE is scheduled to be compacted and placnd in Bmldmg 434
for lcmg -term Storage.

All wastes at the WSS are tracked using the Waste Invmtoryfl‘rachng Systam (WI'I’S)

a mmputer inventory database which facilitates tracking of bulk and containerized waste data.
The WITS has four functions: inventory, tracking, disposal, and report generation. The
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mvmry function consists of original m.atenal inventory, The tracking fanction is capahln of

tracking material and volumes from its ungmallncatmnnrtrachngaspmﬁc container. The

-~ disposal function is capabie of providing information on the disposal of material from its original
location or disposal of a specific container, The report generation function is mpable of

producmgrepoﬂshasedundatacontmnedmﬂmWITSpmgmm ' -

3.5 Safety and Security

‘During 1991, the WSSRAP maintained a seven person Safety Department staff. The
department is responsible for all phases of site safety including construction, industrial, and
laboratory. One safety supervisor acts as the site Emergency Response Coordinator and oversees
a 20 member Bmergency Response Team. This' team incorporates staff from. various -
" ‘departments on the project and is trained beyond the required 40 hour Hazardous Waste
Operations and Emergency. Response (HAZWOPER) training under 29 CFR 1910.120 to -

respond to all site emergencies, including hazardous mmalmmdmts Tl'nctmmhasa. :

complete spill response inveniory to control and contain any spill incidents on site. - The

department also maintains safety programs and procedures at the WSSRAP, mcludmg slaff -

training and emergency drills.

Site security is also under the direction of the Safety Department. Security guards
provide 24-hr coverage at the main site and the quamy. The sécurity program also addresses
all applicable DOE orders including lock and key programs, which include on and off-site air
nmnunnng equipment and groundwater wells. =

3.6 Incident Reporting
The WSSRAP follows all applicable DOE orders pertaining to occumence reporting, i.e.,

Order S000.3A. All local, State, and Federal reporting requirements are also followed. An
Einergency Management Team consisting of site management has been trained to coordinate all

incident reporting requirements during and afier any such emergency and non-emergency o

incidents. This organization ensures timely response to categorizing and notification - of afl
involved agencies. '

Environmental incidents that occurred are described in the following sections,

m:\users2joannetaserd Naserdl 40



081892

3.6.1 Repﬂrted Environmental Oceurrences During 1991

. The following information is included to satify the requirements of DOE Order 5400.1,

Part TI, 2(b). Two.events of environmental significance were reported during 1991 as off-

normal occurrences vnder the DOE Order 5000.3A, Occurrence Reporting and Procéssing of
Operations Information. These cvents were reported due to heightened sensitivity regarding
issues of potential groundwater contamination near the St.-Charles County water production well
ﬁcldandd:dnntrepresmtamlmmattuthequahtynfthcmuntyswatﬂ supply.

On February 26, 1991, an elevated uranium concentration (20 pCifty for MW-1011
located east of the quarry (Figure_ﬁ-ﬂ)' was reporied by a subcontract laboratory. Validation of
the reported value was performed and & second sample was collected and found to have &
uranium concentration of 30 pCifl. Conclusions regarding the cause of the elevated uranium
" concentration are that contaminated surface water is migrating from the Femme Osage Slough
into the groundwater south of the slough. As a result of these elevated ¢concentrations sampling
frequency for MW-1011 and adjacent MW-1010 was increased from quartetly to weekly,
continuous water level monitoring was initiated at selected monitoring wells; packer tests were
conducted on several other wells sonth of the slough; and preparation of a draft contingency plan
. to address worst case scenarios was initiated to ensure protection of a quality water supply 1o
residents of St. Charles County. The incident was reported as an off-normal eccurrence under
DE}E Order 5000.3A.

_ On May 6, 1991, routine monitoring (first quarter 1991) revealed a significant increase

_ in the uranium concentration of the surface water contained in the Femme Osage . Slough
(Figure 6-3). Thé detected uranium concentration in the slongh was reported to be 326 pCi/l.
'Additional samples were takeén and the data was validated. The data was also compared with
historical data and found to be below the historical high value of 557 pCifl. No further action
was required. ' '
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3.7 Embankment Safet:,r Acmities

Federal regulations require that embanhmms preater than 7.6-m (23. ft} in’ heaght, or
embankments that would pose a sngmﬁcaﬂt downstream hazard, be regulated by an embankment -
safety program. . The Federal Energy Regulatory Commission has the overall responsibility for .
DOE-owned embankments and. will perform formal inspections at least every five years.  The .

. Project Management Contractor (PMC) is responsible for development and implementation of
an embankment safety program, maintaining the embankments and - pe.rfurmnm mrutmfs
survﬂllanoa and intermediate mspectmns : '

~ The WSSRAP began developing a formal embankment safety pmgram'in-lgfgl. ‘This
program consists of an embankment safety manual and an inspection procedure. These
documients will define regulatory . and inspection requirements, identify training programs, ' -
document inspection requirements, and provide documentation of all embankment safely -
activities. This formal program. will be implemented in 1992. B

All embankments at the WSS were informally inspscted during 1991, These inspections.
noted only minor deficiencies that did riot threaten embankment mtegnt)r Maintenance activities .
performed dunng 1991 included mowing and brush remmral

3.8 Waste M‘mhnhatiunﬂ’ulluﬂnn Prevention Program

_ The waste minimization/pollution prevention activities at the WSS have beexn combined
and are described in the Waste Minmimization and Pollution Prevention Amms Plan
.(NIICF and JEG 1991a)., The program 's kc)r elements include:

* Chemicat Cﬁntml “To minimize the generatmn of hazardous waste a review and
~ approval mechanism has been developed for chemical control. New purchase ordess
that are initiated by mtepmalmelfotchamwallyrelatedmatma_is are reviewed,
evaluated, and approved by qualified personnel prior. to-purchase.

¢ Training and Awateness - Personmel at the WSSRAP maintain awareness of waste

minimization concepts md on-site policy through periodic presentations, wmnars, and:
other training.
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work package review system that allows each affected site organization to review and . .

cummmtonallpmposedsuhmnmedwﬁk Each package is reviewed to ensure .
' that proper measures have been incorporated into the subcontractors requirements in
support of waste minimization and pollution pmrmtinn.

¢ Recycling Progeam - A smali, but sumsful office mcychng program. was mmamd
by the WSSRAP in 1990, Conceived by the employees and endorsed by project
‘management, the site presently reuses office materials and recycles office paper to the
extent practical. It is also standard practice to purchase recycled paper products in
an effort to increase the markets for recyclable materials. The program ﬂemphﬁes
the effectwencss of the site’s employee participation pmgram

3.9 Airborane Aushestos Mogitoring

_ From February 11 thmugh March 25, 1991, an asbestos abatement operatmn was
conducted at the Weldon Spring Chemical Plant. As specified in- the WSSRAP Envirormental..
Monitoring Plan (MKF and JEG 1992b), routine airbome asbestos mONoTing is conducted on -
a weekly basis at the site perimeter stations and on a dmly has:s at Francis Howell High Sehml
(WHHS) during on-site asbestos abatement operations. '

‘During the subject period, -a total of 28 environmental air samples were collecied. -
Eighteen of these samples were collected at FHHS and 10 were collected at site perimeter -
stations located both upwind and downwind of the site. Each samplewascollectcduvz:a'? hr
to 8 hr sampling period, during normal site working hours, and was analyzed by Phase Contrast
 Microscopy (PCM). This method provides a measurement of total airborne concentrations for
fibers having the same size and shape characteristics typical of asbestos fibers. PCM

methodology does not distinguish between airborne asbestos and nonasbestos fibers having. -

similar morphology. One sample collected at FHHS on February 19, 1991, was analyzed by

fransmission electron Microscopy (TEM} which is capable of pummrely identifying asbestos -

fibers. No asbestos fibers were detected in the TEM analysis
The results of the PCM alrsamplescollectedatﬂiemtepenmeter stannnsrangedﬁnm

. 0.0001 fibers per cubic centimeters (ffcc) of air to .0006 ffec; results from the samples collected -
at FHHS rangad from 0.0001 f/cc to.0.003 ffec. Based on a comparison of mmple results
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collected at the site pcnmeter s,tatmnsand samplemwlts mHectedalFHHStu thelmut N
* 0.01 fiec, no significant tiends or findings were ideatified. Also, no significant difference was -
identified when the samples collected upwind of the mtcwerecompamdtom;samplamﬂmd :
downwind of the site. The environmental air samples mdl-::ate hackground aitbome ﬁbﬁr"' '
concentrations.

Foliowing completion.of the on-site asbestos abatement operation, site perimeter and off-
site airbome asbestos monitoring was discontinved for the remainder of 1991. Routine airbome
ashestos monitoring at the site perimeter stations and at FHHS will resume during the :m-mu
asbestos abatement operations scheduled to start in the second quarter of 1992, '

In addition to environmental asbestos monitoring, periedic workplace and employee
exposure momtnnng were conducted throughout 1991, This monitoring was conducted in the
vicinity, or in the breathing zone of, site personnel engaged in nonabatement actm&u such as
building characterization, sump sampling, pre-bid tours, waste oil collection, and soil or debris .
excavation. Resulls of these samples indicated no personnel exposures above the U.S.
Occupational Safety and Health Administration (OSHA) permissible exposure limit (PEL) of
0.2 flee, 8 hr time weighted average. These data further demonstrate that there were no
signiﬁcant environmenital fiber releases during these activities.

. Twoof the personnel £xposure sampleswereanalyzed b:fTE.M No asbestus fibers were
: dﬂectedunmeoftheTEMsamplesandthcmherTEMmmplcwasfuundmhmam
fibers well below the PEL.

3.10 Meteorclogical Monitoring

The WSSRAP instalied a new 'meteu;rnlnglml observation tower to provide daa on
meteorologicat conditions and transport and diffusion qualmas of the atmosphere at the site.
' Efforts are underway calibrate the equipment and to establish a quality assurance plan
perfommnca audits, and system audits. Until such efforts are completed, the meteorological data
collected cannot be assumed to be valid. Therefore, no meteorological data are presented in this
. section. The maintenance and daia inspection requirements of the system are detailed in -
- procedure ES&H 4.8.3s. ' '
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Located near the main entrance to the chemical plait site, the meteorological siation
" monitors the following parmeters: wind speed, wind direction, horizontal wind fluctuation,
" ambient air temperature, barometric pressure, and precipitation intensity and accusuiation. Data
collected at the tower will facilitate dispersion and diffusion modeling to supplement ambient air -~
monitoting in the determination of off-site radiological dose assessment in the event of an

aitborne release. Data will also be used to support the WSSRAP environmental surveillaice -

program. Precipitation measurements will be correlated 1o aquifer water lével fluctuations in
_ the Femme Osage Slough and the Weldon Spring Quarry (WSQ). Water level fluctuations will
be studied 10 aid in the determination of the cause of fluctuating uranium concentrations at the
aforementioned locations. Wind direction results may be analyzed to determine if studies on .
foliar absorption of radiological or chemical contaminants by vegetation are needed.

311Traimng

Tralmng is a key elemmt of the environmental prowctmn program. Through tmmng, o
each employee is instructed in the policies and procedures related to mvmnumtal protactim..
Dn-gnmg training’ sessions also continually reinforce the objmnves of the program.

The training program can assennally be broken into four main areas; (1) documﬂms {2)
procedures, (3) special courses taught on-site to convey specific policies or issues and, (4) off-
site courses designed to provide instruction for specific areas. Each -new employee at the
WSSRAP is assigned training requirements based on job assignment. The department manager
establishes a unique training matrix for each :mpluyw that includes documents, pmeﬁum on,
and pnss:lbly off-site, training courses.

Course selection for each employee is specifically designed to ensure a comprehensive
understanding of position requirements and overall policies and program requirements. The need |
for off-site training to augment site training is evaluated annually and included in the fiscal year .
. budget. Courses specific fo waste management are reviewed and planned throughowt the year -

" for general employee training. Other off-site courses are mandated for key mdmduals as a part
of on-going trammg or certification requirements,
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: Thestatusnfempln}reeu'ammglsrepormdtothcvanuusdcpartmmmlmanagersandthﬂ".- _
mdmdual employees on a monthly basis. Monthly: reports include status of documents and =~ -
prwedures reviewed, as weﬂastrmmngpmgmnsand_off-sﬂemumestahmdunngﬂmcmmt

year.
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4 ATRBORNE, GAI'«[&{A. AND ENVIRDNMENT&L RADIATION HETEC'I‘I{}N
PROGRAM AND MONITORING RESULTS

4.1 . Radiotogical Monitoring Program Infnrml_ﬁon .

The Weldon Spring Site Remiedial Action Project (WSSRAP) operates its environmental -
monitoring and surveillance program in accordance with the U.S. Department of Energy (DCE)
Orders in the 5400 series. The substances present as wastes on the site require monitoring for
both radiological and nonradiological constituents. This section describes. radiological.
monitoring results for radon, external gamma rad:auun, and airborne radioactive pammlam at

-various site perimeter and off-site locations.

The assessment of potent:lal radiological 1mpacts to potennal recepturs and puprulannns
from activities at the Weldon Spring site (WSS} is performed thrnugh statistical comparisons of -
the data acquired through the mionitoring program, as welt as the demonstration of compliance -
‘with regulatory requirements. In cases where data collection is performed under similar
conditions, hypothesis festing is done to compare, at the 95% confidence level, the reselts
measured at all on-site and off-site .monitoring locations to those measured at background
locations. Monitoring results that are statistically different from background monitoring results -
are documented and the potential impacts evaluated. The environmental radiation monitoring
programs, monitoring results, and related envuonmental impacts from site-related mdmiaglml
contaminants are descnbed below.

4.1.1 Radon Gas Monitoring

Radon is a naturally occurring radioactive gas found in both the uranium and thorium
decay series. Rn-222 is formed by the natural radivactive decay of Ra-226. Both Rn-222 and.
Ra-226 are nuclides of the U-238 decay series. Rn-220 (also historicafly described as thoron)
is formed by the natural mdioactive decay of Ra-224. Rn-220 and Ra-224 are nuclides of the.
Th-232 decay series. Both U-238 and Th-232 are naturally occurring radionuclides in soil and
rock. A fraction nfmemdonpradunedfrommemdiuacﬁvedmjrofnmmﬂymuningﬂ-ZSS
and Th-232 diffuses from the soil and rock into the atmosphere, accounting for natural
background airborne tadon concentrations. Radon is produced at the WSS from these natural.
sources as well as from the Ra-226 and Ra-224 contained in contaminated waste materials. -
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.Airborne radon concentrations fluctuate with both soi] conditions and mlugmal
conditions, The amount of radon that actually enters the atmosphere varies depending on the
following parameters: radium concentrations in soit, soil moisture content, soil’ pﬂmsity,
density, emanating fracnan, and atmusphcnc pressure,

The e,manaﬁng fmcﬁu’n is the fraction of radon produced.in soil that escapes from zoil :_.
patticles into the pore spaces, the air-filled voids present in soils. Dlﬂymeradunmtermgthm
pnrespmmlsavmlahleforreleasetomeamwwhere

Porosity 1sameasureufthepdrespaceofﬁ'acﬁunnfmtal soil volume occupied by the
- pore spaces. The higher the soil porosity the greater the number of available pore spm:e.s for
radon nugrahon

Some fraction of the total pore space volume is typically filled with water. Soil moisture
‘ content provides a measure of this fraction. Radon diffuses easier through air-filled pore spaces
than water-filled spaces. Therefore, the higher the soil moisture contént, the lower the radon
~ emanation rate into the atmosphere. - The moisture coritent of the soil is the most variable of
these parameters and is primarily responsible for quarterly and annual changes i in a:rhume m :
' concentrations. . '

_ The radon gas environmentil monitoring pmgmm utilizes a pair of radon detectors at
each of 22 permanent monitoring locations; six locations at the WSCP perimeter, six locations -
at the WSQ perimeter, four locations at the WSRP perimeier, and six off-site locations. Radon

monitoring locations are identified with an "RD" prefix and are shown in Figures 4- 1 4-2,and-

4-3, On-site monitoring locations are-distributed around the perimeter fences fo ensure adequatg
detection of radon dissipating. from the WSS under various atmospheric conditions. Imnnns
" RD-4001, RD-4004, RD-4D[}5 and RD-4006 monitor backgmund radon gas concentrations.

MmdnndetactorsumdmlhmpmgmmmTarmdemeckEtchTypeF TypeF

detectors are sensitive to-all isotopes of radon. Thes:dﬂectmxmhnusadmpmtecﬁwplaxﬁc .

cups and are mounted in an inverted fashion on posis. Thedetectorsareexchmuedatthe
begmnmgofmhca]mdarquanerandareamlyzedoffmte The detectors are deployed in pairs
to evaluate and reduce the natural uncertainties associated with this type of measurement.
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. For each momtcmng station, the results obtained from the pau of detéctors a¢ cach _
location were averaged to achieve a quarterly average radon cummtramn for - the location.
These quarterly averages were then utilized to determine annual aversge radon concentrations
at each location. The annual standard devmnunwascalmlamd by taking the square root of the -
sum of the squared quarterly standard deviations.

Incaseswhmthercsultsforthequmerwmmportedashelow the detection limit, the
- "less than detect value" was replaced with one half of the detection limit. This approach is
* recommended by the U.S. Environmental Protection Agency (EPA 1980). Thlsvahlewastheu
vsed in caleulating annuat averages andmndarddﬁlaut}ns

Table 4-1 smnma:izes the quarterly and annual avcrage radon (Rn-220 and Rn-222) .
© concentrations detected at ail WSS perimeter and off-site monitoring locations. Also contained..

mTahle4l1saonmpansnnofﬂ1emeasuredannualaverageconcmtranonmﬂledmred"--

concentration guideline (DCG) for unrestricted areas of 3 pCifi (111 Bg/m®) above backgmund_ _
spemﬁnd in DOE Order 5400.5, '

The annuat background concentration was determined by calculating the atithmetic
average of concentrations reported for the four background monitoring locations. These four
focations are: RD-4001, RD-4004, RD-4005, and RD-4006. These data yielded an annual
average background radon concentration (Rn-222 and Ra-220) in 1991 of 0.3 pCifl
(11.1 Bg/m”). The average background radon concentration did mot change from the 1990

average and was less than the 1989 average of 0.6 pCi/l (22.2 Bg/m?).

The quarterly radon concentrations at each monitoring location were compared
statistically, at the 95% confidence level, to the quarterty concentrations of the four background
locations. Those locations that were statistically greater than background were compared to the _
DCG for unrestricted areas (3 pCi/1). In order to make the comparisons, theaj.rﬁage annual
background concentration was subtracted from the annual average concentration cbtained at the
. monitoring location. This value was then compared 1o the DCG. - The results are presented in
Table 4-1. '

4111 - Chemical Plant/Raffinate Pits.  Radon concentrations at the WSS

perimeter and at the raffinate pit.locations obtained in 1991 were comparable to those obtained
in 1990. The perimeter stations yiclded an overall average that was slightly less than in 1990.
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TABLE 4-1 1991 Radon Track Etch Monitoring Results for the WSCP/RP and WSQ Areas'®

Location LD,

ist ﬂuirter
pCia

3rd Quarter

ath Qurater
P’Ci

Annual
Average
pCin Std. Dav,

Percant of
DrG 1] 2]]
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TABLE 4-1 1991 Hadun Track Etch Monitoring Results for the wscwnp and WSQ Areas'“‘ tCnntmuad}

1at Quartar 2nd Quarter
plifl

ey e = ree
H .

| RD-4001* ° A 0.3 0.5 0.2 02 - 0.1

.;Rn4mu | 0.2 0.2 0.6 0.2 03 0.3
| Ro-s003 0.2 0.2 08 0.2 03 o
| RD-4004* 01 0.3 06 . 0.2 g3 | o
.§HD4mm' 1 01 - 0.2 0.6 | 01 03~ { o1
gnn4mm' 004 | 03 0.7 0.2 03 "PJI

[ill Results include naturat background radon concentration. '
(b} Parcent of Derived Concentration Guideling {DCG! calculated by taking tha annual wurm minus tha warann bunl:gmmd cunbantrarhnn t.e.,
0.3 pCifl, divided by the DOE DCG for Rn-222 (i.e., 3 pCifl [111 ByM™.
{c)-  Percent of guidefine calculated only for stations that m statistically different from background.
*  Denotes background station. . _
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* None of the momtonng locations in the chemical plant and raffinate pit areas provlded n:sults
that were statistically different from background concentrations, Both 1990 and 1991 ‘radon |
concentrations are substantially lower in these areas than-in 1988. Elevated radon concentrations -

were recorded in 1988 because of a regional drought. The 1988 drought reduced the moisture
. content of the soils and the radium-containing wastes, sllowing a greater fraction of radon -
present in the soil and waste voids to diffuse into the atmosphere, The lower radon
concentrations recorded in the last two years are typical of values expected during years of
normal precipitation levels and are comparable to concentrations reperted prior to 1933. '

4,1.1.2 Quarry. Radon concentrations at the quarry were found to be-statistically
greater, at the 95% confidence level, than background radon concentrations. Radon
concentrations measured at the quarry perimeter are typically greater than concentrations
measured at other WSS monitoring locations. Increased radon concentrations at the quarry are
due to the radium present in the quarry bulk wastes, which is much greater than the radium
- present in most other contaminated areas. “Also, the quarry is a large depression in the terrain
with side walls ranging from 3 m to 15 m high (10 ft to 50 ft), which tends to trap emanating
radon within the quarry and elevate the concentrations along the quarry perimeter.. However,
none of the locations at the quarry showed annual average radon concentrations above the DOE
" DCG annval average radon concentration of 3 pCifl (111 Bg/m®). Overall, the concentrations
at the quarry were slightly less than the concentrations measured in 1990 and reflect values
expected during years of normal precipitation. '

4.1.1.3 Off-Site. Radon concentrations found at the off-site locations in 1991 were
similar to those obtained in 1990, The concentration levels measured in 1991 are representative
of typical background concentrations and reflect those measured in years with nm'mal

precipitation.

4114  Continuous Radon Monitoring. A new facet was added to the radon:
envirgnmental monitoring program at the WSS in mid-1991. Continuous radon gas and radon
daughter monitors were placed at locations AP-2005, AP-4007, AP-3004, AP-1009, and .
AP-4006 as shown on Figures 4-1 and 4-2. The continuous monitors are portable, fully
automated instruments capable of continuously mositoring for radon gas, and radon and thoron -
progeny (daughiers). The data are retrieved from the sampler locations by downleading the data
from the monitor’s intemal storage center. to a portable computer. The continuous radon gas
and radon daughter samplers were placed in operation in mid-June and remained in place until
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) carly October. an to installation in June, ﬂlt: menitors were calibrated at the DDE radon
calibration facility in Grand Junction, CO. The samplers were removed from service in early
October to conduct a test of operational comparativeness. The test was performed during
Gcmhermbecemberandmdlmtedthatﬁlesamplmopemiemﬂmmmemmner A major
hindrance to the continuous radon gas menitoring program is the reoccurrence of malfunctions.
within the monitor’s framework causing the sampler to shut down, On average, each monitor

- required approximately six weeks of off-site maintenance during the 17 week opcrauanai period.

For each monitoring station, the hourly concentration measurements, which are obtained.
on a daily basis, are averaged to achieve a daily average for the location. Daily averages are.
© used to caleulate weekly averages, which are used to calcutate sliding averages. Sliding '

 averages tepresent the average of all data collected at each monitoring stau:m from the-actual. -
day the monitor began operation to date.

Figures 4-4 through 4-8 show the daily averages, weekly averages, and shdmg avmages
for each continvous radon -fonitoring station. Figure 4-8 illustrates. the results of the
background continuous radon monitoring station, AP-4007. The graphs show that the sliding -
average, including background, at locations AP-1009, AP-2005, AP-3004, and AP-4006, is
below the derived concentration guideline for unrestncted areas of 3 pCi/l (111 qum’) above
'hackground :

' The initiation of the continuous radon monitoring program during 1991 provided ana!het
mechanism for evaluating possible effects of radon gas and radon progeny on the surrounding
envirotment. Although valuable information concerning thé operahonal struciure of -this
" program was gathered through the first year of the program, the statistical comparisons that were

performed for the radon track-eich monitoring data are not applicable to the dam obtained '

through the continuous radon monitoring program.  Reliable comparisons of radon

© concentrations at each continuous sampler monitoring location o the recorded background radon
concentration are nat appropriate due both to the operational problems of the samplets and the

_varigtion in atmospheric radon concentrations. Since radon concentrations in the atmosphere -
fluctuate due to both soil and meteorological conditions, monitoring stations that are not
sampling over identical time intervals do not provide data'sets representative of collection under
identical conditions, For statistical comparisons of data sets to be valid, the data collection
conditions must be approximately the same. It is not appropriate to compare the resulis obtairied
at two different locations when sample collection occurs under dissimilar conditions.
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4.1.1.5 Five Year Trend Analysis of Radon Gas. Figure 4-9 graphically presents

'thetmcketchmdmtdmcturresultsfmmmelastﬁveym ~The graph shows the annual

avﬁagemdmmncenmmnfm&wmomwnngmmthequmy chemical plant, raffinate.
- pits, and off-site locatmns The results s!mwn mcludenatulalbmkgmundradonmmmum_'

Thegraphdepmtsamsnnctdmmemmdmmmenmﬁmaﬂerw% aywmwhmh'
drychmnccond;mnsledtuincmsedlemlsnfradonmmnmfromlocal snﬂsandquan}f
hulkwastes

Theavemgeradonnmmmmm lﬂglwmmmmthosemdadmuaﬂyw'
tlwlastﬁveyears Th:quarr}rnrmualavmagecmmmmmnforwﬂlwumgherﬂmn
concentrations measured in other areas which maintains the annval trend at the Weldon Spring
Quarry (WSQ). Assmedpremusly,memgheremcentraumsmmrdedattheqmnyma-
resuit of the higher radium comcentrations present in the quarry bulk wastes. In addition, the
slnpemdmufmehrgedepmmmdsmmpm“ﬂhmmequaﬂfwﬂlsm_
consequently, elevate the concentrations at the perimeter. .

4.1.2 Gamma Radiation Monitoring

Gamma rays are jonizing electromagnetic radiation emitted from the nucleus of atoms. -
' The environment contzins fiatural radioactive substances which emit gamma radiation.
Tesresirial radiation sources refers to natral radioactive elements in the environment, primatily
Potassivm-40, and radicactive isotopes of the uranium and thorium series found in' the earth.
Cosmic fadiation is high-energy radiation that originates in outer space and filters through the
atmosphere reaching the earth’ 5 surface

_ " Together, mesemmmntfmnammmkgmundgammmden ‘The
--a\re:rageannualduseeqmvalanttupeuplemtheUmtedStatesfmmmmlcmdmumm _
approximately 30 mrem (0.3 mSv). The magnitude of the regulting dose from cosmic radiation

increases with altitude above the earth’s surface. Theanﬂualdusefmmterresmalgmnma
radiation varies geographically across the United States, from about 16 mrem (0,16 mSv) at the
Aﬂanmandﬁulfﬂmstalplmnswabnutﬂ mrem at the eastern s!upesnftheRockyMounmns
The United Nations (UNSCEAR 1982) estimates the typical external annual effective dose
'eqmvalmt from all naturally occurring radiation to be 30 mrem/yr (0.3 mSv/yr) from cosmic

.. m:\um!‘njnanmﬁaarﬂ I'aserd1
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sources and 35mremfyr ({}35mswyr) frnm termstnal radmhon for-a total 0f65 mrcm.-‘yr _
{(D.65 mSv/yr). :

Gamma radiation is emitted by many radionuclides in the U-238 and Th-232 decay series.”
“These radionuclides are found in above-background concentrations in many areas of the WSS,
Gamma radiation is monitored using environmental thermoluminescent dosimeters {TLDs). The
TLDs are composed of five lithium fluoride chips in a durable spherical polyethylene holder.
The TLDs are deployed at 22 monitoring stations. Ten monitoring stations are located at the
Weldon Spring Chemical Plant/Weldon Spring raffinate pits (WSCP/WSRP) along the perimeter
. fence (Figure 4-1); six stations are located along the Weldon Spring quarry (WSQ) perimeter
fence: (Figure 4-2), and six monitoring stations are located off site (Figures 4-1 and 4-3).
Monitoring stations TD-4001, TD-4004, TD-4005, and TD-4006 measure nairal background
at locaums unaffected by thc site. Envlmnmmtal TLDs are cxchanged on a quarterly basis.

To determine background levels of gamma radiation as _m&asurad with - the 'I‘LI:lrs,r the
quarterly garnma radiation measurements at the four background monitoring stations were
-averaged o produce the annual average background gamma radiation dose rate; This yielded -
‘an gverage gamma radiation dose rate of 69 mrem/yr (0.69 mSv/yr) with a standa;rd deviation
of 3.4 mrem/yr (0.034 mSv/yr). This average background dose rate is comparable to the
UUNSCEAR estimate of 65 mrem/yr (0.65 mSv/yr) for this area.

Table 4-2 summarizes tlie quarterly and annual average gamma radiation monitoring.
 results at the 16 WSS perimeter monitoring stations, Francis Howell High School, the Weldon
Spring Army Reserve Training Area {WST&), and at the four background monitoring stations.
The results reported in the table include quartcrly averages and annual 1otals for each monitoring
station with the standard deviation. The standard deviations reported in this table reflect the
error propagated by summing the square of the quarterly standard deviations and then taking the
square root. TLDs were found missing at station TD-4004 during the second and fourth quarters
_ and at Station TD-4001 during the third quarter. In order to-calculate an annval tofal gamma

| eXposure rate, ﬂlenussmgdatawcrereplacedmﬂltheavﬂagcnfmeremauungquanaiym

results for those moniforing stations. : '

. The 1991 gamma radiation monitoring results were slightly higher for the first quarter
" and consistently lower for the. third. quarter than the results recorded in 1990 at all locations.
- The second quarter results were very similar to those obtained in the previous year. The most
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Table 42 1991 Environmental TLD Results'®

1st Quarter 2wt Cuarter 3rd Quarter dth Quarter Annual Total (b)
_ Location 1.D. {rrem) {mrem} {mrem) ~ {mrem) {reram fyrl
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Table 4-2 1991 Environmental TLD Resuits® (Continued)

Znd Quarter .t Anncal Totat {b)
{mrem)

TD-3001
TD-3002 .
TD-3003

" OFF-SITE

16 14

16 o 12

19 o ! 16

16 . 11

17 17

m
{a) Results include natural background garmma radiation. '
(b} Annual totals for locations whare quarterly data is unavailable wers n:afcl.datud using the average of the exlstmn quamd',r data in place

of the unavailable data. -
.- * Denotes lost or damaged TLD.

. Denotes background station.
To convert to mSviyr, divide by 100.
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-.mgmﬁcantd;ffermoewasuhsewedmﬂmresultsobtamadmth:fourﬂiqumernfl??l The
avmgemcrmemthefourﬂlqumermﬂtsfrmnlmta1991wasappromnmmly33% In’
" addition, the 1991 fourth quarter measurements were approximately 33% greater than the
awvﬂmob@neddunngﬂmMﬂmqmnmnlelfuraﬂgammmdm
monitoring stations. . Fifteen percent of the increase in the 1991 fourth quarter results can be
accounted for by the fact that the gamma response factor incorporated for the processing of the
environmenial TLDs was revised to reflect the findings of a study conducted by the' off-site
subcontract laboratory on October 31, 1991, The change to the response factor was miade in
order to compensate for the radiation attenvation- due to the material used to fabricate the
qmemﬂTLDbadgﬁandwasmwrporawdbyﬂwoff-mwhhummrymmcfounhqum_
emronmmtalmmutmngrepart '

The elevated r&ndmgs for the fourth quarterha\re resulted in annverallmcmse nfabout -
10% for annual totals for the WSQ, WSCP WSRP, and off-site Tocations from 1990 to 1991.
However, the change incorporated by the laboratory, in their mechanism for processing .the
TLDs during the fourth quarter of 1991, accounts for only 15% of this increase. There were
no activities performed at the WSSRAP during the quarter that would indicate the potential for
_ mmmselnmcgammaexpmurcmmabnwﬂus]ahomtmyadjusunmt Additional
investigations are being conducted to evaluate possible explanations for the anomalous results.

ﬁ.ny f'mdmgs related to this mvesttgatmn will be reported in future monitoring reports.

4124 Chemical Plant/Raffinate Pits. The annual total gamria mdmmn'
~ measurements tanged from 61 mrem to 82 mrem (0.61 mSv to 0.82 mSv) at the WSCPFWSRP .
site perimeier. It was determined through statistical comparison of these values to the -
measurements obtained at the four background stations that, at the 95% mnﬁdcnoe levél, none -
of the stations provided results that were different from natural hackground levels.

4.1.2.2' _ Quarr)r. The annual_tmal gamma radiation measurements ranged from
" 47 mrem to 90 mrem (0.77 mSv 1o 0.90 mSv) at the quarry. - Total annual results af two of the
six monitoring stations at the quarry, TD-1001 and TD-1003, located on the north and southeast
perimeter respectively, were statistically greater than the average background dose.rate at the
95% confidence level. Although gamma radiation dose rates were above background at these
two stations, the effective dose equivalent guideline of 100 mrem (1.0 mSv) above background

for all exposure modes as cited in DOE 5400.5 was not exceeded. Table 4-3 presents a

comparison of the annual effective dose equivalent from external gamma radiation measured at
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671393

. TD-1001 and TD- 1003, wmeﬂﬂﬁlﬁﬂmmfyrmde]mafnrnﬂexpomm 'I‘hepement_-
" of the DOE mnda:dwasmlcuhmdbysubmngmemualavﬂagehﬂckgmnﬂdm'
-equivalent rate (69 mrem/yr + 3.4 mrem/yr [0.69 +0.034 mSv/yt]) from the apsual dose |
eqmvﬂmtmmmsmedatsmnommlmlmdmlman&ﬂmdmdmgbyﬂw_
_' 100 mrem/yr (1.0 mSv/yr) DOE standard.

Table 43 Summary of Gamma Radiation Monitoring Results of Stations
Statistically Different From Background at the 95% Confidence Level .

| _ Annuzl Dose Rate | Percent of DOE -
L Station Number : i (mramm/yrst® . Guidelines ™

WSQ North Perimater

WSQ Sautheast
Parimetar

(a} Results Int:lude ratural background gamma radiation. ' :
1]} Percent of the DOE guidetine is calculated by dividing the nst annual dose rate {i e., annusl .
- total minus background) by tha DOE guidaline of 100 mrem. The HHJ mrom umdahne applws
to the sum of all axposure pathwm

4.1.2.3 Off-Site. At the off-site locations, theannualtutalgammand:anunduae-.

rates ranged from 63 mrem to 72 mrem (0.63 mSv to .72 mSv); the annval gamma radiation .

dose rates at the Francis Howell High School and at the U.S. Army Reserve were both 63 mrem
(0.63. mSv). At these two locations, there was no reason to suspect, atthje:@s*lv omﬂdenne '
level, thatﬂlemmured:xposumlevelsweregr&terﬂmnhackground

4124  Five Year Trend Anslysis of TLDs. Gamma radiation- exposure
- monitoring results from the last five years are represented graphically in Figure 4-10; the graph
" represents the yearly averages of results from monitoring stations at the quarry, chemical plants,.
raffinate pits, and off-site locations. ' The results shown include narural backgrﬁund dose rates, -

As shown in the graph, there is. a difference of appmmatel}r 20 mrem ©.20 mSv}__.
_between the 1987 data and the 1988-199] data. The 20 mrem (0,20 mSv) change between the
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© two time periods cannot be explained by changes in the radionuclide inventory, since the .
" radionuclide inventory at the WSSRAP has not significantly changed since 1987, The control -

TLD results reported in lgﬂ?wmalsoappmmmtclymmrem(GZDmSv)mgherﬂmnﬂm
control TLD results reported in 1988 through 1991, Control TLDs are included in every
quarterly shipment of environmental TL.Ds and are used as a-quality control check to verify that
the environmental TLDs were not exposed to a radicactive source during transportation from the-
_ WSSRAP to the subcontract laboratory. A possible cause for the change between 1987 anid 1988
may be the result of improvements in analytical accuracy, based on additional testing and -
research, in the estimation of effective dose equivalents measured by the environmental TLDs. .

" The slight increase in the 1991 results can partially be attributed to a change i the TLD
response factor used by the processing laboratory during the fourth guarter of 1991, The overall
increase in the annual totals at the WSQ, WSCP, WSRP, and off-site locations from 1990 1o
1991 was approximately 10%. However, the graph shows that while there has been small
variations in the effective dose equivalents measured with the environmental TLDs during the

period from 1988 to 1991, there is no statistical significant increase in the effective dose o

equivalents resulting from gamma exposure.
4.1.3 Radioactive Air Particulate Monitoring

: Radioactive air particulates are aitborne dust particles that carry radioactive contaminants. -

- "The radioactive isotopes, which are the primary contributors to long-lived natural background .
radicactivity on dust particles, are Po-210 and Pb-210, both of which are naturally occurring -
Rn-222 progeny (daughiters). Background concentrations of radioactive au- pamculates vary
dqmdmg on soil mmstm‘e wind, and. geologml nmdmms

Many areas of the WSS contain above-background concentrations of radionuclides in the
soil, which.could resuit in increased airbome radicactive particulate concentrations. Increased
aitborne radioactive particuiate emissions from the WSS’ could result from work activities such
as movement of aquipment or vehicles in contaminated areas or from wind erosion. .

. The WSS operates 11 air pamculaiae monitoring stations. ' Five of thess (AP-2001,
AP-2002, AP-3003, AP-3004, and AP-2005) are located around the WSCP perimeter as shown
onFlgure4-1 Three stations are located off site at critical receptor locations, which are the
Francis Howell High School (AP-4006), the WSTA (AP-4008) and near two residences located

musers?joannetaxerd 1 aserd 1 - ) il
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approximately 0.7 km 0.4 mi) west ufthn quarry (AP-4011). The mnmtonng station at the

August A. Busch Wildlife Area (ABWA), (AP-4007), is used 10 monitor background levels in

the vicinity of the WSCP. This station is approximately 0.8 km (0.5 mi) from the WSCP

~ perimeter in a northwestern direction. Mterrainbetwm'the WSCP and this sampling station
- is hilly and forested, providing a significant physical barrier to airtborne paruculaws originating
from the WSCP/WSRP., 1n addition, winds from the southeast are relatively rare in this region. -
The off-site monitoring stations are shown on Figures 4-1 and 4-2. Two monitors (AP-1009 and

' AP-1010) are located at the quarry. The quarry monitoring stations are also shown on

All air particulate momtnnng stations operated hy the WSSRAP utilize constant flow dual
- diaphragm units and are set to operate at-a continuous total flow of 2.4 cu m/hi (85 fi%/he),
These monitors usenpenfa:emmplmg heads anddnnutseg;regamthcatrﬂﬂwammdmgtﬂ
‘particle size. This results in ‘the collection of respirable: and ron-respirable partictes, Since

respirable particles pose the most significant detrimental human health impacts, the analysis of

both respirable and ncm-mmrahle radioactive air particulates will overestimate the respirable
radicactive air particulate concentrations as well as the associated potential health: hazard.
* Radioactive air particulate samples are collected on 47-mm (1,88 in.) diameter membrane filters
with an effective pore size of 0.45 xm. The filters are -e:mhanged on a weckly basis. B

Mnst of the radionuctides present at the WSS are members of the U-238 and Th-232
" series. Many of these radionuclides emit alpha particles during decay, which pose thn: ‘greatest

hazard when deposited internally in the respiratory tract and lungs. Therefore, the air sampler -

. filters were analyzed for long-lived gross alpha acfivity. . The long-lived gross alpha methed of
_analysis sums the alpha activity from all of the long-lived alpha-emitting radionuclides. The
long-lived gross alpha measurements were made with a Canberra HT-1000 gas flow proportional -
counter, ﬂmﬂphamuntsperfﬂterwereommﬂedtnmdlmcuwtypuwlum of air drawn .
through t].'le filter and repomd m units of xCifml (Bq!m’)

- The annual average long-lived gross alpha concentrations and the calculated standard
deviations for the 11 air monitoring stations are summarized in Table 4-4. The annual averages.

. were ¢calculated by averaging the uncensqred weekly air particulate analysis results. Uncensored B

data refers to all reported values whether less than, or near, the counting instruments minimusm
- detectable amount, The use of uncensored data complies with the requirements.of the DOE
Enviranmental Regulatory Guide for Radiological Effluent Monitoring and Ejﬁmmaf
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Table 4-4 1991 Radioactive Alr Particulate Results for the WSCP/WSRP and WSQ
- Areas . ' . . : '

Annual Average Long- Number of Sample | .

: _Lived Gross Alpha : Values Above - |
Monitoring Station | . ... Concantration . . Standard Deviation | MDCY)/Total Number
Identfication Number | tx 10°%5 uCifmi)

i 10715 uCitmly® | of Sampiles
| AP-2001 139 0868 - 4249
| Ap-2002 . 142 | 0.88 1 sa7
[ AP.3003 ' 1.33 0.78  39/47
| Ap-3004 140 0.81 | 31738
| Ap:2005 | 1.48 . 0.68 t o a28ms

| apg006 | 1.36 . 0.82 42/52
AP-400719) 137 049 45/47

| AP-4008 : 1.59 _ 0.76 A4/50

| Ap-1008 | 166 0.68 39/44

| AP-1010 149 0.85 43747
AP-4011 143 0.72 | 42146

la}  Indicates background monitoring statlon.

ib) The annual average groas alpha émcantmiuns wera calculated using uncensored data, wh.i'ch' '
includes analysis results which are less than reported minimum detectable concentration. -

i) MDBC - minimum datectaﬁla nbnuentra_tinm
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- Environmental Regulatory Guide for Radiological Effiuent Monitoring and Environmenial -
* Surveillance (DOE 1591). UmumgmmMMmaﬂdaIamampulatmn mmumm any bias -

in the arithmetic averages and standard deviations. .

“The typmal MDC for gir paruculaiae: samples oollected at th: WSS mﬁmtonng stations is

" approximately 6.9 x 1071 uCi/mt (0.026 mBg/m’).. This MDC is low enough to allow detection -
.of Th-232, the radionuclide with the Towest derived concentration guideline (DCG) found at the -

WSS. The most.restrictive inhatation DCG for Th-232 is 7 x 1015 »Ci/ml (0.26 mBg/m®)
{DOE 5400.5). Inhalation DCGs are airborne radicactive contaminant concentrations which, if

. inhaled by a member of the public continuously for 1 yr; would result ina mmmltted effective’

dose equivalent of 100 mrem (1 mSv).

4.1.3.1 Chemical Plant/Raffinate Pits. Statistical hypothesis tests were used to

compare the long-lived gross alpha concentrations measured at each monitoring station to the_.-
concentrations measured at the background momitoring station (AP-4007). There was.no
' statistically significant difference, at the 95% confidence level, between the long-lived: gross .
alpha concentrations measured at the five WSCP/WSRFP perimeter monitoring stationg and those .

concentrations measured at the background station (AP-4007) durmg 1991,

- 4.1.3.2 Quarry, Statistical hypothesis tests were used to compare the 1mg-1md.
grioss alpha concentrations measured at each monitoring station to the concentrations measured. '
at the background monitoring station (AP-4007). Both airbome radioactive particulate -
monitoring stations at the quarry, AP-1005 and AP-1010, located on the northeastern and . '
southéfri perimeter respectively, provided long-lived gross alpha activities that were not
statistically different, at the 95% confidence level, from the lung-kvad ErOsS alpha actmty _

measured at the background station.

4133 Off-Site. Statistical hypothesis tests were used o compare the. long-lived

. gross alpha concentrations measured at each monitoring station to the concentrations measured
at the background monitoring station (AP-ALOU?} The annual average long-lived gross alpha

concentrations at all off-site monitoring, stations were not significantly different, at the 95%

confidence level, from the long-lived background alpha actvity measured at the hackgmund "
suuondunng 1991. This is significant because it indicates that there were no releases from the -
WSQ or chemical plant that could be distinguished from background levels at these locations.

mo\users2\joanne\aserd1\aserd]




071382

4134 NESHAPs Ammual Report. In 1990, the WSS initiated an environmeatal -~

aitborne particulate monitoring and quality assurance program sensitive enough to detect aitborne
- raifionuclide concentrations other than radon at the levels specified in the National Emissions
Standards for Hazardous Air Poilutants (NESHAPs) (40-CFR 61 Subpart H), Appendix E,
Subpart H of 40 CFR 61 mluﬂesmatradmnuchdemwnnsnﬂmrmanmdmbemm :
and ¢éffective dose equivalents to members of the public be calculated using EPA approved

procedures and computer models, oroﬂierproeedumsﬂnrwmchEPAhasgrantedm_
approval. The WSS has chosen to meet the NESHAPs emission monitoring and dose assessment
requirements by measuring airborne radionuclide concentrations at designated critical recepior
Jocations rather than through the use of computer modehng The WSS monitoring plan is
contained in the Plan For Monitoring Radionuclide Ewissions Other Than Rodon at Weldon. .
Spnng Site Cxwmf Receptors (MKF and JEG 1990a) which has been approved by the EPA
Region VII, :

: Airborne emissions at the WSS rcsult from wind dispersal ﬂf surface: soils, dust and lilrt - |
within the deteriorating buildings, and fugitive dust generated during remedial actions: Accurate - - -

n‘mt&rmg of these emission sources is riot practical because of uncertainties associated with the '
emissions inventory, dust particle entrainment, and nucru-meteomlogy assoctated with these .
emission sources. The most accurate method of dose estimation at receptor locations near the
WSS i3 via measurement of airborne concentrations at these locations, which are dwgnmed as -
critical: receptor locations, Critical receptors are locations where members of the public- abide

~ or reside, and have a potential to escounter off-site concentrations of radionuclides nmar than
mdnn dunng remndlanﬂn of the WSS, : : -

- : Five critical receptor locations have been identified around the WSS. These jocations
" are designated with the following identification numbers: AP-2001, AP-2005, AP-4006,
AP-4008, and AP-4011. Critical receptor AP-2001 is the common boundary of the WSCP and-
the Missouri Highway Maintenance Facility. Critical receptor AP-2005- is located near the -
WSSRAP administration building. Critical receptor AP-4006 is located at the Francis Howwﬂ_- :
High School. Critical receptor AP-4008 is located on the WSTA. Critical recoptor AP-4011 - -
1sw1ﬂnn150m(01m)nfmenmestmmdmcemmeqwry -

In order to evaluate the impact of activities conducted at the WSSRAP at thete critical

receptors, an assessment of the exposure scenarios at each receptoris necessary. The mcpusurfe '
scenario for critical receptor AP-2001 accounts for the nine workers at the highway maintenance -
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" facility. The exposure time at this critical receptor location is 40 he/wk for 50 wkfyr, or
© 2,000 hr/yr. The WSSRAP administration building houses approximately 220 workers for an
exposire time of 50 hr/wk for 50 wk/yr, or 2,500 hr/yr. The exposure scenario for the Francis
Howell High School involves two separate depictions, The first accounts for the approximately
1,800 students; faculty,-and- -staff-members at the high scmwmm seoond-represents the -
expasure for the one employes who lives on the high schoal grounds. The exposure time for-
the- students, faculty, and staff members at the high school is 45 hr/wk for 50 wkfyr or

2,250 hrfyr The employees exposire time is assumed to be continuous, i.e., 24 hriday, -

365 day!yr, or 8,760 hrfyr. Critical receptor AP-4008 is located on the WSTA. A remedial
- investigation is being conducted at the WSTA where subcontract workers mtemnltenﬂjr perform’

site characterization tasks. One employee of the Department of the Army works 40 hr/wk,

.50 wki'yr, which yields an exposure time of 2,000 hr/yr. The last critical receptor, AP-4011,
 is located just west of the quarry and directly in line with a residence. The exposure ttmeatthe :
residence is assumed 1o be mntmuuus, i.e., 8,760 hrfyr

As outlined in the Plan Jor Mommnng Radionuclides Other Than Radon ai Weldon
Spring Site Critical Receptor Locations (MKF and JEG 1990a), air at critical receptor locations
is sampled continuously and the air sample filters are collected weekly, All filters mllectcd
weekly in 1991 were composited separately for each critical receptor location, and the
composited samples were sent to-a subcontract laboratory for radiochemical analyfis. The
subcontract laboratory separated each composite sample into three aliquots to allow for a
determination of analytical precision. Each aliquot was analyzed for isotopic uranium, isotopic .
thorium, Ra-226, and Ra-228. The reported radionuclide activities shown in Tables 4-6 through
4-10 are the weighted averages of the results for the three aliquots, The gross airborne
radionuclide concentrations were determined by dividing the reported gross activity average for
each radionuclide by the volume of air pulled through the sampler for the calendar year 1991..
The net radionuclide concentrations equal the reported gross airborne radionuclide concentrations -
for the specific critical receptor monitoring station minus the airbome concentrations for the
- background monitoring station, AP-4007. The reported background results and- subsequent
airbome concentrations are given in Table 4-5. Each airborne concentration is reported. as a.
range (i.e., anmial average + two standard devistions) which would include 95% of all sampies.
collected at the particular monitoring. location. The -estimated committed effective dose -
equivalent (CBDE) is then calculated for each designated critical receptor monitoring location -
as is required by the EPA-approved NESHAPs compliance monitoring program for the WSS

(MKF and JEG 1990a). Effective dose equivalents were calculated using net measured airborne
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Tablg 4-5

" Radionugclide

.....

« .Reported Analysis . .|
R 2 -_.-Cnnnantmlun :|:2t.r

. Resubs™

. BR1a9T

'Hapnrtad Fl!sults at Cntncal Receptor Location AP-3007 tBﬂckgmund- _
Station)

Aia‘b_nmi __
. Radionuckde
WCHmA)
3.1E-11+6.7612 |

3 GE-11 :l:? BE-12 -

0.03 -

U-235 1.6E-11 £3.0E-12
Ra-226 -2.3% -1.2E-10+3,3E-10 - |
Re-228 6.7 3.56-10 7.9E-11
Th-228 0.3 . 1.8E-1141.86-11
Th-230 1.2 6.2E-11 £ 1.8E-11

1.6E-11 1’&5&-1':2-

o) Reported resulis ara the waluhtecl average of three separm #nalysas parh::rmed 0o 1:hree -

samphe aliguots,

{b) The average annual flow rata for ﬂus sampler was 2.44 m’.l'hr for 47 weeks of operation.

{ch Negative radiclogical data resulu from the subtraction of background from the mmurﬁl valua
' Negative valuas imply a measured lavel within the range of background.
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Table 4-6

¥ 'Ftad_iﬁnucllde N

Concantration
+ 20 {pCitmH ™

54E-11 = 1.1E-11

Airboria Radionuclide

. pat4s2

Net Airbome
Concantration
+2g wCiim™)

2.3E—l1 + 1.3E-11

Estimated [Effective Dose. Equwalent at Critical Receptor Ln-catmn AP*2m1 {Mlssuurl H:ghwav
Maintenance Faclhtw - .

1.2E+05

5.4E-11 + 1.1E-11

1.8E-11 &+ 1.4E-11

1.3E+05

4.9E-11 = B,86-12

11E-12 £.7.2 B12

1.2E405

-9.86-11 £ 3.1E-10

‘0 + 4.56-10%

- REE+03

- 2.5E-10 % 8.0E-11

-1.06-10 = 1.1E-10

"4.8E+03

34811 = 1.3E11

1.96-11 = 2.2E-11

.3.4E+05

4.9E-11 £ 1.0E11

1.3E-11 + 2.0E-11

3.3E+05

1.56-11 = 5.7E-12 .

-8.56-13 + 1.0E-11

- 1.8E+06

{a)
ibi

[[H

id
e}

TOTALEDE - | 2.0 N

_ Hapurted resuits are the. weiuhtod mraga of three sapara‘te anatwas performed on throe _sarmp!a alﬁqums

The average annual flow rate for this sampler was 2.47 m3hr for 49 wk of operation.

Net resutts obtained by subtracting backgfound station concentrations from the reported concentrations in Cnlumn two,
Dase convarsion faciors were taken from the EPA Federsl Guidance Report No. 71 {(Eckerman et al. 1988). -
Committed: Effactive Dose Equivalent {CEDE}. Exposure timve assumed for the critical reteptor location was EMB .
Tha Ra-226 airborne concentrations rqpurmd for the background station and this station were bmi': less than zaru
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Table 4-7

. Building}

Reported Analysis
Results'®

Fladmnuel' da iplil

Airbome Radicnuclide

Concentration
:|: 20 Wmalibl

6.1E-11 + 1.9E-11

Mat Airborne
Concentration

+ 20 {pCitm3) )
3.0E-11 2 1.26-11

081481

1.2E+05

Estimated Effective Duse Equwalent at Cntmal Raceptor Lucatlon AF 2005 {WSSRAP Admlmstratlnn

CEDE *
Imremi

6.6E-11 + 1.0E-11

3.0E-11 + 1.3E-11

. 1.IE+0%

"1.7E-12 = 3.2E-12

10613 £ 4.4 E12

1.2E +ﬁ'5

-1.1E-10 + 3.5E-10

0 + 4.8E-10*

8.6E+03

" 3.BE-10 = 9.7E-11

2.BE-10 = 1.3&-10

4.8E+03 .

3.8e-11 = 1.5E-11

23611 x 2.3E-11

3.4E+05

5.5€-11 + 1.3E-11

-7E-12 = 2.2E-11

3.3E+05

1.7E-11 + 6.4E-12

1.6E+06

{al
ib}
ic)
idy
-]}

.1E'-12':|: 1.1E-11

TOTALEDE = | ;

Raportad rasulta are tha wuinhted average of three separste analyses parfmmad on thm samph aliquots.

The annual avarage flow rata for this sampler was 2.24 m3/Mr for 48 wk of operation.

Net results obtained by subtracting background station concentrations from the reported ooﬁnantmmns m Cniumn two,
Dose conversion facters were taken from the EPA Feders! Guidsnce Report No. 11 (Eckerman et al. 1988}.
Committed Effective Doss Equivalent (CEDGEf. Expoaure time assumed for the critical receptor location was 2, EGD hr

’ m:\uﬁ:ﬂ‘\im\ﬂﬂ?lwl ;

 The Ra-226 airborne concentrations rapnrtad for the background station and this station were both jess than zam
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Table 4-8 Estimated_Effective Dose Equivalent at Critical Receptor Locati_bh AP-4006 {Fiancis Howsll High Sc_hubll :

T T — T e N

Regiorted Analysis | Airborne Radionuclide " Met Airbomne .
Fesuhs' : Concentration - DRl
{pCh 3t + 2 {Cifm?)e! imrem/uCi)

30E-11 + 7.0612 | -1.8E612 + 9.8E12 |  1.2E+05
3.uE-i1 + 7.2E-12 L6.7E-12 £ 1.0E-11 - T.3E+0b
1.5E-12 + 2.8612 | -7.7E-14 + 41E12 | 1.2E+05
A.1E-10 + 3,110 0 + 4.6E-10° . 8.6E+03
. 4.2B10 + 9.4E-11 6.7E-11 + 1.26-10 4,8E +03.
26E11 £ 14611 | 9.1E12 + 23511 3.4E+05
3.5E-%1 + 1.1E-11 -2,8E-11 = 2E11 | "3.3€+05
1.5E-11 % 6.7E-12 | -7.7E-13 + 1.0E-11 1.8E+06

TOTAL EDE = |

fa) . FReported rasults are the weighted averags of three separate analyzses performed on three sample abiquots. -

b} - The average annuat flow rate for this sampler was 2.32 m?/ir for 52 wk of operation. R
ic) Net results obtained by subtracting background station concentrations from the reported concantrations n Column two,
idl  Doss conversion factors wers taken from the EPA Federal Guidance Report No. 11 {Eckerman et al, 1988 .

@}  Committad Effective Dose Equivatent (CEDE). Exposure time assumad for the.critical receptor location was 2,250 hr.

. The Ra-226 airborma concentrations reported for the background station and this station wers bath less than zero.
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Table _4-9 Estimated Effsctive Dose Equivalent at Critical Receptor Lucatmn AP-4008 {Weldon Spring Armv,r Hmwe'
Training Area}

Airbome Radionuclide Met Airborna .
Concentration - Concentration . CEDE™
' Hadmnu::hda B . 200 ll;ﬂ:lfmal"’]' 1 20 (@Cim3e : 1. {mrem)

. 4,2E-11 = 9.3E12 AAE-11 £ 1L4EH] 1.2E+05
BIE11 % 9.9E12 | 17611 & 1.2E11 1.3E+05
37612 + 39612 | 2.2E12 = 4.3 €12 1.2E+08
1.6E-10 + 3.4E-10 0+ 4.7E-10% | 8.6E+03

. 27610 & 5.7E11 | -7.8E-11 x O.BE11 {  4.BE+03
1.6E-11 + 1.4E-11 | 3.26-13 £ 2.2E-11 3.4E+06
8.4E-11 + 1.3611 | 1.3E12 = 22611 | 338408
1.6E11 % 81612 | 3.2B13 + 1.06-11 1.8E+06 |

| TOTAL EDE = | .

{a) _Reportad results are the waighted nwrage of. thraa saparate anafyses performed an. ﬂ1ra& sample aliquots.
B The average annual flow raté for this sampler was 2.24 mi¥/hr for 50 wk of operation.
4] ‘Net results obtained by subtracting background station concentrations from-the reported mnoentrnﬁum in l:ulunn two.
id) Dose conversion factors ‘wers taken from the FPA Federal Guitlance Report No. 17 (Eckeeman at al. 1988},

' g}~ Committed Effective Dose Equivalent {CEDE). Expasure time assumed for the critical receptor location was 2 am hr.
- The Ra-226 anrbnmu mnmtratmns reported for the background station and this station were hnrth less than zdm
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Table 4-10 Estimated Effec‘tnra Dose Equivalent at Crltlr::al Hacaptur Lm:atmn AF’ 401 110.6 mutas west of WSE}

Reported Anatvsis
Resulta™

{pCi)

Airhl:rrne Rutionuclide
Concentration
120 {.uCirma}“"

3.0E-11 + 6.3E-12

catasz

Concentration
+20 wcumaﬁﬁ"

-1.6E-12 = 9.2E—12

pCcFRY
{mrem/uC

1.2E+ 056

CEDE ®!
{mrem} .

‘3.06-11" % 72612

B 435-12 + 1 uE-n

1.3E+05

. D£2.8E-12

-1, EE-12 S 4 1E-12

1.2E+06

-3.9611 = 21E-10

0 + 4.5E-10*

8.6E+03

. 3.0E-10 = 7.8E-11

CB.3E-11 & 1.1E-10

4.8E+03

8.9E-12 = 1.4E-11

-5.7E-%2 = 2.3E-11

" 3.4E+05

6.9E-11 = 1.2E-11

8.8E-12 x -2,1E-11

3.3E+05

4.9€-12 + 4,0E-12

-1.tE-11 + 9.4E-12

1.8E+06

{a)
[:1]
(ch
tdl
[{:]]

TUTAL EDE'n

Reportad results are the weighted averape of three saparate analvsas perfnrmad o three sample aﬁqunt:

The average arinual flow rate for this sampler was 2.47 m Aihr for 43 wk of pperation,

Net resylts cbtained by subtracting background station concentrations from the reported concentrations in Calumn twao,
Dose conversion factors were taken from the £PA Fadersl Guitence Report No. 71 {Eckerman et al. 1989).
Commitied Effective Dosa Equivalent {CEDE). Exposure time assumed for the critical recaptor location was B,?BD hr.

The Ra-226 airborne concentrations reported for the ba:tknmund station and this station were h-uth lezsg than zaro.
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“radionuclide concentrations in pC:fnﬂ the amount of time memhers of the pubhc are assumed

mmm:mabldeatﬂmmucalreceptmhmhmasstat&dmmemmm mmphame'_'_'._ IR

monitoring program, ah assumed breathing rate of 1.25 mP/hr (44:14 ft¥/hr), and the
radmnuchde»spemﬁc committed dose conversions fmtm's provﬂed in EPA Federal Gmdance .
Report No. H"{Eckennanﬁﬁﬂﬁ?ﬂﬁ) L SRS :

The analyses results for Ra-226 are reported as negative values at all critical receptor -
monitoring stations, This is possible as environmental samples often contain very low levels of
radicactivity (i.c., amount of tadmacuvlty falls within the range of background). Since all
measurements involve statistical variations, the net sample activity is sometimes negative after

the background measured by the laboratory instrument has been subtracted. Thus, the reporting -

of negative results is’ very possible when measuring radiation levels that are comparable to
background radiation levels. The negative values are repotted, but can be thought of in terms
of background equivalent levels of radiation. Thus, these vatues have no effective net githorne
' concentration (i.e., reported - results minus background results) and do not conttibute a. dose

equivalent above hackgruund '

. The CEDEs calculated for the critical receptor locations are all less than 0.1 mrem
(0.001 mSv) as is shown in Tables 4-6 through 4-10. Specifically, estimated CEDEs ranged
from 0.01 mrem (0.0001 mSv) at the critical receptor located at Francis Howell High School
to 0.05 mrem (0.0005 mSv) at the critical receptor Jocated at the administration building. The
40 CFR 61 Subpart H for the emission of radionuclides other than radon limits the effective dose
equivalent to any member of the public to 10 mrem (0.10 mSv) per year. The maximum
estimated CEDE obtained at WSS é¢ritical receptor AP-2005 amounts to only 0.5% of this
~ standard. 1t is likety, however, that the airbome radionuclide concentration measured at critical '

receptors AP-4006, AP-4008, and AP-4011 are all measurements of background radionuclide =

concentrations. The one-tailed student T hypothesis statistical comparison of the average
airbome radionuclide concentrations at these critical receptor locations to the average
concentrations measured at the background station revealed, at the 95% confidence level, that
mmwasmmgmﬁcantdlﬁmhetwmmem“mgemwmmsfmmhmm

However, the U-234 and U-238 analyses at stations AP-2001 and AP-2005 did aot pass the S

. statistical test at the same mnﬁdmce level when comparer;l to the average background

. radionuclide concentrations. Although this difference occurred, the average U-234 and U-238.
airhorne concentrations at both the WSSRAP administration building {(AP-2005) and the Missour]
Highway Maintenance Facility (AP-2001) resulted in estimated CEDEs that were within 0.5%

| mowsersdyomnnelaserOliaserdl 82
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nfthestandard(m mrem/yr). In addition, mﬂemmmsnntususpect at the 95% mnﬁderme
- level, mmﬂmeuadlﬁmbﬂwmmm—hwdpussﬂpimmmﬂsmﬂ :
mebackgmundmmmmgmmmemMMnmsumdeyufﬂmmw-
Iﬂmnmsasreportedmsms4131mmugh4133 Also, data quality objectives forthe -
- radiochemical data,as ‘wellas mwewmomm at the

site, donutsuppoﬂtheseamlyms results ‘from stations AP-2001 and AP-2005 for U-234 and .

1I-238. : :

Inmdeftnmeetﬂwdetécuonhmtsspedﬁedindﬂmﬁl Subpart K, a strict quality
control program must be maintained. The quality control program for the critical receptors
inclodes spikes, blanks, duplicates, and control charts. In addition, analytical data quality
objectives for precision and accuracy. are described in the NESHAPs compliance monitoring plan
for the WSS (MKF and JEG 19902). Accuracy, as determined with the results of spiked '

samples, is considered acceptable if analytical results of spiked samples are within, +50% of N

known values for 85% of all samples. Precision is determined by averaging the results of the
three duplicate analyses for all composite sample data sets. Precision is considered acceptable
if the absolute value of the coefficient of variability (i.e., the standard deviation divided by the
average and multiplied by 100) is less than, or equal fo, 50% for 85% of the duplicate data sets.
Analytical precision is also calculated for the U-238/U-234 ratio for.each composite sample. .
Precision is considered acceptable if the standard deviation of the U-238/U-234 ratio results for -
each composite sample is within +50% af the average for 85% of all samples.

Innrdermdetermmcﬂwmmacyufthnmporwddm twusamplesweresplkndwnh-'
different concentrations of both U-238 and Th-230. Each spiked sample contained 13 filters;. -
thescweredmdedmtothudsanﬂmhmmpomeﬂurdwasmaiymd sepamiaely In both cases, -
the three composite thirds that contained the higher spike of U-238 and Th-230 met the
_nstabiuhedmtenafmthemsumna:uufmmcy However, the three composite thirds that
contained the lower spike concentrations for both U—ZBEand‘Ih—Z?ﬂdldmtmaetthc:stablished

- critesia. -Consequently, only 50%. of all the spiked samples met accuracy criteria. The reparted

results for the lower concentration spikes provided laboratory resulis that were approximately
two times greater than the actual concentration, which indicates a probable high bias for Th-230

and U-238 results at lower concentrations. Since the lower spiked samples for both Th-230and .

U-238 were about 10 tifmes greater than the activities being measured on the filter composite for
each monitoring station, the statistical confidence associated with these low level measirements - -
was very smatl and the laboratory’s results could not be assessed as accurate at these levels of
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radicactivity. Thus, the net aitbome concentrations and sub&equeﬁt effective dose equivalent

_ calculauonsfortheve;ylowU-23Emdm-23ﬂommmmsmmuredatthccnucalmwwr_ o

locations would alsn be high,

Prwmon»qualﬂyoh_]ecumwedm evnlumad faﬂhe 1851 wpoﬂnddata The standan!
deviation of duplicate analyses was within' +50% of the sample average for 79% of the duplicate

" data sets. In the case of the U-238/1)-234 ratio for each composite sample, 77% of all samples "

- analyzed met the established criteria for precision. ‘lheesmhhshed critetia requires t:'hatSS% _
ufth:daiasﬂspassbn&of&esetcstsfnrpr&msam :

_Wh:i: the critical receptor sampling stations i_u-e measuring background concenitrations of
.airbome radionuclides, as has been the case in the past and is expected to continue given the -

strict WSS dust minimization policies, most isoiopic analyses of composite air filter samples

yield concentrations that afe near or below the laburatory s lower limit of detection (LLD).
Stifct analytical precision requirements for data that are near or below the_LLD are not
 appropriate. This is because the statistical confidence associated with data values below the LLD
is low, and data values at or slightly above the LLD typically have relatively large uncertainties
- associated with them, Since nearly one third of all measured values were at or- 1essthﬁn ihe
reported LLDs, strict data quality objecuves were dlfficult to megt due to the many uncertaintics
associated with the reported results. :

Atmospheric transport modeling was used to predict radmnuchde concentrations at the
critical receptor locations in an attempt to substantiate the laboratory's reported results sifice
accuracy and precision data quality objectives did not pass the established criteria, -Radicactive
materials released to the atmosphere are known to be diliied and dispersed within the air mass
as they are ¢arried by the prevailing wind. AIRDOS, a personal computer-based atmospheric
transport model, simulates the airbome movement, radicactive decay, and deposition of the
released radionuclides to predict concentrations in the air near ground level and concentrations
on the ground surface at specified locations. These concentrations, if distinguishable frot
background, are used o estimate radiation doses to individuals at those locations. The
atmospheric transport of radicactive materials from the WSSRAF is calculated based on
meteorological observations made in the St. Louis area overa 5 yr petiod. The wind rose data
 for.the St. Louis area compares well with corresponding data from the WSS according to figures
in Appendix C, Feasibility Study For Remedial Action af the Chemical Plant Area of the Weldon
Spring Site (ANL 1991b). The atmospheric transport model accounts for the motion of the
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wmd tlleverumland horizontal dupemon nfthereleasad radlonuclidm mthmﬂmmomgau_
mass, and the removal of the radionuclides from the air by deposition and radioactive decay: .
ﬁIRDDS-PlecﬂamsanemmawnfﬂmeHdecmmmmmmrpﬂuthEw
' atprmmbadgmundlevelpomtmmnmﬂmpmmufrelm

. ThecndeunhmanmdlﬁadﬁausmanplumeaunMMmatcboﬂthaﬁmmm
vertical dispersion of radionuclides released from the area source. The source of polential
release at the WSCP was assumed to encompass the areas on site where activities. such as
excavation and building dismantlement occurred in 1991. Dismantlement of Buﬂdings:!ﬁz_ 435,
436, 437, and 438, as well as excavation of the buried brick area, were done in order to
facilitate construction of the site water treatment plant. The source area was designed to include
the arca covered by these activities and was determined to be 8.2E04 m? (8.8E0S ft*). AIRDOS
. was then utilized t0 evaluate what type of source term (Cifyr) would yield releases, as recorded -

. for U-234 and [J-238, that correlated with the results obtained at stations AP-2001 and AP-2005.

Since station AP-2001 is at a gmtcr distance from the source area, this station was usbd"tn

waluatemepotenualreleaseratefromﬂwmte Thrsstatmnmlucatedunthemﬂhmt'

perimeter of the site and sits on the comman boundary between the WSCP and the Missouri .

Highway Maintenance Facility. When the release rate is estimated w0 yield concentrations

equivalent to those recorded at station AP-2001, the atmospheric ‘modeling predicts
' concentrations greater than, or compatable to, the recorded results in the southwesterni, western,
northwestern, northemn, and eastern directions. Thus, if releases from the WSCP did occur,
perimeter stations AP-2002, AP-3004, and AP-3003 would have m:asumd similar, if not hlghcr
results than those recorded at stations AP-2001 and AP-E{IGS

_ Re'sults of the data quality ubje;tivc companisons, the atmospheric transport and modeling -
scenario results, and the low volume gross alpha results indicate that there is no reason fo .
suspect that there is a difference between radionuclide concentrations measured at the critical -
receptor locations and background radionuclide concentrations, Thus, dll indications. show that
no above background radionuclide releases occurred from the WSS in 1991 '

1t should be noted that the Ra-228 analyses for fhe five critical receptor. locations have.
. gross radionuclide concentrations higher than those for the other isotopes of radium, thorium, -
and uranium and de not differ from background Ra-228 concentrations. The higher Ra-228 .
' results were consistent for all samples including blanks and spikes. The Ra-228 results are
higher because the procedure for extracting Re-228 also extracts other beta emitters into the
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analyte. Thmtughbmsfnrthcm&ﬂmdusedwnmedmﬂmEPhduwmthmsmbedﬂ

" Procedures for Measurement of Radloactivity in Drinking Water (EPA 1980), The procedime

for measurement of Ra-228 in drinking water is applicable to the analysis of air filters because
the same radmchmmstr)r proaedure is apphcahle for buth matrixes.

_ Estimated dose equivalents (EDE) are calculatéd at the five cntlcal TECepOr locations- fur '
“isotopic wranium, isotopic thorium, Ra- Ra-226, and Ra-228. ‘However, the esumamd dose -
" equivalent for Th-228 at all critical receptors was not reported in the Annual Site Environmental

 Report for Calendar Year 1990 (MKF and JEG 1991c). This was an oversight on the part of

personnel preparing the 1990 report.  The addition of the Th-228 component affects the reported

EDE at two critical receptor stations; the Missouri Highway Department building (AP-2001) ahd . -

the WSSRAP adminisiration building {AP-2005). At AP-2001 the EDE reporied in the 1990 '
. ASER {which does not include the Th-228 component) was 0,11 mrem (1.1B-3 mSv); however,
if the Th-228 component is included, the EDE is 0.27 mrem (2. TE3 mSv). At AP-2005 the
EDE reported in the 1990 ASER was 0.18 mrem (1. SES mSy), but with the Th-228 cnmpmlmt o
t!mEDEnsﬂSZmrem{SZE—&mSv} :

The addition of the Th-228 component to the EDE gives monitoring station AP-2005 the . -

highest EDE of all critical Teceptor monitofing stations for calendar year 1990." The EDE at
station AP-2005 for 1990, 0.52 mrem (5.2E-3 mSv), is about 5% of the 10 mrem/yr standazd
found in 40 CFR 61 Subpart H. The increase in the EDE estimate for calendar year 1990 at

" . stations AP-2001 and AP-2005 does not change any statements made in the 1990 ASER text, but

it does change the results reported for these stations. (Refer to Tables 4-13 and 4-14). ..
4.1.4 Umﬂmd Area Radioactive Contamination Mmﬁtnring

The WSS contains areas: of radioactive contamination resulting from work practices
during former uranium and thorium refining operations. The majority of the processing involved
‘refining wranium, and thus uranium is the primary contaminant at the site. This program
includes radiological surveys of locations in both the controlled and. uncontrolled areas at the

WSS, Site roadways are monitored o ensure that removabl: contamination is kept free from

these-accessible areas. In addition, the Katy Trail is surveyed as it represents an area accessible
to public use. The radiological surveys are usually performed monthly or at least on a quarterly
basis. Performance of these surveys to date conﬁrms that radioactive mnta:mnat:on isnot being
carried. into vnrestricted areas. '

n;:\uwui\jmne\amﬂl'maﬂl _ 6
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" Since 1986, the WSSRAP has employed an unrestricted-area mntonng pmgram o .

'mureﬂlatmdmactwemmanunannnIsnotmigraungfmmthemasamultnfmnwdmlacuon'_ :

" operations in areas used by the general public. The unrestricted area contamination monitoring

' Program focused on performing in mmmmsmemmtsandmﬂecungmpemplm In situ .
' measuremeits-are takén With €ither an-alphardeiector of a betacgamimadetictor. Measurements -

* are collected over a 1 min munungmmrvalandﬂwnmnvmedtodmntegmmnspe{mnuteper
100 cm? (dpm/100 em? or dpm/15.5 in.2). These measurements determine the total Tadioactivity
- on the surface, 'I‘hetutalradmactmt}r:smterpmed asbetngmnmnadmﬂunﬂlematarmland-'
removable radluactmty is loose surﬁmal radioactivity.

Measurements of removable surficial contamination tevels are made at each measurement

 location usingadryclothorpaper swipe. The swipes are wiped (smeared) over a surface ares. - -

of approximately 100 em? (15.5 in.2). Swipes are analyzed for 1 min using an alpha scintillation -

‘detector. The count rate results are comected for detector efficiency to )qeld measufement

Tesults in dpmum em? (dpmns 5 in. 2)

Figure 4-11 shows the monitoring locations for the madways outside the cantmllad area B
and Figure 4-12 illustrates the approximate 1,130 m (1,243 yd) stretch of the Katy Trail that is
included in the monitoring program. This section of the trail was selected for monitoring
purposes due to its proximity 1o the WSQ and Femme Osage Stough. The 10 monitoring
 locations are sclected along the trail to cover the area diagramed on Figure 4-12, Variations in
monitoring locations are madé in the general vicinity of the 10 locations to check for any
possible mobile contamination over the entire length of the investigated portion of the. trail.
- Tabie 4-11 lists the annual average beta-gamma and alpha monitoring results at ¢ach road survey
location, and Table 4-12 gives the average beta-gamma and alpha monitoring results for each
location along the Katy Trail. The tables reflect annual averages and standard deviations based
upon actual net survey results, even though some of the vatues obtained throughout the year are.
below the minimum detectable activity (MDA) or detection limit of the instruments. - For the
purpose of calculating arithmetic means and standard deviations, the reporting and use of actual
_ et concentrations whether wegative, positive, or zero results is highly recommended so that

complete umcensored data sets result (DOE 1991). Therefore, the negative results reported for
the removable alpha results at some of the locations are acceptable and allow the use of
. uncensored data sets, which ensures that the annual averages and standard deviations resnain
unbiased parameters. :

m:\users2\joanne\aserd1taserd1 - 87 -




C RNl

5

./

OE } IPROPERTY| FENCE

IO
|
]ﬁ

AGCESS CONTROL -

D

|
4
S [ T B rr—
1
]

5 38
PARKING
el

49 /'
::?’/'
e
/

A T

 ADMINISTRATION BUILDING

- e e ———— . —

ROAD SURVEY LOCATIONS
'@ SURVEY LOGATIONS - S _

0. | 200 s00FT | FIGURE 4-11

0 — 81.0 121.0 M “?DEIOHIE1543-2:53| : _Af:ﬂ?mtam;gg




STATE ROUTE 84~

WELDON SPRING QUARRY

AREA OF RADIOLOGICAL MONITORING

FEMME OSAGE SL.OUGH

. MISSOURI RIVER

KATY TRAIL RADIOLOGICAL, MONITORING

1000 ____2000FT . | . FIGURE 4-12
8048 "s00EM - 0 L e DOB/OR/21548- 283" A/VP/D20/0392
SGAME | - o o S e M R g N R gjgp




Table 4-11 1991 Site Roads Pariodic Radivlogical Survey Results

Total Beta-Gamma Results {dpm/100 cmé)®

071392

Removable Alpha Results {dpm/100 cm®)®

@  Minimum detsctabls activities (MDA) rariged from 387 to 604 dom/100 cm?.
‘(b) MDA ranged from 3 to 6 dpm/100 cm?, . '

m:wsers2\joanne\nser?] \nserd1

 Number of Number of
Sample Values Sample Values
: Above . Above -
Survey Losation Standard MDA Mumber of  Standard - 1 MDAMNumber of
Number Anmyal Average iath . Annual Average Deviation ~ Samplas
1 315 261 213 | |
2 628 307 3713
‘3 a9 253 4112
4 438 407 M2
5 519 414 B2
6 424 208 4i12
7 781 749 412
B 1745 : ) 386 13/13-
9 935 206 13132
10
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" Table 412 1991 Katy Trail Pariodic Hadiulugical Survey Results

| Total Beta-Gamma Results —l Removabla Alpha Results {dpm/100 cm?)®
I  Number of - S Number of
! Sample Values : Sample Values |}
_Abmm ’ ' ' : Above |
Standard MDA/Number of | : Suandard | MDAMNumber of |
Lm:atinn | D Annual Avarage. Deviation Samplas Annual Average Deviation =~ Smmlas |
: 1 296 - 388 1/8 : 176 | 296 1 - s
2 327 383 1w 0.95 035 .|  oms
' 3 214 _ 178, o8 - | - 096 267 -1  om
4 139 ' 137 /8 074 207 1  ows - .
B 229 122 0/8 1.33 2.61 : 08 '
6 261 199 1/8 0.88 356 . | 2/8
7 275 . 167 018 . 014 - 2,07 4  om
8 155 |- 250 : 1718 021 240 1 s
9 171 231 0/8 059 28 i 1/8
19 169. . 286 0/8 02 208 . o8
W —-. - - . BT r—— ——— — — . e —— —— - '.

{a) Mmlml.lm detectable activities (MDA} rangad from 397 1o 604 dmﬂﬂﬂ cm?.
by MDA rangm:l from 3 1o 6 dpm/100 em?
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The results-of the monitoring for the site show. that fixed contamination is present ata

few locations, but at levels welt below the DOE wranivm surface contamination guidelines for

" unrestricted use of 5,000 dpm/100 cm? (5,000 dpm/15.5 in.%). The probable cause of the:
contamination is the deposition’ of atmospheric releases of uranivm during the operation of the
‘Weldon Spring ‘Uraninth*Fesd- Matéiiil- Plant (WSUFMIP).Sirive the ‘envirotiiental program
has been instigated, merehasbmnnﬂmmmﬂwmnmahlemnmnanmlewlsmme
unmmmﬂed area roadways at the WSS, '

mmmummmmglmsmmmmmmwu'

radiation levels. This monitoring data shows that there is no radioactive contamination migrating
from the WSQ or the Femme Osage Slough onto the Katy Trail, and thus, there is no
identifiable probability of radiological contamination to users of the Katy Trail.

4.2 Radiologiml Expn-mre Assessments

_ * In assessing the health effects of the radioactive materials present at the WSCP.J'“WSRP
WSQ, and Weldon Spring vicinity propetties (WSVP) as required by DOE Order 5400.1 Section ]
'11.8.C; radiological exposure was evaluated for a maximally exposed individual at the -
WSCP/WSRP, the WSQ, the WSVP, and for the affected populations within 80 km (50 i) of
the WSS. Most of the scenarios and models used to evaluate radiological exposures are
conservative and simplistic, but are realistic in the attempt to estimate exposures attribitable to-
the WSSRAP. This is appropriate when the magnitude of the dose to a hypothetical maximally '
. exposed individual is small. ~ The above-background airborne mdioactive . particulate -
concentrations, radon concentrations, and external gamma radiation measured during 1991, in
addition to the ingestion scenarios described in the following sections, result in an.estimated-
effective dose equivalent of less than 2.4 mrem (2.4E-2. mSv) to a hypothetical maxmtally'
exposed individual as shown in Table 4-13.

Many of the parameter values and assumptions used in the calculation of effective’ dose '
-equivalents 10 hypothetical maximatly exposed individuals and to the potentially exposed
- population are provided in subsections 4.2.1 through 4.2.4. A more detailed account of
assumptions, parameter values, and equations used 10 calculate effective dose eqmvalents is
pmwded in Appendix G, Dose Assessment Calculations.

m; usere2tjoanne aser? 1 iaserd1 Q2
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- TABLE 4-13. " Estimated Annual Effective Dose Equivalent to a Maximally . Exposad Individual aru:l Estimatad
-Collective Pupulatiun Dose for the Weldon Spring Site

0.026 person-rem . '|9.069 persaon-rem

lall. The EPA standard limits effective dose equivalent (EDE) to members of the public from airborna emissions uthar than radon to 10 mram
annually. The effective dose aquivalent from airborna particulates was compared to the EPA standard.

b} The DDE Order 540ﬂ 5 nuldelina iimits effective dose equivalers from aﬂ exXpasure mndaﬁ t6 100 mrem annuully Tha total eﬂecuva
dose equivalent was comparad o the DOE guudaﬂme .

(cl Ingestion of fish, water, and sediment from lakus that receive runoff from the WSS was included in both the rnama!lv axpoa.a:l
individual and population dose estirateas.
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 Individuals could be exposed to radicactivity from the WSS via five pnnclpal pamways ol I -
" (1) direct extemal gamma radiation, (2) inhalation of radon and progeny, (3) inhalation'of - il
airborne radioactive particulates, (4}mgemnofﬁshfmmnm1hyhkzsthatmw funoff from .

the WSS, and (5) ingestion of drinking water from sources contaminated with radionuclides from
the WSS. Al five pathwiiys wire iricludai for thé hypbthietical neaxintdlly éxpdsed. individual. '
ﬁ:mpuhhmduseasmmmﬂsmcludedﬂmﬁmtfourpamways, butd:dnntmmderﬂle_
ingestion of drinking water from sources contaminated with radionuclides. Pathway § was hot -
' considered in the population dosc estimate since none of the surface waler or grovadwater
recelmgrunuffur recharge from the WSS is used as a drinking waier source, However, an
evaluaumofmlogmalsxposurﬁﬁmnﬂmhkes,whmmeymus&d for .recreational
‘purposes, was included in both the maximally exposed individual dose estimates. and the
population dose estimates. The recreational use of the Katy Trail, the August Busch Wildlife
* area, and the largest’ WSS vicinity property (i.e., Little Femme Dsage Slnugh) was included to.
ensure a thorough pathway assessment.

_ Although mdlatmn dnses can be calculated or measnred for mdmduals 1t is- not:
. appropriate to predict the health risk to a single individual. ‘Estimates of liealth risks are based
on statistical data collected from large groups of people exposed to radiation uader various
citcumstances. Statistical models are not applicable t0 a single individual. - Theréfore, dose
equivalents to a single individual are estimated by hypathesizing a maximally exposed mdmdual
"and placing this individual in a reasonable but very conservative scenatio, - .

Exposures of maximally exposed individuals and mdmduals near the off-:utewater bodies -
are given in ferms of an EDE in units of mrem (mSv). Exposures of people in neighboring - -
facilities and populations within 80 km (50 mi) of the WSS are expressed in terms of collective
effective dose equivalent in units of person-rems (person-sieverts). Table 4-13 shows the
estimated effective dose equivalents to the hypothetical maximally exposed individual and the

estimiated collective population dose. The effective dose equivalents to the hypothetical . |

maximally exposed individual near the WSCP/WSRP, WSQ, and WSVP are <1 mrem,
1.9 mrem, and <1 mrem (<0.01 mSv, 0.019 mSv, and <0.01 mSy) respectively. The highest
effective dose equivalent results from:each pathway (i.e., inhalation, external gamma, md
. ingestion) independent of location, were included in Table 4-13 and equals 2.4 mremfyr. All
calculations were performed using the methodology described in International Commission on
Radiasion Protection (ICRP) Reports 26 and 30 for a 50-yr committed effective dose equivalent

mueersdijoanneiaserd  iaserd 1 _ a4
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(ICRP 19‘?? 19’.-‘9) Fifty yea: committed. :t‘fecnve dose equwalant conversion facm were |
obtaines] from the EPA Federal Guidance Repoﬂ Na 17 (Eckerman. 1933)

In Table 4-13, the estimated effectwe dose equwa]mt for the hypotheucal aximally
' e.xposed iridividusil due to aifboine rﬁdloacmremw]&tﬁs 1§ comphred 1o the EPA standard of
10 mrem {0.10 mSv) annually for airborne emissions other than radon. Also, the estimated
effective dose equivalent is compared to the DOE guideline of 100 mrem {1 mSv) annually for
all exposure modes, as shown in Tahle 4-13.

4.2.1 Radiation Dose From the WSCP/WSRP to a Hypothetical Maximally Exposed
Individual ' o

This section provides the estimated committed effective dose equivalent (o & hypmhet:ml
individual assumied to frequent the perimeter of the WSCP/WSRP and to receive a radiation dose
. by the five pathways identified above. No private residences are adjacent to the WSCP/WSRP
sites; therefore, all calculations of dose equivalent due to direct gamma exposure, airborne
radioactive particulate inhalation, and radon progeny inhalation agsume a realistic less than (00%
residence time. Recreational use of the Busch Wildlife area is considered in the assessment of -
the exposure to a maximally exposed individual at the WSCP/WSRP area since some of the lakes
in the area receive effluent from the WSCP/WSRP. None of these bodies are used 48 sources
of drinking water, bat recreational use of the wildlife area includes fishing and boating activities. -
Thus, fish ingestion, as well as incidental water and sediment ingestion, is a potential pathway.

for exposure,

Direct gamma radiation dose rates, radon gas concentrations, ‘and airborne radicactive
particulate concentrations were mmplud continuously at all WSCP/WSRP and off-site locations.
There is no reason to suspect, at the 95% confidence level, that the results recorded in 1991 for
these monitoring locations were different from the measured background results, Also, a high
laboratory bias for results of Th-230 and U-238 spiked samples, as well as atmospheric transport
of radionuclides U-234 and U-238, does not support data indicative of airborne releases from
the WSCP during remediation activities in 1991. Consequenily, there is no reason to suspect
that the potential for éxposure to extemal gamma, radon gas, and airbome radioactive
: pamculates above background Ievels exists, and thus there should not be an increase in the
effective dnsa equivalent above hackgmund due to exposure through these pathways

m:iasers2ijoanneiaserd Laserd 1 ' _ 9%
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Three off-site bodies of water {Busch Lakes 34, 35, and 36) receive runoff from the '. .. ) |

WSCP/WSRP site. &lllhreelalmsmqsed for fishing and boating. In 1991, a bio-uptake
mvﬁﬁgaﬁﬂnwasmndmmdmdﬂemﬂne'ﬂwpusﬁhhexpmum_ofh#mansmchemmalmd
radioactive contamination from the ingestion of fish and game affected by previous operations

© . at the WSS. -This‘investigation#ricluded cﬂﬂemng‘ﬁstrmeﬂ"ﬁbm thie three Busch lakes. A

variety of fish, including bass, catfish, sunfish, and crappie were collected from the lakes. :
Flﬂmwmmmblcmwnfﬂmﬁshwmsmtfmmalym The fish were analyzed
for uranium only. because radium and thorium concentrauons mlakesedmmtsandmter were
nntabwenarmaibackgmuudlaveis

* The analysis results for the various fish were combined and avmgad The average
© 1J-238 concentrations in the fish collected from Lakes 34, 35, and 36 were 0.010 pCi/g .

(3.7E-4 Ba/p), 0.012 pCi/g (4.4E-4 Bq/g), and 0.042 pCi/g (1.6E-3 Bg/g), respectively. Using

an average oomsumption rate of 6.5 g/day (0.23 oz/day) for fresh-water fish (EPA 1988) and - .
EPA dose conversion factors (Eckerman et al. 1988), the highest calculated annual dose from . -

ingestion of fish lwmg in these lakes would be 5.6E-2 mre (5 6E-4 mSv).

None of these lakes are presently used for drinking or irrigation. Swimming is not
permitted in these lakes; however, it is realistic to assume the hypothetical maximally exposed
individual would swim in the lakes despite the rules. On average, an individual spands 5.7 hr-
boating per visit at the Busch Wildlife area (Missouri Department of Conservation 1991a).
While boating, the hypothetical individual is assumed to spend 25% of the time swimming, ' If
the individual makes 10 boating trips per year in Lake 36, which has the highest average surface
 water concentration (51 pCi/l, or 1,887 Bg/m”), the total amount of time spent swimming would

be 14.3 hefyr, Swimming can result in the ingestion of 0.05 liters/hr (6,05 q/hr) of water.on

average (EPA 1988). Using the EPA dose conversiom factors (Eckerman et al., 1988), the -
calculated dose would be 1E-2 mrem (LE-4 mSv).

It is also possible for an individual to ingest lake sediments during visits to the lakes.
It is assumed that the hypothetical individual makes 10 trips during the year of an average
dusation of 5.7 hr per trip as described above. Thus, the individual would spend an average of
approximately 57 he/yr or 2.4 d/yr at the lakes consuming 200 mg/day (7.1E-3 oz/day). Using:
the average uranium concentration of surface sediments for Lake 34, which has the highest value
. of 46.8 pCifg (1,7 By/g) and EPA dose conversion factors, the calculated effective dose
equivalent would be 1,6E-3 mSv (1.6E-5 mSv).
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Based on the exposute scenarios discussed above, a maximally exposed individual at the
 WSCP/WSRP would therefore reccive a total effective dose equivalent of 0.07 mrern {7E-4 mSv}
~ from direct gamma radiation, inhalation of airborne radicactive particulates, inbalation of radon
progeny, mgesuonufwaterand sadlmem mdmgemmofﬁshfmmcnntanunamdwmn

'4.2.2 Radiation Dase From the WSQ fo Hypolhetical Maximally Exposed Indlvidual

This section discusses the estimated committed effective dose equivalent to a hypothetical |

individual assumed to frequent the peritneter of the W5Q and receive a radiation dose by three- -
of the five pathways identified above. No privaie residences dre adjacent to the WSQ site;.
therefore, all calculations of dircct gamma radiafion, airbome radicactive particulate
 concentrations, and radon progeny inhalation assume a realistic less than 100% residence time.

Access to the quarry is controlled by an 2.4 m (3 ﬁ}chmnlmkfenoetappadwlﬂiharhadwe,

thus fishing, swimming, and drinking water from the quarry pond need not be evaluated '

. The exposure Scenario consists of a hypothetical individual who mutinely walks almg
" the northern boundary of the quarTy on State Route 94. The individual is assumed to make this
trip twice per day, 250 day/yr. Average residence time per day is estimated to be 12 min
(ANL 1989b), resulting in an annual exposure Gme of 50 hr/yr. An individual driving by the
site twice per day, could receive an exposure, but it woulki be insignificant relative to the
walking. scenario and therefore was not considered in the calculation.

Data from three gamma radiation monitoring stations were used to evaluate the dose by
direct gamma exposure of the hypothetical individual, The dose from external gamma radiation
was calculated by multiplying the length of time the individual would be exposed by the radiation.
field strength. Using these conservative assumptions and the highest measured gamma eXposure
rate (2.4 prem/hr above background at TD-1001), the calculated dose equivalent would be
0.12 mrem (1.2E-3 mSv). : ' '

Analysis of long-lived gross alpha activity from airbome radioactive particulate data from
1991 indicated that results from monitoring stations at the quarry were not significantly different
. than background at the 95% confidence level. Therefore, the effective dose equivalent to a
hypothetical individual receiving the maximum exposure from the inhalation of radioactive
particulates is not measurabie above normal background exposute. - :
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The risk associated with Rn-222 is due primarily to inhalation of its short-lived davghter
products (progeny). Data from the three alpha track-eich radon gas monitoring stations closest
1o State Route 94 were used to evalvate the dose by inhalation of radon progeny for the

ypothehcal individual, The assumed breathing rate for all inhalation pathway calculations is
1,25 m¥hr {44.1 T%) (Cenibet™1983)." “The 'Bighest “anfitill ‘average ‘measired wadon gas
concentration at these monitoring stations was 1.2 pCi/l {44 Bg/m®) above normal background.
Assuming a 50% equilibrium between radon gas and its progeny and the 1. 0 rem/ working level
month (WLM) (10 mSv/WILM) effective dose equivalent conversion factor taken from ICRP
- Publication (ICRP 1981}, the estimated effective dose aquwa]ﬂnt from. mhalatmn of radon
. daughters is 1.8 -mrem (0.018 mSv).

_ The dose to the hypothetical maximally exposed mdmdual at the WS consists of a total
_ of 1.9 mrem (0.019 mSv) from direct gamma exposura and inhalation of radon daughtem

_ 4.2 3 Radiation Dose From WS\’PS to & Hypothetical Maximal];r Exposed Indivldual

"This section discusses the estimated effective dose equivalent to a hypothetical individual -
- assumed to frequent the largest vicinity propesty, the Femme Osage Slough, locaied south of the
WS(Q. This scenario provides a very conservative but plausible exposure assessment. No -
private residences are adjacent o the slough (it is on land that is currently managed by the

Missouri Department of Conservation as part of the Weldon Spring Wildlife Area); therefore,
all direct gamma exposure calculations assyme a realistic less than 100% residence time. The
slough is not suspecied of having airborne radicactive particulate concentrations and radon

L orisez .

progeny concentrations above normal background because it is in a floodplain with saturated

soil. The water in the soil minimizes airborne migration. In addition, the. slough is
contaminated only with uramum, 1mp1ymg that abov&background concentrations nt‘ radnn are -
‘not possible.

The amount of fish obained and ingested from the Femme Osage Slough assumes the
average consumption rate of 6.5 g/day (0.23 oz/day) according to EFA estimates (EPA 1988a).
Because of the stagnant water conditions, the slough is not a source of drinking water, nor is
it a place for recreational swimming. Therefore, these pathways were not included in the dose

calculations, and aitbome radioactive particulates and radon daughter concentrations were not o

measured.
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~External gamma dose rate measurements were used to derive the effective dose equivalent
by direct gamma exposure for the maximally exposed individual who is assumed to sit on the °
bank of the slough and fish 4 hr/wk; 50 wk/yr. External gamma dose raie measufements wers
taken with a pressurized ion chamber (PIC) on the bank of the slough in an arca of known
radioactive soil ‘contamintién, “Using the measured extmei-gamma dose-equivaleat rate of
10.3 prem/hr, which is 2.4 urem/hr in excess nfnarutal hackgruund the calculated dnse._
aqmva]mt would be 0.5 mrem {5E—3 mSv).

- ﬁspartofﬂmhmuptakeﬂwdy,ﬁshmpluwmmﬂectadmdamlyudﬁurmtal
* uranium. Uranium is the only radionuclide in the slough sediments-and water that is elevated
~ above background concentrations; therefore, wranium and its decay pmducts are the only
radionuclides that were considered for possible uptake. The average U-234, U-235 and U-238 -
concentrations recorded from the 10 fish samples taken from the slough on May 1, 1991, are

10.003 pCifg, 0.0007 pCifg, and €.003 pCi/g, respectively, Assuming the fish caught to hours

fished ratio is 0.41, and the fish kept to fish caught ratio is 0,48 (MDOC 1991a), the.
hypothetical individyal that spends 4 hr/wk, 50 wk/yr fishing at the slough could potentially

* consume 39 fish in a single year. The edible portion of an average fish weighs approximately

200 g which would yield a consumption rate of 21 g/day. Using this consumption rate, and the

EPA dose conversion factors, the calculated committed effective dose equivalent to the

maximally exposed individual from ingestion of fish living in contaminated waters would be

1E-3 mrem (1E-5 mSv).

The dose to the maximally ﬂbused individual at the WSVP from direct gamma exposure
and consumption of fish tissue as discussed above consists of 2 total of 0.5 mrém (5E-3 mSv).

4.2.4 Collective Population Dese -

'The risk from radiation exposure to the general population is a function of the number
of persons exposed, duration of exposure, and concentration or exposure rate to which the
population is exposed. Below an absorbed dose of 10 rad (0.1 Gy) the projection of risk is~ .
uncertain, This is more than 30 times the typical yearly natural background exposure in the
United States. In fact, no statistically significant advetse effects of radiation exposure have ever -
been proven at low doses of radiation. This is substantiated by studies of human populations
exposed in regions of the world where natural background exposures are several times higher
than those typically incurred in the United States. In these régions of higher background
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_ ruhaumexposures,memmﬂadvmhemmeffecmhasnmnemshnwnmimahwe_ ’
thmewmhocmudu&tcumer facmrs(BEIRIVIQEB)

. The collective effective dose equivalent estimate is the’ pmduct of the effective dose
equivalent estimate. ‘at the exposure point anid the number of persans exposed. ' Exposure points
are locations where members of the public are potentially being exposed to airbome radioactive
particulate concentrations, radon gas concentrations, external gamma radiation, or radionuclide
concentration in water or food at above-background levels. The effective dose equivalent is.-
caleulated by estimating radionuclide concentrations in the air, water, food, and exterrial gamma
pathways at a given exposure point and developing reasonable exposure. scenarios to estimate the
~ amount of radioactivity ingested and inhaled and external gamma radiation received by the

potentially exposed pupulanon

The collective dose equivalent estimate for 1991 is 0.069 person-rem -as shown in

Table 4-13. The following paragraphs discuss the exposure points, estimated radionuctide S

concentrations in the various pathways, and summaries of exposure scenarios used to develop
the collective effective dose equivalent estimate. '

The potential exposure point locations were chosen on the basis of analytical mults from
critical receptor monitoring stations, WSQ perimeter monitoring stations, and Tecreational use
of areas directly adjacent to the WSS. None of the analytical results from critical receptor
monitoring stations were significantly different from background concentrations at the 95%
confidence level for long-lived gross alpha concentrations of airborne radioactive particulates, -
~ radon gas, and external gamma exposure, Since the results from all critical receptor monitoring

locations were not significantly different from background concentrations, no collective effective

dose equivalent estimate was made for popwlations at or b:yond the critical receptor locations. -

Analytical results from the WSQ) perimeter monitoring stations were used to estimate
radon gas concentrations and the resulting collective effective dose equivalent estimate at the.
Katy Trail, which is a recreational trail located on state-owned land south of the quarry, The
Katy Trail lies approximately 45 m (46 ft) south of the quarry at its clusestpmntand about 25 m-
(27.5 f) below the southern quarry rim. 1t parailels the southern tim for approximately 260 m
(286 ft). The Katy Trail was chosen as the only potential exposurepnmtlnm&nnfortadonmd .
external gamma, because only at the WS(Q were measured concentrations found to be statistically
different, at the 95% confidence level, from the measured background concentrations for radon,
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‘and cxternal gamma radiation. The estimated number of people using the Katy Trail for 1991

is 50,770 (Fleming 1992), which is about 71 % of the number estimated in the 1990 ASER. This-

year's estimate is more realistic, however, m:t:sbawdmanenﬂmymswmﬁnfdata
whereas the 1990 estimate was based on pne quarter’s worth of data multiplied by four. Results
from the monitoring mwsmmmﬂbwmmmmmwsq (e.g.,
monitoring stations RD-4006 and TD-4006) are not significantly different from background
Jevels. Figure 4.2 showsthclocaﬁans uf all W5Q perimeter monitoring stations as well as the
Katy Trail. -

The collective effective dose equivalent estimate for exposure to radon and its progeny
was determined using the computer program CAP-88, which is a program developed by the EPA-
10 estimate airbore radioactivity concentrations at locations up to 80 km (50 mi} away from a
source. (Beres 1990). The exposure time assumed for a person walking along the Katy Trail
was 5 min, which corresponds to a 3.2 km/hr {2 mi/hr) walking speed along the 260 m (286 yd)
fength of trail which parallels the WSQ. The above-background radon gas concentration at the .
Katy Trail was 0.6 pCi/l (0.22 Bg/l) and the dose equivalent conversion factor for Rn-222
_ progeny was obtained from ICRP Publication 32 (JCRP 1981). The estimated collective
population dose due to radon inhalation for the 50,770 Katy Trail users is 0.026 person-rem
(2.6E-4 person-Sv). The external gamma contribution to the Katy Trail population dose was
estimated using the inverse square law modified for an area source {Cember 1983). The
estimated extenal gamma dose equivalent rate al the Katy Trail exposure point was
9.8E-04 mrem/hr (1E-5 mSv/hr), and the resulting population dose estimabe for this pathway was

estimated to be 0.004 person-rem (4E-5 person-Sv). Thus, the total collective population dose -

estimate for the Katy Trail exposure point for all applicable pathways (i.¢:, radon inhalation and -
external gamma exposure) was 0,030 person-rem (3E~4 person-SV) for the 1991 calendar year.
Details on calculations and assumptions used to calcufate the effective dose aquwalmt are
provided in Appendix (. .

None of the surface water or groundwater bodies that receive nmuff Or recharge from
" the WSS are used as drinking water sources; therefore, this pathway was not included in the _
dose evaluation. However, the Missouri Department of Conservation estimates on an annual_
basis that approximately 15,000 persons use the Busch Wildlife area, which is adjacent o the
WSCP/WSRP area, while another 3,800 persons participate in recreational boating activities.
Lakes 34, 35, and 36 receive runoff from the WSCP/WSRP site and all three lakes are utilized
for fishing and bmung purposes. Therefore, a second exposure point for potential e.xposure of
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. apowlaummmughmgesuunnfﬁsh water, mdmdtm@tfromﬂms&hkﬂmuldbﬁﬂm_f: |
IBEMperwna

" On averag, ,TZSZﬁshamkwtfmmﬁeBuﬂlabsmanmnualbam(MDOClml}

Assummgthatall?!ﬁiﬁ;hamcaughtmqunmqumtedwatersandmgmmnwmmﬂy '

one fish, the affected population would be 7,232 persons. The highest U-238 concentration in
' the fish collected from Lakes 34, 35, and 36 was 0.042 pCi/g. Assuming that the edible portion
afavmgeﬁshwmgha?ﬂlg(‘?loz},mdnngPﬁdusemnmmfaﬂm the estimated

g populaﬂondoseforﬁshmgeshomsﬂﬂ%pusmm

The average time spent at the Busch Wildlife area per boating rip is appmumtely
5.7 hr. Assuming that-each of 3,800 visitors make only one visit to the area and spmdiiﬁ of
their time swimming during these visits, a total of 1.4 hr per wip would be spent swimming in
the lakes. Using average ingestion rates of 0.05 Ihr and 200 mg/day for water and sediment,
respectively, and the maximum water concentrations of 51 pCi/l (1 9 Bq/1) and sediment
concentration 46.8 pCifg (1.7 Bq.-‘g}, the estimated population doses for these scenarios are.
0.004 person-rem (4E-5 person-SV) and 0.0006 person-rem (6E-6 person-5v). Consequently,
the collective population dose estimate for the ingestion scenarios for the Busch Wildlife
exposure point was 0.039 person-rem (3.9E-4 person-Sv). Details on calculations and
assumptions used to calculate the effective dose equivalent are provided in Appendix G. '

" In 1991, the estimated collective population dose for recreational users of the portions
of the Katy Trail and Busch Wildlife area that are affected by the WSS was 0.069 person-rem.

43  Radiological Release Estimates

Dunng 1991 air monitoring results and site modelmg indicated that releases from the
Weldon Spring site were at background levels.  Air particulate monitoring gross alpha results
were not found 1o statistically differ from background results, at the 95% confidence level, for
all on-site and off-site monitoring stations. In addition, air modeling techniques using the EPA
approved computer program AIRDOS do not substantiate the potential for above background
releases from the site during excavation and demolition activities in 1991. Therefore, no
" airborne radionuclide releases from the WSS in calendar year 1991 resulted in abnve-hackgrmmd _
airborne concentrations at site-perimeter and off-site locations. The dashes in Table 4-14 Teflect
that the amount of radicactivity released to the environment was not distinguishable from
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background levels of radiation. However, above hackground radon gas concentrations wete
observed at two locations at the WSQ in 1991 as discussed in Section 4.1.1.2. A box model was .
utilized o predict the radon release rate for the year from the WSQ. The box model assumes- .
matmrhomemnummmummspersedhonmgmwuﬂymﬂnnmemude}edVdmefair The
major contarhinalkd area Within'the quiirry’s was seli t0-Estintatethe Tidon release. In 1991, the
estimatod Rn-222 release was 14.2 Ci (53 x 1010 Bq). The Rn-222 release calculations are
provided in Appendix (. Table 4-14 provides a list of those radionuclides that are considered
in laboratory analyses of air samples collected at the WSS as well as their half-lives.

Intermittent surface water runoff was found to have transported uranium from the site
area during 1991 through five major discharge routes. These foutes are monitored through
monthly sampling of the runoff water, as is required under the site’s NPDES permit. The
discharge of natural wranium from the NPDES outfalls is identified in Section 5 {refer to

'_ Table 5-3). Since uranium is assumed to oocur naturally on WSS properties, the estimated . |
. activity by isotope is calculated and shown in Table 4-14. Other radlmuchdes were not
measured in surface water durmg 1991 :

Tablg 4-14 Radionuclide Emissions. to the Environment

Activity of Radionuclide | Activity of Radionuclide
Reloasad to Air (CI) Released to Water {Ci} Half-era {¥esh

| 3.47€09
7.04E08 -
2.34E05
1.40E10
. 7.40E04
1,910
5.76

1,600
3.82days ||

NA, Not analyzed for this radionuclide
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5 SURFACE WATER PROTECTION PROGRAM -AND-MONITORENG RESULTS - -
5.1 Surface Water Protection and Monitoring Program Description

 'The surface water. protection. progam isrnade up.of a.variety of efforts and initiatives
that control and ‘monitor-the quality-ofvwatter -resident-on - and -discharging’ from, the Weldon
Spring site (WSS). During 1991 those programg included;

»  Muintenance and operation of permitied effluent outfalls under the National Pellutant
Discharge Elimination System (NPDES). '

. RuuhnemamMngofan—mteanduff—sﬂemrfmemmbodwsfmwamrq{mmy-
parameters and contaminants,

s Initiation of the on-site sirface water mansgement program. 10 systematize. the |
management of construction waters and impounded precipitation runoff.

» Design and initial construction of two wastewater treatment facifities to treat
conhnnnatedsurface(andmﬂumtgmmd}wmmwlﬂelspmmﬁablefmrdme
to the environment. :

The effluent monitoring program, described in Section 5.2, demonstrates the WSSRAP's
compliance with the Clean Water Act regulations and DOE Order requirements. The scope and
- the resuits of that program are described in detail below. Section 5.3, Non-Effluent Monitoring,
is the monitoring program designed to maintain a database on the water quality of lakes and
streams downgradient of the WSS property and will, in the long term, provide the baseline data
to assess the effectiveness of remedial activities undertaken at the WSS.

The on-gite surface waler management program plan was imitiated during 1991 and
completion of the plan ix expected in mid-1992, Cenrain aspects of the program were put in
place during 1991, inchufing the testing of impounded waters of unknown chemical or
radiological constituent quality prior to.their dischirge from the site boundary, Efforts were
made to define the types of walers (i.c., comstruction water and runoff water) o aid in
categorizing and determining the measures necessary io facilitate their management. This plan
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all surface waters on the WSS are to be managed of released.

5.2 Effivent Monitoring Resulis

. Effient samples were collected-and: analyzed in compliance with-theWeldon Spring site
NPDES permit. This permit (Number MO-0107701) was issued in October 1990 and addresses
storm water and wastewater discharge criteria for the seven discharge poimts, or outfalls,
indicated on Figure 5-1. Outfalis NP-0001 through NP-D005 represent surface water discharges
and NP-0006 represents the treated effiuent discharge associated with the administration building
sanitery wastewater treatment plant. Outfall NP-O007 represcats the proposed site water
treatment plant outfall, which will be routinely ampled once the plant is operational. Currently
NP-0006 is the only outfall with effluent limitations, The five surface water ouifalls have
monitoRng requirements ondy. ﬁsumnmrynfpermtmqmrenmtsmdudmgnmtnnng
parameters and frequencies is shown in Table 5-1 (emeptforNP-{iJW)

_ ﬁnnualnvemgcsofanalyusalmmﬂmfwthesmrmwamlocanmsamprﬁmbeﬂm
Table 5-2. This table presents an annwal summary of the individual sampling events. Analytical
results for the individual NPDES sampling events (including NP-0006) are presented in
Appendix A.

5.2.1 Radiological Analysis

Annual average uranium levels ranged from 6.4 pCifl (.24 Bg/l), about 1% of the derived
concentration guideline (DCG) of 600 pCi/l (22.20 Bg/l), at the minimum concentration
discharge point (NP-0004) to 581 pCi/l (21.50 Bq/1), about 97% of the DCG, at the maximum
concentration discharge point (NP-0005) (Table 5-2).

The old process sewer off-site discharge (NP-0001) exhibited an annual average uranium
concentration of 475 pCi/l (17.60 Ba/l}, 79% of the DCG. Individual measurements ranged
from 198 _pCi:'l to 816 pCifl (7.32 Bq/l to 30.19 Bq/l).

Frog Pond’s off-site discharge (NP-0002) exhibited an annual sverage uranium

concentration of 158 pCi/l (5.84 Bg/l), 26% of the DCG. Individual monthly measurements
ranged from 40.1 pCifl to 332 pCi/l (1.48 Bg/l to 12.28 Bq/1).
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. TABLE 5-1 Nationat Pollutant - Discharge rElimination -System Permit -Monitaring -
Requiraments :

Settlenble Sokids*

Totat Suspendad
Solids (TSS) *F

Nitrate *

Uranium®
Lithium*

: Gross Alpha*
T
| BODF

| Foca Cliorma F

+  Monitoring requirements only; no effluent limitations.

- Limits set for Qutfall NP-O006 (BOD, 10 mg/A monthly average, 15 mg/l waekly average;
TSS, 15 mght menthly average, 20 mpft weekly averags, Fecal Coliforms, 400
colonies/100 mi monthly average, 1,000 colonies/100 mi daily maximum; pH 8.0 - 9.0

. unitgh.

V] - Once per quarter sampling.

M -~ Once per month required.

MR - Monitaring for this parametar not required.
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1991 Annual Average NPDES Resutts for WS5 Outfalis

TABLE 5-2
Total Gross Suspended { Settieable )
| No.of Uranium Aipha Nitrate Lithium Soids “md: _ | Powcro
Location | Samples pH pCiA=- 1 _pcint” 1 meA* maf - mai* | v
NP-0001 4 75 475 331 2.9 022 274 - 416 416,483
NP-ODDZ | 10%e** 8.6 158(11) 117 3.1 0286 38 " f06 176,283
NP-0003 12 8.5 456(14) 504 85111 .| .043(11) 891 § iue 149,763
NP-0004 4 7.1(5) 6.4_ 26.8 134 032 242 i 5602 578
| np0005 | 100eee 65 | s81011) 500 13.9 027 30 | . 14 43,049

Nurnbers in parsnthesis indlcate total number of samples for that pam whaers the numbar differs from 'fh;t notsd in ﬂ'ul ml'mrln '

. Non-detects (ND) are averaged it at ona hall the detection kmit. Values of seteable solids lhnwnuﬂn{-cu 1 miAMr) are averaged
in ot .05 miAhyr,

L E L
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- Ash Pond's uff-mcdamml’-&lm exl‘uhmd an -anvual -avesage - BERnim
: mu'mmoﬂﬁpcﬂ(lﬁﬂnq&},?ﬁiafmm ‘Individual monthly measurements
ranged from 13.6 pCi/l to 3400 pCiA {.50 B/l to 125.79 Bg/D). The 3400 pCiAl (126 Bg/l)
value from a January 3, 1991, sample along with a 1290 pCiZt (48 Bq/l) vatue from a

March 1, 1991, sample raised the avesage appreciably. The next highest value was 313 pCifl
{12 Bq/1). The two high values appear.to.be a.seasoaailyrelated fluctuation. ‘During:the winter
of 1990-91, when the two high values were obtained, there was a heavy cover of ice. The
freeze-thaw cycles, along with the water saturated seil, could have caused the water to have
greater contact time with soil resulting in higher uranium levels in the effluent. No other

Outfall NP-0004, as noted above, had the lowest average uranium concentration at
6.4 pCifl (0.24 Bg/1). Individual measurements ranged from 1.43 pCi/l to 10.0 pCi/l (.05 Bg/l
to .37 Bg/l). The NPDES permit requires this outfall to be sampled four to 10 days after a
stormwater runoff event. This requirement was included to help ascertain if the flow af this
outfall was from the raffinate pits. Cmﬂmﬂy,luwunmumlwelsmdlmthat&mﬂowmmt
from the raffinate pits.

‘As noted, outfall NP-0005 (at tiie head of the southeast drainage) had the highest annual
average. Individual monthly measurements ranged from 48.2 pCifl to 2,240 pCi/l (.56 Bq/l to
82.87 Bq/l). The second highest value measured was 748 pCi/l (27.67 Bg/l). The high uranium
value at NP-0005 was contemporary with the elevated levels at NP-0003, again suggesting the
suspected freeze/thaw mechanism as a probable explanation.

Outfall NP-0006 (the administration building sewage treatment plant) was sampled
quarterly for uranium. Uraniuin conceptrations in all four samples were below detection lintits.

Annual average gross alpha levels generaliy follow the pattern of the natural uranium
results. This similarity between the average uranium and: gross aipha valves indicates that most
of the aff-gite radionuclide released in surface water is in the form of soluble uranium.

Estimated quantities of total uranium released off site through surface water runoff are
presented in Table 5-3. If it is assumed that the entire annual precipitation runoff is discharged
from these points, and the discharge from each peint is proportional to the site drainage acea for
each point, an estimate of the total uranium released can be calculated. The percent of
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TABLE 5-3 1991 Estimated Annual Release of_hlatural Uranium from NPDES Cutfalls

% of
Procipitation as
Runotf

Eﬂﬁﬁ

28.0%%=
ZB'O'IGI
52.0**

" See Figure 5-1 for outfall locations. ;
e Estimatod using runof numbers. _ _ T
*+¢  Egtimated using actual reinfalf and weir data for May 19921. A
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" indicated on Table 5-3. The estimated total uranium released for 1991 is 31.7 kg (70 Ib) greater
than that estimated for 1990. The major factor contributing to this greaser egtimased value was
the increased average valuc at outfill NP-0003 (due to the two high sampie resalis discussed
 previously), Exciuding outfall NP-00O3, (from both, years), the uranivm, eleased during 1991,
44,4 kg (98 Ib), was:less than the 199G release-of 48:8 kg (108-1b) (MKF-and TRG 1991c).

5.2.2 Physical/Chemical Analysis

Physical analyses (settleable solids and total suspended solids) and chemical analyses
(nitrate, pH, and lithium) were also performed on NPDES samples in 1991. The annual
averages for these parameters are shown in Table. 5-2. One half the detection limit was
substituted for non-detect (ND) values in the calculation of the averages,

Similarly, 0.05 ml/V/hr was substituted for settle solids values reported as < 0.1 mifl/hr
in the calculation of settleable solids averages.

Settleable solids for outfall NP-0004 were <{.1 ml/i/hr for both samples analyzed.
Settleable solids were not determined for two quarters due to heavy algae growth in the water.
Outfalls NP-0001, NP-0002, NP-0003 had one value cach that was >0.1 ml/l/hr and outfall
NP-0005 had two values > 0.1 ml//hr. Increased construction activity and off-site water lihe
instatlation contributed to the values > 0.1 ml/l/hr at NP-0005.

Total suspended solids annual average valves ranged from 30 mg/l at NP-0005 to
691 mg/l at NP-0003. Again, increased construction activity contributed to the higher values
at NP-0001 and NP-0003. Outfall NP-00(4 i a shallow drainage way that is sampled during
dry weather, The NPDES permit requires sampling four to 10 days after a storm event. High.
total suspende solids values could resuit from difficulties in collecting samples from the shallow
stream bed without stirring up the stream bed.

Nitrate values for 1991 were higher than values for 1990, except for outfalt NP-0003,

which was much lower. Annual average values ranged from 3.1 mg/l for outfall NP-0O02 to
13.9 mg/1 for outfall NP-0005.
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-+ Lithium values for 1991 were slightly lnghu ﬂun 1990-values. This slight-iscrease was

- probably becsuse 34 of the 39 sampiles analyzed were below the detection limit, anvd one half the
-dﬂmhmuwumd&rmngmm:nmm "non detccts” were

not used in averaging.

Aversge 19515 vaoes, forthdive.soemwae ol vers il o 1990 v
and ranged from 6.5 to 7.5, Values of pH of 6.0 to 9.0 are generally acceptable to regulatory

agencies.

5.2.2.1 Sanitary Wastewater. Outfall NP-0006 is the discharge for the site
administration building sanitary wastewater treatment facility, The NPDES permit containg
effluent limitations on biochemical oxygen demand (BOD), total suspended solids (TSS), fecal
coliform and pH. Samples were amlyzed at least quarterly for these parameters by the
subcontractor operating this facility,. A table illuswating these results is preseated in
Appendix A. NPDES limits were exceeded seven times during 1991 at ‘this outfall (see
Table 5.1 for the effluent limits). When the effluent was in noncompliance for any parameter,
the subcontractor initiated operational changes to bring the effluent back into compliance.

5.2.2.2 Erosion Conirel Monkoring. An erosion conttol monitoring progam was
initiated during 1991, Samples were collected downstream of erosion control structures to assess

their effectiveness. Analytical results of samples collected at NPDES outfalls in conjunetion
with this program were reported to the Missouri Department of Natural Resources. The samples

were analyzed for settieable solids and natural uranium. The program, to date, shows that
erosion control measures have been effective,

5223 Uranium Trend Analysis. Annual average uranium concentrations in NPDES
outfalls from 1987 through 1991 are presented in Table 5-4. Uranium concentrations show an

. overall decline for 1987 through 1990, with an increase in 1991, All owtfall average values for
1989 through 1991 are below the DCG of 600 pCi/t (22,20 Bq/). - The greatest increases for

1991 occurred at NP-0003 and NP-0003.
A comparison of values between outfall locations indicates the following:

* Uranium concenirations at NP-0004 remain extremely low indicating that the dry
weather flow at this outfall iz not coming from the raffinate pits.
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" Table -4 Annual Avmaglllmniuﬁ‘ﬂﬁnﬁnmriﬁnntﬂ'HFDES'DM#E’IBB?JEH‘I L

* Uranium concentrations at NP-60G2 do not indicate. any significant fluctnation. . This
is expected, since very litile excavation or disruption has occurred within this
walershed. '

e The uraninm concentration at NP-0003 has increased, but still remains well below the
pre-Ash Pond diversion project levels. Two very high levels during winter weather
_ raised the average considerably, It is speculated that saturated ground conditions due
to heavy ice cover contributed to the high readings. No other circumstances. were
noted that could have contributed to the high levels.

o Uranium levels at outfall NP-0001 increased slightly in 1991 and levels at NP-0005
increased by approximately 220 pCi/l (8.1 Bq/l). The increases at these outfalls are
due to increased construction activity in the watershed feeding these outfalis. A
continuing program of erosion control has been implemented to keep levels as low as

. reasonably achievable (ALARA). 'Also, the construction activities mentioned above

 removed approximately 19,116 m®. (25,000 cu yd) of radicactively contaminated soil
material from the watershed feeding NP-0005. It is anticipated that this effort will,
in the long term, improve the quality of stormwater runoff through that outfall.
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Susface water samples were coflecied and anabyzed for radiological paramesers from a
total of 26 locations; 12 within or mear the Weldon Spring Chemical Plant/Weldon Spriag
raffinate pits (WSCP/WSEP) wad 14 near the.guarry. A, torl of 11 springs were moaiorod boih
north and south of the WSCP/WSRP-for.eadiological: parameters. ~ Many. of these locations have
been sampled by the WSSRAP for four consocutive monitoring .years, and are therefore
considered the most representative for monitoring contaminants that may pose a risk to the
public health or the environment. All samples were analyzed for wranium and selected sites
were analyzed for Ra-226, Th-230, and Th-232. Radium and thorivm isotopes have been
analyzed in water samples from surface water runoff from the WSS in past years. The-analyses
of those samples indicate that radium and thorium do not constitute a radiological contaminant
in surface water leaving the site perimeter. Because the water solubility of those radiosuclides
in the environment is low, and because there was no significant disturbance in radium or thotivm
contaminated soil materials during 1991, it is not expected that the dischasge of those nuclides
in surface water would differ significantly from previous years. '

In an effort to maintain a current understanding of site-related contaminani concentrations
in potentially affected surface water features, surface water samples were collected from six on-
site and six off-site locations. Locations SW-2007 and SW-2001 are upsiream and downstreain,
respectively, of the surface water migration pathway from the site. Locations SW-2002,
SW-2003, SW-2004, and SW-2003 are located within or near August A. Busch Wildlife Area:
(ABWA) lakes while SW-2010 (Ash Pond), SW-2011 (Frog Pond), and SW-3001 through
SW-3004 (raffinate pits) are located on site. These locations are shown on Figure 5-2.

Springs SP-5201, SP-5203, and SP-5301 through SP-5304 (southeast drainage) are located
south of the site; while springs SP-6301 (Burgermeister Spring), SP-6302, SP-6303, and
SP-6306 are located north of the site as shown on Figure 5-3. :

_Twelve surface water locations were selected for routine monitoring to evaluate and
document the possibility that surface waters near the Weldon Spring Quarry (WSQ) might pose
a 1isk 10 human health or the environment. Locations SW-1001 and SW-1002 monitor the Little
Femme Osage Creek at points upstream and downstream of the WS(Q), respectively, Six
sampling locations, SW-1003 through SW-1005, SW-1007, SW-1009, and SW-1010 are
distributed along the Femme Osage Slough. Location SW-1008 monitors the ponded water

p:\asers2\joanne\asers 1\aserd] 115




HIGHWAY K

DARDEENE CREEK 7 SW-2001

3“-2015

/ . /] GDTTLE\HLLI.E

s

CROOKED CREEK

HIGHWAY

...___—-""'"‘_"_.___'——-_.“.-'
sw-zﬂ'ﬂ ‘"—_L'/ﬁ’
- SCHOTE CREEK
SW-2004
B U.S. ROUTE 40/61
LAKE aa?
"/ awW-20 | / '
LAKE _
- BURGERMEISTER é’ AKE 35, ~ WELDON SPRING
SPRING #sw-2003 : ,;/Z,

STATE ROUTE 94

L N\SW=2005 "
~ LAKE 36
f S5 W-2002

FROG POND
EW-‘!I‘J 114

1 Mt
1.61% KM.

*-'v

' BCALE

... | "\ WELDON SPRING GHEMICAL PLANT

RAFFINATE PITS 1-4

CE

@:SAMPLE LOGATION

SURFAGE WATER SAMPLING
LOGATIONS NEAR THE WSCP AND
WSRP AREAS OF THE WELDON

SPRING SITE
 FIGURE 5-2
B mEfomzwm—aaajm'“ —AIVPIO7610602
'.mum Immm GLN DATE: 5}32.

JAM

I —— SOUTHEAST DRAINAGE -




) 's'i_g-a?na

LAKE 84
L.8. ROUTE 40/61

/‘SP-ESDG

GCOUNTY ROUTE D

e

\

WELDON SPRING SITE

~ - §P-5302" o |
\ SP-5503 S \\si-szm
’ ~ STATE ROUTE 04 ' WSP-5303 - _-

°

/.. | /&;p-sam
; SOUTHEAST DRAINAGE N

\

A

MISSOUR!-RIVER

SPRINGS AND SEEPS SAMPLED IN THE
VICINITY OF THE WELDON SPRING SITE

@ - SAMPLE LOCATION
0 8200 6400 ET - FIGURE 5-83

o o754 18507 M oo™ DOE/OR/21548-288]*"° A/VP/046/0481
SCALE » ORGSR yapy (oweee N [ argq




082181

uwithin the WSQ.  The samples: fmm1hu ‘location -permit -a ruughwdmm'mm of-the

concentrations of the various contaminants in the poded -surface water (in contct with the

quarry wastes) that may migrate to groundwater, Locations SW-1011, SW-1012, and SW-1013
were added to the monitoring program in 1989 to provide baseline water quality data from the
Missouri River. SW-1011 is the ppstream Missouri River Jocation above potential influecces
from Weldon Spring.site (WSS). contamination«while- SW-1813 -is furthest-downstream below .
the eutfall point of the Southeast Drainage casement, SW-1014 was adided o the monitoring
program in 1991 to provide additional surface water mositoring downgradimtufthequarry.'

5.3.1 SuﬂmwmmmwmmmmﬂmWﬂunsmm
Plant/Raffinate Pits

The average uranium concentrations at off-site locations including Dardenne Creek, both
upstream and downstream of its conflence with Schote Creek, weremthmﬂmmgeofm
background of 4 pCi/i (0.15 Bg/l). Also within background were the waters of Springs 5201,
5203, 5503 and 6303, which have historically been at or near background uranium levels in
previous monitoring years. Off-site locations SW-2002, SW-2003, SW-2(04, and SW-2005,
which represent the waters of Busch Wildlife arca lakes 34, 35, and 36; ranged from a low of
7.6 pCi/l (0.28 Bg/l) or 1% of the DCG at Lake 35, to a high of 20 pCi/l (0.74 Bq/l) or 3%
‘of the DCG at the head end of Lake 36. These values were within their historical ranges.

Springs in the area, which have historically exhibited radiological and chemical
contamination from site-related sources, continued to undesrgo quarterly monitoring and the
measured contaminant levels remained within their historical ranges. Burgermiester Spring
displayed an annual average uranium concentration of 81 pCi/l (3. Bq/l); the springs along the
Southeast Drainage also remained. consistent between 139 pCi/l (5.1 Bq/l) and 289 pCifl
(10.7 Bg/D), or 48% of the DCG. Table 5-5 contains the resplts of this monitoring.
Burgermeister Spring (SP-6301) is mosnitored for nitrate and sulfate. The average nitrate
concentration of 109 mg/l and sulfate concentration of 41 mg/l indicate an influence by site
contaminated groundwater from near the raffinate pit area.

On-site surface water bodies include the four raffinate pits, Ash Pond, and Frog Pond.

The raffinate pits, which contaist process sludge from the uranium production operations, alse
contain supernatant surface water comtaminated by radiochemical and chemical constituents.
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Table 5-5 1991 Annual Averaga Uranhm lnd |ﬂﬂfﬂﬂﬂl€: Anion-Rasults: at Springs -
Near WSCP/RP Area

SP-5201
SP-5203
SP-5301
SP-5302
SP-5303

SP-5304
SP-5503

| sr.6302
$P-6303

| sp-6306

These waters ane monitored annually for uranium, radivm and thorium isotopes, as well a3 for
nitrate and sulfate. Uranium levels range from 96 pCi/l (3.6 Bq/l) in Pit 1 to 1473 pCiAl
{54.5 Bq/l) in Pit 4, Tables 5-6 and 5-7 display these results. These levels were down from
measured levels in 1990. Although these avérages are within the historical range of
measurements for those locations, Pit 1 concentrations varied widely ﬂlmugliaul: the monitoring
year. No explanation is cusrently available for these variations and sampling procedures are
being reviewed as a possible cause. There is no direct surface discharge from the raffinate pits
to off-site drainageways.

Ash Pond (SW-2010) water was measured for wranium during 1991 and contained an
average concentration of 908 pCi/l (33.6 Bg/l), Frog Pond contained an average uraniym
concentration of 163 pCifl {6 Bq/l). These values are also within the historical range for those
locations. -
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“Table 5-6 - Annual Average Uranium and Inergenic Anion Concantrations for Surface
Water Near the WSCP/RP During 1981

| Off-Site

| SW-2001

SW-2002

SW-2003

SW-2004

SW-2005 13 NS

SW-2007 . ND NS NS
On-Site

SW-2010 908 2.4 NS
SW-2011 163 NS NS
SW-3001 96 . 368 . 226
SW-3002 782 2.2 796
SW-3003 503 2378 502

SW-3004

“GW-3001-0281

SW-3002-Q291

SW-30063-0291

5W-3004-0291
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1990 at any of the 12 surface water of the 11 spring locations witkia or near the site, - At the
furthest downsivesm location, SW-2001 (the conflucace of Schete and Dardenne creeks), the
wmﬂthemmmofﬂnqwﬁlymﬁmmﬁwﬂmt&maf
backgrmmdumpmnuusym

Mmpﬁngmﬁummm-mmnﬁmﬂmmfmmtheﬁuﬂmhmdy
low levels in surface water and springs along Imown discharge pathways. The conceatrafion
(activity) of total uranium is reduced by dilistion and natural processes to the point that the levei
falls to within the range of natural background at the farthest downstream measurement location,
SW-2001.

Other radiological species (radium and thorium) were monitored in 1991 only at the
raffinate pits (see Table 5-7). Historically, 5o other monitoring lecations have detected elevated
levels of those species. The raffinate pits were sampled once in 1991 to maintain a baseline on
the radivisotope levels. Theradmmandttmnumvaluﬂmﬂnnthepﬂsfmlgﬁlmvﬂy
‘similar 1o those of 1950,

5.3.2 Surface Water Monitoring for the Weldon Spring Quarry -

53.2.1 Results for Radicloglcal Analyses. The primary radionuclide of concern
at the Weldon Spring Quarry is uraniom. The measured levels ranged from below the deteetion
limit of 1 pCi/l (<0.037 Bg/l) to a quarterly high of 1950 pCi/t (72 Bqg/I} or 325% of the DCG
in the water of the quarmry pond. Table 5-8 exhibits the annual average contaminant levels of
mmemfarlucaﬁmsneartheWSQ Figures 54 and 5-5 exhibit the sampling locations near
the WSQ.

The, quarty pond is within the access controlled area of the quarry site. Quarterly
samples collected in 1951 display an annual average of 969 pCi/l (36 Bg/l), or 161% of the
. 'DCG. This. average concentration is down from the annual average. during 1990 of over
2000 pCifl {74 Bq/l). However, this is not believed to represent a trend in contaminant
conditions, but is rather a fimetion of precipitation and dilutional effects prior to sampling, Due
to the restricted access and security systems in place at the WSQ, the waters in the quary pond
are of little direct threat to the public health,
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TABLE 5-8 Annual AverageUranium and Inarganic Anion Concantrations For Surface -
" Water Near the WSO During 1981

WESRAP ID

SW-1001
SW-1002
SW-1003
SW-1004
SW-1005
SW-1007
SW-1008
. SW-1009
SW-1010
SW-1011
SW-1012
SW-1013
SW-1014
~ SW-1015

- Average Is calculated using ron-ND results. An ND is reported in this table only if al samples
from that location had ND- raported.

* Detection lumit
NO - Mot Detected _
NS - Not Scheduled For Sampling
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Locations SW-1011 to SW-1013 are distributed along the north bank of the Missouri

' _ii.wer forpm:pmumlalmquamymnginmmfmefﬂmmacﬁmﬂwm :

water treatment plant (WIP). m_mawmﬂmafmmmmm
1 pCi/l for uranium activities at SW-1613 (downstresm), 3.02 pCi/1-(0.11 Bo/D) at SW-1012, and
4.01 pCi/1 0.15 Bq/1) at SW-1011 (upstzeam). The highest quarterly measured uranium activity
in the Missouri River was detected during the first quarter of 1991 at 4.8 pCifl (0.18 Bg/l), or
0.8% of the DCG at both sw-luulamswmu Thase values fluctuate due to natral
variations in the river water. '

Location SW-1014 is located dn the Femme Osage Creek between the west end of the
Femme Osage Slough and the Missouri River to monitor contamination which might migrate
from the slough. The uranium resujts from SW-1014 represent background levels with an
annugl average of 1.8 pCi/l (6.7E-2 Ba/D).

Location SW-1015 is a new sampling location positioned 7 mi downstream from the -
St. Charles County well field at the §t. Louis County Howard Bend Water Treatment Plant.
This location was monitored for mahiral uranium, radium, and thorium isotopes. Average
uranium concentration in river water; at that location was 2.1 pCi/l (0.08 Bg/l). Table 5-8
presents these results. Other detected radiochemical isotopes included Th-230 st 3.72 pCifl
(0.14 Bg/) and Th-232 at 1.34 pCil w.ns By/).

The Femme Osage Slough, which is the former-channel of the Femmee Osage Creek prior

to the rerouting of that siream during the 1960s, is a nearly stagnant water body. The slough

receives uranium contamination frem the contaminated groundwater in the bedrock and alluvial
aquifer to the north. Total uranium ?mx-dmedatanmuﬂ.mmgemﬂghlgfrmn 15 pCifl
(0.56 By/l/2.5% of the DCG) in the eastern portion of the sough (SW-1007 and SW-1009) to
128 pCi/l (4.7 Bq/l/21.3% of the DCG) at SW-1004 located adjacent to the quarry. In 1991,

. ﬂwmumacuwﬁeswiﬂﬂnﬂmeﬂm@mgedfrﬁmahwafﬂ 6 pCi/1.(0.32 Bg/l), or 1.4% of

the DCG at SW-1005, to a high of 326 pCi/l (23.2 Bq/1), or 54%- of the DCG at SW-1004,

.msuammuwdmummummmmamdgrmdwatmdmgmgmmeslmghﬁommm

side, Themgeofwatammeﬂmgmismagdhymehhsmmwwfmm,
whereby water is allowed to fill the; sloygh during bigh river stage and the control valve is
closed at high stage retaining the watér in the slough. These fluctuating water levels create an

- additional mechanism for migration |n an otherwise more stationary simation. The average

uraniurm levels for the slough remained within their historical ranges.
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- According to the 1991 mmmmu, ﬂu:.qumy poad water contained an average

: concentiation of 2.5 pCi/l (0.09 By/l) for Ra-~226 a3 than 1.0 pCi/l for Ra-228, and Th-230

activities were measurable at 3.66 pCi/l (0.14 B¢y while Th-232 remained undetected. See
Table 5-9. These values remain within their historical ranges.

TABLE 5-8 1991 Annual Average Radiological Resyits For Surface Water in the
wsQa (pCi/it

| WSSRAPID | PRodiom226 | Redum228 | Thodum230 | Thorum-252
 swioos | 260 | wp | 365 | wp ]

Averape is caiculated minaqumﬁﬁadmmu.hnﬂnhmdmmi;ﬁhhmwwﬂmulufrqm :
that location ware below the associated detaction lmit.

ND - Mot Detected

5.3.2.2 Inorganic Anion Results. Inorganic anions were analyzed on an annual
basis for chloride and fluoride and quarterly for nitrate and sulfate and only on waier in the
quarry pond, Table 5-8 shows the annual averages for each parameter measured.

The measured chloride value detected in the quarry sump was 12.4 mg/l, comparabie to
historical numbers. The relatively slight variations can be accounted for by natural dilution
effects. Fluoride level also remained within its historical range at SW-1008. The annual
measuremnent for fluoride at SW-1008 was 0.68 mg/l, The nitrate levels for SW-1008 remained
below 0.4 mg/l for 1991, The sulfate measurements average 68.5 mg/l at SW-1008. This level

.remains within historical values at this location. All measured levels remained well below the

U.S. Environmental Protection Agency (EPA) secondary drinking water standard for sulfate of
250 mg/l.

53.23 Rmﬁs{nrﬂhimaﬂcmin WS0Q Surface Water, The quarry
pond (SW-1008) was sampled during the second, third and fourth quarters for aitroaromatic
compounds. The total quantified concentrations of all six compounds ranged form 1.57 xgfl
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- ~during the secead quaster 10 73.42 sg/l during the fourth quarter. These levels reprosent the
levels planned for treatment by the WS{) waser treatment plant when it is operational, Samples
will continue 10 be collectid from the quarey pond o maintain accurate information on the lovels
in the water, The poaded water will ulimately be treated for nitroaromatic compounds and
other organics upon completion of the quarfy waser treatment plant.
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6 GROUNDW&TER PRBTECTII}N PROGRAM AHB MONITORING RESULTS
mgmmdwwwmmamwmsmﬁmm)kfmm&&mm

concept of source control from potential sew sources and the characterization and monitoring
of existing contamination until final decisions may be made on the need for remedistion. These

~ concepts are reflected in the Weldon Spring Site Remedial Action Project (WSSRAP)
Groundwater Protection MMMMH@'{GWPPLE]MMM 1991d)
‘discussad below. ﬁlmdimuudhehwmtheu&ﬁﬁmufmmmm&qmﬁu

of groundwalter monitoring.

6.1  Groundwater Protection Program Management Plan

The WSSRAP Groundwater Protection Program (GWPP) has gradually increased in scape

since 1981, when the U.S, Department of Encrgy (DOE) appointed Bechtel National, Inc. (BNI)
as its costodial contractor, BNI installed the first groundwater monitoring wells and began
investigating water quality beneath the Weldon Sprisg site. With the establishment of the

© WSSRAP in 1986, the current Project Management Contractor (PMC) initiated an informal

otganization devoted to the protection, investigation, and remediation of the groundwaget system
at the WSS. The purpose of the WSSRAP GWPPMP (MKF and JEG 19914) is to formalize and
structure the program both for internal consistenicy and to facilitate external review, This plan
and the WSSRAP Environmental Monitoring Plan (MKF and JEG 1992b) meet the requirements
for a Groundwater Protection/Management Program and Groundwater Monitoring Plans as
described in DOE Order 5400.1. mmtemsofmeplanhmhmasmmmmﬂmm
followinig scope:

* To define the purpose, policies, and objectives of the WSSRAP GWPP.

.. Tudeﬁneﬂmargmum&malmlmmﬂmmbmmddepammmmhﬂmm
GWPP,

¢ To define the interfaces between the GWPP and other programas.
¢ To define the methods, procedures, and schedules to be utilized in meeting the
GWPFP objectives.
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. Tnmmmitym_ﬁnheﬁw..mmm%]_

plan that meets NQA-1 requirements has been developed for -the project.)
¢+ To provide the most cffective manageswent for the GWPP,

The WSSRAP GWPPMP {(MKF and JEG 19914} is routinely updated and refssued. The
plan a5 a2 whole will be reviewed at least annually, and will be revised and reisswed as

Many wells, piczometers, amd borings have been ingtalled at the WSS for groundwater
monitoring, aquifer testing, geologic characterization, and geotechnical studies. These wells are
designated with numbers that pertain to their location. Monitoring wells with 1000 series
* numbers are located at the Weldon Spring Quarry (W3Q); wells with 2000 series numbers are

mwﬁmmmmmtmjmmmmnmmsmmmm_

raffinate pit area; and wells with 4000 serics numbers are located outside the site Boundaries,
62 Well Abandonment Activities

The proper plugging of a groundwater monitoring device that is being removed from
service is essentizl to maintaining the integrity of the associated aquifer or aquifers. For this

reason, the WSSRAP has established requirements for plugging wells at the WSS, The lines of
authority, procedures, and plugping criteria are established by this plan. Specific procedures

{procedure ES&H 4.4.45) have been developed specifying the activities required to properly plug

and abandon a well. The policy for managing cuttings and waste materials from abandonment
operations is covered under WSSRAP procedure RC-30.

During calendar year 1991, 13 wells and piczometers were plugged and abandoned.
.. 'These abandomments were conducted to facilitate construction activities at or near the area
occupied by the monitoring devices. All abandonment activities were conducted in accordance
with the applicable WSSRAP procedure ES&H 4.4.4, Subsurface Monitoring Device Plugging
and Abandonment. In summary, this procedure requires overdrilling of the well casing and
construction material (growt, filter pack, efc.) and tremie grouting the hole closed to surface.
The wells and piezometers abandoned during 1991 included: MW-1025, MW-2031, PW-2,
OB-2A through 2J, GT-63P, and MW-3010.
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63 - Greundwater Mouitoring Program and Result

6.3.1 Groundwater Monitoring Program

6.3.1.1 Groandwater Evaluation, Groundwater within and around the Weldon
chemically characterized through sampling and analyses. A surveillance program that includes
monitorieg potentially impacted groundwater has been established 1o monitor radiological and
chemical conditions. The extent of the groundwater environmental surveillance program has
been desermined based upon appiicable regulations, hazard potential of effluents, quantities and
concentrations of effluents, public interest, and the potential or actual impacts on groundwater,
The environmental surveillance program for groundwater is conducted in accordance with the -
requirements of the U.S. Department of Energy (DOE} Orders 5400.1, 5400.5 and the
Regulatory Guide.

6.3.12 Groundwater Characterization. Groundwater within or near the
WSCP/RP and the WSQ was sampled to determine potential exposure pathways. Chemical and
radiological characterization of the groundwater within or near the WSCP/RP and WSQ was
provided through the implementation of work plans, sampling plans, and other characterization
plans, These plans, which were approved by the DOE and the EPA, include environmental
monitoring; sampling locations, procedures, equipment, frequency, and analysis required;
minimum detection levels; and quality assurance and quality control components. The evaluation
.of the characterization data and potential exposure pathways has provided the basis for the
environmental surveillance program for groundwater as described in the groundwater moaitoring
program section of the Environmenial Monitoring Plant (MKF and JEG 1992b).

The objective of the groundwater monitoring program at both the WSCP/RP and W3Q
is to coflect sufficient data to estimate the approximate quantity of radionuclides released along .
that migration route. The radionuclide release information may be used to caleulate the public
.dose to hypothetical proundwater users. &tptmt,mmﬂsamaﬁﬁvdypumpadaswamr'
supplies within a 1.6 kn (1 mi) radius of the WSCP/RP site. Wells outside that area have been
sampled in the past and have shown no evidence of radionuclide contamination from the
WSSRAP. Those private wells will continue to be routinely sampled and analyzed by the
Missouri Department of Health as part of an independent program by that agency. The resuits
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--'mﬂmmdnavﬂllﬂeﬁotwbymmff mﬁﬁmmm
- sampling and analysis program.

The data collected from the WSQ and county well ficld region will slow 2 determination -

io be made on whether the WS() presents an increased incrementat risk to users of that water,

NﬁmﬂhmmWMMWﬂﬂﬂw&lﬁdﬁMh@nm_

to -date.

6.3.1.3 Groundwater Mounitoring Program for the WSQ. Forty-cight

groundwater wells, including 36 DOE monitoring wells, four St, Charies County monitoring -

wells, and eight municipal wells owned by St. Charles County have been chosen for routine

© mortitoring to investigate and document the possibility that groundwater near the WSQ may pose

a risk to human health or the environment.

Chcnﬂmlandrﬁdiulogicﬂnmﬂﬂﬂuqmnymofparﬁcuhrmﬁunhecmwufﬂl&ir

proximity to the St. Charles County well field approximately 0.8 km (0.5 mi) to the south. The
issue of protection of the well field is one of great sensitivity to the public, the DOE, and other
regulatory agencies. The DOE has issued a number of orders providing dirsction on the

assessment of exposure to the public, including directions for protection from radiation and other

chemical species, where applicable. The monitoring strategy for the quarry and surrounding
arca has been developed 10 ensure the protection of public health and the environment.

Previous groundwater quality studies performed at the WSQ indicated the presence of
several contaminants in or near the quarry, Elevated uranivm concentrations-have been detected
in the immediate WSQ area, and in the alluvial groundwater north of the Femme Osage. Slough.
Elevated nitroaromatics, arsenic, bariuim, and inorganic anion concentrations have also been
observed.

Tm'gmhgyofﬂwWSQamiswaﬂy mﬂdiﬂhuplmdmﬂnmtaials,hﬁmﬁ

-River alluvium, and bedrock.  The Missouri River alluvium and bedrock units produwce -

groomdwater and the groundwater within these units is monitored.

The unconsolidated upland material overlying bedrock consists of up to 9.1 m (30 ft) of
silty clay soil and loess deposits. The upland soils near the WSQ are generally not saturated,
therefore associatixd groundwater is not monitored,
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- The sodiments comprising the alluvium along the Missouri River vary from clays, silts,
- and sands; to gravels, cobbles, and boulkiers. The maximum allwvium thickneas agar the WSQ
is approximately 30.5 m (100 ). The alluvium is truncaied at the exesional contact with
Paleozsic bedrock bluffs along the now-abandomed Missouri, Kansas, and Texas (MEKXT)
railroad bed. The alluvium thickness increases dramatically with distance from the bluf¥, Silts
and clays with minor amounts of sand are the primary sediments between the bluff and the
Femme Osage Slough. The thick, water-producing sands and gravels of the alluvial aquifer give
way to fine-grained organically rich overbank deposits beneath the Femme Osage Slough. The
potentiometric surface of the alluvial aquifer fluctuates in rapid response to pumping of the
St. Charles County production weils and the stage of the Missouri River. The Missouri River
serves as the primary recharge source for the alluvial aguifer,

Currently there are 33 wells, inciuding eight municipal production wells, four county-
owned monitoring wells, and 21 DOB-owned monitoring wells that are screened within the
alluvial material located between the quarry and the Missouri River. Five of the wells,
MW-1035 through MW-1039, are located west of the quarry to monitor the immediate area
surrounding the quarry water treatment piant equalization basin and effluent ponds. Six wells,
MW-1006 through MW-1009, MW-1014, and MW-1016 are located between the quarry and the
slough 10 monitor contaminant migration south of the quarry within the alluvium, Monitoring
wells MW-1010, MW-1011, and MW-1017 through MW-1024 are located south of the slough
within the alluvium and are monifored to enable detection of contaminants south of the slough,
County monitoring wells RMW-1 through RMW-4 are monitored to (1} ensure that the quarry
contaminanis are not migrating toward the municipal well field, and (2) enable an early warning
of contaminant migration toward the county production well field if this should occur. The eight
county municipal wells, PW-2 through PW-9, are also monitored to ensure that the quarry
contaminants are not affecting the quality of the municipal well feld water supply,

Bedrock at the WSQ consists of three distinct Osdovician formations. In descending .
. otder, they are the Kimmswick Limestone, limestone and shale of the Decorah Group, and the

_Plattin Limestone, The Kimmswick Limestone is a coarsely crystalline limestone with numerous
_solution-entarged joints, The Decorah Group consists of interbedded limestone and green shale
approxirmtely 9.1 m (30 ft) thick and horizontally fractured. The Plattin Limestone is a thinly
bedded limestone about 30.5 m (100 ft) to 38.5 m (125 ft) thick. There are currently 15 DOE
monitoring wells scroened within cither the Kimmswick-Decorah or Plattin Formations to
monitor contaminants near the quarry within the bedrock. Monitoring wells MW-1002,
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- MEW-1004, MW-1005, MW-1012, MW-1013, MW-1015, MW-1026, MW-1027, MW-1029,

- MW-1030, MW-1032, and MW-1034 were insialled. i0 monilor contaminasts within the
Kimmswick-Decorah Formation yurrosnding the quarry, It shonid be noted that MW-1012
MW-1034 are north and upgradieat of the quarmy and have been designated as background wells.

Mortitoring wells MW-1028, MW-1031, and MW-1033 are located south of the quarry within

6.3.1.4 Groundwater Monkoring Programs for the Weldon Spring Chemical
Plant/Raffinate Pit Area, The groundwater flow and contaminant transport mechanizms that
make up the groundwater pathway are very different between the WSCP and the WSQ due 0
different geologic conditions. Groundwater monitoring af the chemical plant:is conducied unider

two distingt monitoring programs. The first is the conventional application of monitoring wells.

at the site close to the contaminant source areas. The second is the monitoring of water from
springs that reprasent the resurgence peint for discrete flow paths receiving recharge in part from
the site. ‘For 1991, this monitoriiig program and resuits are discussed in Section § - Surface
‘Water Monitoring. -

Geology at the WSCP/RP may be divided into two major units based on gross lithologic
characterization: the unconsolidated glacial and residual soils, and the underlying bedrock. The
unconsolidated material consists of topsoil, loess, glacially derived sediments, and residuum,
Unconsolidated material is present to a depth of 6.1 m (20 fi) to 15.3 m (50 f) at the
WSCP/RP. These glacial soils are generally silty clays with minor amounts of gravel. The
unconsolidated materials are generally not saturated and therefore are not monitored.

Groundwater occurs in the bedrock underlying the WSCP/RP. The first bedrock unit-

encountered is the Burlington-Keokuk Limestone. The Burlington-Keokuk Limestone consisis
of two zones containing different lithologic characteristics: competent (onweathersd), and
weathered. The shallow, weathered Burlington-Keokuk Limestone is typically a grayish-orange
‘to yellowish-gray, argillaceous limestone commenly containing as much as 60% chert nodules
and interbeds. The weathered limestone is a low-yield, semi-confined, heterogencous,
anisotropic aquifer that is fractured and susceptible to natural solution processes. At-the site,
the aquifer generally exhibits diffuse flow properties overlain by discrete flow zones such as
saturated highly weathered bedrock and saturated residuum in paleochannels. The fracture
flow, solution-effected discrete flow, and conduit flow are most effectively mositored by
sampling springs- at the resurgence poimts for that flow (Quinlan 1989). The competent
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-_-_--..._-_{mwum)mﬂmmmmmmumgmmwy bedded, gray
" to light gray, finely to coarsely crysialiine, stylolitic, and foesiliferous. The fracture disssities
are significantly lower snd apertures sealier in the compotent limestone than in the weathered

Monsitoring well locations are shown in Figure 6-1. All monitoring wells are completed
in the Burlington-Keokuk Limestone and are constructed of stainless steel or polyvinyl chleride
(PYC). Monitoring wells are installed and developed in accordance with accepied procedisres
as discussed in the U.S. Environmental Protection Agency Resource Conservation and Recovery
Act (RCRA), Technical Enforcement Guidance Documens (EPA 1986) and Missouri State
regulations, Handbook of Suggested Practices for the Design and. Installation of Groundwater
Monitoring Wells (EPA 1989) and the Groumdwater Protection Program Management Plan
(GWPPMP) (MKF and JEG 1991d). Fifty-seven of these wells monitor the upper portion of
the formation. Eight wells monitor deeper portioas of the bedrock aquifer, especially near
potential source areas and in areas of known groundwater contamination. By monitoring these
locations and depihs, changes in the horizontal and vertical components of contaminant migration
can be detected.

6.3.2 Groundwater Monitering Resulis

All WSCP/RP/VP and WSQ monitoring wells were sampled during 1991 for radiclogical
parameters. An understanding of groundwater quality and hydrogeology has been established
over the past four years through routine monitoring and investigations at the site. Therefore,
the grouvndwater monitoring program has been modified each year to include areas where more
information is needed, and to avoid unnecessary or redundant sampling and analysis.

All wells sampled at the WSCP/RP/VP and the W3Q were monitored at least semi-
annually for total natural wranium, - The St. Charles County pumping wells, the treated and
‘untreated water from the St. Charles County Water Treatment Plant, and a select group of
monitoring wells in the county well ficld were monitored for total natural uranium and gross
alpha on a quarterly basis. These same locations were alzo monitored on an annual basis for
Th-230, Th-232, Ra-226, Ra-228 and gross beta. This quarterly and annual sampling was
performed to ensure the safety of the St. Chardes County water supply from contaminant
migration originating from the W5Q.
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---m'm-mmmmmm-mmm and appears only if a particalar
Mmﬂmﬂh“&d&ﬂhﬂﬂhﬂmnynﬂymp&ﬁmmdmnmﬁu -
obtained from that weil during 1991. If the analytical laboratory reporied an "ND* for a
particular perameter duting a particular sampling event, the NID was used in caleulating the

‘annual concentration at one-half of the detaction limit. The individual data points are presented

in data tables in Appendix A.

6.3.2.1 Groundwater Mouitoring ResuMs for Chomical Plant/Raffingte Pifs.
Groundwater at the WSCP/RP area became radiologically and chemically contaminated as a
result of operations and wastes from the Weldon Spring Uranium Feed Materials Plant
(WSUFMP) during the 1950s and 1960s.

The groundwater monitoring network consists of 65 wells; 33 on the WSCP area, nine
within the WSRP area, and 23 surrounding these areas. Figure 6-1 shows the locations of
individual wells in the WSCP/RP/VP monitoring welt network. All of these wells are screened
in the uppermost unconfingd aquifer although their screened intervals and elevations vary within
that geologic unit. The wells are completed at a range of depths so that portions of the entire
uppermost aquifer are monitored. Detailed well construction information for individual wels
is available in the 1991 Environmental Monitoring Plan (MKF and JEG 1992b). The upper.
bound for total patural uranivm background concentrations in groundwater at the WSCP/RP/VP
has been determined to be 3.4 pCi/l (0.125 Bg/l) (MKF and JEG 1989c). The EPA has
proposed a primary drinking water standard for total uranium of 20 ug/l (EPA 1991 proposed

. 40 CFR Parts 141, 142). Applying a ratio of equal activities for U-238 and U-234 in the

groundwater at the WSS, this equates to 14 pCi/l (0.52 Bq/l) as an equivalent standard.

Forty-nine of the 65 wells have average total uranium concentrations below the site- .
determined, upper-bound for natural background in the Burlington-Keokuk aquifer of 3.4 pCi/l
(0.13 Bg/l). As shown in Table 6-1, 12 monitoring wells have annual average concentrations .
above background but below the EPAs proposed maximum contaminant level (MCL)

- concentration of approximately 14 pCi/l (0.52 Bo/l) (assuming U-234/U-238 equilibrium). Four

wells, MW-3003, MW-3009, MW-4005, and MW-4020 have annual average concentrafions that
range between 14 pCi/t (0.52 Bq/l) and 44 pCi/l (1.63 Bg/1). Three of these four wells (all but
MW-3009) had average levels in that same range during 1990. The wells with the highest
average concentrations during 1990 (MW-3008 and MW-3009) both declined during 1991.
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Table 61 Uranium and Inerganic Anion Data for Groundwater at the WSCP/RP
Area of the Weidon Spring Site |

| Mw-2001

MW-2002

MW-2003 _

MW-2004 | 0.98 2.3 | ND
| w2008 " 182 _ o 1,2
| MW-2008 . B2 33 ND
| MW.2007 ND 11 15

MW-2008 ' 2.8 _ 33 0.82

MW-2008 31 388 18
| MW-2010 1.1 a5 1.4
| Mw-2011 . at 59 2.5
| Mw-2012 . 0,86 68 1.4

MW-2013 1.9 20 1.1

MW-2014 1.9 35 0.64

MW-2015 0.16 a8 2.4

MW-2017 0.43 - . 368 I 5

MW-2018 0.40 8.5 ' 1.3

MW-2019 ND 40 | 2.0

MW-2020 0.51 139 a2

NPE2021 ~ND 14 ND

MW-2022 1 034 14 ND

MW-2023 | ND 17 15

MW-2024 - ND : 30 0.97

MW-2025 ND : 15 ND

MW-2026 ND 16 '_ 0.7
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Table 61  Uranium and Inorganic Anion Data for Groundwater at the

Area of the Weldoen Spring Site (Continuad)
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WSCPRP

MW-2027
MW-2028
MW-2020
| ww-2030
{ MW-2031°*
| Mw-2032
| Mw-2033
| Mw-2034
MW-3001
MW-3002 0.16 327 1.3
| MW-3003 354 199 18.7
| Mw-3006 0.28 22 1.3
| MW-3008 872 304 4.1
| MW-3009 7 63 25
| Mw-3019 ND 4.9 4.9
MW-3022 88 1.2 3.4
MW-3023 325 407 7.4
MW-4001 34 63 1.8
| MW-5002 1.3 18 0.75
| MW-4003 0.76 23 1.3
| Mw-4004 0.67 20 2.3
| haw-a008 1.7 18 43
MW-4008 4.7 28 .84
MW-4007 0.12 16 ND
MW-4008- 0.13 2 ND
MW-4009 0.50 (0.11) 21 2.1
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. Table 6-1 . Uranlum ang inoeganic Anlon Data for Groundwater at tive WSCP/RP
" Area of the Weldon Spring Site (Centinued)

MW-4010
| Mwe4011
MW-4012
| Mw.4013
| Mw-4014
MW-4015
MW-4016
MW-4017
MW-4018
MW-4019
MW-4020
MW-4021
MW-4022
MW-4023

ND  Not detected above raferenced lower limit of detection.
¢ Tha concentration in parenthasss is converted ta nitrate as nitrogen.
**  Well abandoned during this monitoring year.
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(0.93 Bq/l).
63211  Chemical Results for WSCP/RP Area.
Inorganic Anlons

Nitraie and sulfate concentrations were &lso analyzed in the groundwater beneath the
chemical plant/raffinate pit arca. Nitrate concentrations ranged from below the detection limit
to a high of 872 mg/l at MW-3008 adjacent to Raffinate Pit 3. The EPAs drinking water
standard for nitrate is 10 mg/l as nitrogen, Eleven of the 65 wells indicate nitrate levels in
excess of the EPAs drinking water standard as indicated on the figure in Appendix I. All but
one of these wells are located within approximately 305 m (1,000 ft) of the raffinate pits, the
primary source for nitrale-confaminated water on site. Although potentially a function of the
greater ‘density of monitoring wells te the north, nitzate concenirations suggest a pattern. of
elevation northward from the raffinate pits. This migration direction is consistent with the flow -
gradient for groundwater north of the groundwater divide, Nitrate levels elevated above
background, but below the drinking water standard, are evident of other wells west and north
of the raffinate pit areas

Sulfate is also regularly monitored at the WSS due to its presence as a waterborne
contaminant in the raffinate pits. The U.S. Environmental Protection Agency (EPA) maintains
a secondary drinking water standard for sulfate of 250 mg/l. Seven welis measured in excess
ﬁmmmmmmmmmmmmatmwmweumwm a shallow
welil near Raffinate Pit 4, as illustrated on the figure in Appendix I.

Similar to the measured uranium levels, the chemical constituenis of concem do, to a
limited extent, migrate beyond the current, most distant lateral line of monitoring wells of levels
detectable above background. This limited migration does not pose an imminent threat to any
local public or private water supplies. This is supported by the independent sampling conducted
by the Missouri Department of Health, as discussed in Section 6.5,
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" the St. Charles County Water Treatment Plant, The groundwater monitoring wells are scroened

OR2192

Six nitroaromatic compounds are maonitored in groundwater beneath the WSCP/RP arca.
Historically, very low levels (near the detoction Hmits) have been observed in the shallow
groundwater system beneath the site. Results of 1991 monitoring continue to indicate these very
low levels ranging from less than the detection limit to approximately 62 ug/l for average toinl
nitroaromatic compounds (i.¢., the suni of the annual average concentrations of all six measure
compounds). Eight wells maintained annual average concentiations of 2,4-DNT greater than the
ambient water quality criteria of §.11 ug/l for that compound as illustrated on the figure in
Appendix I. The site has historically been aware of two areas of generally higher concentrations
of nitroaromatics centered around monitoring wells MW-2013 and MW-4001. These areas
continue to exhibit nitroaromatic levels consistent with historical levels. '

Monitoring well MW-4013 again displayed elevated levels primarily of 1,3,5-trinitrobenzene,
the compound which generally represents the largest fraction of the total nitroaromatic
compounds present in the groundwater. Table 6-2 contains the 1991 results of nitroaromatic
analyse.é, representing those wells where detectable levels were measured, :

6.3.2.2 Groundwater Monitoring Radiological Results for the WS(Q Arca.
Groundwater near the WSQ has become radiclogically contaminated as a result of contact with,
or migration from, the radioactive substances present in the WSQ. Thirty-six DOE groundwater
monitoring wells located at or near the WSQ were sampled and analyzed during 1991 to monitor
for the presence of WSQ related confaiminants, The four St. Charles County monitoring wells,
eight production wells, and the treated and untreated water from the St. Charles County. Water
Treatment Plant were also monitored for the presence of these contaminamts, Figures 6-2
through 6-4 show the locations of the alluvial and bedrock monitoring wells, pumping wells, and

in a range of geologic fermations from the Ordovician-aged Plattin Limestone to, and including,
the unconsolidated Quaternary-aged Missouri River slluvium,

During 1988 and 1989, samples of groundwater were taken from a private water well that

produces from the Missouri River alluvium and is located several kilometers upstream of the
WS and St. Charles County well field, These samples were anatyzed for a suite of parameters
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- .Table -2 WSCP/RP Groundweier . Monitoring - Locations  with  Detectabie

GW-2001 03 HD HO 0.07 0,06 ND 0,15
' GW-2002 02 N MO 0,06, 0A1 o | o4
GW-2003 ND NO "0 6.17 .81 ND .98
GW-2005 ND O WD ooe | o093 ND a1
GW-2000 11 ND ND 0.07 3.2 ND 133
GW-2007 18 ND ND NO ND 18
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- including total nateral wranium, Four separate total natursl wraniom analyses weee ran on

" samples from this background well and the results ranged from 4.8 pCi/l to 9.0 pCiAl (9.18 Bg/l
to 0.33 Bq/l) with an average valve of 6.8 pCi/l (0.25 Bg/l). Although not a compechensive
study, results of the monitoring suggest that backgrousd uranium concentrations in the Missouti
River alluvium may range more widely than in the bedrock aguifers.

All groundwater sampling locations at the WSQ were sampled for total natural uranium
during 1991. Table 6-3 and figures in Appendix I show the results of analyses performod on
these samples. The average 1991 uranium results coatinue to show elevated uranivm levels in
the bedrock adjacent to the quarry and in the alluvium on the north side of the Femme Osage
Slough. .

Eight locations from the St. Charles county well field were sampled for groas alpha in .

1991. Table 6-4 presents the resulis of analyses performed on these samples that indicate results
below the detection limit of all sample events, except for a slight value at the MW-1024 location
during the third quarter. The fourth-quarter results for PWO03, PWO0S, and RMW3 were
erroneously high due to laboratory interferences and were rejected based upon data validation.
Data are validated to review analytical documentation and to determine the validity of any
subject data point or data group. The county well field locations were also sampled for
Th-230/Th-232, Ra-226/Ra-228 and gross beta in 1991, The results of these sample analyses
are shown in Appendix A. No elevated values of thorium, radivm, or gross beta were detected.

6.3.2.3 Groundwater Monitoring Chemical Results for the WSQ Area. Groundwater
near the WSQ has become contaminated as a result of contact with or migration from the
~ hazardous substances present in the WSQ. The apalytical results for chemical contaminants in
groundwater at the WSQ are discussed in the following sections. -

.. 6.3.2.4 Analytical Results for Nitroaromatic Compounds. During 1991, samples
from all WSQ wells were analyzed for nitroaromatic compounds. Twelve monitoring wells
yielded detectable concentrations of the six nitroaromatic compounds analyzed. The analytical
results are presented in Table 6-5 and in figures in Appendix 1. The twelve wells yielding
detectable concenirations are located north of the Femme Osage Slough. No groundwatex
samples taken- south of the Femme Qsage Slough exhibited detectable comcentrations of
nitroaromatic compounds. Overall the nitroaromatic results are consistent with past
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- ..Table -3 - Summary of 1991 Averages for Inorganic Anions and Total Urénium in

MW-1002

2.%

- Groundwater Around the W5Q

i | Uraniurn, Total Nitrate _ Sulfse |
WSSRAPID pCin mgh ] mgh _

1.0

135

MW-1004

MW-10056

MW-1008

| MwW-1007

MW-1008
| MW.1008

MW-1010

MW-1011

MW-1012

MW-1013 910 0.18 112
MW-1014 954 0.13 114
MW-1015 1081 3.1 320
MW-1016 818 1.3 282
MW-1017 - 0.91 ND 3.1
MW-1018 ND ND 19
MW-1019 ND ND 8.9
MW-1020 0.82 ND 17
MW-1021 1.1 ND 7.1
MW-1022 0.87 ND 15
MW-1023 ND ND 4.2
MW-1024 0.98 ND 2.4
MW-1026 ND ND 3.9
MW-1027 665 0.11 115
MW.1028 19 ND 91
MW-1029 1.8 . 0.26 231
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. Tabie 6-3 Summary of 1991 Averages for Inorganic Anions and Total Urenium in
Groundwster Around the WS(Q {Continued)}

MW-1030

MW-1031

23

| Mw-1032

ik MW-1033

- Mw-1034

MW-103%

MW-1036 3.4 0.1 62
MW-1037 3.4 0.19 18
MW-1038 3.0 ND 47
MW-1038 7.4 ND 62
MW-FINW ND ND 81
MW-PWO02 ND ND 96
MW-PWO03 ND ND 82
MW-PWO04 " ND ND 30
MW-PWOS ND ND 50
MW-PWO06 ND ND __59
MW-PWO7 0.1 ND 13
MW-PWOS ND ND 12
MW-PWOS ND ND 43
MW-RAWW ND ND

MW-RMWI

MW-RMW2

MW-RMW3

MW-RMW4

ND  Not Detected
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MW-PWO2
MW-PWO3
{ MW-PWOS
MW-PWOS
MW-PVO7?
MW-PWOS
| wepwios
| MW-RMWI
{ MwW-RMW2Z
| MW-RMW3
MW-RMW4
MW-RAWW
MW-FINW
MW-1024

MW-RAWW  Untreated Water From St. Chartes County Water Treatment Flant.
MW-FINW  Treated Water From St. Charles County Water Treatrment Plant.

NS Mot Sampled.
DR _ Data rejected based upon vakdation.

. Detection liswt is variable but generally lass than 10 pCif.

<«
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. Yable 85  Summary of 1891 Data Averages for Nitroaromatic Compounds, Wekdon

Spring Cuarry ' :
MW-1008
| MW-1000 ND
i ﬁw-mm ND
| ww-1011 D
MW1012 ND ND ND WD ND Ll
M T 3 ND o4 ND AL 0.0 B .
| mw-s014 ND _ND o | WD .01 ND
| Mw-1015 124 0.13 17 0.04 0,88 ND
WW-1018 a . KD 7.2 MO .30 NG
| w-1017 . ND ND ND ND ND NO
| w-3018 ND ND NO ND ND ND
§ Mw-1019 ND ND ND HD ND ND
MW-1020 ND ND ND 6D ND ND
) Mw-1021 ND ND ND ND ND ND
MW-1022 ND ND ND ND ND ND
| Mw-1023 NO NO ND ND ND ' ND
WAA-1024 ND KD ND MO KD ND .
M- 1026 ND HD ND ND ND
| Mw:i1027 0.08 ND 7% 8.4 5.0 ND
| Mw-1028 ND. ND ND ND ND
MW-1029 ND O ND ND ND ND
RW-1030 ND ND ND 05 ND )
H MW-1037% ND ND Ho ND ND ND
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TaHe 8-5 Svmmary of 1991 Data Awragas far Nitroaromatlc Compounds, Weldon
Sprinﬂ Quarry {Continued)

1,2,5-TNE , 2,4,8TNT
_ Mg

HD
| WIw-RAWW ND ND NO ND ND KD :
| MwrMw1 ND ND ND ND ND KD ; '
MW-RMW 2 WD N ND D NG ND ?
MW-RMW3 ND N0 ND o | w ND
F MALANWA ND ND |

NP Mot Detected
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 enviroamental monitoring and - charscterization, The, ambient water quality level for < -
2,4-dinitrotoluene in groundwater is 0.11 gg/l. No maximum contaminant levels bave been

established for nitroaromatics in groundwater.

6.3.2.5 Analytical Results for Inorganic Anions, Al monitoring wells in the WSQ
arca were sampled for nitrate and sulfate, in 1991, Table 6-3 and figures in Appendix I present
the annual averages for these inorganic anions.

Groundwater samples collected at the WSQ area. in 1991 continued to indicate no notable
groundwater contamination by nitrate. The highest annual average of 3.14 mg/l was observed
at MW-1015, which is adjacent to the WSQ. Nitrate does not constitute a particular threat o
the groundwater system near the WSQ. It should be noted that a mitrate result greater than

- 3,000 mg/l was detected at RMW3; however, this result is attributed to a sampling..m in

which the samples were inadventently preserved with nitric acid.

The quarry bulk waste is a source of sulfate contamination to the surface water in the
WSQ pond and subsequently 1o the groundwater surrounding the quarry. Sulfate levels in most
of the wells adjacent 10 the quarry, and in the alluvium north of the Femme QOsage Slough,
appear to be elevated as a result of migration from the quarry and exceed the Federal and State-
secondary contaminant level of 750 xg/l. The highest 1991 sulfate average value of 435.50 mg/
was measured in MW-1006 Iocated north of the slough. Wells to the south of the slough
continue to remain at background concentration levels, It should be noted that an excessive
sulfate result greater than 12000 mg/t was detected in a sample from MW-1018 located south
of the slough. This measured value is suspected to be the result of a sample preservation errer
vsing sulfuic acid, The results of this analysis are being validated: however, subsequent
sampling shows the level has returned to historical sulfate concentrations. Groundwater samples
collected in 1988 and 1989 from the upgradient background well referenced in Section 6.3.2.2
indicate a background level of 95 mg/l for sulfate in the ailuvial grovndwater, .

6.3.2.6 Analytical Results for Metals. In 1991 all groundwaler samples were analyzed
for arsenic and barium and the results are presentod in Table 6-6 and in figures in Appendix I,
Arsenic was added to the list for ail DOE monitoring wells in 1991, although St. Charles County
has analyzed for this and other heavy metals on a routine basis in the past.
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- ITable 6-6  Metals Data Averages.From the W5Q and St. Charles County Weil Field,

Oa1¥d

19831 :
FrpnC " Lawd oy
gl N A
1002 ND 105 NS NE N8
1004 NO 7 Na NS NS
-1008 ND 83 NG NS NS
1000 CND 42 NS NS NS
L1007 n w1 NS ) NS
L1008 NG 40 NS NG NS
haw-1009 5.4 349 NS NS NS |
1010 92 398 g NS NE :
1011 3.9 174 NS NS NS
-1014 ND 124 ™ NS NS
MW-1013 3.0 130 NS NS NS
. 1014 NG 148 NS NS _ NS _
haw- 1015 NOD 114 NS NS Ne_ F
L1018 ND 122 NS NS NS ;
1617 154 ges NS NS =]
1014 114 570 NS N8 NS
hW-1019 77 711 NS NS NS
i .1020 20 378 NS NB NS
11021 az 708 NS " NS NS
1022 129 480 NB NS N
1023 54 313 NS NS NS
- L1024 a8 447 NA NA “NA
MW-1028 23 380 NS ] NS
MW-1027 ND 113 NS NS NS
B w-1020 2.8 300 NS NS NS
1029 ND 112 NP NE ND
1090 5.2 293 5.4 34 ND
hw-mm ND ) ND ND ND
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Tabi_a 68 Metsis Data Averages From the WS0 and St. Charkes Courty Well Field,

19831 {Continued)

082152

Arppiic Bariam Cadrmiurn aiact Morcovy

WESRAF IO P ok P ot ot

-1042 2.4 123 NG HD ND

11023 ND 208 ND NO WD
1034 ND 148 NB NS NS
rw-1038 NE 244 NS -N8 NS
MPA10368 " ND NO ND
W-1037 8.8 a84 ND O ND -
w1028 ND 244 ND ¥o ND
W-1035 2.3 406 ND KD ND
-FINW ND 20 ND ND ND
W02 ND 287 D N ND
W02 ND 281 NO "ND ND
P04 ND 253 _ND ND w0

D ND 222 ND ND ©.330
aw-pwos 2.4 328 ND . 2.900 ND
i W07 ND 478 ND ND N
i W-PWOB a.e 428 ND ND 0.280

L,

ND Not Cretected

1 5t. Chorlse County fnishad watar
2 5t. Chentes County raw waker
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. Arsestic results above the MCL of 50 ug/l for drinking water have been eacoustered in
- geven DOE alluvial wells, all located souih of the Femme Osage Slough. Preliminary
conclasions are that the elevaied arsenic values are the results of 2 matural peological
concentration mechanism rather than being the results of past disposal activitios in-or around the
quarry.

All barium results are in the expecied background range and do not differ from previous
years. Nome of the annua! averages cxgeed the MCL of 1,000 ug/l for drinking water.

The St. Charles County production and monitoring wells, and the DOE wells installed
in 1991 (MW-1030 through MW-1039), were also analyzed for the heavy meials: cadmium,
lead, and mercury. The results of these metals are in the non detect or low background levels,
except for one sample from monitoring well MW-1030 which contains anomalous cadmium and
lead valves, probably as a result of sample or laboratory contamination.

6.3.2,7 Analytical Results for Organics. The St. Charles County pumping wells,
treated and untreated water from the St. Charles County Water Treatment Plant, the St. Charles
County RMW series monitoring wells, and monitoring well MW-1024 were sampled once in
1991 for PCBs, pesticides, and volatile and semi-volatile organics. Results of this analysis
indicated slight concentrations of organics normally associated with laboratory procedures and
are not -considered to be represeatative of quarry sources. The levels encountered do not pose
a health or environmental threat.

6.4 Trend Analysis Sumnemary

Mathematical and statistical tests for seasonal and overall trends were performed on the
existing data from groundwater ai the WSCP/RP and WSQ.areas on a well-by-well basis. The
. tests were conducted as described below and the resulis are presented in Appendix H. In
summary, strong upward trends are evident in the data of several wells between the WSQ and
~ the Femme Osage Slough. Data for wells south of the stough were not sufficient to determine
any trend. The levels south of the slough continue to show background levels of uranium. Data
from the RMW series wells were of sufficient quantity to conclude, at the 95% confidence level,
that there is no upward trend in the levels of uranivm. These data reinforce the conclugion that
ﬂlewamhnmeeuntannmtspresemmandarmmdﬂleWSQdumtpuseanlmnunmtmrmm

the quality of the well field water.
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... :.At the WSCP/RP, slightly wpwand trends in uranium levels were concluded from the data
* from three of the 56 wells on and around the site for which trends were tested. Al of these
trends had rates of concentration incremse Jezs than 0.91 pCift/day. Continoed monitering will
provide the necessary data to better define and quaniify these apparent tronds.

6.4.1 Description of Methodology for Trend Analysis

In the cases where a trend has been detected using the Mann-Kendall test, the
slope of this trend is calculated using the Sen’s nonparametric slope estimator. Sen’s estimator
is closely related to the Mano-Kendall test. The same gencral procedure as is used in the Mann-
Kendall test to obtain the N’ =n(n-1)/2 possible differences x,-x,, where j >k, is used in Sen’s
slope estimator. First, the N' slope estimates {Q) are calcutated:

szj'xt'(j'k!

whémxjmdkadatavaluesattiimjandkmpecﬁvdy, and where j >k. The median value
of these N' values of (Q is Sen’s slope. estimate.

The values of individual slope estimates Q are obtained by dividing the differences
obtained in the Mann-Kendall test for trend by the time difference, j-k. The median of the N
values of Q is obtained by ranking the N* values from smallest to largest (Q<Q, < Q3 <...Qy:)
and computing:

Sen’'s estimator median slope

= Qeranm if N i odd
= IJ’Z(Q[N,_Q]+Q[m-+m]) if N' is even,

6.5 Mﬂwﬂﬂmmmmwmwm&mm
6.5.1 Sampling History

In 1982 sampling of private drinking water wolls was initiated because a new section was
developed within the Missouri Department of Health (MDOH) to monitor health impact
associated with hazardous waste sites. The study area initially consisted of eight private drinking
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- water wells, five located ortheast of the WSCP/RP and three located southwest of the WSQ:

mm_mwummmmmmmmmmmmm

private drinking water wells from the Army property and the WSS. Additional wells were added
upon request by the public, and if the well was locwiod within the study awes, Wells were
removed from the sampling plan when they were no longer used for consumption. A total of
60 wells were incorporated into the sampling program ad were sampled sometime between 1982
and the present. During 1991, 37 drinking wells were sampled either quarterly or anaually
depending upon their location from the sites. These wells are located within a 4.8 km (3-mi)
radius of the WSCP/RP or a 2.4 km (1.5-mi) radius of the WSQ.

6.5.2 1991 Sampling Results

During 1991, 37 private drinking water wells comprised the sampling program. From
these sampling events, 32 were analyzed for a gross alpha, two were analyzed for uranivm, and -
38 were analyzed for nitrates, sulfates, and lithium. The two wells analyzed for uranium are
located approximately 2.4 km (1.5 mi) southwest of the WSCP/RP. The uranium content for
these two wells was < 0,1 pCi/l and 0.4 pC¥/1 (0.01 Bg/l), respectively.

Discussions with the MDOH concerning the results of the analytical sampling over the

period of 1982 to the present indicate the results for the parameters analyzed are cansidered to
be representative of background levels.
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7 BIOLOGICAL MONITORING FROGRAM -
7.1 Program Description

Environmental surveiliance programs outlined in DOE Qrders 5400, | and 5400.5 require
monitoring activities at the Weldon Spring Site Remedial Action Project (WSSRAP) that may
have an effect on the public and the eovironment from facility operations or remedial actions.
Monitoring programs are developed o include activities that characterize and define trends in
the physical, chemical, and biological conditions of environmental media. In 1981, the
WSSRAP completed monitoring for esvironmental media activities in folfillment of
Order 5400.1, Other activities in 1991 were conducted to establish an ecological bascline for
the site and vicinity properties. Public concern issues were a component in the monitoring of
game species that reside on site or within the area surrovading the Weldon Spring site (WSS),
The biological monitoring program included two main study habitats; terrestrial and aquatic, and
‘two monitoring components; human consumpiion and ecological conditions. The biological
monitoring program primarily monitors the effects of radionuclides that are significant.on the
list of the contaminants of concem at the WSSRAP (MKF and JEG 1992b).

7.2  Emvironmental Chanistry of Badionuclides

Ecological monitoring also included an analysis of the behavior of radionuclides in the
environment and biota, and the presence of these nuclides at the WSS. Actinides, which include
thorium and uranium have no known bioclogical function and do not show a tropism for muscle
tissue (Potson and Klopfer 1988). Uranium is oné of the more mobile elements of the actinide
series and in a pH range of 5.0 to 9.0, forms sofuble uranyl complexes with carbonate ions
(Brockins, D.G. 1988). Carbonate-rich soils and carbonate bedrock in the WSS area account
for relatively high concentrations of uranivm in some surface waters in the WSS area. Thorium
forms insoluble hydrolysis products that readily sorb to particulate matier (Poaton and Klopfer

'1988). The mobility of thorium is extremely low. . Therefore, measurable quantities found in
biological tissves are probably due to decay of Ra-228, which is taken up by biote to a far
" greater extent than therium (Whicker and Schluiz 1982). This can be determined if Th-228 is
found at higher levels than Th-232, At the WSS, potential exposures io thorium inciude
ingestion of contaminated soils and water found at the north dump and raffinate pit areas.
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chemically similar to calcium, an essemtial sutrient for biota, Radium will tend 1o follow

ecelogical pathways in a similar fashion (Whicker asd Schultz 1982). Radium, as a sutrient
analog can be a particular problem in aquatic environaments that are nutrient-poor or limited.
The lakes under study that surround WSS are not considered nutrieat-poor and therefore,
“usually harbor organisms with reduced ievels of radionuclides” (Whicker and Schultz 1982).
Water hardness is high within the surrounding groundwaser-fied lakes and is principaily related
to calcium and magnesium content of the bedrock. Poston and Klopfer (1988) state that
bicaccumulation of radium is inversely related W water hardness.

- Ingested uranium and thorium accumulate to the highest level in bone tissue (ICRP 1979).
Radium, like uranium and thorium, is considered a bone-seeking radionuclide. Other ¢ritical
organs for uranium accumulation are the gastrointestinal tract, liver, and kidneys, The critical
organs for the inhalation pathway of uranium and thoriuin are the lungs. The dese from all
actinide elements from the gastrointestinal tract is assumed to be less than (.01%. Some 30%
or more of the total body burden is expectad to be found in bone, with 1 1o 10% in both the
liver and kidney. Retention time for thorium is relatively long, with a biological half life of
10,000 days. Uranium is excreted more rapidly, with a half life of 100 days. The biclogicat half
life of both radium and thorium is considered *high" (years) versus uraniuvm which is considered

"moderate” {months) (Whicker and Schultz 1982). This summaty of the chemical and biological
hehavlmnfradmuchdeslsmgrﬂadmmemmmnngpmgmmsmdaﬁnmﬁdimmmof
pathways and dose potential is provided in Section 4,

7.3  Aquatic Mﬂmtoring

The analysis of the transport and effect of contaminants is very complex when monitoring
aquatic habitats. Unlimited variability exists among a pend, lake, or stream; but certain
elements and features common to all aquatic ecosystems provide a basis for general monitoring
applications (Whicker and Schultz 1982). Within the 1991 biological monitoring program,
efforts were made to begin characterizing the agquatic systems by documenting specific
Limnological clements including sediment type, water pH, temperature, conductivity, and
dissolved oxygen. Characterization of the lakes and streams helps to determine the availability
of radionuclides in these habitats and {0 assess the potential for bioaccumulation.
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- Possible modes of transpostation for contaminants in aguatic systems include sbscrplion
' and ingestion, Radionuclides, particularly thorium and wanium, can be adsorbed by plants and
zooplankton and thus enter the food chain; however, concentrations of radionuclides geaerally
decline substantially with the higher tropic levels (Whicker and Schultz 1982). In.addition to
reviewing the environmental chemistry of radionuclides and their availability for uptake by
organisms, bicaccumulation can be amalyzed by reviewing specific wophic processea .and
behaviors, suchk 25 feeding habits, pH preferences, and nuirients requirements (Poston and
Klopfer 1988). A better understanding of the dynamics at work in the aguatic ecosystems of the
WSS is necessary to determine the effects of contaminants on these ecogystems.

7.3.1 Fish

The monitoring of fish from aguatic habitats.at the surmounding wildlife areas was first
initiated in 1987. The purpose of sainpling was to determine whether humans were at risk from
mnsununghssuesofgmﬁshﬂutmayumtainelwatedlwclsofchmmmlmmdmlogmal

constituents sitributed to wastes migrating from the WSS. Radionuclides that have accumulated -

in fish represent a route of exposure 1 huymans when fish are consumed. Since the initat study,
fish have been monitored biennially as part of the environmental surveillance program. An
evaluation of biouptake by specific specics within the community, as well as the risk to humans
associated with the consumption of game species, is reviewed as part of the Environmenial
Monitoring Plan (EMP) (MKF and JEG 1992b).

In conjunction with the Missouri Department of Conservation (MDOC) and using
electrofishing methods, fish were sampled in May 1991 from Lakes 34, 35, and 36 in the Busch
Wildlife area and from the Femme Osage Slough located in the Weldon Spring Wildlife Area
south of the Weldon Spring Quarry (WSQ). Elevated levels of uranium are known to exist in
surface waters of these lakes, the stough, and the drainages to the lakes (MKF and JEG 19591a).
. Sediment samples have also shown measurable levels of uranium. Fish were also taken from
background (control) lakes, and Busch Lakes 33 and 37. These lakes have demonsirated no
surface or subsurface connection 1o the WSS along the water flow paths (MKF and JEG 1989c).
In addition, these background lakes were selected becavse they resemble the study lakes in size. -

The Busch lakes are carefully managed by the MDOC for public recreational use.

Fw-mmefmmmmmmmmm&mm. Lake 34, 35,
and 36 were stocked in 1991 withchammlmﬂishar_ndhybrﬁdhass. Some flathead catfish are
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 hybrid-baes, however Lake 37 was not stocked in 1991, Lakes 33 and 35 have a length Limit
for black bass of 18 in., while ail other lakes have a 15 in. limit. Lake 33, the background lake,
has a recruitment problem which zesults in large numbers of smaller sized crappie and sunfish

popuiations. mmmmmﬁwmﬂymﬁbymmﬂfﬂﬂc
q:emesbyﬁahernmmm&um:,mmmmhform

Species of varying feeding preference; piscivorous (fish-eating), plankiivorous, and
bottom-feeders were selected for study as well as game species; bass, sunfish, crappie, catfish,

and carp. Dose commitments to humans depend upon on the distribution of the madionuclides
among edible fish tissues (Poston and Klopfer 1988). Edibie portion (fillets) and whole fish
samples were analyzed for isotopic uzanium. Fishcake (beheaded, scaled, andmmated)
mﬂmmmmmsmmmﬁmmﬁﬂandwefm
human consumpiion.

Resuits from the 1991 sampling are presented in Appendix B along with a comprehensive
review of previous years’' data (1987-1990). All data are presented as fotal uranium
concentrations with detection limits ranging from 0.0} pCifg (3.7E-4 Bq/g) (1987} to
0.001 pCi/g (3.76-5 By/g) (1991). All non-deect data results are presented and used in
calculations as half of the detection limit {DL/2) according to EPA guidance (EPA 1989). All
results are presented as wet weight concentrations.

Uranium concentrations from the 1991 sampling ranged from not detected (0.001 pCi/g)
mﬂS&lpCﬂg(lBEZBq!g)fnrwhulﬂmnﬂmmm;ﬂumﬂﬂzmpCﬂgfurmﬁm&m
samples from Busch Lake 36. Thehxghestmuhfnrﬁﬂctmplﬁwasdctecﬁadmbassﬁﬂm
from Lake 35 at 0.072 pCi/g (2.7E-3 Bq/g). Results from background samples, for all sample
types, ranged from 0.002 pCi/g t0.0.009 pCifg (7.4E-5 By/p to 3.3E4 Bg/g).

Average concentrations were calculated for the 1987-1991 fish data and are presented in
" Table 7-1. The highest average concentrations for 1987 to 1991 were found in whole cathsh
samples (0.933 pCi/g [3.4B-2 Ba/g]) and whole sunfish samples (0.440 pCi/g [1.6E-2 Bq/g])
from Lake 36. Fillets sampies from the Busch Lakes averaged from not detected (0.002 pCifg
[7.4E-5 Bq/gD) to 0.027 pCi/g (1E-3 Bg/g). The uranium concentrations found in fish samples
from the Femme Osage Slough are not significantly different from these recorded from the

" background lakes. Osly one sample, whole sunfish was shown to have above-background Table
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.- Table 7-1. . Average Concentration of Uramum and Bnoaccun'lulaﬂnn Faciors for Fish
e Sampled 1987-1991 :

Avarage

Concentration  Limit
(i) |

inClig)

. 0.44

[Crappm FlHet 0.007
lCrappm Whole 0.618 1.13
lsunfish Cakas 0.093 2.08
Sunifish Fillat 0.012 0.75
ISunﬁ_'ah Whole 0.144 9.00
. 36 |Bass ikt 0.008 0.13
lBass Whels 0.153 3.36
fcatéish £ilet 0.013 0.29
0.933
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Tabila 7-1 . Average Concentration of Uramum and Bisaccurmisation Facmmfof Fish
Sampled 198?-1991 {Continued)

ISunﬂnh.Elku

iSunfish Fiklat
Sunfish Whele

mme Osage Slough  {Bass Filet ND t0.005) | o0.088

 Bass Whots 0.005 0.095

lButtaio Fillet ND (0.005) | ©.088
[caep Flet_ ND (0.006) | 0.096
'Carp Whole - (L0037 0.058
lcattish Fillat ND (0.002) | 0.038
lcatfish Whoie 0.005 0.096
b‘appin Calcos 0007 136
lcrappie Fitlet 0.004 0.077
-kr'nppin Whaule 0.002 0.038
- ksunfish Cakes 0.005 0.096
I5urrfish Whoe 0.032 0.617

ke 33 |gass Finet 0.003 NA -
{Bass Whole 0.002 NA
fcarp Fillet 0.002 A
{Carp Whole ND 0.002) |  waA
fcrapgie Cakes 0.002 NA
{Crappie Filat 0.003 NA
[craopia Whole 0.007 NA
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Table 7-1 _ Average Concentration of Uranlum and Bioaccumulation Factors for Fish
: : Sampled 1987-1991 (Continued)

- ND
ND (0.002)
0.004
" ND {0.003)
0.004
0.003
(Cothh Whole 0.008
Sunfish Cakes 0.004
Sunfish Filat : 0.003

Values represent U-234,U-235 and U-238 concentrations snd non-detects averagad as 1/2 of the
detection Hmit. _ .

Detaction limit is shown in parentheals for non-detected e_pnunntration:.

ND represents concantrations ware helow the detection hmit.
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- Concentrations. Average bmkymmdmmmm ranged from not desected (0.002 pCi/g
[7.4E-5 Bq/g]) to 0.008 pCi/g (3.08~4 Ba/g). '

Wmmmmmﬁummmmmﬁm'mEﬁm
significantly different in lakes with coataminated sediments and surface water (Lakes 34, 35, 36,
and the Femme Osage Slough) as oppesed to lakes showing no contamination (Lakes 33, 37).
The Kruskal-Wailis test is 3 non-pasametric analyses of variance test and is selected to test data
of small sample size. Correlations were drawn betwoen uranium concentrations is fish, lake,
fish species, sampling year and sample type to determine if significant relationships are found
between these variables. In tests 10 compare all fish from contaminated lakes to background
lakes, the results showed that the uranium concentration in fish from Lakes 35 and 36 were
significantly higher at a 95% confidence level. Whole body and fillet samples were also found
to be significantly higher (at the 95% confidence level) at Lakes 35 and 36. No significance was
found between sampling year and concentration of uranium in fish. Other comrelations were
inconclusive due to small sample size. :

The significance of uranium concentrations must be further interpreted by calculating
potentizl dose to humans from consumption of fish from these lakes. Dose calculations are
presented in Appendix G. Exposure scenarios for the ingestion pathways for fish are discussed
in Section 4.2. The calculated dose from ingestion of fish was found to be less than 1 mrem per
year. . .

Bioaccumulation factors (BF) are an expression of the potential concentration of -
radionuclides in biota caused by contaminated soil, sediment, or water. These factors are used
in human dose calculations to characterize levels of radionuclides in biota when acial
concenlrations are not available. . Bicaccemulation factors can also be used to determine whether
actual concentrations of radionuclides in fish fall into residual guidelines established by the
National Council on Radiation Protection (NCRP) (1985). . Gilbert (1986) standardizes the
bicaccumulation factor for freshwater fish at 2.0. The NCRP standard (1985) considers feeding
preferences and habitats, noting that “innate characteristics and behavioral attributes of
organisms markedly affect the degree to which they accumulate radionuclides” (Whicker and
Schultz 1982). The NCRP (1985) sets their bioaccumulation factors at 0.5 to 0.7 for predators
{bass, gar), 0.3 to 0.6 for planktivourous species (shad) and 0.7 to 38 for omnivorous species
(sunfish, catfish, carp).

m:users2ijoannsiassrd asrd] 166




oR2192

The bicaccumulation facters huve been calculated fer fish and are shown in Table 7-1.
--MW&MWMMMMWMWMMPMGM The
WHMM&&MMHMMIMMMWMIQMkm
guidelines. of Gilbert but above those of the NCRF. In compating the bass fillet to the bass
whole from the same lake, the bioaccumulation factor for the whole samples (1.25) is lower.
Thistwﬂtiunﬂmﬂﬂmtﬁﬁmmwmatme.muﬁmmmy
concentration is greater than the contribution to muscle or fillet tissues (NCRP 1985). All other
samples tested for at the WSS follow the acoepied standard. This data point is coasidered an
momaly,minmnsisbmtmsaﬂtasammmdmﬂwmmmu, which are found fo
be more evenly distributed around the mean.

7.3.2 Invertebrates

An evaluation of aquatic ecosystems can be conducted by characterizing and monitoring

benthic invertebrates (insect larvae and worms) and zooplankton communities. Invertebrates are |

routinely used as indicators of water quality, and assessing impacts of confaminants.on aquatic
systems' gencrally involves a comparison of species at sites influenced by contaminants and
" adjacent unaffected sites (APHA 1989). DOE Order 5400.1 specifically calls for sampling
urgamsmsmthmﬂ\emdimmmuflikesandmmandwithinmewatermhnm Benthic
inverigbrates are more closely compared to sediment of aquatic habitats and zooplankbonam
more influenced by the waters of these habitats.

Benthic invertebrates and zooplankion were sampled once in 1991 during May and June.
Qmﬁmﬁmmmﬂesmeatmnhnﬁngmﬁmsmdbackgmundlmﬁminomﬁm
estimate population densities and species diversities in each location. In addition, physical
Wsmmmmmmmmmcmmmedmsdmem
ecosystem.

N BmthlcmvertebmmmdmoplmktonwﬂesampledfmmFmngﬂ Busch Lakes 34,

35 36, and the Femme Osage Slough as monitoring locations. Busch Lake 37 was used as.a
control lake for the other Busch lzkes and Lake 26 was used as a control lake for Frog Pond.
Because of it’s unique nature, no background lake was sampled for the Femme Osage Slough.
w,'mmmmm“amm.m_mumemmmm
distant sampling location in the slough {Pigure 7-1).
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_ - Benthic invertebrates were sampled from pool and riffle habitats at four stream and three
spring locations. These locations included two locations in the Little Fervme Osage Croek, 2
downsiream location (from the Weldon Spring Quarry), and an upsiream location to serve a8
Lake 33, {background) and dewnstream of Schose Creck confluence. Burgermeister Spring in
the Busch Wildlife Area and the Southeast Drainage within the Weldon Spring Wildlife area
were sampled, since surface and groundwater contamination have been detected in the springs.
Gocke's Spring, also designated as SP-3601, was used as a background location. Figuse 7-2
shows the sampling locations for the stream and spring locations.

Renthic invertebrates were also sampled for bicaccumulation of uraium, Samples were
separated into taxonomic families and/or genus and analyzed. for total uranium. Surface water
samples were collected and analyzéd for total uranium, toxicity metals (As, Ag, Ba, Cr, Zn, Pb,
Hg, Se), total suspended solids, nitrate, and chlorophyH. Lake sediments were analyzed for total
uranium and toxicity metals. A final report is being prepared that summatizes the results from
the 1991 Aquatic Biological Screening Investigation (ABST) (MKF and JEG 1991¢} and will
include sampling methods, locations, results and interpretation of the data. Preliminary results
are available and are discussed briefly below. '

It was found that all of the Busch Wildlife Area lakes monitored as part of the 1991 ABSI
(background and study lakes), are extremely eutrophic with a strong thermal stratification. - As
a result of this, the deep water sediments are anacrobic (low oxygen) for much of the year, The
sediments of the lakes contain suifide-rich, anaerobic sediments called sapropels and are sinks
for heavy metal sulfides (Brugam et al,, 1992). 1t is not atypical for lakes within this region to
be entrophic in natre. The sediments of Femme Osage Slough and Frog Pond are also
anaerobic in nature, yet are only 1 m - 2 m (3 ft - 7 fi) deep. 'This is probably due to the
abundance of aquatic vegetation in the slough and pond, rather than to water depth. Freshwater
lakes that are eutrophic in nature have less teadency to produce biota with radionuclide
accumulation, although long-termed buildup of radionuclides found in the sediments of lake
bottoms may ultimately lead to high concentrations of radioactive material in fish and other
organisms (Whicker and Schultz 1982). '

Total density and the Shannon-Weiner species diversity index for benthic invertebrates
were calculated for each sindy location. All lakes showed no significant correlation between
uranium concentrations and species densities or diversities. The benthic communities of the
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. study lakes are similar to thase of many cutrophic lakes of this area (Brugam et al., 1992). The
- strongest influence on lake benthos appear to bo oxygen levels in the sediment. In the Basch

lakes, oxygen status is mainly coatrolled by water depth. Many species of “decp water® fagna
(Limnodrilus hoffmeisteri, Chaoborus, Pmrmm)mfmmd Other differences were
amﬁumdmduuihutnmofmsmamslwhwwdmpmwlmmmhofﬂwm
Sediments of shallow areas are buff in color, indicating an aerobic environment and dominated

by species such as burrowing mayflies of the genus Hexagenia and chironomid larvae of the -

genus Tawyearsus.  There was, however, a sitroag correlation between the compesition of
species in contaminated and uncontaminated lakes; but the Mann-Whitmey U-test determined that
this was not significant when compared te uranium concentrations. Some additional
entvironmental factors are controlling the composition of benthos in the lakes.

Resuits from the. analysis of uranium in benthic organisms (biomass) showed a
relationship between uranium concentrations and lake sediment. The differences do not seem
to be relaied to the taxonomic status of the organisms taken for analysis, but are dependent-on
the particular stody lake, Concentrations of uranium in benthic biomass samples are shown in
Appendix B.

Zooplankton analysis showed that differences were found in the composition of

zooplarikton monitoring and background lakesm, but are not conclusively attributable to uranium
concentrations. No significant differences were found in densities or diversity of zooplankton.
1t was found that the differences in zogplankion communities were based upon the presence of

smaller zooplankton in the monitering lakes versus amall and large zooplankton in the

background lakes. Other factors that may be attributed to differences in zooplankton populations
are fish stocking practices and angling pressure at the Busch Lakes. Research has shown that
when ponds were stocked with planktivorous fish, zooplankton communities shified to a
dominance of smaller sized zooplankion species (Wetzel 1983). Some congiderations are being

investigated including fish stocking practices and angling pressure at Busch lakes. It is well

documented that intense fish predation removes larger orustacea from a lake,

Another factor that may contribute to the differences found between the composition of
zooplankton populations is the toxicity of uranium. The toxicity of uranium has been
documented at 6 mg/l LD50 for Daplmia (Poston et al., 1984). Poston (1984) also found that
the LD50 decreased as atkalinity of the test water increased, and that reductions in reproductive
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irateg-occurred at concenirations ofﬂ.s,m. mm;hutmwnmnm of uramium in surface

- water was found in the Femme Osage Siough at 0.3 mg/1.

It is inappropriate to compare densitics and diversities of zooplankion because Busch

Lake 37 has been shown to be a poor background location. The alkalinity of Lake 37 is very -

low, &1 compared 10 the other monitoring locations, and allalinity levels have beea shown to
affect the availability of uranium in surface waters, Other cnvirontnental factors may coatribute
to the difference in the zoopiankten of the background lake versus that of the monitoring lakes,
but an alterative background location must first be selected. |

Zooplankton species at Frog Poad and the Femme Osage Stough were very different from
those found at the Busch lzkes. At Frog Pond, zooplankion species identified in the sampies
were those gpecies characteristic of environments with an abundance of aguatic vegetation. At
ﬂmmeDmchhugh,apredamchdmmmuedk!yphmwMMSwﬁmmdmhw
numbers.

Stream and spring data wers found to be too variable to draw conclusions. The
background spring showed low benthic invertebrate density, which makes for poor comparison.
This has been attributed to the intermittent nature of the spring, In the 1992 sampling, a new
background spring will be selected for study. In addition, the number of samples taken from
the streams was ipsufficient to draw conclusions, considering the wide variation in sampies,

Modifications to the aquatic invertebrate sampling program will be made in 1992 and will
include the elimination of Lake 37 as the control or backpround lake. It has been shown that
the conductivity of Lake 37 is much lower than all of the other lakes at the Busch Wildlife Area.
This is probably because the lake water comes from surface water run-off rather than being
spring-fed. The monitored lakes (Lakes 34, 35, 36) are predominanly groundwater-fed lakes.
The groundwater is concentrated with major ions because of the calcarsous soils and bedrock

" in the area. "This difference can be misleading when monitoring the effects of contaminants

within aquatic habitats. Busch Lake 33 has been shown to have similar atkalinity and
mnducﬁvitymﬂnugnﬁwredhhs,mdsimeitisaspﬁng-fedlakn,_itwillheusadasa
hackground lake in 1992 monitoring.
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=T.3.3 . Waterfowl

EuquWm_mmmmmmwmsmmmm,m
Pond, four raffinate pits, and a¢ the Weldon Spring quarry, inciuding the quarry poad and
Femme Osage slough located immediately south of the quarry. These aguatic habitats attract
various waterfowl fo the site; both resident species (common to Missouri) and migrasory species.
Since waterfiowl arc transient specics, the potential exists for individuals to travel on and off site
and 16 be killed by hunters for human consumption. In 1990, in response to public concern,
moitoring of waterfowl utilizing the aquatic habitats at the WSS began. Common resident
waterfowl species are mallards; wood ducks, and Canada geese.

The biouptake sampling of waterfow! was conducted in October of 1990, Raffinate Pit 4
is predominantly used by waterfowl over all other aguatic habitats at WSS, therefore individuals
from Raffinate Pit 4 were selected for sampling. Waterfowl were collected by flushing birds
from he pond and shoreline of the pit and shooting them using a 12-gavge shotgun. A tolal of
ﬁwmwmmmmmmm,mmm,mdmﬂmdam _
Waterfowl were prepared as flesh and internal organ samples and were analyzed for isotopic
uranium, isotopic thorium, and Ra-226/228. Results are shown in Appendix A.

Dvmﬂ,lnwleveisnfspaciﬁcmdiomcﬁdcswmdnmctedinﬂlsamplﬂ, primarily in
the organ samples. Ra-226 ranging from 0.001 pCi/g (3.7 x 10°° By/g) to 0.028 pCi/g
{1 x 107 By/g) were detected in all organ samples. Concentrations of Ra-226 in tissue samples
‘were recorded at or below the detection limit. Ra-228 was detected in less than half of samples
with concentrations ranging from below the detection limit to 0.030 pCi/g (1 x 107 Bg/g).
Th-230 was found in concentrations of 0.017 pCi/g (6 x 107 Bqg/g) and 0.483 pCi/g
{0.018 Bq/g) in organ samples and at low levels in tissue samples. Detectable concentrations
ofmﬂmamumwmalsofnmdmﬂmmmhmﬁﬁgpcug[zn 102 qu'g]) which was
a composite of organs from three individuals. .

No survey was conducted prior o the 1990 sampling event to document residency or
duration of use of the water bodies by the waterfowl that were coliectes]. No waterfowl were
coHected from background (control) locations in conjunction with on-site sampling. The primary
focus of the 1990 survey was o determine if any detectable concentrations of radionuclide were
present in the edible portions of waterfowl. Acquiring the numbers of samples (monitoring and
background) necessary 1o make conclusions is extremely difficult. *Many samples must be

m:\usere2\joanne\nserd 1 \aserd1 173




052192

.+ cotlected m-dmm’methammﬂnnae_.afndimdﬂe-m due to the wide ranges

- of naturally ocourring radioauclide concentrations” (MCRP 1576).

. In order to determine usage of thie pits by waierfowl, a survey was conducted during the
sumsher and fall of 1991, Table 7-2 lists ail residesit waterfowl obscrved on the WSS, the
rivmber of individuals, and the average total sighted per survey day, Individuals were not
mmmamhy,mmhmmmyumdmgﬂmmﬁm
on the site for more than one day. Observations were made for at least 15 rain at each location
and notes were made of species, numbers, sex, activities (such as feeding, swimming, or
resting), and neck band numbers. Waterfowl surveys were condueted on an average of five days
per month.

Table 7-2 OQccurrence of Missouwri Resident ":Vatarfnwl at the WSS

Species July | August | September October November December |

Mallard | 1 13 51 a5 33 14

| Wood Duck ;] | 1 40 0 o]
l Canada Gooss a | 13 a1 18 | 137 | 20 1|

Total count 21 26 93 103 170 24

Total survey days | 5 5 7 6 8 4

Aﬁraga a2| &2 13.2 17.2 28.3 85 |

muidualsmw - |

MqummmchSSaqmlubnmwumdhywamfawlm19911‘01‘

resting and foraging. Raffinate Pit 4 attracted most of the waterfowl, probably because it is the
largest surface arca pond at the WSS, has an availability of aquatic vegetation, and offers
protection from winds due to the high sides (berms) of the pit. During July an average of four
individuals wepe observed on site per survey day. The lighest iumber of individuals (common
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. residents) were found in November of 1991 with an average of 28 individuals. No individuals =
were found to reside on sitc for longer than four weeks. Some individuals and species were
sighted only once during the six month period. Other species found to utilipe the ponds ans pits
included canvasback, hooded merganser, Buffiehead, ruddy duck, Americin coot, northers
shoveler, and northern pintail. The greasest number of individuals observed on site oocurred in
November of 1991 with a monthly total of 328, a survey-day-average of 55, and a total of 15
species. Additional data from the waterfowl survey are listed in Appendix B. . Up w0 30 species
of waterfow] utilize the Mississippi River flyway during spring and autumn migrations
(MDOC 1976). Ten waterfowl species are listed a3 common in the Weldon Spring arca during
migratory periods (MKF and JEG 1991b).

The pied-billed grebe (Podilymbus podiceps) was sighted in Raffinate Pits 2 and 4 during.
the month of September 1991, and once in Raffinate Pit 4 during November 1991. The pied-
billed grebe is listed as rare in the state of Missouri by the MDOC (MDOC 1991b). This listing
deummﬂlnumbmmntmhﬁmunmdmdmﬂwneedfmmmumgmﬂm

of this species.
7.4  Terrestrial Monitoring

Although biota constmed by man is an important consideration in any ecological
monitoring program, of special concern are Federal and State threatened and endangered species
and their habitats. In addition to the special concem species, additional fiora and fauna. have
been selected for investigation at the WSS because they consume foods of special interest,
inhabit particular areas, or are a potential food source for special concern species. It is difficult
to directly study bioaccumulation in special concemn species or game species. Radionuclide
concentrations in tissues tend to range widely and it is difficult to sample a sufficient number
of -animals in order to define the normal range and concentrations (NCRP 1976). The WSS
terrestrial monitoring is based primarily on the stady of other biota within the food chain or
within contaminated habitats that will serve as biomarkers for environmental risk.

Transport pathways for torrestrial vegetation include foliar deposition by both air and
waler particulates and by uptake through the reot’s system. Terrestrial fauna can receive
radionuclides via ingestion of soil, and/or water, by inhalation of air particulates, hymgestmn
ufmmmhm,orbyduectmntactmthmmamdmmwam
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741 Agricaktural products

The Environmental Regulatory Guide for Radlological Efflueni Monitoring and
Envireranental Surveillonce (DOE Drsft Order 5400.5) requires the analysis of “foodstuifs”
(crops, dairy products, etc.) within & 16 km {17,490 yd) radius of all U.S. Department of
Energy (DOE) facilities. At the WSS, primarily agricultural products dre grown within the
designed 16km (17,490 yd) radius. Seventeen percens of the surrounding wildlife areas, e.g.,
Busch Wildlife Area, the Weldon Spring Wildlife Area, and Howell Island are comprised of
cropland (MDOC 1991a). ‘These wikilife areas produce com, soybeans, milo, wheat, and
sonflowers. The crops grown om MDOC property are not produced for direct human
consumption, but are used for livestock: foed or left in the field for wildlife consumption,

A preliminary sampling of agricultural products was conducted in October and November
of 1991 at the Busch Wildlife area, the Weldon Spring Wildlife area, the St. Charles County
well field, and background locations. Grain products such as, corn, milo and soybeans. are
primarily grown in these areas and were sampled. Grain portions were collected for the
samples, with the exception of corn, in which case stalks {excluding roots), leaves, and cobs
were also prepared for analysis. Soil samples were collectéd at each sampling location. Both
agricultural and soil samples were analyzed for namwal uranium, isotopic thorium, and
Ra-226/228.

Results from the 1991 sampling are not currently available, but will be reviewed prior
to 1992 sampling and presented at a later date, An agricultural sampling plan has been prepared

for 1992 sampling that discusses objectives, sampling, and interpretation metheds .

{MKF and JEG 1991f). :

7.4.2 Mammals

Informal mammal surveys have been conducted at the WSS as part of ongoing

. environmental protection activities. . White-tailed deer, groundhogs, muskrats, rabbits and

squirrels have been regularly sighted within the chemical plant boundaries. Tracks and burrows |

have bees: sighted along the shores of the raffinate pits, Ash Pond, and Frog Pond.

While sampling of large’ mammals is not part of the annual moritoring program, all
spedmmsmmalyz'edwhmavaﬂablcmd may include roadkills, accidental deaths, and hunter
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. «donations. -In 1991, during the construction of the releativa basin of the material staging area:

(MSA), an injured adult male whitc-tailed deer was destroyed by the MDOC and samples of -

tissue, bone, antlers, mmmmmmmmm:mm,m
thorium and Ra-226/228, :

Cmmh:hmsufmdimmlidamfmmdpﬁmﬁﬁlyhhmmandmmmw. The
highest concentrations were the isotopes of thorium with Th-230 found to occur in the bone
samples from 0.80 pCifg (0.03 Bg/g) to 2,48 pCifg (0.92 Bq/g). Th-230 is primarily a bone-
seeking radionuclide with a relatively long half-life. Uranium concentrations ranged from the
detection limit (0.001 pCi/g) to 0.118 pCi/g (4.4B-3 Bg/g) in bone, organ and intestine samples.
Radiomaclide concentrations ranged from not detected to 0.002 peifg in muscle samples. Ra-226
and Ra-228 concentrations were found in the bone, antler, and intestine samples ranging from
the detection Hmit (0.001 pCi/g) te 0.260 pCi/g (9.6E-3 Bg/g). Table?ﬂprmtsﬂmr:sults
from the sampling of the white-tailed deer.

7.4.3 Birds

Although bird surveys were not formally conducted in 1991, sightings of ‘birds were -

documented during other monitoring activities, particularly during the waterfowl surveys. Over
40 species of birds were observed oa site during 1991, All species observed have been sighted-
at the Busch Wildlife Area and/or are listed ag common or abundant, daily in large numbers in
their respective season (MDOC 1991b).

Species observed on site inchude those commonly associated with aquatic habitats, Green-
backed herons, great blue herons, spotted sandpipers, killdeer and belted kingfishers were
observed foraging along the raffinate pits, Ash Pond, and Frog Pond, Species commonly found
in Missouri during the spring/summer months and ebserved at the WSS include eastern
kingbirds, barn swallows, ruby-throated hummingbirds, and great-crested flycatchers. During
the winter months, cardinals, yellow-rumped warblers, dark-eyed juncos, and white-crowned
sparrows were observed in woodland and open arems. Specics observed year-round inclide
American robins, mourning doves, eastern blucbirds and field sparrows. Common birds of prey
observed on site include red-tiled hawk, American kestrel and great-horned owl. Table 7-4
presents a list of all species sighted at the WSS during 1991,
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Table 7-3  Radionuclide Concentration in One Male White-Tailed Deer {(pCi/g} wet waight

U-233/U-234

Detection Limits ranging from 0.001 pCl/g to 0.159 pCiig.
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_Table 7-4  Bird and Waterfow! Species Observad at the Woldon Spring She. 1991

American coot

Eastern kingbird
Eastorn rmaadowlark
European starling
Fleld sparrow

Great blue haron

Great craxted flycatcher

Great-horned owl
Green-backed haron
Hairy woodpscker

mrusersjoannsiaserd asersl

Hooded mergamsar
House spamrow

Klidmer

Lassar scaup

Slpligrd

Maadowiark

Macking bicd

Mourning dove
Nighthawk

Nacthern cardinal
Northein flickar
Nordwm oriele
Northern pintail
Northern shovelar
Pigd-billed grabe
Filsated woodpaciar
Red-headed woodpecker
Red-tailed hawlk
Red-winged blackbird
Ring-neciad duck

Rock dove
Ruby-throated hummingbird
Ruddy duck

Spotted sandpiper
Tufted titmouse
Whita-crowned sparrow
‘White-throated sparrow
Wild turkey

Wood duck
Yallow-billed cuckoo
Yeolow-rumped warblar
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- 7.5 . Special Ecological Studies

7.5.1 Qmmmmnmww

Asmtufﬂmmnndnnonmuulﬂumdfwthewmsmmmym“w
removal, a waste haulage road was constructed along an abandoned railroad treck from the
quarry north to the chemical plant, A finding of no significant impact (FONST) was determined
for the haul read as part of the Remedial Investigation/Feasibility Study (RI/FS) peocess
compieted for the quarry bulk waste (ANL 1990b). In order to establish a baseline for the
presence of biota and their use of the haul road area, 2 summer survey was conducted slong the
haul road prior to congtruction,

During June, July, and August of 1991, sarveys were coaducted along the haul road
route to document occurrence of bioia and identification of habitats located along the haul road.

EERINE I s i
O

Separate bird and vegetation surveys were conducted along the haul road, but mammels and

reptiles were documented as sighted during the bird and vegetation surveys.

The habitat along the quarry haul road included mixed deciduous forest and old field

habitats; typical habitats expected for eastern Missouri. Sixty-five species of birds, 10 species.

of mammels and five species of hetptofauna were recorded along the quarry haul road. While
there were no Federal or State threatened or endangered species found along the haul read route
during these surveys, the Wood Frog, (Rana sylwatica), listed as rare 1 Missouri, was
encountered at one location along the haul road. The MDOC has exempted the work heing
p&ﬂommdﬂheqummdﬁehaﬁrmdﬁumMgaﬁmmmmdmmﬂmlmﬂahm
of wood frogs in this area.

7.5,2 Wetlands

" Tdentified wetlands at the WSS include the raffinate pits, Frog Pond, and Ash Pond

'(U.8. Fish and Wildlife Service 1990). These areas are all man-made impoundments (storage

of waste products) or dammed drainage basins. These arcas are severely to slightly
contaminated with radionuclides and waste products, Remediation activities proposed for the
raffinate pits and ponds within the chemical plant aréa include the removal of contaminated
studge, soil, and water and the filling of the pits and possibly the ponds. The Wetands
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= . Protection Act, 40 CFR mqﬂmawaﬂmﬁsumubemwkmdmmmymmh

dredging, or filling activities.

As part of documentation process for the RIFS for the Weldoa Spring Chemical Plast
(WSCP), the wetlands were identified according to Federul guidance. Three criteria must be
met in order t0 designate an arog as & jurisdictional wetland: presence of water; saturated soil
conditions that exist for seven or more days during the growing season; presence of hydrophytic
vegetation or polential presence, and presence of hydric scils (FICWD 1989). - Hydric soil
conditions were reviewed utilizing the St. Charles Cousaty soil survey information (USDA 1982).
Soils at the chemical plant area are congidered part of the Armster-Mexico-Hatton association
and consist of moderately well drained to poorly drained soils.

The mraffinate pits are saturated year round, but same shoreline portions along Raffinate
Pits 3 and 4 are exposed in the late summer, particularty the north and southeast comers of
Raffinate Pit 4. Ash Pond is completely dry in late August and the watgr level in Frog Pond.
falis from 1 m (3.28 f) to 0.3 m (I ft) (MKF and JEG 1991f).

A vegetation survey was conducted at Raffinate Pits 3 and 4 and at Ash Pond in
August 1991 to determine the presence of wetlands species. The survey documented the
existence of facultative wedand and obligate wetland species in Raffinate Pit 4 and Ash Pond.
Facultative wetland species are usually found in wetlands (67%-97% occurrence) and obligate
species are always found in wetlands under natural conditions (FICWD 1989). The obligate
species identified include cattails, Canada rush, broadieaf arrowhead, and water smartweed.
Facultative wetland species documented include spanisly neecles, spotted touch-me-not, Amefican
elm and sycamore (Reed 1986).

Further investigation and interpretation of the wetland criteria is required prior to
esiablishing wetland habitats and boundaries within the chemical plant area. .The soil

' Wﬁcsufﬁmmmuﬂhemﬁewﬂhdﬁqmﬁwifhydﬁcm&ls-:ﬁst.
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3.1 QOuality Assuraunce Pmm Plan

The Weldon Spring Site Remedial Action Project’s (WSSRAPs) Ouality Assurence
Program Flan (QAPP) (MKF and JEG 1987) cstablishes the Quality Assurance Program for
those activities performed by the Project Management Coatractor (PMC) during the WSSRAP.
The QAPP requires compliance with the criteria of American National Standards American
Society of Mechanical Engineers (ANSI/ASME) Nuclear Quality Assurance Program (NQA-1)
1986 and DOE Order 5700.6B, which are required by tlic PMC and the U.S. Department of
Energy (DOE) contract document DE-ACO5-860R21548 and the MK-Environmental Services

NQA-1 Quality Assurance Program Manual (MKE 1990),

All criteria of NQA-1 are applicable to the WSSRAP. Compliance to the criteria is-
ensured through petrformance of quality assurance (QA) awdits, QA surveillances, and through
implementation of the WSSRAP self agsessment program. The QAPP is used ag the generic
working document to control and document the quality of work at the WSSRAP. This document
requires that specific procedures and plans be generated to address Quality Level 1 and Quality
Level 2 work activities and inspection criteria. These specific procedures will specify the

. requirements of all applicable documents, codes, standards, and regulations,

8.2 Environmental Quality Assurance Program Plan

Environmental compliance issues applicable to the WSSRAP arc addressed in the
WSSRAP Emvirommental Quality Assurance Program Plan (EQAPP) (MKF and JEG 1991g)
which outlines the specific U.5. Enavironmental Protection Agency/Quality Assurance
Management Staff (EPA/QAMS) 005-80 Quality Assuranice requirements for the characterization
and routine monitoring at the WSSRAP. ‘The BQAPP does not supersede the QAPP, but rather
it expands on specific requirements. '

The primary purpose of this document is to provide a complete and accurate framework
of information for assessing the amount and extent of hazardous materials present ont site and
it is supported by the WSSRAP Quality Assurance Program Plan, (QAPP) (MKF and JEG 1987)
as required by the DOE. The EQAPP is supported by the WSSRAP standand operating
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.. procedures (SOPs), the WSSRAP Health and Safety Pmm the Environmental Moritoring
Plan (MKF and JEG 1992b), and sampling plans written for specific environmental tasks,

8.2.1 Aundits and Tracking

Quality assurance objectives for the WSSRAP will be met in part by audits of ficld

sampling and laboratory analysis activities. ThegualamabpcﬂmnfﬂmWSSRAPthty
Assurance/Quality Control (QA/QC) audit program are to ensure that:

An audit program is implemented to ensure compliance with the QA/QC program-

QA/QC requirements are clearly established.
All sampling and analytical efforts are described by an approved sampling plan.

procedures.

Proper documentation is performed in order to establish data vatidity.

Awdits are performed to determine compliance with the established QA/QC
requirements.

Corrective actions are proposed and implemented to address deficiencies identified
during audits.

_ requirements established for the WSSRAP in the approved QAPP. . This program in intended 10
assess the effectiveness of WSSRAP systems and procedures.

The types of audits to be conducted during the course of actions for the WSSRAP will

mcludepeafomamemisyﬂmmdm These audits will be performed both internal and.

external to the PMC.
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. -Each audit will result in an andit report that dotails findings. A response will ten be-
 prepared and corrective actions defined and scheduled. All audit-related information 3 entered
into a site-wide audit tracking system (SWATS) which trecks findings from initintion through'
corrective action by both internal and extemal entities. The stutus of all audits is. routinely
reviewed by project management and QA personnel to ensure that progress is being made and
t0 ensure that adequate resources are applied 1 correcting problems,

8.3 Eavirommental Data Adminkstration and Data Quality Control

Laboratory management at the WSSRAP includes laboratory coondination, data
verification, and data validation to ensure that the environmental samples collected are properly
processed, analyzed, and reporied by the off-site laboratories and o ensure that the data
generated at the WSSRAP are representative of sample conditions. '

Laboratory coordination at the WSSRAP involves communicating with off-site
laborstoties by the laboratory coordinator. Samples coliected are semt to an appropriate
laboratory that can perform the analyses within the required turnaround and holding times. The
laboratory coordinator contacts off-site laboratories on a daily basis to determine amd evaluate
the laboratories’ performance and capacity. Additionally, the laboratory coordinator coordinates
sample bottle orders, approves sample authorization requests, and coordinates accelerated and
special sample analyses. '

The verification program is designed to ensure that documentation and data are reported
‘in compliance with established reporting requirements and standard operating procedures (SOPs),
and to ensure that all requested analyses are performed. This process is completed in
accordance with procedure ES&H 4.9.1, Environmenial Monitoring Data Verification by the
verification group. The data verification program consists of the following: (1) data delivery
tracking and analytical costing; (2) review of sample identification, signed chain of custody
(COC), analytical holding times, requested turnaround time, and data review information; (3}
editing and merging of completed data into WSSRAP databases Generic Universal Report Utility
(GURL). The results of the verification program are documented with the verification checklist.
One hundred percent of the data reported in the annual site environmental report have been
verified.
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- quality related ficki data to assess laberatory performince as compared to quality coatrol (QC)

criteria, data quality requirements, and procedural requirements, The purpoze of validation is
to document the quality and usefulness of the daia and the documentation developed during
sample analysis, Data validation consists of (1) identifying data to be validated (10% of data};
(2) technically reviewing selected data; (3) and documenting of findings. The validation process
is completed in accordance with RC-3la, Emvironmeninl Monitoring Data Validation, by the
validation group. ﬁthﬂlﬂ%dhhﬂmﬂhﬂm%swmm
Calendar 1991 are validated.

Both the verification and validation programs that are summarized above are described

in the WSSRAP Environmental Datg Adminisiration Plan (MKF and JEG 1992¢).
8.3.1 Eavironmmental Data Administration Flan

This Emvironmenial Data Administration Piar (EDAP) (MRF and JEG 1992c)

summarizes standard operating procedures and data quality requirements developed for use in-

the coliection and analysis of environmental data. Guidance on developing investigation-specific
data quality objectives (DQOs) is also detailed. Daia quality review programs are conducted to
ensure data integrity and validity. The EDAP describes administrative procedures adopied by
the WSSRAP to manage the use of environmental data. The EDAP does not superseded the
EQAPP, but rather expands on specific requirements.

Environmental ‘monitoring and surveillance activitics at the WSSRAP result in data and
documentation that are vsed to develop remedial action alternatives and demonstrate comphance.

with U.S. Department of Energy (DOE) environmental protection policies.
8.3.2 Data Quality Control Summmary

Quality control samples are collected during all phases of the routine environmental
monitoring program at the Weldon Spring site (WSS). In some programs such as the external
gamma and radon monitoring, the results are directly incorporated inie the discussion of the
data. Quality control data for groundwater, surface water, springs and National Pollutant
Discharge Elimination System (NPDES) monitoring are discussed in this chapter. The QA
gamples include trip blanks, water and bottle blanks, ficld bianks, and duplicates. The results
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. _from these quality control samples are discussed in the foliowing sections, and & summary of

 the analytical data and the number of spmplea oollected is given in Tables 8-1 and 8-2, Quatity -

control data have been reviewed to evaluate their impact on the conclusions and interpeetations
presented in this report. The detection of uranium in waser and bottle blanks and in fiekd blanks
has not impacted the dose calculations discussed in this report.

8.3.3 Duplicate Sample Results

Two types of duplicate samples were collected and analyzed during 1991 for
groundwater, surface water, spring, and NPDES samples. The first type is the blind duplicate

(labelled "duplicate” in Table 8-1), which is collected at the same time and in the same manner
.as a regular sample, given a unique sample number, and analyzed by the laboratory analyzing

the regular sample. These samples moniter lahoratory precision. The second duplicae type is
the replicate sample, which is collected at the same time and in the same manner as a regular
. sample, but is analyzed by a different laboratory, These samples provide a means of monitoring
the performance of the primary laborstory. In the first quarter of 1992, the WSSRAP began
participation in the DOE interlab comparison program. B

Duplicate samples were analyzed for the same parameters as the original samples at the
rate of approximately one per 20 samples. Therefore, duplicate samples wete typically analyzed
for uranivm, nitroaromatic compounds, and inorganic anions. A summary of the duplicate data
is given in Table 8-1 for nitroaromatic compounds, arsenic, barium, nitrate, sulfate, and vranium
in groundwater, surface water, and spring/seep samples. Where applicable, the average relative
percent difference (RPD), which represeats an estimate of the laboratory precision, is given for
the listed elemental parameters in each sample type. The equation for determining the RPD (as
given in the EPA Comtract Laboratory Program, Inorganic Scope of Work, [EPA-CLP]
[EPA 1988b]) is: :

(A) RPD = (S-DY((S+D)/2) X 100,
where S=the normal sample and D=the duplicate. The EPD has been calculated only for
samples having concentration levels that exceed five times-the detection limit. Below this limit,

the relative precision typically decreases rapidly. The rumber of sample-pairs used to calculate
the average RPD and the total number of duplicate samples are also given in the table, With the
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Table 8-1  Duplicate Data for 1991 Groundwater o
| Groundwatser Surface Water Springs/Seeps
Duplicata -Ftaplicnﬁ Dupllcate Ruplicaﬁ Duyplicate Replicate

Farametar RPD Count RPD Count | RPD Count RPD Count RPD Count | RPD [C "
1.3, 5-Trinitrabanzena 2.14 a7 | 690 201 . H1y | - *1} . *{4) - ] | *{3

3-Dinitrobanzene + | eumn N i “y | e *{1) . *(4) o )
2.4,6-TNT 236 | aam {2143 f20m ) + | et . 1) . “{4) + |
2. aont 229 | anm |3043 200 | -+ | s . (1) e feom] - |-

8-DNT 168 | san [1eas || » | ey | e s b | » Jra
Juitrobenzens . <17 . |+ *1} . *(1) * ={4) e |3
Arsenic 0.88 | i1 . ‘o | * *{1) . *(4) . ) *  {en
Barium 158 | sttty | 1228 | 1 [ 178 | wu . sy | o4n | v | 227 {1

itrate - 357 | ae 1917 Janor | ¢ | e | s | 451 |  ai7 |
Sulfate 242 {1709 | 967 [100t] 09 | v | 288 | sz | 288 | 1 | 508 [103)
Juranium, Total 8.32 | 15(19) | 13.94 | 3112} | 4.72 | 10011 513 _o-rvix I_m b B2 1884 pene - +

. All data for this constituent are < 5 x detection mit and are not mciudad in calculation of average % error.
.RPD  Relative percent differenca.
Count number of sample pairs in calculation of average {total number duplicate samplas).
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©» .. ..exception of uranium, barium, seifate in groundwater, and uzanium in surface water, spfficient

. data are not available i calculase statistically valid average RPD valees. Neverthaleas,the other
RPDMMMW:WM&MMM#WM. ‘RPDs are bolow
5% for gl but groundwater uranium, which has an RPD of 8.32%. Overall the duplicate and
well beiow the 20% control limit suggested in the EPA-CLY.

In addition to monitoring laboratory performance, the duplicate data can be wsed in
conjunciion with Iaboratory control data to determine analytical errors. The analytical error
associated with a given data point provides a confidence envelope within which the *true value”
is-expected to occur at the stated probability level, This error is 2 function of botl: the accuracy
and the precision associated with a given measuremont and may be calculated if data for these
parameters are available. At present, these data are only obtained when data validation is
requested from a laboratory. According to the WSSRAP data validation procedure, 10 % of the
data are scheduled for routine validation. Not all accuracy and precision information detived
from the routine validations is appropriate for error determination, because concentration levels
in the randomly selected sampies may be near, or below, detection limits. Although the

analytical errors calculated from this relatively limited data base must be considered somewhat . .

qualitative, these errors do provide an estimate of the confidence envelopes for the 1991 data.
In 1992, documentation of laboratry accuracy and precision will be increased, which should
allow more rigorous evaluation of analytical errors in the future.

The measurement errors computed for & suite of anatytes are presented in Table 8-2.
These errors were calculated according to the following formulae and rationale,
The concentration of a given element (X) is given by:

®) X=M+Cf

" where M is the measured value and Cf is a comection factor that accounts for machine bias but
.18 assumed to be O by convention. An -emor is associated with each of these aumbers: for M,
the error is the reported relative precision (o) and for Cf the error is the difference between
the reported relative accuracy and 1 (i.e., perfect accuracy) {(oc9. Average values for these
erTors may be calculated and propagated through this equation to determine the average relative
error associated with the measurement of element X. For equation B, the error propagation
calculation takes the following form:
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. -Table 8-2 1891 Blank Samples

4 Uraniumn, total

i Sulfate and nitrate
M Arganic and barium
N Nitroaromatic
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(o N gxl = "Mz + “Ct‘z

The errors calculated for arsenic, barium, nitrate, sulfate, total uranium, and the nitrosromatics
are presested in Table 8-3. In cases where insufficient laboraiory precision data were available,
the RPD calculated from the WSSRAP duplicate data (Table 8-1) was substituted or averaged
with the laboratory data. For nitrate, insufficient accuracy data were avuilable, which resulted
in a greater than expected exror value, It was not possiblo %0 properly weight the errors in these

number of samples analysed during the period for which these values were determined is
unknowr. '

8.3.4 Trip Blanks

Trip blank samples were coilected to assess the impact of sample shipping on analytical
results. Trip blanks are sent with each shipment of sampies to be analyzed for volatile organic
compounds. During 1991, 11 trip blank samples were analyzed for volatile organic compounds.
Analysis of these samples detectad onfy low conceatrations of acetone (two samples), benzene
{one sample), methylene chioride (six samples), and toluene (one sample}. These compounds
were also detected in laboratory blanks, indicating that their source is probably in the laboratory
and does not reflect adverse trip conditions.

8.3.5 Water and Bottle Blanks

Water and bottle blank samples are collected to evaluate the cleanliness of the sampling
containers and the purity of the distilled water used to decontaminate nondedicated sampling
equipment. These samples also serve as additional laboratory blanks. Thirty water samples and
one bottle blank sample were collected during 1991. - These samples were anaiyzed for
. combinations of the following parameters: - inorganic anions, metals, wranium, gross alpha, and
nitroaromatic compounds. With few exceptions, whick are noted below, concentration levels
. for these constituents were very low or below detection limits. The relatively high barium value
{215 pg/l) measured for a water blank is thought to reflect a label switch with a normal sampie
that was analyzed at the same time. Slightly elevated uraninm levels were measured for two
water blanks (10.2 pCi/1 and 9.52 pCi/ly (0.38 Bg/l to 0.35 Bg/l), both are from the first half
of 1991, Although these data may reflect minor uranium centamination in these water blank
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' .Table 8-3  Calculated Analytical Errors

* Not encugh data above detection wmit.
+ High value - discussed in text

samples, further investigation revealed that the laboratory methods for extrapolating calibration |

curves may have biased uranium concentrations in low-level samples to higher values, Itisnot
possible to determine which of these alternatives was the source of the high values; however,
subsequent to & chanpe in laboratories at mid-year, vranium levels in all water blanks have
remained below 1.78 pCi/l (6.5E-2 Bg/l), with most values being below detection Hmits. The

~ - low, but measurable, levels of uranium in the blank analyses may indicate that the uranium
- results for water samples (presented in Section 6) are biased to higher values by a few pCi/l.
This is especially rue for samples analyzed prior to the second balf of 1991; these values may
overestimaie true uranium levels by as mach as 10 pCi/l (.37 Bg/l)..
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~.8.3.6 FleMd Blanks

Field blank samples are coliected by filling sample containers with distitled water at an
sample collection activities. Field blank results must be used in conjunction with water and
bottle blank sample results to accurately assess the total impact associated with actual samiple
collection. Five field blank samples were collecied during 1991 ami analyzed for nitrogromatics,
inorganic anions, metals, and uraniom. Concentrations for these constituents are near or below
detection limits for these constituents, with the exception of one uranium value (7.8 pCi/l)
(0:29 Bq/1) in a sample coliected in the first quarter of 1991, Potential problems associated with
analytical protocols, as described in the previous section for the water blank data, areaplausxble
source of the elevated uranium in this sample.
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The bulk waste haul road project encompasses approximately 92 acres of land in the Bast
Missouri $tudy Unit. The initial Phase I cultural resources survey of the project area identified
a total of 20 archasological sites in or nesr the proposed bulk weste haul road profect. A
Phase Il survey was condncted at three of theee sites o determine if any of the sites were
eligible for inclusion into the National Register of Historic Places. The results of the National
Register cvaluation progeam indicated that one of these sites was eligible, This prehistoric
- archaeological site, 235C744, would have been impacted by project construction,. therefore a

Phase Iif archaeological data recovery program was determined to be an appropriate mitigation - - -

measure. Tlnadaumypmgmmﬁormemmuwasnummdmhhynflﬁlm
completed in August 1991.

9.2  Phase I Containerized Chemical Reassessinent

The objective of the Phase I waste container assessment work plan was to ensure that the
chemicals which were handled during Phase T activitics have been properly identified, classified,
consolidated, containerized, and labeled. This activity encompassed all Phase I materials stored
in Building 434, the Weldon Spring site (WSS) Resource Canservation Recovery Act (RCRA)
waste storage facility. The various tasks involved were (1) identification of ali Phase I
containers, (2} the visual observation of container contents, (3) the evaluation of container

integrity sampling for field and off-site analysis, {4) consolidation where possible, and (5) the -

documentation of findings. This activity was initiated during 1991 and is still under way at the
writing of this document.

9.3  Lung Solubility Studies

Based on radiological characterization of the contaminated. material remaining at the

WSS, the most significant radioauclides from an internal radiation dosimetry perspective are the
uranium and thorium isotopes of U-238, U-234, Th-228, Th-230, and Th-232. The chemical

nature of the compound in which the uranium or thotium is bound is a very important parameter -

for accurate estimation of the radiation dose equivalent received from an inhalation intake. For
example, the International Commission en Radiation Protection (ICRF), in its dosimetric model
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for the respiratory sysiem (JCRE 1978) defines throe difforent solubilizy classes for uranim
deposited in the lung. Ursnium-veataining chemical compounds which fail in the least solvble
class (i.e., Class Y) deliver about 48 times more commitied effective dose equivalent than does

an equal amount (on a radioactivity basis) of urnium-containing compounds which belong to
the most soluble (i.c., Class D) class.

In order to accurately determine the solubility classifications. of uranivan and thoriem
compounds at the WSS, both bulk samples and area air samples were collected in 1991 from. the
Weldon Spring Chemical Plant (WSCP), Weldon Spring raffinate pits (WSRP), and Weldon
Spring Quanry (WSQ), and sent to an off-site laboratory for special analysis. These samples
were placed in a fiuid which is chemically similar to human lung fluid. The fluid temperature
is maintained at the human body temperature of 37°C (98.6°F). The fluid is collected at various
times and analyzed for uranium and thorium isotopes. Fresh fiuid is then added and the samples
are maintained at 37°C (98.6°F) until another fluid extraction is made.

Orice the last extraction is compieted, curcently scheduled for July 1992, graphs of
uranivm and thorium activity. present in. the fluid versus tme of extzaction will be plotied for
each sample. These graphs will reveal the fraction of vmnium and thorivm which belongs to
each ICRP lung solubility class. This knowledge will be used to produce a more accurate
estimate of radiation dose equivalent resulting from inhalation intakes of radioactively-
contaminated material. '

9.4  Alpha Self Absorption Studies

Studies were initiated in 1991 to evaluate, and possibly quantify, the amount of alpha self
absorption that occurs for a given dust Ioading on filters utilized in area air sampling. Alpha
self absorption is a classic problem that has evaded practical analysis for many years, Alpha
radiation consists of heavy charged particles which bave very limited ranges when interacting
with matter. For example, a piece of notcbook paper could serve as a shicld against alpha
radiation. As a result, alpha radiation can be stopped easily; leaving the potential for alpha self
absorption, or absorption of alpha radiation within the layer of dust collected on air sample
filters, as a recognizable problem.

When air samples are collected in arcss where the potential to encounter airbome
mﬂimﬁ?itjexim,thmeiaalsupm&ﬂforﬂwcoﬂwﬁmofagmddmluf@nmﬂmﬁlm.
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1 iIn-effect, the radioactive airborme conglituents representative of the area are most likely carried

by the airbame dust particles. Conseguently, the alpha constitenis of the collected sample have
the potential to be absorbed within the dust perticles, sherchy reducing the amount of detectable
radioactivity on the filter, '

The study is performed by counting previously used air filters to determine the net
activity contained on the filters, placing the filtexs in an uncontrolled arem to collect
uncontaminated dust vie sampling pumps, and thea recounting the filters to assess the amount
of decrease in the net activity on each filter, Blank filters are also used to collect air particulate
samples in the uncontrolled area in order 1o determine an average background level of radiation
in the area. Simultaneous collection of total dust samples, which are analyzed by an off-site
Iaboratory, yields the airborne dust concentration over the time of sample collection. Thus, the
total amount of dust collected on each filter can be determined and associated with the
percentage decrease in activity on that filter. This study will assist in determining at what
amount of dust loading per filter, the reduction in gross alpha activity becomes significant, An
attempt will also be made to quantify a correction -factor which can be utilized to more
accurately determine the gross alpha activity representative of the area where the air sample is

collected. Preliminary conclusions have necessitated further investigation into-this problem and

have warranted continuance of the study into 1992,
9.5 l‘nrticle Sizing Study

A knowledge of particle size within different areas or buildings on the WSS is vital to
assessing the potential health effects associated with exposures io airborne particulates. Particle

size distributions are essential in order-to determine the-probable point of respiratory deposition, -

particle behavior in the air, the best methods of dust control, and an -overall evaluation of
chemical and radiological hazards. Thus, the pasticle sizing stody should reproduce, to a
reasonable degree, the dust collecting characteristics of the human respimtory system so that
lung penetration by airborne particles can be predicted from aampling data. The more penetrable
particles (smailer particles) possess a greater potential to deliver radiation dose as well as other
hazardous effects, The ICRP dogimetric models apply a default value of one micron in the
determination of dose conversion factors. However, average particle sizes are anticipated to be
larger than this default value. Consequently, internal dose estimates can be more accurately
assessed through knowledge of the particle size distribution in a particular loeation.
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. A cascade impacter which has the capacity 0 scparate particles into eight different

'-a&odynamicﬁmmngin:fmmﬂn-ﬂ.igm > 10 p was purchased is 1991. The actual data

collestion was initiated in the latter part of 1991 for the process buildings schedulod for
dismantlomeat in early 1992, The particie sizing study will continee throughout 1992 in order
o determine the particle size distributions for all wosk arcas on the WSS. A personal broathing
zone cascade impactor has also been purchased which will allow the collection of particle size
information specific to the activity performed duting the time of collection.
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40 CFR 264,197 - Standards for Treatment Storage and Disposal - Closure/Post Closure Care
40 CFR 268.50 - Land Disposal Restrictions
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MM?&I 65(a) - Polychiorinated Bipheryls (PCBs} Mamgacruring, mw
- in Comgnerce, MWM&#&M .

& CFR 761.215(cX1) - Polychiorinated Biphemyl Mamagement
10 CSR 80-5 - Missouri Solid Waste Managemem Regulations
19 CSR 20-10.040 - Maximon Permissible Exposure Limits

PROCEDURES

ES&H 1.1.5a The WSSRAP ALARA Procedure _ '
EBS&H 4.4.45 Subsurface Monitoring Device Pligging and Abandorment Procedure
ES&H 4.8.3s The WSSRAP Meteorclogical Mau#aring Smmm

ES&H 4.9.1 Enviroamenial Monitoring Dasa

RC-31a Environmental Monitoring Deata Validation
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o APPENDIX A .
Quarterly, Bimonthly and Annual Data for Groundwater,
Surface Water, Springs and NPDES.

N§ = Not Sampled

ND = Not Detected

R = Rejected Data :
N§* = Not Sampled in Quartet
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Table A-1 1991 Bimonthly Groundwater Data For Weldon Spring Quarry

WSSRAP_ID  B1 B2 B3 84 .BE B&. UNITS
N{TRATE _
GW-1002 0,82 NS 0.67{2) 183 - 0.79 1.20 mpA
GW-1004 032 NS 0.135(2) 0.113 ND 0.25 mpi

- GW-1005 ND NS T ND ND ND ND . mgA
GW-1008 1.9 -1.27 o.&57 1.27 0,82 1.89 mgfl
GW-1007 ND ND ‘ND .24 Q.12 -0.16 mpgA-
GW-1008 ND ND NI ND NS Q.52 mig/l
GW-1008 ND ND NO ND 0.10 0.69 mgil -
GwW-1012 1.73 1.54 1.10 1.57 NS 1.05{2) mpA

. GW-1013 0.3 ND . ND ND 0.14 0.37 mgfl.
GW-1014 NE ND ND ND ND 0.55 mgfl
GW-1015 2.22 NS 2.5(2) 5.50 2.30 3.78 myfl -
GW-1I1 G .46 NS 0.525{2) 2.485 1.70 1.89 mg/l
Gw-1028 NE NO - HD ND ND ND mgA
GW-1027 ND ND “ND D18 0.2% 0.1 mgA
GW-1028 ND ND ND MDD . . NS - 08510 mgd
Gw-1028 NS ND ND 0.11 ND mgt
Gw-1030 NS 07502} 013 ND ND mpi .
GW-1031 ' NS  ND . 0.184 ND NS~ mod
GW-1032 NS ND ND ND 0.b4 mg/l
GwW-1033 ' ND NS ND{2} NS - mgf
GW-1034 318 1.4 027 NS 0.22  mgA
.G'W-1035 ND .14 NS 0.19 mg/l
GW-1036 ND 012 - 9.565120 0.1 mg/l
GW-1037 0.12 - ND .88 ND mg/l
GW-1038 ND ND ND ND mg/l
GW-1039 ' ND - ND | ND ND mgA
SULFATE
GW-1002 © 81.0 NS 45,812 48.5 . 425 5649 mygl
Gw-1004 283 NS  164.8{2) 305 230 254 maft
GW-1005 218 . N5 C212{2) 201 214 207 mgl
GW-1008 375 424 580 418 417 - 398 mgfdt -
GW-1007 B0.E 286 ND 12.7 2.890 209 mg/l
GW-1008 2711 243 236 245 NS - 27 mg#t
Gw-1008 218 319 208 341 349 281 mgil
Gw-1012 $9.5 60.7 bB1.8 43.5 NS 832 mpgA
GW-1013 850 872 136 116 114 116 mgA
GW-1014 101 - 138 134 88.6 a 114 mg/l
GW-1015 221 NS 356.512} 306 387 394 mg/l
GW-1016 168 NS 23812 341 43 242 - mgfl’
GW-1026 ND “10.8 10.0 ND ND .64 mg/1
GW-1027 163 112 95.6 129 " 118 83.0 mg/l

m:huursi‘n.inanm'mu_r._ﬂ Yappandix.al Al
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. Table A-1 | 1991 Bnmunth!y Grnundwater Data Fur WEldon Spring nuarw

{Continued)

- WESRAP_ID B1 B2 B3 - B4 Bb B6&  UNITS
GW-1028 64.0 58.4. 187 . 723 . NS 82.5(2} mpA
GW-1029 -~ 184 75. 89.1 774 . 731 . mgd
GW-1030 91.0 ND BB.& = 105 1000 mgfl .
. GW-1031 3.5 37.7 42,8 37.8{2) NS ma/l
GW-1032 208 - 208 274 253 255 mg/l
GW-1033 45.0 NS -19.342) NS . mgd
- GW-1034 - B0O 921 104 NS 86.7 mgA
GW-1035 ' 44.8 33.8(2) NS 41.9 mgt
GW-1038 '58.0. 7.3 . &74 66.8 mgA

- GW-1037 . 13.8 19.3 - 19.3 17.0 - mpA
GwW-1038 _ 35.5 45.5 44.5 B1.3 mg/
GW-1039 : 28.7 45.2 73.1 73.1 mg/|
ALUMINUM _

- GwW-1028 T NB #gfl
GW-1030 _ © 54700 A
GW-1031 ' ND : sght
GW-1032 ND . g
GW-1033 . _ : ND . gl

C GW-1036 . : ND ~aghl
GW-1037 ND : sl
GW-1038 _ o - 1200 " ugfl
GW-1039 ND pafl
ANTIMONY

- GW-1029 ND gt
 GW-1030 o . ND yoh
GW-1031. -ND - JigA
GW-1032 - : ND Frey)
GW-1033 ND padl
GW-1036 . ND _ #gfl
GW-1037 ' ND Pk
GW-1038 . NP Hafl
GW-1039 - ND saf
ARSENIC

GW-1002 ND NS ND ND ND . ND sgh
GW-1004 ND NS NG ND ND ND pgfl
GW-1005 ND NS ND ND ‘ND ND Fren
GW-1008 ND 5.86 ND. ND ND ND el

GW-1007 . 18,7 9.08 17.6 30.4 26.3 26.8  ugf

_musera2ijoenneiaser Viapoendix.al ] . A-2
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. Table A-1 . 1991 Bum:-nthl*,.ur Groundwater Data Fur Weldnn Spnng ﬂuarrv

{Continuad)

WESRAP ID B1 B2 B3 . B4 “BYS B6& UNITS -
GwW-1008 "ND ND ND ND NS ND sigh
GW-1008 570 353 257 5.88 5.90 8.80 gafl -
GW-1012 ND ND ND. ND NS ND pgf.
GW-1013 - 5.50 2.84  ND 283 2,90 3.10 g

- GW-1014. ND ND ND - NE. ‘ND " KD gt

. GW-1015 ND NS ND ND ND " ND Ha
GwW-1016 4.40 - NS . ND ND ND ND I
GW-1026 262 231 18.0 25.8 19.8 22.4 s
GwW-1027 ND MD ND ND - ND ND apA
GwW-1028 ND 3.83 [ ) ND NS 2.00 gdl
GW-1029 ND ND ND ND g
-GW-1030 : 4.0002) 6.20 b, 05{2] 7.10 gl
GW-1031 _ ND " ND NB NS A
GW-1032 3.95(2) © ND ND ND a
GW-1033- - ND NS ND{3) NS pai
GW-1034 ND ND - ND NS ND Loh -
GW-1035 ND ND NS - ND i
GW-1036 ND ND ND ND gil
GwW-1037 82.b 2.85 ND ND g
GW-1038 . ND ND ND ND i
GW-1038 - B7 ND ND ND wai
BARIUM
GW-1002 118 NS 86.5{(2) 116 104 122 - g
GW-1004 310 NS 50.142) 324 28 372 Hail
GW-1005 43.3 NS 794.4{2) 50.0 67.7 61.7 aadl
GW-1006 223 423 330 31.4 7113 ‘51.0 gl
Gw-1007 243 408 435 374 b&6 3 aail
Gw-1008 ase6 3.0 407 43.9 NS 47.7 © g
GW-1009 333 303 384 an - 357 380 pan
GW-1042 118 135 112 125 N5 128{2)  ugfl
GW-1013 . 163 119 131 126 144 161 gt

TGW-1014 123 84.5 117 128 ©o¥82 - 234 . upA
GwW-1015. 87.2 NS 122.5(2} 118 113 11490 agA
GW-1018 101 NS 122(2} - 122 141 123 soA
GW-1026 389 a7b JE8 357 3BG 420 2gfl
GW-1027 111 137 1249 BG.7 110 " 104 &#ai
GW-1028 2898 282 am 283 NS 322(2y A
GW-1028 . 125{2) 96.6 111 109 pgl
GW-1030 215642) 166 370 383 aghtt
GW-1031 28.1(12y 11 B8.8(2) 106 e

GW-1032 12912) 138 122 116{2) - pp/

mAvsars2joanneiasardTiappendix.al A-3
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Table A-1 1891 Blmnnthly Gmundwatar Data For Waidﬂn Sprirrg ﬂu&rrv

{Continuad}

WESRAP ID B1 B2 B3I B4 - BB B& UNITS
GW-1033 140 - NS 308{3) NS #of

T GW-1034 183 106 161 NS 186 oA
GW-10356 198 269(2) ‘NS 258 Lgh
GW-1038 N5 264 29113] 272 afl
GW-1037 3130 604{2} 523(2)  503.5(2} wodl
GW-1038 : 230 218(2} 254(2} 264{2F pgh
GW-1039 595 434{2} 491(2} B518(2) g/
BERYLLIUM
GW-1029 : ND pah
GW-1030 ' . ND _ ugi
GW-1031 _ _ ND zoR

. GW-1032 . ' ND poi
GW-1033 : : ND . A
GW-1036 o ND 4od
GW-1037 ' ' ND gai

- GW-1038 _ : ND pgil
GW-1038 : ND 1
GW-1029 ' ND :  pah
GW-1030 5.40 ught
GW-1031 o . ND uh
GW-1032 ND g

- GW-1036 : : ND oA
GW-1037 ND dof
GW-1038 : ND gl
GW-1039 ND 2o
CALCIUM

- GW-1029 . . 140000 pal
GW-1030 : ' . B7800 sodl -
GW-1031 - _ - 31800 . voh
Gw-1032 o 164000 : Frot
GW-1033 . 80300 zoN
GW-1036 ' 177000 i
GW-1037 : 131000 #gl
GW-1038 ' 152000 gl

Gw-1039 ' _ 178000 #OA

‘mAussra2iiannsiiaerd 1iappendiea _ A-4
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Tabie A-1 1991 Bimonthly "Groundwater Data For Weldon Spring  Quarry

{Continued) '
WSESRAP.ID B1 B2 ‘B3 pa4 B& B8 ANITS
CHROMIUM
GW-1029 . _ .ND upit
GW-1030 . “ND o
GW-1031 ND N
GW-1032 ND - oggh
GW-1033 o ND ' wpaf
GW-1038 : . ND - gl
GW-1037 - ND pafl
GW-1038 : . ND augh
GW-1039 ' . ND -1
COBALT
GW-1029 ND - pgh
GW-1030 ND ; Hgh
- GW-103% ND Froy)
GW-1032 ND - pgd
GW-1033 : ND - - s
GW-1036 _ ND C pgh
GW-1037 : ND Freti|
GW-1038 : _ - ND #ail
GW-1039 : ND : ugh
COPPER
GW-1029 ND it
~ GW-1030 . 78.2 : ugh
GW-1031 ND Hof
GW-1032 _ ND ' i
GW-1033 ND - gl
GW-1036 : _ NR - sail
GW-1037 S ND - gl
GW-1038 o . ND ' wof
GW-1039 : o ND Jigil
IRON _
GW-1029 - ND T
GW-1030 : 55600 ' ugh
GW-1031 ND . " pait
Gw-1032 ND 2N
GW-1033 _ ND - gof
GW-1036 : _ . ND £g#

" m:usere2\joannetaxerd ] appendix.al A5



Table A-1
tCantmuad}

WSSRAPID B1 B2

GwW-1037
- GW-1038
GW-1033

LEAD

GW-1029
GW-1030
GW-1031
GW-1032
GW-1033
GW-1036
GwW-1037
GW-1038
GW-1039

LITHIUM

. GW-1028

GW-1030
GW-1031
GW-1032
GW-1033
GW-1036
GW-1037
GW-1038
GW-1038

MAGNESIUM

GW-1029
GW-1030
GW-1031
. GW-1032
. GW-1033
GW-1036
GW-1037
. GW-1038
" GW-1039

GW-1029
GW-103¢

musera 2lcanneieaerd 1sppendix.al

B3

B4

EE_ B&

SEGE
1490¢

1140

ND

83.8

ND
ND
ND
ND
ND -
NG -

HD
ND
ND
ND
ND
ND
NG
ND

ND

30100
177000
42700
47900
30900
40000 -
31800
30400
35300

65.0
2920

L
s

#e/

071892 .
1991 Bimeonthly Groundwater I:lata For Weldon Spnng ﬂuarrv
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‘Table A-1 1931 Blmnnthl',r Groundwater Data For Weldon Spring Cluarrv

{Continued)
WSSRAP_ ID B1 B2 B3 - B4 BS B& - UNITS
GW-1031 . . ND sl
GW-1032 . . . 4B.B ' sgh

C GW-1033 . 80.8 zol
GW-1036 ' 365 pgh
GW-1037 : 1870 ugA
GW-1038 : : 1250 " i
GW-1039 ' _ 2560 -
MERCURY
GW-1029 : : ND g
GW-1030 _ ND sigh
GW-1031 . ND o/l
GW-1032 : : ND : Mol
Gw-1033 o ND o pgh
GW-10368 ~ "ND - . . opgA
GW-1037 © ND mah
GW-1038 ND _ uh
GW-1039 ' ND T
MOLYBDRENUM
GW-1029 . ND gl
GW-1030 ND ughl
GW-1031 " ND wafl
GW-1032 ~ ND ' . tigh!
GW-1033 'ND : M-
GW-1036 : ND ugh
GW-1037 . . ND pof
GW-1038 . : - ND - uph
GW-1038 _ - ND gl
NICKEL _

" GW-1029 NO : man
GW-1030 o137 pan
GW-1031 _ ND gl
GW-1032 ~ ND - saf .
GW-1033 - - 184 sah
GW-1038 o M2 s
GW-1037 . ND ggh
GW-1038 ' ND o

Gw-1039 A NB #gi

. m:'l.um!‘l.jninna\.isnrﬂﬂappmdix.ﬂ ) AT
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Table A1 1991 Ellrnnt:m'chfl~|,.|r Gmundwater Data For Weldon Spring Duarrv

(Continued}
WSSRAP_ID BT B2 B3 B4 . Bb B& -UNITS -
TASSIUM

GwW-1029 : . : ND ’ P
GW-1030 28500 L
GW-1031 : : - ND _ Lph
GW-1032 _ _ ND _ . pgh
GW-1023 : 5580 g/l
GW-1038 : _ 5790 Ha/l
GW-1037 - ND . - ugh
GW-1038 . B0 an
GW-1039 S ND o uah
SELENIUM
GW-1029 ' ND . uph
GW-1030 ND HOA .
GW-1031 " ND : gl
GW-1032 ND 7 [ B
GW-1033 - - ND pofl -
Gw-1038 o _ " ND i
GW-1037 ND pafl
GW-1038 : KD, i
- GW-1039 : R - T s
SILYER
GwW-1028 ND ' 400
GW-1030 . ND' ' LA
GW-103 - ND woh
. GW-1032 - ND poll
GW-1033 ' -~ ND gg/l
GW-1036 ND uail
GW-1037 : _ ) ND - A

.- GW-1038 ' ND . Hgd
GW-1039 : KD _ gl
SQDIUM
GW-1028 ' 22700 ugh
GW-1030 . 35000 oA
GW-1031 - 10300 - wgh
GW-1032 . 380 " pgh
GW-1033 . 45900 il

GW-1036 ' C. 39000 1

. mﬁumﬂuam\nnrﬂ“apﬁunﬂlx.nl . A'E .
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Table A-1 1921 Bimonthly Groundwater Data For Waldon Spring Quarry =~ -

{Continued)
WSSRAP ID B1 B2 B3 B4 BE B6 UNITS
GW-1037 : 14000 agi
GW-1038 : : ' 13500 agi
GW-1039 ) 20800 29
THALLIUM
GW-1029 : ND T,
GW-1030 C - WD Frk
GW-1031 ND ' sgh
GW-1032 ND .. Mgl
 GW-1033 : ND : Hgh
GW-1036 NG g
. GW-1037 _ NG L
‘GW-1038 - ND ST |
. GW-1039 o ' ND . - 4oh
MANADIUM
. GW-1029 _ ND ugh
OW-1030 - . 57.8 ' aai
Gw-1031 "ND g
GW-1032 - N o
GW-1033 - ND g
GW-1036 : . ND ' man
GW-1037 ND ol
GW-1038 : " ND Lagh
GW-1039 ND paf
ZINC _
Gw-1029 ) - ND _ pai
GW-1030 ) : ' 2B8 gl
GW-1031 _ 21.5 2/
GW-1032 . ' - ND ' wgh
GwW-1033 : 22.8 Hoht
GW-1036 : ‘ND S gl
- GW-1037 ' - HND. s#od
GWwW-1038 : 23.0 © g

GW-1039 - ' ND - gt

m:tugers2ijoannaiaserd iapnandix.al A-9
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- Table A-1 . 1991 B:mnnthly Groundwater Data For Weldon Spring ﬂuarry

{Continued)
WSSRAP ID B1 B2 B3 B4 BS B6E UNITS
- ALKALINITY.
GW-1002 296 310 289 270, mg/t
GW-1004 241 239 . 250 240 mgd -
GW-1005 229 238 210 © 220 mg/i
Gw-1006 374 353 316 334 - 350 mpf
GW-1007 _ 752 768 704 730 4495 mp/l
GW-1008 338 a 325 NS 336 mig/l
GW-1009 494 485 414 380 440 mg/l
- GW-1012 494 515 . b03 NS 480 mg/l
GW-1013 . 412 427 389 320 380 mgfl
GW-1014 4486 464 4325 . 400 40% mgA
" GW-1015 NS 384 351 . arc 380 mgfl
GW-1016 NS aBs 344 as0 360 mgt
GW-1026 " 385 348 374 398 -380 mgA
GW-1027 348 340 394 421 474  mgh .
. GW-1028 . 474 489 438 NS 450 mgd
GwW-1029 350 b 171 260 340 mg/
GW-1030 1870 2230 1960 11 {]ﬂ mg/l
GW-1031 gl 353 340 NS mg/l
GwW-1032 ’ 357 a42 320 370 mg
GW-1033 4404 NS 43002 NS mg
GWwW-1034 - 280 340 389 NS asg mg
GW-1035 225 214 . NS 210 mp#
GW-1036 458 523 800 . 500 mpf
GW-1037 B24 459 428 440 mgA
Gw-1038 482 458 430 430 mgfl
GW-1039 ‘614 558 540 BE50 mg/l
M HYDR
Gw-1028 : ND mg/l
GW-1030 ND my/l
CGW-1031 : . . ND mgA
" GW-1032 ND - meg 1
. GW-1033 ND mgA
GW-1036 ND mgh
GW-3037 ' ' . ND ' mgA
GW-1038 ND mg/l

GWw-1030 ND mg/1

m:‘n.uurs.‘l‘ljnaniw\lsnrﬂ1'I|appundik.u'l A-10
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~ Table A-1 1991 Bimoenthly . Groundwater Dats For Weldon - Spnng ﬂuarr',r

(Cuntlnued]
WSSRAP ID 81 B2 = B3 B4 B5 B6 UNITS
- ZEN
GW-1002. 750 NS - 168042) 280 140 250 gl
GW-1004 2.80 NS B.242) 7.20 3.00 2.80 - gh
GW-1005 ND NS NENZ| ND . HND. ND il
GW-1006 9240 130 45.0 220 - 180 55.0 FE T
GW-1007 ND ND ND ' ND ND ND - ugh
GW-1008 .15 ND ND "ND B 0.26  ugh
Gw-1009 ND ND ND ND ND ND Hoft
GW-1012 ND  ND NG . ND - NS ND{2)  ugh
GW-1013 ND ND ND. ND ND - ND Hoh
GW-1014 ND ND N ND ND- ND Lof
GW-1015 34.0 NS 95{2] 300 110 120 ah
GW-1016 1.60 NS 198i2) 75.0 14.0 17.0 Ligfl
GW-1026 ND ND  ND ) ND NG ND _ 4gA
W-1027 0.11 0.08 0.03 0.12 - 12 012 gl
GwW-1028 - KD NI ND ND NS - NDA2} igf
GW-1028 o ND{2) - ND ND ND  ugdl
GW-1030 . ND{2). ND NE ™D $gi
GwW-1031 ND{2) ND ND{2} NS gl
GW-1032 034{2# ND ND . 047021 - ugh
GW-1033 ND NS - ND{2) NS Hadl
GW-1034 ND - ND ND NS ND - ppdl
GW-1035 ' ND: ND{2) NS ND mght
GW-1036 . ND ND{2) . ND42] NDIZ) Fry|
aw-1037 ND ND{2) ND{2 ND(Zy - ppht
GwW-1038 - KD ND{2) CND{2) - ND(2) ngh
GW-1033 . NO . NDI2| NDi{2} NDZ) g
1,3-Dt 13
GW-1002 0.12- NS  0.1712) 019 013 0.1 pgi
GwW-1004 ND NS - ND{2) ND ND ND gl
T GW-I1Das ND NS ND{2) ND ND ND Fr
GW-1006 . - ND ND - ND ND .ND - -ND pgil
GW-1007 _ ND. KD - ND ND KD KD igil
CGEW-1008 ND ° ND “ND ND NS ND agi
GW-1009 - ND ND ND ND : ND ND gh
GW-1012 ND NO  ND ND ' NS ND{2) . Hgd
GW-1013 MDD . ND ND 013 ND ND maht
GW-1014 WD ND ND ND MND ND Agit
GW-1015 ND NS . ND[2) ND 0.33 025 ot
GW-10156 | ND NS "NDI2) ND ND ND Lo
GW-1026 ND  ND ND ND ND - ND g
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Table A-1 . 1891 Bimonthly Graundwater Data For Weldon Spting \Eluzlrr';;r

iContmqu]

WSSRAP ID B1 B2 ~ B3 B4 -~ B  B6 UNITS
GW-1027 ND NP, ND . ND . ND ND ught

GW.-1028 ND ND ND ND NS ND -

GW-1028 ND{2) ND ND ND mafl
. GW-1030 ND(2} ND 'ND ND pgh

GW-1031 . - ND(2) ND = ND{2) ~ NS o

GW-1032 ND ND _ND - ND #an

GW-1033 : ND NS ND{2) NS oA

GW-1034 ND  ND ND NS NG - gl
GW-1035 ND ND{2} NS ND - ugd

GW-1036 ND ND{2} NDi2} ND{2) - gl

GW-1037 . ND ND{2) ND{2) N2} mgd

GW-1038 ' ND ND{2) ND{2) ND{2)  wmft

Gw-1039 - ND ND{Z) - ND{2) ND{2)  upf

44,6 TNT _ _

GW-1002 140 NS 24002 540 - 149.0 60.0 sgh -
GW-1004 8.50 NS 16,512 13.0 _8.00 7.00 ugh .
GW-1008 ND NS ND{2) ND ND ND Al

GW-1006 15.0  28.0 15.0 32.0 24,0 100 - ugd

GW-1007 NO ND  ND ND NC ND HoA

GW-1008 0.44 016 0,090 ND . N$ 1.90 . ugh

GW-1009 ND ND . ND ND ND . WD poh

GW-1012 ND ND  ND ND NS NDI2)  spd

GW-1013 ND ND ND ND ND ND LoA

GW-1014 ND  ND ND ND ND ND #gn

GW-1015 - 540 NS 11.042) 34.0 19.0 - 20.0 sgfl

GW:1016 0.46 NS 14.142) 9.50 2,10 3.20 . wght

GwW-1028 ND  ND ND ND ND. ND pgh

GW-1027 18.0 850 620 68.0 32.0 17.0 4941

GW-1028 ND NG WD ND - NS ND(2)  ugd

GW-1028 NS NS NDi{2) ND - ND - ND Ll

GW-1030 NS © NS  ND{2) ND NG . ND gl

GW-1031 . NS NS ND2) ND . ND{2) - NS o

GW-1032 . NS NS = 0.24812 0.2 . 1.00 1.13(20  pght

GW-1033 " NS NS ND . NS NDi2) NS L #pA

GW-1034 NS ND ND ND NS -~ ND s

GW-1035 NS NS - ND - ND{2)] . NS ND 49/

GW-1038 NS NS ND ND(2) NDI2) NOHZ)  pg/l

Gw-1037 NS NS ND ND{2) . ND(2} ND(2I gl

GwW-1038 NS NS . WD ND{2} - NDi2} ND{2}  ughl

GW-1039 NS NS . ND ND(2} ND{2) NDi2} gl
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Table A-1 .. 1991 Bimonthly . Groundwater Data For Weldon ‘Spring’ Quarry

~ {Continued}
WSSRAP ID B1 B2 B3 B4 BS B& UNITS
2.4-DNT _

- GW-1002 ND NS ND{2y - 0.0 0.042 - 0,083 gh
GW-1004 200 NS 2.7042) 4,00 2.60 2,60 7.1
GW-1005 014 NS 0.13{2} 0.14 0.14 0.11 o

- GW-1006 0.15 003 ND .21 0.40 0.28 i
GW-1007 ND ND ND ND ND ND sgh
GW-1008 ND ND ND ND NS 0.030  wpd
GW-1009 ND ND . ND . ND . ND ND sad

- GW-1012 ND ND  ND ND NS CNDH2E il
GW-1013 0.15 017  0Q.070 . ND 0.1t 0.12 #gil
GW-1014 ND ND ND 0.037 . 0.060 0.068 g
GW-1015 ND NS ND{2) 0.065 0.053 0.065  ugh
GW-10186 ND -~ NS ND{2) ND ND ND pgl -
‘GW-1026 ND ND  ND ND - ND KD A
GW-1027 12.0 120 850 . 0.10 3.00 . 300 - ugd
GW-1028 ND ND  ND ND NS ND{2)  ugA
GW-1029 . 'NDi2i ND ND ND But
GW-1030 0.038(2+ 0.056 0.064. 0047  pgh
GW-1031 ND ND ND 0.81{2) woft
GW-1032 : 0.28{2) 0.040 0.091 0.81{2) oA
GW-1033 ND NS NDi2) NS #ofl
GW-1034 : ND ND - ~ ND NS . ND} - gl
GW-1035 NG ND NS ND #ofl
Gw-1038 . D ND{2] NDi2} ND{2 agd
GW-1037 ND ND{2} NDi2) NDH2}  ppA
Gw-1038 : ND ND{2} NDi2} ND{2}  ugd
GW-1039 ND - ND(2} ND{2} NDi2Z} . Al
&5-DNT
GW-1002 6.50 NS 8.8{2) 19.0 7.00 28.¢ wah
GW-1004 3.80 KNS 6.55(2} 600 . 480 @ 420 B

.GW-I0D5 . 005 NS 0080120 0061  0.050 0.046 gt

S GWH006 .0 300 410 20 .8.10 7.20 . 4,20 s
C . GW-1007 | - ND ND ND ND = ND - ND - ugh

o GW-1008 0.22 009 0080 -~ 0.037 NS 0.80 zoh
GW-1009 ND ND ND ND ND ND man
Gw-1012 ND ND ND WD NS ND{2) el
GW-1013 0.04 005 0.020 0.040 0.035 0.042  pgi
GW-1014 ND  ND ND 0.013 0.018 0.017 gt

- GW-1015 0.40 NS 0.4612) 1.00 0.85 0.93 #af
GW-1018 0.07 NS - 05621 030 .13 . 0.20 pai
GW-1026 ND ND  ND ND ND KD i

musera2joannelaserd appendix.al ' ﬁ-lﬂ




. 071392
. Tablte A-1...... 1991 Bimonthly- Groundwatar Ddta For Weldon Spring ﬂuarrv

{Continued}

WSSRAFID B1 B2 B3I B4 B85 . B6 UNITS

GW-1027 650 BEC 690 380 440 - 2.B0 frey, |
GW-1028 ND  ND ND ND NS ND(2)  pph
GW-1029 : ND{2) . ND ND . ND von
GW-1030 ND{2} ND ND ND ot
. BW-1031 : " NP2} ND NBI2) NS gf
GW-1032 : 0.16(2} 0.36 1.10 0.87 i
GW-1033 ND NS ND{2} NS Fafl
GW-1034 ND ND ND NS ND sigil
GW-1035 ~ 'ND ND NS ND Hgdl
GW-1036 ND . ND{2) ND{2) ND{2y  gA
GW-1037 ND ND{2) ND{2} NDH2) A
GW-1038 " ND ND{2) ND{2) ND{2)  ugA
GW-1039 ' ND ND{2) ND{2) NDI2]) Hgi
. NITROBENZENE
GW-1002 ND NS ND{2} - ND ND ND ©oggA
GW-1004 © ND NS NRH2) ND ND ND ol
GW-1008 ND NS ND{2) ND ND ND . gl
- GW-1008 ND HD ND ND ND - ND Jigil
GW-1007 ND . ND ND ND ND ND - pgfl
GW-1008 ND ND ND ND NS ND - #oA
GW-1003 ND ~  ND ND ND ND . KD g
GW-1012 ND ND ND ND NS CNDH2) A
GW-1013 ND ND ND ND ND ND i
GW-1014 ND ND 'ND ND ND ND i
GW-10156 ND NS ND{2} ND ND ND uoh
GW-1016 ND NS ND(2} ND ND . ND Foh
GW-1026 ND ND ND ND - ND ND - pgh
GW-1027 ND ND ND ND ND ND wail
GW-1028 ND ND ND ND NS ~ NDi2Y gh
GW-1029 : ND{2) ND ~ ND ND #gA
GW-1030 ND{2) ND ~ ND “ND zigl
o W-1031 KD ND- ND - - NS g
- GW-1032 _ ND{2) ND "NB . ND{2}  mgA
T BW-1033 ND : NS . NDi2} NS A
T GaW-1034 ND ND - ND NS ND pgh
GW-1035 ND ND NS - ND an
GW-1036 ND NE{2) ND{2) ND{2Y g
GW-1037 ND ND{2): ND{2) NDI2)  ugh
GW-1038 ND ND{2) ND{2) ND{2)  wph
GwW-1039 - ND NDI2) ND{2] NDiZi  wgA

rmwsere 2yoannstagerd Tleppandix.al A-14
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" Table A-1 1991 Blmnnthlv Gmundwatar Data For Weldon Spring ﬂuarrv,r

{Continued)
WSSRAP ID B1 B"z.‘_ - B3 B4 B BB UNITS
GROSS ALPHA
GwW-1029 ND - pCiA
 GW-1030 ND pCiA
GwW-1031 22.0 pCiA
GW-1032 430 pCia
GW-1033 ND pGi
GW-1036 ND pCiA -
 GW-1037 ND pCifl
" GW-1038 ND pCi/l
GW-1039 ND pCid
GROSS BETA
aw-1029 ND _ p{:iﬂ _
GW-1030 185 pCif
GW-1031 12.0 pCift
GW-1032 185 pCis
GW-1033 ND pCiA
GW-1038 14.0 pCiA
GW-1037 ND pCiA
GW-1038 D pCifl
GW-1039 ND pCi/l
URANIUM, TOTAL
GW-1002 204 NS . D5EHZ) 4.08 4,61 - 314 pCin
. GW-1004 6320 NS 4930{2) 4350 2770 8040 oGl
GW-1005 2520 NS L217642) 447 2260 2350 gCiA
GW-10086 2720 2880 2520 2880 4730 - 4540 pCif
GW-1007 123 33 46,2 18.8 44.0 - 156 pCi#t
GW-1008 4690 3540 3800 4280 NS 5330 pCift
GW-100% 11.6 884 ND 878 ND . ND pCid
T GW-1012 403 N 408 | " NS - 3.b60{2} pCin
C - GW-1013 884 884 | 852 - 831 9649 .. 925 - pCiA
Lo GW-1014 1160 1220 1220 1180 B11 A1 pCiA
GW-1015 . 605 NS 786{2) 1680 1820 1300 pCidl
GW-1016 - 163 NS 8372 857 BOOO 602 pCial -
GW-1026 ND  ND ND ND ND ND pCiA
aOwW-1027 438 605 408 J36 1085 1070 pCiA
GW-1028 8.4 ND 2.04 1.73 NS. 0.98(2) pCiA
GW-1029 ' NDB(2) 2.86 2.86 2.85 gCifl
GW-10340 3,232 10.9 8.43 11.2 pCiA
GW-1031 .7 N8 25.B{2) NS pCiA
miugsradtcannsiaserd 1appendix.al A—ls




: _ - - - 71392
Table A-1 . - 1991 Bimonthly Groundwater Data For Weldon Sprmg ﬂuarnf

{Continued) _
WS_SRAP_ID B1 B2 B3 B4 BS B UNITS
. GW-1032 39243} 74 852 942{2 pGifl
GW-1033 2.04 - NE 1.69(2) NS pCifl
GW-1034 - ND MO 2.3 NS 2.58 - peiA
GW-1035 ND ND . 1.1 - pCia
- GW-1038 " ND 4.03{2) . . 37212 4.1002) pCifl .
Gw-1037 : 17.40 0.7412) 1.18{2) 1.3812) pCiA
GW-1038 1.36 . 2.9112) 2.602} 4.25(2) pCia
-GW-1038 _ 1.38 20.6i2) 231121 2.14(2 pCiA
URANIUM-234
GW-1026 _ ND pCiA
GW-1027 - . ﬂaﬂ pCifl
URANIUM-235
GW-1026 NP . pCifl
- GW-1027 : : E7. S ' pGiA
UBANIUM-238
GW-1026 _ : NO _ pCif
GW-1027 ' _ . 686 pCiA
1 . Blank space indicate that na sampling was: planned for the location aru:l sampling
period.
2. ND indicate that a cnmntratlnn was not found at the detsction I|m|t
3 * NS indicate that a planned sample was not taken.
4 {n} indicates the tatal number in) of samples calculated. -
5 Indicates that the sample was not taken during the scheduls period but taken in the

next period.

mAaers2ijoanneiaserd Happandix.al _ A-16
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" Table A-2 .. .1981 Quarterly Groundwatés Data For Weldon Spring. Site "a_nﬂ WSQ '

WSSRAP_ID a1 a2 Q3 Q4 - - UNITS

" BROMIDE _

- GW-2001 _ 0.680 ND 0.976 ND - mg/l
GW-2002 0.880 ND 1.250 - NOr mg/l
GW-2003 ND - KD ND " KD " migh
GW-3003 ND - ND ND - 'ND mght-
GW-3008 0.580 ND 0.500 ND - mgA
GW-3008 24200 - ND 0.980 ND moh

- GW-3009 ND - ND ND : ND ' mgd
GwW-3023 ND - WD ND ND mgA
Gw-4012 0.610 ND 0.800 ND mg/l
- GW-4013 0.450 0,880 NS 0.93 mgA
CHLORIDE .

GW-2001 50.760  6.600 5.060 5.900 mgfl
GW-2002 10.700 8.210 8.710 10.200 " moh
GwW-2003 ~ B.870 8680 7.800 . 8690 - myA .
GW-3003 9,430 10.8040  8.200 13.000 mg/
GW-3006 ND 1.510 1.400 2.100 mg#h
GW-3008 17.000 15.100 15,900 24.400 mgi
GW-3009 3.600 "3.400 3650 5000 mph
GW-3023 . 15.100 15.900 15,800 16,500 - mg/
GW-4012 3510 2.800 2.600 3.100 mgyl
GW-4013 10.400 5,670 NS . .B80 - mgd -

- NITSATE
GW-1010 ND ND N[ ND mg/
GW-1011 ND WD "ND ND mgA
GW-1017 ' ND ND ND NO . mgA
GW-1018 : ND ND ND ND mg#
GW-1018 ND  ND KD ND mgt
GW-1020 KD - ND ND ND mgh
GW-1021 ND . ND ND R . mpA
GW-1022 - ND - ND ND L mgA
Gw-1023 ND . ND ND ND. © mgh-

- GW-1024. ND ND - ND ' ND mg/l

T GW-T033 ND ND ' -ND mgd -
GWwW-2001 20.700 19.600 18.800 © 223500 mg/l

. GW-2002 230.00 183,00 23200 . 501.00 mgA .
GW-2003 414.00 - 51.800 223.00 380.00 . mgfl
GW-2004 B . 1.020 0.890 mgA
GW-2005 253.00 70.600 " mgft

. GW-2006 5.980 - 8500 . mgh

m:'tunrs!'\,iuanna'maarﬂi lappandix.al . A-17 .
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--Tebie A-2. . .. 1991 Duarterl*,r Gmundwater Data For Weldun Spring Site and
' : WSO tConﬂnued]

WESRAP_ID Q1 Q2 a3 . Q4 - UNITS

GW-2007 ND ND ND ‘ND mg/
GW-2008 3,270 2.400 : mg/
GW-2008 5.540 . 0.830 : mgA
EFW-2010 1.180 : 1.000 moa
GW-2011 2.040 4.180 mp/t
GW-2012 1220 0.400 mgA
GW-2013 1.170 R - D.5670 mgA
GW-2014 1.8190 . 1.855 mgA
GW-2015 0.270 . ND ND ND g
GwW-2017 0.693 0.160 g/l
- GW-2018 0.579 0,400 0.220 mg/l
-GW-2019 ND ND ND ' ND ' - mgdl
GW-2020 _ .840 0.380 mg/l
GW-2021 ND ND- ND ND mgA
GW-2022 ©ND . 0.620 ND ND mg/l
GW-2023 ND ND ND : ND - mg/l
GwW-2024 ND ND NG NG mg
GwW-2025 ND NI 0.240 ND mgi
GW-2028 ND ND ND ND mgl
GW-2027 ND . ND ND ND mgi

GwW-2028 ND NDC ND ND mgd
GW-202¢ ND ND ND ND migh
GW-2030 1.300 1.400 mgl
GW-2031 _ 0.380 ' : mp/i
GWw-2032 75,000 _ 76.700 g
GW-2033 0800 0.930 mgl
GwW-2034 ND ND ND 0.640 mg
GW-3001 336.00 _ . _ 87400 mg/h
GW-3002 ND ND 0.320 NE mg/i
GW-3003 3.970 208.00 25300 354.00 mg/i
GW-3006 - 0.980 ND ND ND mg/l
GW-3008 : 1050.0 10400 &687.00 780, {Jﬂ mp/l
GwW-3009 B9.000 .. 0.720 - 84.500 88.700 mig/l
U GW-3019. ND ND ND " MWD mg/l
.. GW-3022 ' BB.000 . N5 mgA
o GW-3023 27800 382,00 - "290.00 347.00 mg

GW-4001 - 43300 25 600 mg/l
GW-4002 - 1.180 1.480 mg
GW-4003 0.810 0.7t _ g
GW-4004 0.780 0.560 mg/1
GW-4005 1.880 1.640 1.510 mgf
GW-40086 b.280 _ 4.170 mg/l
GW-4007 0.120 mgA

m:usars2ijcenneiaser® 1\eppendix.a’l A-18




. ' " Q71382
" Table A-2...... 1981 Quarterly Groundwater Data For Weldon Spring Site and
o WSQ (Continued}

WSSRAP_ID a1 a2 03 - Q4  UNITS

GW-4008 . . ND ND 0.219Q ND mgh
GW-4009 o ND  ° ND 0.950 WD mp/
GW-4010 ND ND ND ND mgil
GW-4011 23.000 ns0 mpA

- GW-4012. : ND ND ND 0.320 my#
GW-4013 . 84100 75.800 83.100 - 182.00 mpl
GW-4014 ' - 1.550 - 2,860 : my#
GW-4015 1.980 : - 1,800 mg/l
GwW4016 ND ND ND ND mg/l

- GW-4017 ND ‘ND - ND © 0,490 mgl
GW-4018 2.180 11.Q000 mgf
Gw-40159 0.210 © 0,180 mgA
GW-4020 © KD . ND ND : ND mg

- GW-4021 ' ND ND ND ND mgt
GW-4022 0.100 ' _ 0.250 mgi
GW-4023 0.220 : 4,500 mp/l

- GW-FINW 0.180 2 ND " ND mgf
GW-PWQ2 ND ND ND ND mg/l
GW-PW03 - ND _ mg/l

. GW-PWO04 ND mgd -
GW-PWOG ND ' _ mg/l
GW-FW06 _ ND : ' _ : mg/l
GW-PW07 ND : : ' : mg/l
GW-PW0B ND : : mgA

- GW-PWO0S ' ND ND mg/t
GW-RAWW ND ND S mgi -
GW-RMW ND ND MO ND mgil . -
GW-RMW2 - ND NC ND 5.80 mgfl
GW-RMW3 ‘ND - ND -ND 3020 mgh
GW-RMW4 .02 0.70 0.51 420 mg/l
NITRITE

- GW-2001 ND ND - KD ND mgd -
GW-2002 - ND ND " ND NE - -mgA
GW-2003 ND ND ND ND myA

- GW-3003 ND ' 0.190 0.350 0.180 " mgll
GW-3006 0.620 ND ND ND mg/l
GW-3008 - ND ND ND ND mg/l
GW-3009 . . ND- ND ND ND . mgfl
GW-3023 Q.22 020 1.080 1.390 mg/
GW-4032 ND ND ND ND _ mgA -

GW-4013 NLO ND NG . NC mgs

' m:\un.uz'l.jannna‘msarﬂl‘n;appundix.'a‘l : : A-10
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" Table A-2 . . 1991 Quasrterly Gmundwater Data For Waldon Spring Site and
L WSsQ {Cominuad}

WSSRAP_ID Qt . 02 = 03 - .04 UNITS

SULFATE _
GW-1010 ND ND ND ND “mgfl
GW-1011 14.200 32.250 8.710 NS " mgf
GW-1017 ND ND ND ND mg/l
GW-1018 28.000 12400, NL _ 25.800 mg/l
GW-1019 _ ND 25.000 ND ' 35 mafl -
Gw-1020 ND B0.000 ND 18,700 mg/l
GW-1021 4.410 20.800 3.000 . ND : my/l
GW-1022 3.200 54.500 3.540 ND mg/l
Gw-1023 - 8.080 ND ND 5.70 mgA
-GW-1024 ND ND 8,400 - NDB . mgft -
GW-1033 45.0 1985 19.2 T mgi
GW-2001 - b420 5,810 4.100 7.700 - mgd
GwW-2002 108.00 122.00 87.50c -~ 105.00 mgft
GwW-2003 114.00 133.00 121.00 -135.00 gt
GwW-2004 2.570 2.000 mgAl
GwW-2005 20100 21.2Q00 ' mgi
GW-20G6 ' 32,900 33.800 g/l
GW-2007 11.000 _ mg!/l
- GW-2008 30.900 A5.800 _ mig/1
GW-2009 10.600 . 762.00 . mgll
GW-2010 32,700 _ 36,900 - mgdl
GW-2011 167.00 11.B0Q ~mgA
GW-2012 73.B0O . 62500 mgfl
GW-2013 18.000 24.000 17.700 mgft
Gw-2014 21.000 41.800 o maht .
GW-20156 102.00 . 93, 800 ' mgA
GW-2017 ' 817.00 - 19400 . : mgA
GW-2018B 6.540 . 9.380 9800 ° mgid
GW-2019 30,700 49.500 Mgl
GW-2020 ' 135.00 142.00 mgt
GW-2021 - _ : 10.700 16,300 mg/
- GW-2022 12,900 C 14100 - mgf
. GW-2023 . 16.000 17.700  © .mgA
L. GW-2024 T A1.400 © 28,100 : mpi
GW-2026 ' 14.500 14.7Q0 . mg#
OW-2026 ' 14.500 18.000 " mgfl
GW-2027 ] 10,500 10.100 _ mg/ -
Gw-2028 : 74.100 126.00 © mgfl
GW-2029 27.100 18.400 mgfl
GW-2030 28.500 43.600 mg/l

GW-2031 . 33700 ' “mg/l

mwsara2ijoannsiasers Tappandix.al . ' A—ZD



. ' _ 071392
" -Table A-2 - . 1991.Quarterly. Gmundwatar Data For Weldon Spring: Elta and
- " WSQ (Continued)

WSSRAP_ID Q1 . a2 Q3 | Q4 . UNITS
GW-2032 : C 10.000 49.200 mgA
GW-2033 ND ND ND 21.600 mg/l
GW-2034 15,500 67400 . mg/
GW-3001 120,900 . ' 20.500 mg/l
GW-3002 637.00 17.300 : mg/l
GW-3003 149.00 . 255.00 227.00 164.00 .mgft
GW-3C06 24,200 21.600 22.000 21.900 mygt
GW-3008 51.600 1030.0 £9.000 74.200 mpf
GW-3009 39.800 55.700 . 82,500 72.700 mgA
Gw-3019 4.680 5.200 ' mg/l -
GW-3022 1.210 _ NS mg/l
GwW-3023 558.00 268.00 432.00 370.00 "~ mghl
GW-4001 62.500 63.200 _ ; img/l
GW-4002 _ 18100 17.800 " mgA
GW-4003 14.000. . 32.100 - ' mgil
GW-4004 . 20.200 ' 20,600 - magh
GW-4005 17.900 16.400 21.500 ~mp#
GW-4006 25.500 : 29.800 mg/
GW-4007 : ' 16.100 ' mg#
Gw-4008 27.400 ' T 14.100 _ mg/l
GW-4009 . 20,800 ' 21.800 mg/l
GW-4010 24.800 25.000 ' .. mgA
GW-4011 45.400 _ 58.400 mg/]
GW-4012 54.000 9140.0 44,700 48.100 - mg
GW-4013 42,000 " 35.200 - 43,000 47.000 mp#

. Gw-4014 : 25.900 26.500 ' mgA
GW-4015 _ 7.330 14.500 mgA
GW-4016 - ND ND ND 14600 - mgA’
GW-4017 - g.830 6.700 mg!/l
GW-4018 . 4,430 7.100 _ mg/l
GWw-4019 3.740 BA4AQ0 ' : mgfl

‘GW-4020 : ' 100.00 125.00 mgA
GW-4021 . 221.00 . 320,00 . mgi

- GW-4022 43.700 49.800 mgA

- GW-4023 - 46,400 . 76,600 mph

. GW-FINW 84.000 78.000 mgA

GW-PWO02 95.800 _ mgA . L
GW-PWO03 82.0 mg/| .
GW-PW04 B9.5 mgi :
GW-PW05E 49.8 : ' mg/|
GW-PWDE B9.0 ' : mgA
GW-PWO7 : 134 . mgf

GW-PWO08 120 | mg/

mtugers2\jonnetnser® leppendix.al A-21
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. Table A-2. . 1991 ﬂuartarl*,r Gmundwater Data For Wetdon Spring Site and
S WSQ {Continued}

WSSRAP_ID Q1 Q2 Q3 o4 UNITS
GW-PW0D - 48.6 a8.8 mpA
GW-RAWW 575 : 71.5 ' mgA
GW-RMW1 4,91 28 38.2 279 mgA.
GW-EMW2 184 3.7 28.9 249 mg/l
GW-RMW3 . ND 37.2 ND 342 mg/l
GW-RMW3 ' 27.3 . 342 31.3 - 340 mg/
ARSENIC _ .
GW-1010 9z2.8 82,05 88.7 107 . gl
Gw-1011 2.85(2) 2.76(2) 4.349 . NS pai
GW-1017- 163.00 14%9.00 144.00 189.00 Lght
GW-1018 K 123.00 112,00 119400 113.00 i 1]
GW-1019 - 83.600 71.400 80.900 F0.800 poi
GW-1020 25100 13,7700 21.500 21.400 . " aafl
GwW-1021. o BAGRD - 72300 90,200 79.600 g
GW-1022 116.00 117.00 146.00 - 138.00 - wgd

" GW-1023 : 71,6800 3.6b0 &7.000 75.600 Frh
GW-1024 : - 8,300 §.220 5.B7Q 8.800 padl
GwW-1033 : NS ND ND ND paf
GW-2001 - ND ND ND ND wgh
GW-2002 ND " ND ND ND Fr 1
GW-2003 ND ND ND 'ND #0A
GwW-3003 - MWD ND ND ND fai
GW-3008 . . ND ND ND ND ppd
GW-3008 ND ND ND ND . mafl -
GW-300%9 : MO ND KD ' ND wafl .
GW-3023 ND " ND ND ND pal .
GwW-4012 KD ND ND ND g
GW-4013 ND _ ND KD ND i
GW-FINW ND ND . ND ~ND v
GW-PW02 ND ND ND ND s
GW-PWO03 : ND ND . ND ND pf

. GW-PWO4 ND ) ND ~ ND : ‘ND Foi
GW-PWODE ND " ND . NB -~ ND ol
GW-PWOG - ND . .3.98 ND NS gl
GW-PWO7 ND ND ND Nl #ai
Gw-PWO8 : 4.20 4.88 4.35 : ND a9l
GW-PWOS " NB ND 3.62 3.00 g
GW-RAWW . KD NO KD ND ugh
GW-RMW1 8.30 8.43 408 6.10 © uph
maiussrsZijoennataseriappendical . A-22
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“Table A-Z - .. 1991 ﬂuartarw Gmundwatar Data For Watdon spring Site and
o ' WSQ (Continued)
WSSRAP_ID Q1 Q2 Q3 T UNITS
GW-HAMW?2 9,20 14.2 6.82 12.9 g
GW-AMW3 45.3 - 34.b 10.3 38.5 g’
GW-RMW4 10.2 - 5.88% ND 5.00 agf
BARIUM
CW-1010 376.00 31450 317.00 367.00 apd.
GW-1011 110.35 236.00 17800 - NS Ban
GW-107 850.00 1030.0 835.00 1050.0 g
GwW-1018 "BB0.00D 587.00 533.00 601.00 Fo
GW-1019 657.00 710.00 794.00 588.00 P71
GW-1020 240.00 418.00 367.00 - 391.00 gan .
GW-1021 ' 843,00 745.00 680.00 863.00 Fran|
GwW-1022 41000 = 45500 429.00 545,00 - Hph
GW-1023 276.00 32000 275.00 481.00 won
GW-1024 478.00 - 436.00 412.04) 462.00 FrL
GwW-1033 NS 140 310(2) 307 g
GW-2001 200.00 189.00 222.00 KD agh
GW-2002 161.00 152.00 176.00 24.700 agi
GW-2003 112.00 108.0C 140.00 163,00 Fril
GW-3003 150.00 157.00 109.00 150.00 g
GW-3006 1058.00 133.00 110.00 152.00 . gl
GW-3008 343.00 322.00 274.00 282.00 g
GW-300%9 1400.0 835.00 1210.0- 1080.0 ghl
GW-3023 39,900 . 23000 C178.00 80.300 Froatl
GW-4012 - 80,900 77,100 68.200 30.000 wal
GW-4013 - 124,00 148.00 NS 147.00 Lot
GW-FINW 104.00 71.400 82.300 283 oA
GW-RAWW 345 2385 . 320 3849 i
GW-RMWI 511 510 516 492 agil
GW-RMW2 204 206 218 ' 207 Hgdl
GW-RMW3 816 505 538 . 508 - pgA
GW-RMW4 134 145 166 198 R
. GW-PWoDz2 | 288.00 ~ .268.00 241.00 354.00 T

 GW-PW0O3 238.00 23900 24000 . 286.00 pg
GW-PW04 53 244 221 295 agA
GW-PWO05L - 300 334 310 - 368 gl
GW-PW0§ . 304 376 303 NS Frh
GW-PWO7 478 530 _ 437 458 paf
GW-PW0O8 385 3492 423 . s01 sah
GW-PWD5 NS ' 297 403 _ E14 fr b
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Gﬂiﬂﬂ

. Table A-2 . 1891 ﬂuart&rly Groundwater Data For Weldnn Spnng Site and '

WSﬂ {Cuntlnuad}

WSSRAP_ID a1l a2 Q3. Q4 - UNITS

SARMIUM _ _
GW-1033 ND ' pal
GW-RAWW "ND _ : : pgil
GW-FINW ND pah
GW-PW02 ND o : pad
GW-PW0O3 - ND . aght
GW-PWO4 ND _ ' : sgh
GW-PW05 ‘ND ' : ugft
GW-PWOB. ND o - . LoGh
GW-PW07 ND _ wgh
GW-PWDS ND o . iigh
GW-PW09 ND R C il
CALCIUM _
GW-2001 75200. 78000, 93600. 87100. - g
- GW-2002 244000 231000 237000 290000 uad
- GW-2003 268000 234000 244000 263000 ugh
GW-3003 258000 231000 202000 263000 Frot
GW-3006 47300, 50000. E3100. . . 82400, veh
GW-3008 736000 6684000 800000 682000 N
GW-3009 80300. 72100. 111000 - 112000 sgh
. (GW-3023 344000 . 440000 408000 385000 0 - wgfl
GW-4012 - 49400, 47900, AB100. - 17900, Jigh
GW-4013 125000 123000 NS 146000 #0/
CHROMIUM
- GW-2001 ND ND ND - ND g
GW-2002 ND ND ND ND paf
GW-2003 ND ND ND ND ugh
GW-3003 ND - KD ND "ND ugift:
. GW-3006 © ND . ND . ND ND uoh
. (3W-3008 " ND ND ND : ‘ND © oA
GW-3009 ND " ND ND . . ND " ugA
GW-3023 ND 55.000 128.00 32.400 ipfl
GW-4012 ND 9.800 34.000 29.000 Fren]
GW-4013 ND - ND ND ND pgil
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: Table A-2 . 1991 ﬂuarteriv Gruundwatar Data For Waldon Spring Site. and
- WSQ {Continued)

WSSRAP_ID ' a1 Q2 - 03 Q4 UNITS
COBALT
GW-2001 ND ND ND ND o
GW-2002 - ND ND ND ND - pgil
GW-2003 ND ~ ND ND ND i
GW-3003 ND ND WD KD gl
GW-30056 ND ND ND. ND Bt
GW-3008 WD ND ND ND oA
GW-3009 10,300 : trafi
- GW-3023 ND ND ND ND gl
GW-4012 NC ND NHC ND Lgi
GW-4013 ND ND ND- . N Had
IRON _ .
GW-2001 . ND ND ND - KD Haf
GW-2002 ND ND ND ND "t
GW-2003 - ) ND ND BS, sm poht
GW-3003 NE ND . ND ND paft
GW-3006 133.00 145,00 100.00 189.400 Heh -
GW-30038 ND . ND ND _ ND Lo
GW-3009 8C.000 ND ND HD Holl
GW-3013 38,000 217040. 18000, 8860.0 gl
GWw-4012 38.000 115.00 ND 55.60{ &g
GW-4013 ND ND ND - ND sgdl
LEAD
GW-1033 KD 2aA
GwW-HAWW ND - _ g
GW-FINW ND : ' sai
GW-PwWi2 ND s
GW-PW03 - ND : g
GW-PW0D4 WD : Lof
© GW-PWOS ND : - . o - gl
[ GW-PWOG - 2.90 . Ladl
GW-PWO? ND ' _ agfl
GW-PWO8 NG ' pafl

GW-PWO03 : ND ' #oA

m:ussredijoanneiasard 1 appendix.al A-25
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.. Table A-2 .. . 1991 Quarterly Groundwater Data For Weldon Sprmg Site- am:l
: . B WSQ (Continued)

WSSRAPID ~ Q1 Qz Q3 Q4 UNITS |

- LITHIUM
GW-2001 ND ~ ND ND ND uph
GW-2002 - 362,00 392.00 404.00 453.00 volt
GW-2003 433.00 406.00 404.00 503.00 Lo
GW-3003 - B18.00 417.00 441,00 501.00 oA
GW-3008 ND ND ND ND g
GW-3008 177.00 204.00 22800 . 255.00 pad
GW-3008 ND ND ND ND: g
GW-3023 768.00 729.00 813.00 §51.00 T
GW-4012 ND " ND ND . ND #ofl
GW-4013 ND . ND ND ND g
MAGHESIUM -
GW-2001 39200 35700, 43300. 40600. . © g
GW-2002 B2600. 72100. 91500, 96300, pgh
GW-2003 97100, 85700, 83400. 92300, g
GW-3003 80800. 122000 112000 143000 i
- GW-3006 43800, 40900, 41600. 50100. pail
GW-3008 87400. 161000 156000 176000 g
GW-3008 49600. 43300, 64100, 62000. sl
GW-3023 . 87400, 108000 92400. 87400, -
GW-4012 . 32100, 30300, 29500. 31800. sgi
GW-4013 43800. ~ 45600. NS 52900. 40l
MANGANESE
GW-2001 ND ND ND ND son
GW-2002 - ND ND ND ND #gh
GW-2003  ND ND ND - "~ ND il
GW-3003 155.00 85.600 27.900 17.900 g
GW-30068 90.300 - ..38.900 . 77.600 158. uu #ail
GW-3008 ND ND ND ND g
. .GW-3009 18800 . ND 8.400 7000 il
- GW-3023 . . 18,400- 7 538.00 372.00 176.00 - ugh
GW-4012 ND 8.100 ND ND - gl
GW-4013 "‘ND ND ND- ND #ah
' MERCURY
GW-1033 ND oA

GW-RAWW ND : : oA

_m:‘n.l,lmﬂmnnn‘;uurmﬁppmdh.ﬂ ) _A-Eﬁ-
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" Table A-2 1991 ﬂuarteriv Groundwater Data For Weldon Spnng Sltﬂ and
WSQ (Continued)

WSSRAP_ID Q1 Q2 Q3. Q4 UNITS
- GW-FINW . ND- : 29
GW-PW02 ND SR -  pel
GW-PWO3 ND = g
GW-PW04 ND _ L g

. GW-PWO5E 0.33 . sl
GW-PWOB "~ ND . ol
GW-PWO7 ND . : . ugh
GW-PWDS 0.26 _ wah

. GW-PWO09 ND ' _ yoh -
NICKEL
GW-2001 ND . ND ND ND A
GW-2002 ND ND . 148.00 ND P
GW-2003 ND - ND " ND NG il
GW-3003 ND ND ND . ND g
GW-3006 ND ND ND ND 20/

- GW-3008 ND ND 97.100 ND wmh
GW-3009  ND 52.400 78.600 20,100 wafl
GW-3023 ND 54,200 327.00 . ND Y
GW-4012 ND ND ND ND waf
GW-4013 ND - 99.000 ND ND C ugh
POTASSIUM
GW-2001 . 1670.0 1300.0 1250.0 1500.0 o
GW-2002 8720.0  8100.0 8590.0 9670.0 - 9 .
GW-2003 7660.0  6940.0  B870.0 88700 - - wpA
GW-3003 10200. ~  8830.0 8580.0 95200 i
GW-3006 1480.0 1290.0 ND 1260.0 20
GW-3008 2610.0 2450.0 1810.0° 2000:0 g/
GW-3009 - 1060.0 . 1530.0 2180.0 869,00 gl
GW-3023 4830.0 44300 4160.0 5280.0 22/

.. GW-4017 . 13200. . 11200, . 27000.° 71600, g
GW-4013 835000 . ND ND 70000 /]
SODILIM
GW-2001 9050.0  8000.0 - 9050.0 8080.0 #a
GW-2002 96300.  87800. 117000 113000 #a
GW-2003 . 127000 © 96600. 102000 117000 gt
GW-3003 177000 . 135000 100000 162000 B
GW-3006 16800. 15500. 14500, 17600, pah

miaare2yjoannataserd iappendix.e 1 . A-27




1991 Quarterly Groundwater Data For Weldon Spring Slta ang
WsQ tCuntinuedj

--Table A-2
WSSRAP_ID - O1
GW-3008 231000
GW-3009 18900,
GW-3023 231000

C GW-4012 33200.
GW-4013 33300, -
STRONTIUM
GW-2001 91.400
GW-2002 319.00
GW-2003 463.00
GW-3003 820.00
GW-3005 200.00
- GW-3008 620.00
GW-3009 620.00
GW-3023 830.00
GW-4012 172.00
GW-4013 200,00
1.3.5-TRINITRGBENZENE
GW-1010 ND
GW-1011 ND(2)

- GW-1017 ND
GW-1018 ND
GW-1019 ND
GW-1020 " ND

 GW-1021 ND
GW-1022 ND
GW-1023 ND
GW-1024 ND
GW-2001 ND
GW-2002 ND
GW-2003 ND

' GW-2004
- GW-2005
GW-2008
GW-2007 17.500
GW-2008 0.690
GW-2009 ND
GW-2010 0.190
GW-2011 ND
GW-2012 ND

m:'lruu.urai'ijomna‘mﬂarﬂi‘uaprpundlu.l1

Q2

213000
17500.
213000
32300,
27300.

8.900
306.00
344.00

538.00

198.00
1300.0
164.00
683.00
189.00
147.00

MND{2)
ND

ND
NE)
MND
ND
ND
ND

- ND

ND
ND

-10.000

03

186000 .

22900,
186000
28000.
NS

101.00°
330.00

415.00
531.00
197.00
268206.0
225.00
870.00
152.00

ND

ND
ND
ND
ND
ND
ND
ND
ND
0.038
0. 03?

ND
ND
0.900
0.170

0.36
1.80

Q4

2454000

26900,
228000

45500,
. 35100,

87.700
360.00
420.00

§97.00
207.00 -
"1750.0
225.00 .
564.00 -
3.000 -
 154.00

ND -

ND
N
ND
ND
ND .
ND
ND
ND

- ND

ND

12.000

u’mrrs
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" Table A-2 - . 1991 Quarterly Groundwater Data For WQIdon Spring Site and
WSQ {Continued)

WSSRAP_ID a1 Q2 Q3 - Qe . UNITS

GW-2013 5000 7.000 6,200 an
GW-2014 2,800 _ 3.200(2) h
GW-2016 ND : . ND ey
GW-2017 ND : ND ] sfl
GW-2018 ND : _ ND " ND /!
. GW-2019 . ND ND- : 4!
GW-2020 ND ND /1
GW-2021 : ND . ND : P
. GW-2022 " ND KO _ 29/
GW-2023 S ND ND 29/
GW-2024 'ND ND _ ik
- GW-2025 : ND - ND #0
GW-2026 ND ND ' o
GW-2027 . ND ND : Wt
GW-2028 ND : ND . pgt
GW-2028 . ND OND . uph
. GW-2030 . 4.200 .. 3.100 o
GW-2031 . 'ND . : : £/
GW-2032 4.000 3.100 s
GW-2033 ' 2,000 2.600 gl
GW-2034 ND - ND wfl -
GW-3001 0.080 o
GW-3002 . ND ~ND 11!
GW-3003 ND ND S ol
GW-3006 ND S ND ND sl
GW-3008 © _ND ND sl
GW-3009 - 8.130 0.110 -y
GW-3018 ND o KD _ wn
GW-3022 ND NS wa
GW-3023 ND ND : s
' GW-4001 43.300 . 84,000 - . wodl
GW-4002 0.094 0.100 Y
GW-4003 ND ND man
GW-4004 . OND : ND pgt
- GW-4005 ND . ND ND NS gt
GW-4006 ND 26.000 : w0
GW-4007 ND ND : s
GW-4008 ND ND s/
GW-5008 ND ND po/!
GW-4010 . ND - ND L A
. GW-4011 ND ND g/
GW-4012 ‘ND- ND w9/

Gw-4013 _ 34000 §6.000 ' i

m:useri2ijosnne\esers eppendix.al . A-29




" Teble A2 .

WSSRAP_ID .

GW-4014
GW-401%
GW-4018
GW-4017
Gw-4018
GW-4019
GW-4020
GW-4021
GW-4022
GW-4023
GW-FINW
GW-PWG2
GW-PW03
GW-PWO4
GW-PWO5E
GW-PWOB
GW-PWO7
GW-PWO0B
GW-PWOS
GW-RMW)
GW-RMW2
GW-RMW3
GW-RMW4

-

GW-1010
GW-1011
GW-1017
GW-1018
GW-1019
GW-1020
GW-1021
. GW-1022
GW-1023
GW-1024
GW-2001
GW-2002
GW-2003
GW-2004
GW-2008
GW-2006
GW-2007

m:waars2ljoanraiasars] appandix.al

araaz

1991 Quarterly Groundwater Dtata For Waldon Bpring Site and
WSQ tCunﬂnued]

ot

ND
N

ND
ND
ND
ND
ND

" ND

ND
ND
NS
ND
N
ND

ND

ND
NDi{2)
ND
ND
ND
ND
ND
ND
ND
ND-
ND
MND
ND -

ND

Q2

0.220
0.580

ND
ND

ND
ND

0,130

ND
ND
ND -

" ND

ND
ND
ND
ND
NS
ND
ND
ND

ND[2I
HD

NDG

"ND

ND
ND
ND
ND

ND

ND

A-30 -

a3
0.530

ND
NG .

HD
ND
ND
ND

ND
NS
NS
ND
ND

KD
ND

ND
ND
NG
ND
ND
ND
KD
NE
ND
ND
ND
ND

ND

ND

.04 UNITS'
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" Table A-2 . 1981 Quarterly Groundwater Data For Weldon Spring Site and
' WsQ {Continued} : B -

WSSRAP_ID a1 - Q2 Q3 Q4 UNITS
GW-2008 ND ND : #ah
GwW-2009 ND . KD - pah
GW-2010 0.140 ND _ sof
GW-2011 ND . ND o pgh
GwW-2012 ND _ ND _ o
GW-2013 _ 0.180 0.2Q0 0.130 LA
GW-2014 ND "~ ND{2) S g
GW-2015 ND ) - ND - sigi
GW-2017 ND ND agh

- GW-2(18 ND ' ND MND st
GW-2019 _ ND ND _ i
GW-2020 ND _ ND pgf
GW-2021 . ND ND . 20/l
GW-2022 - ND KD pafl
GW-2023. .. ND ND i
GW-2024 _ © ND ND. N . Hait-
GW-2025 ND ND gl
GW-2026 ' ND ND ugfl
GW-2027 ND KD HaA
GWw-2028 ' _ ND _ . ND pai
GW-2029 ND ND Fra]
GW-2030 . KD . ND ' N
GW-2031 ND : gh
GW-2032 “ND ND g
GW-2033 " ND ' ND gl
GW-2034 ND ND poll -
GW-3001 ~ ND pofl
GW-3002 . WD KD mai
GW-3003 ND ND Fry|
GW-.3008 ND ND ND - agh
GW-3008 ND : ND "1
GW-3009- ND . - ND _ ' gl
GW-3018 ND _ ND s
GW-3022 ND NS . wafl
-AW-3023 ND . ND ' w#an

. GW-4001 ND ND C Hgh

" GW-4002 ND . ND P
GW-4003 ND . ND ' gl
GwW-4004 ND ND | pafl .
GW-4005b ND ND ND ' NS bgfl
GW-40086 KD ND ' |
GW-4007 ' ND soA
GW-4008 MND ND : gaA
mziuseralijoanneiaserd 1ioppendix. &t : A-31
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- Table A-2 | .- 1991 Quarterly Groundwater Diata For Weiden Spring Site and -
i WSQ {Continued) .

WSSRAP 1D a1 . Q2 Q3 Q4 . UNITS
GW-4009 NP ND - ugh
GW-4010 : ND ND - g
Gw-4011 ND ' ) ND : . pgh
GW-4012 ND ' ND . ' A
GW-4013 ND ND . mai
Gw-4014 ND ND . upht
GW-4015 . ND . NP ol
GW-4016 . ND _ ND sl
GW-4017 ND : _ _ ND sl
GW-4018 " ND ND . i

. GW-4018 ND ND ' : i

" GW-4020 ~ ND _ ND pgh

- GW-4021 _ ' ND ND gt
GW-4022 - _ND | - A
GW-2023 ~ ND . ND _ . ol
GW-FINW ND ND ND ND gl
GW-PWO2 ND ND ND ND . g
GW-PWO03 ND ND ND ND mai
GW-PWO4 NBE . ND ND ND s
GW-PWOE ND ND ND ND on
GW-PWO0G ND ND ND NS gl
GW-PWO? ND ND NS ND Hadl
GW-PWO8B ND ND NS ND gl
GW-Fw0g NS ND ND ND mah
4.6 TNT
GW-1010 ND ND(2) ND ND PRy
GW-10141 N_D[E:- ND ND ND il
GW-1017 ND  ND- ND 'ND pafl -
GwW-1018 -ND ND ND NC A
GwW-1019 ND . ND ND . ND ai
GW-1020 ND "NB ND ND maf
GW-1021 ND ND ND -~ ND pah

.. GW-1022 ND ND ND ND pa
T GW-1023 ND T ND ND . - ND Lgi

GW-1024 ND ND ND ND F
GWwW-20M- ND _ ND il
GW-2002 ND KD C i
GW-2003 ND ND ' g
GW-2004 _ ND - ND poh

- GW-2005 _ ND ND . Lon
GW-2008 ND ND g
m:iuasra2ijosnnetererd ] isppendlx.al A2
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Table A-2 . 1981 Quarterly Groundwater Data For Weldon Spring: Site and -
WSQ {Continued) - : ' '
WSSRAP_ID Q1 Q2 - Q3 - Q4 . UNITS -
GW-2007 ND o ND : s
GW-2008 ND © 0,081 wafl
GW-2009 ND - ND g
GW-2010 - 0.440 0.340 _ P
GW-2011 . ND - KD _ P
GW-2012 ND - 0.64 nad.
GW-2013 0.850 - 1.200 0830 - - i
GW-2014 KB ' ND{2) KD - T g
GW-2015 ND ND an
GW-2017 ND ND ' : Hoh
GW-2018 ND ND | ND Zoh
GW-2019 ND ND pgn
GwW-2020 ND : ND i
GwW-2021 ND ND - sgfl
GW-2022 . NBR ND agi
GW-2023 ND - : ND = agd
GW-2G24 ' ND ND - opai
GW-2025 ND ND _ =i
GW-2026 ND ND : waht
GW-2027 ND KD . ght
GW-2028 ND ND : L
GW-20259 : NE - ND . A
GW-2030 _ : B.500 B.000 Lo
GW-2031 : ND. - i
GW-2032 7.800 . B.600 Fran]
GW-2033 1.100 0.800 g
GW-2034 ND ND ' 1gi
GW-3041 ND ugi
GW-3002 ND ND : #afl
GW-30403 ND - : KD _ g
GW-3006 ND MD ND ad
GW-30038 " ND- KD . M
GW-3009 ND - ND ey
GW-E018° ND ' ND g
O GW-3022 . NBb o NS AN

. GW-3023 ND : ND _ Hgh
GW-4001 ND . 1.80 . it
FW-4002 1.1G0 0,093 M-
GW-4003 ND. ND. : 4l
GW-4004 ND - ' ND igf

- GW-4005 ND - ND ND NS - pad
(GW-4006 . ND ND C igfl
GW-4007 . NS ND : ah
mttudnradifonnnaiasars 1iappandix.al A-313
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Table A-2. - 1991 uuarteﬂ",r Groundwater Data Fur Woeldon Spring Srt& and
WSQ {Contmued}

WSSRAP_ID N 4 3 Q2 a2 Q4 UNITS _
GW-4008 ND . ND : Tt
GW-4008 ND NI : o L
GW-4010 ~ ND ND . upd)
GW-4011 ND - ND . A
GW-4012 ND _ ND - g
-GW-4013 0,060 - 0.068 #gh
GW-4014 ND- ND wail
GW-4015 ND : : ND sl
GW-4016 ND- L ND. uah
GW-4017 ND - ' ND el
GW-4018 - ND- ND . gl
GW-4019 . ND ND _ ol
GWwW-4020 ND T ND Hai
GW-4021 ND ND ' L pgh
GwW-4022 . ND _ ' gl
GW-4023 . | |V - ND gt
GW-FINW . ND ND ND ND g
GW-PW02 ND ND ND ND Frh ]
GW-PWO4 ND - ND MD ND g
GW-PWO5 _ ND ND ND " ND - pgh
GW-PWOE ND ND ND . NS Ligfl
GW-PWO7 ND ND NS . ND frotil
GW-PWOB ' ND NP NS . ND ygh

- GW-PWOR NS ‘ND ND ND Hg/i
2.4.6-TNT

- GW-PWO3 . ND ND ND - ND _pgf
GW-PWDR .ND ND ND “ND gl

. GW-PWOh NG . ND KD M _ pai
GW-PWQ8 ND ND WD NS . Frn|
GW-FWO7 ND - ND. NS ND wg/!
GW-PWOS S I ND NS ND - o il
" GW-PW0S NS ND ND _ . ND pait
24-BNT

GW-1010 ND NOH2} MD ' ND . ugh
GW-1011 NB{2) ND ND ' KD - ggi
GW-1017 ND ND ND ND Fi

. GW-1018 ND ND ND NI gl
GW-1019 - ND ND ND ND ' Cough
GW-1020 . ND - ND KO ND : san
 miusarsZcannetansrd Tappendh,s A-34




. _ 071392
", .Table A-2 1981 Quarterly Groundwater Data For Weldon Spring Site and

: S WSQ {Continued} ' . :
WSSHAP_ID Q1 . Q2 a3 Q4 UNITS
GW-1021 - ND ND - ND ND wgh
GW-1022 ND. - ND ND ND w2
CGW-1023 ND ND " WD - ND gi
GW-1024 ND ND ND ND . sl
GW-2001 0.070 0073 gt
GW-2002 . Q080 o 0.082 i
GW-2003 0.150 0.180 _ g
GW-2004 ND ' ND paf

- GWL2008 ©a.070 0.CB49 gi
GW-2006 . WD 0.130 0l
GW-2007 ND o ND . T
GW-2008 - 0,060 : 0.048 Hai
GW-20090 ND 0.074 | . Lo
GW-2010 - 0.080 0.078 ot
GW-2011 ND ' ND - Q.10° . - pgA
GW-2012 ND ND & 0.1 gl
GW-2013 0700 0800 | 3.310 wgil
GwW-2014 0.140 0.108{2] gl
GW-2015 ND ND ugfl
GW-2017 " ND . ND ugil
GW-2018 ND ND MND Mot
GwW-2019 : ND ND . g
GW-2020 ND . ND paA
Gw-2021 ; ND MD mgfl
GW-2022 ND ND ol
GW-2023 ND ~ ND uail
GW-2024 ND ND _ ugh
GW-2025 : ND ND P
GW-2026 - ND ND _ mat -
GW-2027 : ND ND : 2ot
GW-2028 : ND ND LA
GW-2029 . ND _ ND ol
GW-2030 : 0.080 L 0,200 #afl
GW-2031 : . ND ugh
"GW-2032 : 0.033 - . 0.094 g

. GW-2033 ) 080 S .230 g
GW-2034 ' ND ND. man
GwW-3001 0440 . : . Lt
GW-3002 ND ND - o
GW-3003 0.080 ' 0.032 o
GW-3006 ND ND ND s
GW-3008 : 0.080 0.096 - FrLu g
GW-3008 : 0.140 0180 | g
m:wsered\founnatasar3 1 lappandix.al A-35




_Table A2

WSSRAP_ID

| GW-3019

GW-3022
GW-3023
Gw-4001

| GW-2002

GW-4003
GW-4004
GW-4005
GW-4006
GW-4007
GW-4008

- GW-4009

GW-4010
GW-4011
GW-4012
Gw-4013
GW-4014
GW-4015

GW-4016

GW-4017
GW-4018
GW-4019
GW-4020 -
GW-4021
GW-4022
GW-4023
GW-FINW
GW-PWO02
GW-PWO3
GW-PW04

- GW-PW0bH

GW-PWG0E
GW-PWO07
GW-PWO08

GW-PWOS

4.5:DNT

GW-1010
GW-1011
GwW-1017
GwW-1018
GW-1019

1991 ﬂuaﬂérly Groundwater Data For Weldon Spring Site and
WSQ {Continued}

Q1

ND

2.600
ND
0.420
ND
ND
ND
KD
ND
ND
ND

ND
0.050Q

ND
ND

N

D
ND
ND
ND

ND
NS

ND
NDi2)
ND
ND -

miwesrad sannsaserd 1iappandicsl

Q2

- 0.120

ND

NE

ND
0.031

ND

-~ ND

ND
ND
ND
0.100

ND
KD
ND
ND
ND
ND
ND
ND

ND{2)
ND
ND
ND
ND

Q3

ND

6.000
7.4
ND
NG
ND
ND
0.19
ND
ND
D
ND
ND
ND

ND

KD
ND
ND
ND

ND

KD
ND
ND
ND
ND
ND
NS

- NS

ND

ND

ND

- ND

ND

0.088

a4

NS

NS

0.070

HD

C.059
ND
ND
HD
ND .
NC:
NS
ND
NE

'ND

ND
ND
ND
ND
ND

- UNITS
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" Table A-2 . 1991 Quarterly Groundwater Data For Weldon Spring Site and
' WSQ {Continusd}
WSSRAP_ID M Q2 Q3 a4 UNITS
GW-1020 ND ~ND ND : ND pai
GW-1021 - ND ND ND ’ ND - 4agfl
GW-1022 ND ND ND ND . g
GW-1023 . ND ND ND ND . A
GW-1024 " ND MND ND ND Haf -
GW-2001 ' 0,060 - - 0061 ' s
GW-2002 0.340 - . 0.490 g
GW-2003 0.650 - 0.960 sgh
© GW-2004- . - N ND gl

- GW-2005 ¢.110 0.140 Hgil
GW-2006 2.000 2400 paf

- GW-2007 ND ) ND Fri!
GW-2008 0.890 1.000 | " .
GW-2008 © ND 0.33 - i
GW2010 . 0.930 : : 0. 750 ' Jgh
GwW-2011 N ND gl
GW-2012 ND ND . : ai
GW-2013 15.000 . 28.000 19.000  ppf
GW-2014 0.749 0.880121 : ught

. GW-201B ND ' S ND HgA
GW-2017 ND ND gl
Gw-2018 ND ND ND gl
GW-2018 ND NI : pafl
GW-2020 ND ND ugfl
GW-2021 ND ND - HoA
GW-2022 : ~ ND ND . poh
GW-2023 o ND . ND g -
GW-2024 . ND ND 40A
GW-2025 : ND ND : i
GW-2026 ND ND . wod
GW-2027 ND ND gl
GW-2023 ND ND . Hgil
GW-2029 . ND- ND LA
GW-2030 -10.00 30,000 ugh

©GW-2001 ' _ ND ) pot
GW-2032 T 4,600 - ‘3.500 o
Gw-2033 9.300 2.800 Foe o
GW-2034 - ND : E ND . ugh

- GW-3001 0.260 : Hadl

©GW-3002 . ND Kb -
GW-3003 0.080 0.082 #gh
GW-3006 ND ND ND Lon
GW-3008 - D80 _ 0.320 : Foi
m:iussra2ijcanneiaserd 1appendix.al A-3T




E :Tahia_ A2 . .

WSSRAP_ID

GW-3009
GW-3019
GW-3022
GW-3023
GW-4001
GW-4002
GW-4003
GW-4004
GW-4005
GW-4008
GW-4007
GW-1008
GW-4009
GW-4010
GW-4011
GW-4012
GW-4013
GW-4014
GW-4015
GW-4018
GW-4017
GW-1018
GW-4019
GW-4020
GW-4021
GW-4022
GW-4023
GW-FINW
GW-PFWO02
GW-PWO3
GW-PWO4
GW-PW05
. GW-PWOB

. GW-PWOT

GW-PWO8
. GW-PWO039

NITROPENZENE

GW-1010
GwW-1011
GW-1017
Gw-1018

1891. Quarterly Groundwater D

WSQ {Continuad)

Q1 Gz

0.080

ND o
0.030

4,500

ND

1.100

ND

ND ND

ND -
NS

'ND

ND
ND

ND

ND

1.100 .
0.028
1.300

ND -

ND
ND
ND
ND
ND
ND
0,060

ND ND

ND ND

KD ND

ND ‘ND

ND ND

ND "ND

ND ND

ND " NP

NS ND

ND NDI2)

ND(2) . 'ND

ND .ND

ND ND

m:hlurl!\hannaiuaérﬂi \sppandix.al

Q3

ND
ND

ND

ND
ND
ND
ND
ND
ND
NS .

ND

ND -
ND.
ND
ND

A-38

a4

NS

NG

1.000
ND
ND

ND

ND
ND
ND
ND .
NS
ND
ND
ND .

ND
‘HD
ND
ND

0.045 '

bta For Weldnn'spring Site-and -

UNITS

MaA
#gdl
ol
aadl

071392
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_Table A-2 ... 1991 Quarterly Groundwater Data For Weldon Spring Site and
o WSQ (Continued) - : :

- WSSRAP ID Q1 a2 a3 Q4 UNITS
Gw-1019 KD ND ND ND safl
Gw-1020 - KD 1] ND ND mah
GW-1021 ND .ND ND KD gl
GW-1022 _ ND ND ND ND wh
GW-1023 "ND ND ND ND - pah
GW-1024 ND ND ND ND Fret
GW-2001 ND ND ' gl
GW-2002 ‘NI . NI . Mafl
GW-2003 ND ND | - ugh
GW-2004 ND ND T A
GW-2005 ND ND ' #aA
GW-2006 ND _ R ND ' uoh

| GW-2007 ND ND woft
GW-2008 ND ' ND : o i
GW-2009 ND _ ND . _ L agh
GW-2010 ND S ND - : _ - gl
GwW-2011 ND 0.0:34 ' gl
GW-2012 ND ND _ . gl
GW-2(13 ND- N ND Fr L
GW-2014 ND : ND{2) L
GW-2015 ND : ND gt
GW-2017 ND ' ND ' T
GW-2018 ND _ ND A
GW-2019 ' KD MD agdl
GW-2020 ) ND . -ND pafl
GwW-2021 ND ND gl

. GW-2022 ND ND saA
GW-2023 . ND NG Y 1
GW-2024 : ND - ND . pah
GW-2025 ND ND : ' fray |
GwW-2026 ND 'ND _ ' voh
GW-2027 © ND ND o aof
GwW-2028 : ND _ ' ND ai

. GW-2029 ND : ND oyl

.. GW-2030 ND T ND . wafl
GW-2031 _ _ ND ' sgil. -
GW-2032 ND ND . #gi
GW-2033 ND " ND adt
GW-2034 ND ND 2

- GW-3001 NE : o wal
GW-3002 ND ND Frl
GW-3003 . ND ' ND T
GW-3006 ND - ND ‘ND o
m:weere2Yoannelassrd Happandx.al A39
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. .Table A-2 . - 1991 Quarterly Groundwater Diata’ For Weldon Spring Site and .
L WSQ {Continued) : -
WSSRAP 1D Q1 Q2 Q3 Q4 UNITS
_ Gw-3008 ND : : ND gl
GW-3009 ND N | g
GW-3018 ND _ ND ' soft
GW-3022 ND maft
GW-3023 ND : ND . s
GW-4001 ND . ND ' gl
GW-4002 ND : KD . 2
GW-4003 ND g ND _ P
GW-4004 ‘WD ND - A
GW-4005 ND ND ND gl
GW-4008 N _ ND aafl
GW-4007 D ' " ND w#an -
GW-4008 ND ND ' Lght
T GW-4009 ND . ND - #gfl
_ GW-4010 'ND ND o g
CLGW-4011" ND : N ' i
GW-4012 ND ND : oy
GW-4013 ND NO LA
GW-4014 . ND . ND pgfl
GW-4015 ND ND i
GW-4018 ND ' KD . i
GW-4017 ND. ND Cugh
GW-4018 ND ND oA
Gw-40189 . ND ND _ gl
GW-4020 _ ND NG ugil
- GW-4021 ND ND ' sl
GW-4022 ND _ sgh
Gw-4023 ND ND : -t
GW-FINW ND ND ND ND #0/.
GW-PWD2 - ND . ND ND . ND - gl
GW-PW0D4 ND - ND ND - ND A
GW-PWO0b ND ND ND ND gl
- GW-PWQE ND - ND KD " NS . sl
N 1 ND NE NS - e
- GW-PW0E ND ND "NS ND Fr]
- GW-PWDS NS- ° ° ND ND "ND g
GROSS ALPHA
GW-10140 2..3B) 2.00 - piill
GW-1011 16.5(4) 2.000 pCiA
GWwW-1024 L2.00 ND 7.900 NS pCist
GW-FINW ND ND ND pCin
m:asrs2ijoannatazerd 1 appendic.al A-40




- Table A-2

WSSRAP_ID

GW-PWO02
GW-PW03

| GW-PW04

GW-PWOB
GW-PWOB
GW-PWO7
GW-PWOS
GW-PWO3
GW-RAWW
OW-FINW
GW-RMW1
GW-RMW?2
GW-RMW3
GW-RMW4

GEQSS BETA

GW-1024
GW-PWO2
GW-PW03
GW-PWO4

- GW-PWOS

GW-PWOB

. GW-PWOQ7?

GW-PWos
GW-PWO0E
GW-RAMMWY
GW-EMW1
GW-RMW2
GW-RMW3
GW-AMW4

BADIUM-226

GW-1024

. GW-PWO2

GW-PWO3
GW-FWO04
GW-PWOS
GW-FWOB

GW-PWO7

GW-PWOS
GW-PWO05

- @3N

1991 -Quarterly Gmunﬁwater Data For Waldan Spriﬁg Site and
WSQ (Continued} :

an

ND
1.00
ND
ND
2.00
ND
2.00
NS

- ND{2)

8.00
340
1.00

0.40
0.70
0.40
(.50

0.40
0.50
0.60

m:‘nums_i’{uann.:ﬁaiu_m!‘mppmd‘m.ﬂ

Q2

ND
ND
ND
1.0
ND .
ND
ND

. ND-

ND
ND
5.00
ND
3.00

ND

Q3 .

ND
ND
ND
ND

ND
ND
ND
ND
HD
ND
ND
ND
ND

Qa

U_NITS |

pCift
pCiA -
pCifl
pCiA
pCifl
oClA
pCif
pCif

- pGiA

pCld
pCif
pCidl
pCid

© pCi

pCifl
pCiAl
pCi
pCiA
pCin
piA
pCifl
pCifl
pCIA
plifl
[
pGifl
pCif
pi

pCiA
pCift
pCiA
pCia
pCif
pCil
pCid
pCiA
pCi



’ ; S . . - QT1382.

‘Fable A-2 - - 1391 Quarterly Groundwater Dpta For Waldon Spring Site and

C . WSQ (Continued) ' R . :
WSSRAP_ID ar -~ . Q2 a3 a4 UNITS ~
GW-RAWW 0.6Q pCiA
GW-RMW1 0.80 pCiA

GW-RMW2 0.40 pCiA
GW-RMW3 0.70 pliA
GW-RMW4 0.10 pCift -
GWw-1024 2.30 pCid)
GW-PW02 1.80 _ pGin
GW-PWO3 “+.70 ' pCil
GW-PWD4 1.80 ' oCiA
GW-PWO5 20 o ' _ _ pCift

. GW-PWOB 2.10 ' : : pCiA.
GW-PWO? 2.60 pCift

. GW-PWOS - 1.80 _ - pCift -
GW-PW0S 1.10 : pCiA’
GW-RAWW 1.30 _ ' _ pCifl
GW-RMW 120 - : _ pCiA
GW-HMW2 ND ' pCifl
GW-RMW3 2.20 : _ pCifl
GW-RMW4 .30 pCif
THOBRIUM-2268 -

- GW-2001 ' ND . plifl
GW-2002 . . ND _ pCist
Gw-2008 ND - _ : pCiA
Gw-2012 - - ND pCiA
GW-2015 0.100 - pCif
THORIUM-2230
- GW-1024 . 0.100 : - pCiA

. GW-2001 " ND pCin
T GW-2002 ND o pCil
GW-2008 0.204) : ' peif
GW-2012 ND - : ' pClAl
GW-2015 _ ND . pCid
GW-PWO02 ND ' S pCiAl
GW-PWO3 ND ' o ' pCifl
GW-PWD4 ND oo pCiA
GW-PWDS ND - : .. pCiA
m:wusarsdijoannaiaserd 1appendix.at A-42
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© ~Table A-2 1991 Quarterly Groundwater Data For Weldon Spring Site and
: . WSO (Continued) ' - o
WSSRAP_ID Q1 Q2 Q3 Q4 CUNITS
GW-PWOB ND pGif
GW-PWO7? 0.10 . pGifl
GW-PWO8 ND pLifl
GW-PW08 ND pCi
GW-RMW1 ND pCiA
GW-RMW2 ND (41 #7]]
GW-BMW3 0.10 piClA
GW-RMWA 0.19 pCifl
GW-RAWW ND pCi
THORIUM-232
GW-1024 ND
GW-2001 ND -
GW-2002 ND
GW-2008 ND :
GW-2012 ND
GW-2015 ND
GW-FWO02 NL
GW-FWOQ3 ND
GW-Pw04a ND
GW-PWOS ND
GW-PW0E ND
GW-PW0O7 ND
GW-PWO8S ND
- GW-PW0B ND
GW-RAWW ND
GW-RAW1 ND
GW-RAWZ ‘WD
GW-RAW3 ND
GW-RAWY ND
GW-AMW1 KD
GW-RMW2 ND
T GW-RMW3 ND
T GW-RMW4 N
URANIUM, TOTAL
Gw-1010 NDid| NDi(2] 0.577(2
Gw-1011 20.9{6) 8.8443) 1542
GW-1017 ©2.720 ND ND
Gw-1018 .ND ND 0.B6
GW-1019 - - 0.68 ND ND
miusscs Sjoannsisaers 1iappendic.at A43
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; Table A-2 - 1991 Quarterly Groundwater Dlata For Weldon $pring Site -and
' ' - WEQ {Contlnued}

WSSRAP_ID a1 Q2 Q3 : Q4 - UNITS
GW-1020 1.360 1.360 "ND ND pCiA
GW-1021 0.680 ‘KD . 2.900 0.577 pCit
GW-1022 _ 1.360 ND 1.200 0.577 pCift
GW-1023 ND " ND ND 1.16 pCifi
GW-1024 0.68 "~ ND ND - 2.8C pCiA
GW-2001 ND : ND _ pCi/l
GW-2002 ND - ND : pCin
GW-2003 0,680 0.600 pCiA
GW-2004 : ND 0.75 pCiA .
GW-2(K)5 : ND 2,000 | . “pCiAl
GW-2008 - ND ‘ND - pCift
GW-2007 2,640 _ 0.885 | pCif
GW-2008 1,360 : ND . : pCift
GW-2009 1.360 _ 2.310 . pCif
GW-2010 . -~ 0,680 2.020 o o pCidl
GW-2011 ' 4,780 : . ND ' _ pCiAl
GW-2012 2.040 . 0.865 | pCifl

- GW-2013 2.720 : NB. - ND pCiA
GW-2014 $.360 - ND{2) : pCiA
GW-2015 4.080 ' ¢.810 pCift
Gw-2017 _ 7.480 7.210 pCin
GW-2018 1.360 ND . | 1.18 - pCiA
GW-2019 . 1,360 2.590 - pCifl
GW-2020 _ 3.400 . 4,930 pCill
GW-2021 ND ND pCiA
GW-2022 : ND ND . _ pCial -
GW-2023 ND 2.740 pCiA
GW-2024 1.360 - 0577 pCin
GW-2025 ND ND . pCi#
GW-2026 ' 0.680 ND pCif
GW-2027 ND ND pCif
GW-2028 : 0.680 - - 2.340 pCif
GwW-2029 0.680 1.830 pGCiA

- GW-2030 : . 12,200 . 0.894 pCifl
CGW-2031 _ . 8.120 : pCifl

. GW-2032 o 1 2.040 Q.577 pCifl
GW-2033 " ND ' 1.180 - pCifl
GwW-2034 ' 3.400 14.700 pCia
GW-3001 4.080 ' 1.8900 pCift
GW-3002 - ' 1.360 ©1.140 : pCift
GW-3003 19.000 20,500 pCifl
GW-3006 ND ' 2310 1.410 pCifl.
GW-3008 4.080 4,040 _ . pCi/l
rl'i:hurtﬂ\inann&lunr!1"|applndix.a‘l A-44




 Table A2

WSSRAP._ID

. GW-3008

GW-3019

GW-3022
GW-3023
GW-4001
GW-4002
GW-4003
GW-4004
GW-4005
GW-4008
GW-4007

. GW-4008

GW-4009
GW-4010
GW-4011
GW-3012
Gw-4013
GW-4014
GW-4015
GW-4016
GW-4017
GW-4018
GW-40159
GW-4020
GWW-4021
GW-4022
GW-4023
GW-FIlwW
GW-PW(2

GW-PWO3

GW-PWO04
GW-PWO5E
GW-PWOBG

- GW-PWQ7

GW-PWOB
T GW-PWO9
GW-RAWW
GW-RMW1
GW-RMW2
GW-RMW3
GW-AMWA

1991 Quarterly Groundwatser D.s
WSQ (Continued)

Q1

49.600

8.160

7.480
34(}0-
MO

.ND

ND
6.800

1.360

ND
2,720

4,760

4,080
1.360
ND

5.440
2,720

0.68

ND
ND
ND
2.72

NS
ND
0.68

D 68
5.44

museraijoannetaserd appendie.at

Q2

3.400

122.00

NS

~ 0.880

ND
MD
0,880

A-45

Q3

0.800
1.700

£.630
ND
1.16
2.300
4,320
2.020
ND
ND
ND
1.400
1.360.
2.880
3.460
HD
ND

0.8656
0.865

1.730

Q4

NS

2.880
3. 29!‘:!
ND

15.300

2710
1.180
ND
ND
ND
ND
ND
ND
ND

" ND
ND
1.44
2.69
ND
NS

UNITS

pCifl
pCil .
pCiA
pCiA
pCiA
pLCif

. pCiA

pCift’
pCil
pCiA
pLil
pLift
pCiA -
pia
pCif
pCifl
pCifl
pCiA -
pCiA

- pCift |

pCiA
pCif
pCiA

- pin

pCiA
pCill.
pCif
pCiA
pCifl
pCifl
pClA -
pCift
plt -
pCif -

©opGCid -
- pLifl

pCiA
pCift
pCiA

- pCif

pClA .

o132
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Table A-2
'WSSRAP_ID

URANIUM-234

Gw-2021
GW-2027
GWw-2028
GW-4016
‘GW-4020
GW-4021

 URANIUM-235

Gw-2021
GW-2027
GwW-2028
- Gw-4018
GW-4020
GW-4021

VRANIUM-238

GW-2021

GwW-2027
GW-2028
GW-4016
Gw-4020
Gw-4021

1

o b N

BT

1991 Quarterly Groundwater O

WSQ (Continued)

a1 02

Blank space indicate that no sampl

sampling period.

NE indicate that a concentration wa

Q3

1.700

2.400

ND
ND-

ND

ND
ND

2.300

04

ND
ND
9.100

NC:
ND
ND.

ND
NE
5.650

N5 indicate that & planned sample was not taken,

in) indicates the total number-in} of samplas calculated.
Indicates that the samplewasnot ta

in the next-period,

miusars2ycannoiagerd happendix.al

A-46

UNITS

pCidl
pifl
pCidl

pCidl
pCiA

pCia
pClA
pCia

pCil -

pCit
pCiA

plifl
pCiA
pCif
pCiA
pCid
plift

0?1392

ata For Weldon Spring. Sita and

ing was plannid for the location and

nat found at the detection fimiy. .

n during the schedule period hut ﬂk.en
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Table A-3 ... . 1991 Quarterly Surface-Water Data For Weldori Spring Site.and -
- T wso -

WSSRAP_ID o 02 03 | 04 UNITS -
CHLORIDE _

SW-1008 NS 12.400 | ~ mgll
SW-1011 ' 25.600 21.400 ' g/
SW-1012 - 28.900 18.100 | - mg/l
SW-1013 ' 28.500 24,000 : " mg/
SW-1015 28,300 15000 | mgi
SW-5311 - 8.370 NS mght
FLUQRIDE

SW-1008 NS 0.680 g/t
SW-1011 0.830 0.480  mo#
SW-1012 0.450 0.660 mgA
EW-1013 0.440 0.573 . mgh -
SW-1015 0.430 0530 | _ mgil -
SW-5311 0.260 - NS .- | g/
NITRATE

SW:1008 ND ND 1300 | . 0180 . mgA
SW-1011 11.800 2320 | . - mgA
SW-1012 _ © 12,600 2.320 - o mg/l
SW-1013 10.000 2540 | mg#
SW-1015 | 10.900 2.320 . mgh
SW-2010 ND -4.750 - mg/
SW-2012 . 29.100 .. mgh
SW-2014 : 5.630 1250 | mgA
SW-2015 11.210 0.855 0.7  mgh
SW-3001 388.00 mgh
SW-3002 . ND 4,250 . g
SW-3003 110.00 4255.0 854.00 mig#
SW-3004 0.130 . 2,700 - mg/!

| SW-3012 : - 7350.0 mg#l
SW-5311 2.220 NS . mg/l
NITRITE

_SW-1008. _ o _ '
SW-1011 0.010 ' . mg
SW-1012 0.080 : mg/l
SW-1013 0.040 - mg
SW-1015 _ 0.050 mgA -
SW-2010 _ ND mgh
m:iuseta 2ijosnnelaserd 1iappandix.a) ' A-47
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" Table A-3- . 1991 Quarterly Surface Water Data For Weldon Spring Site and
: . WSQ {Continued} . L S

WSSRAP_ID Q1 0z - 03 | Q4 UNITS
SW-2014 _ 0.010 ' mgil
SW-2015 ND ND  ND mg
SW-5311 0.040 : - mph
SW-1008 56.9 87.8 $9.200 79.800 mg/l
SW-1011 - 100.00 152,00 ] . mgd
SW-1012 $10.00 134.00 ' mg;/l
SW-1013 : 109,00 169.00 mg
SW-1015 : 103.00 . 101.00 gl
SW-3007 . 225.00 mgil
SW-3002 796.00 : mgA
SW-3003 : 502.00 ' mgh
SW-3004 44,300 o Lmpd
SW-5311 - 38.300 mgA
ALUMINUIN _
SW-1008 1140.0 po
SW-1011 3440.0 2170.0 ' g
SW-1012 3930.0 631.00 g
SW-1013 2200.0 822.00 g
SW-1015 2260.0 698.00 ' padl
SW-5311 . 73.000 T I
ANTIMONY

SW-1008 ' ND - . o
SW-1011 201.00 ND - poh
SW-1012 ND. ND _ sghl

. SW-1013 ' ND ND - ol
SW-1015 - ND ND gl
SW-5306 " ND gl

 SW-5307 _ ND il

" SW-5308 N o - ND 2o

© SW-5311 ' B ~ ND wafl
ARSENIC _
SW-1001 ND _ ugA
SW-1002 CND ' P
SW-1003 ND _ - gl
BW-1004 ND _. il
m:‘n.lmﬂiuu.anm\unrﬂﬂnppmdkx.ﬂ - ﬁ-d-s
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Table A-3-. - 1991 Quarterly Surface Water Data For Weldon Spring 8ite and
- WSQ {Continued) . '
WSSRAP_ID Q1 Q2 . a3 . Q4 _ UNITS
SW-1005 - 5170 _ frat
SW-1007 KD S ' HaA
SW-1008 N3* 7.130 ND _ ' agi
SW-1008 5,380 it
SW-1010 ND _ : I L
. OSW-t011 3.710 3100 18.700 D g
SW-1012 " 3.020 4.500 4.140 _ - ough
SW-1013 3.270 4,000 o | . - g
SW.1014 ND ' Hadl
T SW-101% . - 3.800 3.700 oo
- SW-R305 L i ND - ot
SW:B307 _ ND i
SW-5308 ' ~ ND mf
SW.5311 . ND . . ND o ppfl
BARIUM
SW-1001 54,100 . - pgi
Sw-1002 58.100 = . sigil
SW-1003 _ 123.00 #gll
SW-1004 129.00 ' gi
SW-10056 177.04) ' : ) aah
SW-1007 144.00 _ il
sSwW-1008 . N&* 179.00 220,00 : poit
SW-1008 167.00 . o ugh
EW-1010 126.00 . #ai
SW-101Y 143.00 171.00 152,00 | . ' gl
SW-1012 137.00 182.00 142.00- ' gl
SW-1013 139.00 154.00 146.00 : pgfl
SW-1014 61.700 : o
SW-1015 153.00 137.00 sod
SW-5305 - 78.300 poit
SW-5307 ' : 74100 - ppA
SW-5300 ' ' 84.100 - waf
- SWL5311 97.000 105.00 Lgil
- BERYLLIUM
SW-1008 NSY ND ND ' ught
SW-1011 . ND .ND ' pof
SW.1012 'ND ND o gl
SW-1013 ND ND : sgil
- SW-1015 ND ND #91
mtuasraijoannetererd 1 appandic.al . A-49
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Table A-3 1991 Quarterly Surface Water Data For Weldon Spring Site-and
ST WSa (Continued) '

WSSRAP_ID a1 Q2 Q3 Q4 ' UNITS
SW-2010 ND _ 4o
SW-2011 - ND poh
SW-3001 _ : ND o -Hgh
SW-3002 . N .
SW-3003 : ' ND : : Hgi
SW.3004 ' ND M
SwW-3012 : ND _ pgit
SW-5308 ' - ND Hoh
SW.5307 . ND 1 1
SW-5308 ' ND o/l
SwW-5311 ND _ ) ND gl
CADMIUM
SW-1008 _ NG* ND ND - : © pgh
SwW-1011 ND ND ' HoA
SW-i012 ND ND Hadl
SW-1013 ND ND 4o
SW-10156 ND ND Had
SW-2010 ND #oh
SW-5305 ' _ ND ' ugiht
SW-5307 _ ' - - ND - g
SW-b308 ND i
SwW-B311 _ ND - -ND F7i 11
CALCIUM

BW-1008 63800 | . i
SW-1011 . 63700 134000, . Han
SW-1012 : 61300 58600 2011
5W-1013 ' 80300 58300 _ voh
SW-1015 ' 60100 5100 - HoA
SwW-5311 R : s
Sw-1008 ' NS* -33.550 WD _ g
Sw-101 : ND ' KD . 20
SwW-1012 ) ND ND A
SW.1013 o ND ND : sgil
SW-1015 ND ND Al

SW-2010 ' . 4,450 o pgil
SW-2011 . 89,685 : pafl
mtusers 2\joanneteserd 1 lappandlx.al A-50




‘Table A-3 . - 1991. Quarterly Surface Water [

WSQ (Continued)

WSSRAF_ID Q1

SW-3001
SW-3002
SW-3003
SW-3004
SW-3012
SW-5305
SW-5307
SW-5303
SW-5311

COBALT

SW-1008
SwW-1011
SW-1012
SW-1013
SW-1015
SW-B311

COPECR
SW-1008
SW-1011
. SW-1012
“BW-1013

SW-1015
SW-6311

1RGN

SW-1008
SW-1011
© GW-1012
‘SWAD13
- BW-1015
SW-5311

LEAD
SW-1008 NS*
SW-1011

SwW-1012
- BW-1013

m:&mimz‘ﬁﬁamhsurﬂﬂappmdlx.n!

Q2

ND

NE

ND
N
ND

ND
ND
ND
ND
ND

4490.0
4840.0

' 3310.0
- 3400.0
83,000

15.300
3.900
3.700
4.200

Q3

7.675

- 3.660

B.131
4.585
9.350

ND
WD
ND
NL
ND

ND
21.100
HND
ND
ND

1560.0
17240

. 982.00

- 1080.0

1010.0

8.060
52.000
2.930
2.910

A-51

Q4

ND
N

ND

.. OF1392
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UNITS

wl

Fr L]
F7 T B
il
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- Tablg A-3 .. 1891 Quarterly Surface Water Data For Weldon Spring Site and
I WSQ (Continued) | N
- WESRAP_ID Qa1 - Q2 Q3 Q4 UNITS -
SW-1015 8.000 4.380 _ poft
SW-2010 1.600 wan
SW-2011 . . 21.000 |- -y
SW-3001 © 2.200 gl
- SW-3002 - 6.500 Hgfl
SW3003 : ND £l
. SW-3004 _ . 1.400 _ pafl
T SW-3012 ' 2,700 sadh
Sw-ba05s _ ' ' : B, 200 uph
SW-5307 . _ _2.050 ogi -
SW-5300 - | ' ND gl
SW.5311 ' ND : 2,200 Fr0|
LITHILM
SW-1008 . ND - o
SW-1011 . _ ND ND _ g -
SW-1012 ND 151 gfl
SW-1013 ND 164 _ Frah|
SW-1015 ' ' NE 163 ' : Mg
SW-2010 h ND - a0
sSw-2014 . - ND ND poh
SW-2016 ND ND . ND won -
SW-B311 ND ' - gdl
MAGNESIUM
SW-1008 12100 ' L
SW-1011 17400 23300 - Lofl
Sw-it2 - 16800 18200 pgft
SW-1013 16400 18600 Fre 1|
SW-1016 - 168800 17800 _ Mg
- awW-6311 . R vall
" MANGANESE
Sw-1008 328,00 ' zoft
SW-1011 : 238.00 2120.0 : ' HoA
SW-1012 ND : ND Frell
SW-1013 ' 215,00 171.00 | agfl
. SW-1016 221.00 161.00 - pd
SW-5311 ' ND . |- aghl
mwearslijoanneiasard 1 iappendix.al A-52
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- Table A-3 1991 Quarterly Surface Water Data For Weldon Spring Site and
WSQ (Continued) o

WSSRAP 1D a1 Q2 Q3 - 04 UNITS
SW-1008 ND o
SW-1011 : ND ND : sgl
SW-1012 ND ND sl
SW-1013 _ ND ND- .| . gl
SW-1015 NP [ J13] Hgil
SW-5305 . ND - ugh
SW-5307 _ _ ND g
SW-5308 _ _ ND walt
SW-5311 ND ' ND P
MOLYBDENUM |
SwW-1008 o ND ' gl
SW-1011 : ND ND ' wah
sSw-1012 ' - ND ' ND - L

' SW-1013 ND ND - L
SW-1015 : ND ND _ g
SW-bal11 ™D LpA
NICKEL
SW-1008 _ ND ol
SW-1011 ND ND g
SW-1012 . - WD ND N
SW-1013. . ND ND _ poh
SW-101% _— ND ND g
SW-B311 - _ ND ot
POTASSIUM
SW-1008 . 8100 Had
Sw-1011 5200 ND ' zai

CsSwW10M2 6010 8120 Hgil
SW-1013 - L. 5260 5640 . Haf
SwW-1015 " 5340 5320 noit
SW-5311% R 1750 2u
SELENIUM _ _
SW-1008 | ND - woll
SW-1011 _ ND ND : wh
mciuseradijoenneieeerd 1 isppendlx.al _ A-53
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"Table A-3- - 19931 Quarterly Surface Water Data For Weldon Spring Site and - -
- ' WSQ {Continued}) _ -

WSSRAP_ID a1 Q2 03 Q4 UNITS
SW-1012 _ ~ ND NMD |  ugh
SW-103 NG ND pail
SW-1015 . ND ND o . pgh
SW-5305 ND - il
SW-5307 ND _ gl
SW-5309 ' : ND ugh
SW-5311 ND ND e
SW-1008 o ND . g
SW-1011. ND ND o i
SW-1012 _ ~ NB ND ' g
SW-1013 ND ND : uadl
SW-1015 . : ND ND _ : ugh
SW-5305 ' . ND - s
SW-5307 ' ND © ugh
SW-5308 ' - ND ' HOA
SW-5311 ND ND soh
SODILM

SW-1008 10000 . T
SW-1011 38200 18000 g
SW-1012 37700 62000 i

SW-1013 37100 62800 ugh
SW-1015 : 35800 59200 _ . pgh
SW-5311 R 83300 sgh
THALLIUM
SW-1008 . ND pa
.. SW-1011 - ND - N  pgh
SW-1012 ND ND . pail
SW-1013 : . ND. ND ' e
. 5W-1015 . ND . ND o wah

. SW-5306 ND ugh
SW-5307 ND . o
SW-5309 _ ND oA
SW-5311 _ ND ND o
m:kunuui’ﬁolnnu\asarﬂﬂappanﬁ_limﬂ . A-54
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- Table A-3 - 1991 Cuarterly Surface Water Data For Weldon Spring Site and
o WSQ {Continued}. : '

WSSRAPID - Q1 Q2 a3 Q4 UNITS
VANADIUM
SW-1008 ' ' ND ' wail
SW-1011 ND ND ) padl
SW-1012 : ' ND ND . i
SwW-1013 ND ND & - pai

. SW-1015 : KD ND . : pgl
SwW-H311 : ND ) ) o
SW-1008 o ND gl
SW-1011 - 56.0 163 - Hofl
Sw-1012 _-ND ND . i
SW-1013 . - 'ND . ND : . T L
SW-101% 111 ND . pgit
SW-5311 _ ~18.0 ' »af
1,3,5-TRINITAOBENZENE
SW-1008 HS* - .DB1 ND 0.320 Lgi
SW-1011 ND- ND sgi
Sw-1012 ND N> . mad
SW-1013 : ND ND - Had
SW-1015 : ND ND " pad

- SW-5311 ' ND ND . g

1. 3-DINITROBENZENE

SW-1008 NS® ND ND ND gl
- SW-1011 ND ND ' e
SW-1012 ND ND sgh
 SW-1013 ' ND ND wgil
 SW-1015 o ND ND | ug
SW-5311 ND . " ND wall
SW-1008 NG* " 0,565 0.100 60 C
SW-1011 ND ND o

SW-1012 ND ND ' : #oh

m:'kunraz'n.j;:unna\.uarﬂhppa'ndi:.ﬂ A-S55




- Table A-3

. WSQ {Cnntlnued}

WSSRAP D Qi

- Sw-1013
-SW-1015
SW-B311

2:4-DNT

| SW1008  NS*
SW-1011 NS*

SW-1012 -

SW-1013

SW-1015

SW-6311

2.5-DNT

 SW-1008 NG+
T BW-1011
 BW.1012

- SW-1013

SW-1015
SW-E311

NZEN

Sw-1008 NS5*
SW-1011 '
SW-1012
SW-1013
SW-1018
SW-5311
-SW-1008
SwW-1011
SW-t12
Sw-1013
SW-1015 : '
SW-2010 - - 2081.0
- BW-2012 330.00
Sw-2014
SW-20156
. SwW-B311

m:\uamzmmnu‘muréi teppendix.al

02

ND
ND
ND

.80
ND
ND
ND
ND
ND

0.150
ND
ND
ND
ND

ND -

ND
NOH
ND

. KD

ND

ND

ND
ND
MND
ND
838.00

78.100
ND
13C.00

A-56

Q3 .

ND
ND

2.50
ND

ND
ND -
ND .

0.280
ND
ND
NC
ND

ND
ND
ND
ND
ND

637.00
ND
ND
ND

ND
NC

m

0.033

11.0

0.037

21

0.096

N

ND

ND
ND
ND .
ND

31.300
111.50

UNITS

. aFaez

1991 Cluartarly Surfaoe Watar Data For Weldon Spring Site and
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- Table. A-3 ... 1991 Quarterly Surface Watar Data For Weldon Spring Site and -
T WSO {Continued} '
WSSRAP ID Q1 Q2 a3 Q4 uNITS
GROSS ALPHA
SW-1008 _ 837  pCif
SwW-1011 242) - WD /¥ pCiAl
SwW-1012 L _ 2.0 ND. ND{2) - pCia
SW-1013 : 3.0 ND 5.4(2). pCiA
5W-1015 - B.OO ND 2.512)y - pCis
 SW-5311 . S _ 111.512)- pCi/l
GRQOSS BETA _
SW-1008 . - 158.04 | BCif
SW.1011 _ : 8.000 9.690 4,700 pGiA
SW-1012 - " ND ND ND - pCif
SW-1013 - 11.000 7.5940 4.950 pCil.
SwW-1015 13.000 6.520 . BABD2) - pLiA
SW-5311 ' - §6.000 571002  pCiA
‘BADIUIM-226 _
SW-1008 NS+ ©1.45042) 6.420 - 0.687 pCiA
SW-1011 - ND ND - ND pCiAl
SW-1012 . ND ND ND pCia
SW-1013 ND ND ND pCiA
SWA1015 ND ND ND{2} pCinl
SW-3001 : 138.00 pGiA
SW-3002 74.000 . pCis
SW-3003 : : 105.00 PCiA
SW-3004 3.500 pCi/l -
SW-5305 - 0.480 pCid
SW-5307 _ 0.620 pCift
5w-5311 1.800 . 1.05{2) pCid
. ..BARIUM-228 _

SW-1008 NS® ND ND © pCin
BW-1011 - ND ND pCifl
SW-1012 ND KD ©opCid -
SW-1013 ND - NE pCiA
SW-1016 ; ND ND _ pCiA
SW-5311 : . NO pCiA

' m:ligera2ijoannsiocers 1 iappendix.al _ A-57
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* Tabie'A-3 . .. 1991 Quarterly Surface Water

WS (Continued)
WSSRAP ID ar - Qz Q3
THORIUM-228
SW-1008 NS* . 2.200 ND
SW-1011 : ND
SW-1012 ND
SW-1013 ND
- EWA1015 . C ND
SW-3001 1,300
SW-aD02 ND
SW-3003 5.400
SwW-3004 . 2.500
THORIUM-230
- SW-1008 NS* 3.800 3.210
SW-1011 ND ND -
Sw-in2 ND 2.380
SW-1013 _ : ND 8.800
SW-1015 ND 6.940
SW-3001 : R :
SW-3002 R
SW-3003 R
SW-3004 R
- SW-5305
SW-5307
EW-5311 ND
YHORIUM-232
SW-1008 NS ND ND
SW-1011 ND 2.040
Sw.1012 _ ND ND
SW-1013 | ND 1.010
swaois ND 2,190
0 SWA30M ' 10,800 )
CUEW-3002 . . . 36,300
SW-3003 . 1.800
- SW-3004 : 1.500
SW.BA0S . '
 SW-B307
SW-B311 ND
milusorsZyjoannetassrd i lappendix.al A-58

- Q4

. 4,370
2970
4.670

ND -

ND
ND
ND

- 3.820

" oy1382

Data For Weidon Spring Site and.

UNITS

- pCiA
-pCiN

plid
pCifl - -
pCiA

ol

pCid
pCiA
pCia

pCIA .
plifl -
pein -
pCiA

pGi
pCift
- pCif
- pliAl

oA
pCiA
pCiA
pCiA -

pCiA
pCiA
plifl
pCid
pCif
pCifl

pCi#
pCif
pCifl
pCiA
pCiA




-Tabte A:3 ..

WSSRAP D

LIRANIUM, TOTAL

SW-1001
SW-1002
SW-1003

. SW-1004

SW-1005

SW-1007

SW-1008

SW-1009

SW-1010

SW-1011

EW-1012

SW-1013

SW-1014

- SW-1015

SW-2001

. §W-2002

SW-2003

SW-2004

SW-2005

SW-2007

SW-2010

SW-2011

$W-2012

. SW-2014

. SW-2015

SW-3001

SW-3002

SW-3003

SW-3004

SW-5301

| SW-5302

SW-5305

. SW-5307
. SW-5309

SW-5311

- URANIUM-234
- BW-1012

SW-1013
SW-5311

WSQ {Cuntlnuad}

Q1

- 0.680

155 00
326.00
81.800
13.300
NE*

- 28.600

74.800

4.780 -
4.760

3,400
2,040

NS

2,040
43.500
7.480
16.300
2.720
2.040
1134.2
197.00

. 326.00

NS
NS
102.00
962.00
183.00
2180.0

tnfwdorsI\oannataserd 1 \appandix.al

a2

N -
ND
144.3 .
187.7
98.3
17.7
§2%.00
12.97
135.4
2.040
ND
0.850
0.680

0,680

4.080

- 16.300

8.160

“19.000

18.400
ND

277.1%
121.00

N&

8.870
2,588(2)
128.00
448,00

186.00

1750.0

A77.00

1891, ﬂuarterly Surface Watar

- B5.7

A-59

3,720

Qa3

6.120
3.400
57.1

27,5 -
13.5
667
12.73 .
£1.97
5.645
b.335
4.470
1.380
2.310
ND

10.855

6.120
4,780
ND

363.00
171.00
NS .
20.100
16.723
82.300
369.00
1580.0
213.00

2}

- b3

Q4

2.15
2.0b0
55.03
546
7.458
18.750
1980.0.
13.07
36.0
3.39
1.99

- 2.561
'3.000

3.37

1.47

45.8
12.200
17.600

. 27100

ND
897.0
593.0
NS

NS
17.450(2)
72.100
1370.0
85,900
1750.0
18.200
21.900
27.100
81.150

- 85,200

13802}

.63
84

&
2

- UNITS,

pCif
pCiA
pCiAl
pCid
pCiAl
pCiA
pCifl
pCifl
pCifl
pCiA
pCis
pCiA
pCif
pCiA
pCiA
pCid .
pCiA
pCift
pCia -
pCif
pCiil
pCiAl -
pCifl
pCiA
pCist
pCiA
pCiA
pCisl
pCIA
pCi/l
pCi/l
pCis
pCint
pCifl
pCiA

pCi/l

. pGiA

pCit

071392
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071392
- Table A-3 . 1991 Quarterly Surface Watar Data For Weldon spnng Site and-
' WSsQ tCuntmued]
WSSRAP_ID Qi Q2 Q3 | Qa4 . UNITS
URANIUM-235
SW-1012 . _ : ND pCifl
SW-1013 : ' _ ND pCidl
SW-5311 ' 3810 pCi
VURANIUM-238
SW-1012 : ND pCiA
- SW-1013 . ND pCin
Sw-5311 _ _ : 62.700 pCiA
1 Blank spat:a indicate that no samgling was pfanned for the ln-catlon and sampling pariod,
-2 ND indicate that 2 concentration was not found at the| detaction Hmlt
3 NS indicate that a planned sample was not taken.
4 . {n}indicates the total number {n) of samplas calcuiamﬂ _
5 - indicates that the sample was not taken during the chadule period but '-tak.un in the next
period. . :
miussrs2ijoannetasard 1 appendix.al A-H)
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Table A-4 . 1991 Quarterly Springs Data for Weldon Spring Site
WSSRAP_ID Q1 Q2 Q3 04 UNITS
SP-6301 8.68 | 210 | mg/
SULFATE _
$P-8301 BT 50.9 mgll
SP-8301 143 | ND i
$P-6306 163 1150 ND ~ ND . uah
ANTIMONY

S§B-8301 - ND ND | gl
SP-6306 © ND ND ND - | - ND sofl

| SP-8301 ND ND - o
SP-6308 . 87 285 9.700 49 - oA
BARIUM
SP-8301 76.8 . 141.00 | oA

. $P-6306 308 3230 403.00 324 wgh
SP-8301 No ND g

| $P.6306 ND ND ND | ND gt
CADMILIM

- $P-6301 ND ND g
SP-6308 NG 24.6 ND ND . i
SP-8301 43100 107000 | 19/
$P-6306 33600 53500 38000 34400 o
m:ussrs2yosnnsiagerd 1iappendirnsl A-61
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Table A-4 . 1891 Quarterly Spring Data Fof Weldon Spring Site {Continued)
WSSRAP_ID @1 . @2 @3 | Q4. . UNITS
CHROMIUM
SP-§301 ND | ND | | ol
SP-8306 ND ND ND ND . g
COBALT
. §P-8301 ND ND ' | pah
 SP-8306 ND 30 ND ND pafl
SP-8301 ND " ND : . . st
$P-8306 " ND ND . ND | 16,6 - pgi
IRON .
5P-6301 156 168.00 | - O
$P-6306 4150 401000 5840.0 4470 woh
SP-8301 ND ND ugh
SP-8306 ND - 15.7 ND 20 gl
LITHIUM
SP-6301 ND : ND | ' Hgh
SP-6306 ND " ND ND ND P
SP-8301 - 9290 _ 268100, o soll
SP-6308 7870 10500. 8990.0 |- 8190 pght
MANGANESE
SP.6301 4.8 ND | vot
SP-B306 - 6710 19700. 9140 . 7380 e
MERCURY _
5P-6301 : " ND ND - ' o/
SP.6308 ND ND ND ND - Holt
m:usars Zyoanneiaserd 1iappendix,al A-62




Table A-4

WSSRAP_ID

MOLYBDENUM

SP-8301
SP-8306

NICKEL
SP-6301
5P-86306
POTASSIUM
$P-6301

- 5P-6308

- SELENIUM
SP-8301 .

- BP-B306

- SILVER

5P-6301
SP-8306

S0DIUM

8P-6301
SP-6306 .

THALLIUM
' SP-8301

- SP-8308

YANADIUM -
SP-6301
SP-6306

ZING

SP-6301
SP-6306

1881 Quarterly Spring Data For We!don'Spring Sita {Conti
Q7 |

ND

ND.

ND
ND

1570
1710}

" ND

ND

ND
ND

14700,
10200.

ND -
ND

KD
ND

8.5
ND

muasredijcannaleeerdtappandix.al

Q2

ND

44

3820

ND

ND

12000.

ND

334

51.2

a3
ND
ND
ND

254Q.

2280

ND
ND .

ND
ND

42200.
11000.

ND
ND

16.2.

9.7
46.8

Q4

ND

2970

ND -

ND

9870

ND

" ND

10.0

UNITS

Aol

g

srgil

it

o

L

-l

#oi

- gagdl

pi

HDA

pghl

snf

&gil
il

OF1a8z
nued)
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Teble A4 . 1991 Quarterly Spring Data Fo

WSSHAF__ID _ - a1 Q2 Q3

ﬁL_E&LlNJJI

SP-6301 218

TR ENZENE

'SP-6301 ND 0.088
. -8P.6302 ND -
' SP.303 0.050 0.300

SP-5306 ND ND ND

1. 3-DINITROBENZENE

SP-6301 ND ND

SP-6307 ND

SP-5303 : ND ND

SP-8306 ND ND ND

2.4.6-TNT _

5P-6301 0.060 0.290

SP-6302 NO

$P-8303 0.360 0.540

§P-8306 ND ND ND

2:4-DNT

SP-8301 ‘ND 0.038

SP-8302 ND

SP-6303 0.050 0.085

SP-6306 ND ND - ND

2.8-0ONT

$P-6301 0,180 0.460

SP-6302 0.020

SP-6303 - 0.830 0.860

SP-6306 ND ND ND

NITROBENZENE

SP-B301 . ND ND

SP.6302 . ND

SP-6303 ND : ND

SP-6306 ND ND ND

A-b4

- Q4

ND:

NC

ND

ND

1.05

ND

r Weldon Spring Site {Cbnti

UNITS

g

#afl

i g

wol
gafl

ol
gl
gil
g/l

i
il
Lol
gl

gl
71|
Frch
il

or1a82
nued)
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Table A-4 1891 Quarterly Spring Data Fdr Weildon Sprlng Site {Continued)
WSSRAP_ID Q1 Q2 Q3 | Q@&  UNITS
URAN|UM. TOTAL
$P-5201 ND | ND . pGin
sP5203 - _ : 0.95 pCift
SP-5301 177 433 314 ' 21 pin
SP.5302 _ 1B8.4 320 365 - 264 pGiA
SP-5303 163 _ 129 K11 4] 183 ~ pCift
SP-5304 81.6 163 172 141 pCifl -
SP-5503 . ND ND . pCiA
SP-6301 48.0 139 £6.5 70.0 pGCiA
SP-830D2 83,2 pCifi
S-8303 _ 2.04. 4.08 2.1 2.51 pCi/l
EP-8306 6.12 16,5 1.44 4 11} pCi.FI'
1 Blank spm lndlcata that no snmpllng was planned for the Ionatian am‘l
sampling period.

ND indicate that a concentration ‘was not found at tha detection lmit.-

NS indicate that a planned sample was not taken.

fn} indicates the total number [n) of samples calculated. _
Indicates that the sample was not taken during the schedule pericd but takan
in the next perod. . ' '

o G by
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. Tabla A-5

Quarterly NPDES Data for WSS, .

WSSRAP_ID a1
NP-0001 ND
~ NP-0004 ND
TOTAL SUSPENDED SOLIDS
NP-0001 2.00
NP-D004 11.0
NP-0006 10134
IFQRM

- NP-0006 77
BIOLOGICAL DXYGEN DEMAND °
NP-D008 19.1
cH

NP-0001 7.14
NP-0O004 B.76
NP-O006 6.70{3)
LETHIUM

NP-O00 7.80
NP-0004 . ND
NE-0006 NR
NP-OD01 1.566
NP-0004 1.9 -
NP-Q006 NR
GROSS ALPHA

NP-00D1  BB0
NP-O004 .15
NP-0008 NR

musera 2Ycannsiassrd Twappendix.a‘l

Q2

ND

NS

4,00
882

- 5.3(3)

ND

9.3

. 7.60{2)

7.35
b.83

ND
ND
MR

480
ND

" ND

a3

0.5

538
16.0
6.00{4}

‘ND

ND -

6.85
8.92
7.30

ND
ND
ND

324
1.81
15.7

133
43.2
ND

Q4.

ND

1L

451

-13.8(5)

2100
13.9

8.01

ND
ND
NR

0.64 -

1.76 .

" NR

150

ND-
ND

6.31(6}

071382 -
UNITS - -

mil’
min

mp/

mph

mgfl

gl
oh

mg/l
mg/l
mgi

pLiA
pCil
pCin
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Table A5 - 1991 Quarterly NPDES Data fof WSS (Continued)
'WSSRAP_ID a1 Q2 = a2 Q4 UNITS
URANIUM TOTAL
© NP-00O1 8168 666 198 220 pCH
NP-0004 _ . 8.52 1.43 4,52 10.0 pCift
NP-0006 NR ND KD ND . pCin
1 Blank space indicate that no sampling was planned for the kocation and sampling period.
2 KD indicate that a concentration was not found at-the detection limit. '
3 NS indicate that a planned sampla was nat taken. .
4 - {n}indicates the tatal numbser {n) of samples calculataﬂ.
5 - Indicates that the sample was nat taken during the schedule period but taken in-the next

pariod.

m:‘l.unr:.!'l.jbmnﬂuurﬂﬂapp_andixia‘i' A6T
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Table A-G - 1991 Monthiy NPDES Data Results for WSS
WSSRAP_ID Jan Feb  Mar April  May  Jume  UNITS
LD

NP-0002 ND ND ND ND [ NS Al
NP-0003 ND ND  ND. 0.2 ND - NS iy
NP-0005 ND ND ND ND " ND NS mi
TOTAL SUSPENDED SOLIDS |
NP-0002 3.0 80 130 26.0 B.o NS mg/

. NP-0003 5.0 40 130 7930 28.3(3] NS mgA
NF-_{]OUE 13.0 510 5.0 7.0 6.0 NS mgh
pH
NP-0002 6.1 6.10 6.25 7.27 5.0 NS  units

. NP-OOO3 - 6.09 6.27 6.42 7.18 6.66(2) NS
NP-0005 6.66 595 651 7.58 5.54 NS
NP-0002 ND 127 ND ND ND NS g
NP-0003 8B40 ND  ND 176 . ND{2) NS o

. NP-0O05 ND 16.2 ND ND ND NS g
H.EI_ZE.&I_E
NP-0002 1.68 2.31 472 1.09 ND NS mg/l
NP-0003 2.04 205 13.6 096 . P38 NS . mgd
NP-0005 288 .ND  29.4 8.10 9,17 NS mal
GR FHA

" NP-0002 180 94 120 110 140 NS pCif

. NE-ODO3 3200 210 1100 640 120 NS pCiA
NP-O00S 1806 510 550 440 550 NS pCift
m:\umi"ﬁnmhsnrﬂhppmdix.:.ﬂ A-63
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Table A-6 . 1991 Monthly NPDES Data Results for WSS (Continued)

WSSRAP_ID Jan Feb  Mar April May = June  UNITS -

URANIUM, TOTAL

NP-0002 187 a5.2 136 136 150 NS pCiA

NP-0003 3400 1390 1290 ga.4 130{2) = NS pCifl

NP-D005 2240 537 748 571 h03 - NS pCifl

1 Blank space irklicats that no sampling was planned for| the lacation and sampilng pericd.

2 ND indicate that a concentration was nat found at the|detection lmit,

3 NS indicate that a planned sampie was nat taken.

4 in} indicates the total number {n) of samples calcuta'taf. o

5 Indicatas that the sample was not taken during the gchadule pesiod but taken in the next
pariod. . .

rn:lunrni\juanna'mwﬁ‘lh;.lpalﬂmﬂ . . A—ﬁg




" Table A-7

WSSRAP ID  July Aug

NP-0002 0.2 NS
NP-00D3 ND NS
NP-0005 0.7 NS -
TOTAL SUSPENDED SOLIDS
NP-0002 283 NS
NP-ODO3 38 . NS
NP-DOOS 212 NS
filal

NP-0002 6.85(2) NS
NP-0003 673 NS
NP-005 6.64 NS
.

NP-0002 ND NS
NP-00D3 ND - NS
NP-0005 ND NS
MITRATE

NP-0002 19,3 NS
NP-0003 881 NS
NP-O0O5 339 NS
GROSS ALPHA

NP-0002 31.8 NS
NP-0003 13.3 NS
NP-0D05 48.7 NS

midvamersdijosinsisasr® Happandix.al

Sept

ND
ND
ND -

ND
ND -
ND

6.87
675
6.45

HD
ND
ND

ND
0.4

. 5.07

40.1
94.8
134

' 1991 Monthly NPDES Data Resuts -

Oct

ND
ND{2)

4.0
10842}
ND

B.07
7.1612)
8.05

ND

D

ND
ND{2}
1.27

42.0
96.5(2)
150

071382

UNITS

mi/l

ComilA

milA

mg/l
mg/l
mga/l

#oh

Lpi

.mgA

mg

pCiA
pCiA

Sacond Half
Nov Doc

D ND{2)
ND{2)  ND{2)
ND  NDU2)
B.0 33.0
1.0 18.0
23.0 16.0
B.42 . 6.612)
B.5212) 6.68(2)
7.01- 6.3(2)
ND ND

ND ND

ND ND
025 1.20
1.20 17.5
.20 21.2

- liga 237
119.5(2) 232
500 314

- pCif
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naxt period,

ATl

' Table A-7 . 1991 Monthly NPDES Data Results 1 Second Half {Continued) -
WSSRAP D July Aug Sept Oct Nov Dec  UNITS
UBANIUM, TOTAL _

NP-ﬂOﬁZ 40.1 NS . 556 820 = P4s 288{2} pCif -
NP-0003 13.6 NS 254 BB.6(2 HE0I2) 2242y pCiA
NP-Q005 - 483 NS 284 160 B14 . 3412} pdiA
1 . Blank space indicate that no sampling was|planned for the Iuciti.nn and sampling
" pariod. -
2 ND indicate that a concentratlon was not found at the detaction limit.
3. NS indicate that a plannad sample was not taken. _ '
4 {n} indicates the total number in) of samplep calculated.
) Indicates that the sample was not taken du

nyg the schedule pariod but taken In the
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APPENDIX B, |
Biclogical Monitoring Data
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Table B-1 Concentrations of Total Uranium in Fish Samptad 1987-1991 pCi/g -
'MOMNITORING : : '
LOCATIONS _ SPECIES 1881 1990/1989 1987 - Average oL
Frog Pond Sunfish Cakes ' ND ND {0.08)
Lake 34 Baae Fllist - 0.010a ND  ND 0.006
Loks 34 Bass Whols " 0.002a 0.024a ' 0.013
Lakcs 34 : Catfish Fillst ND _ 0.002
Laka 24 Catfish Whole - ND MR NG 10.002)
Laks 34 . _ . Crappis Fillet ND Ko - .I,'O-.Dﬁﬁ}
Lake 34 - Sunfish Cakes 0.010s ~ |c.0d1a T ND 0.018
Lake 24 _ Sunfigh Filtet 0.004n ND 00038 .
Lake 34 Sunfish Whola 0.0574 |o.0384 0.046
Lake 35 © Bass Fllet 0.072 |ooesa N 0.027 :
Lake 35 Bass Whole 0014a  |oD27a 0,020
Loke 35 Catfish Fillsts. . 0.030a ND ND 0.014
Lake 26 © Catfigh Livera 0.070a : 6.070
Laks 35 Catfish Whole 0.00% 0,385 0.87
Leke 35 Crappis Cakee 00032 0.012a 0.008
Lake 35 Crappie Filst 0.008a 00065 KD 0.007
Loks 35 Crappla Whola ' 00020 .| D035 0.018
Lake 35 Sunfish Cakas 0.048a 0.0408 ND 0033
Lake 35 ' Suntioh Filat oo1s 0.008¢ _ 0.012
Lake 35 Sunfish Whole - 0.007s 0.282 . 0.144
Laka 38 Baea Fillet 0.00%a . 0,003 - ND 0.008
Laks 26 Baws Whols  0.003a 0,309 6,153 .
Lake 36 Catfish Filst 0.0168  |0.018a ND 0.013
Lake 36 Catfish Whote 0.0048 1.863 0.932
.Laks 38 Crappla Cakes 00213 .01
 Laks 38 Crappie Fillet . o014 0.0052 - 0.003
Lake 38 Crappis Whaie 0.008a | 0.075a 0.042
Lake 3& sunfish Cokes 0.204 . . NG Q.105
rmuasrsdijoannetassrd 1 appandix.b B-i




Table B-1  Concentrations of Total Uranium in F
{Continusd)
MONITGRING :
LOCATIONS SPECIES 1831 1930/1 3489
Lake 28 . Sunfish Filst 0.02%s _Q.N"I
Leke 38 Surfish Whole 0.361 0623
Fernme Dwaga Slough Baxs Fillot
Famme quu Slough Eeaa Whola 0.005a
Farrins Oeaps Slough Buffako Fillst
Fernma Oxape Slough Garp Fillat
Famms Elnnl Slough Cup Whots 0.0038
Femme Qeage Slough Catfiah: Filst ND
Fannma Osags Slough Cutfiah Wholw 0.006a
Femme Ggage Slough Crappia Cakas 00100
Famma Osage Slough Lrappin Rt 1.004a
_ Fornme Oaage Siough Crappla Whole 0.002a
_ Famavis Ogaga Slough E.'mrrﬁsh Cokee C.O0Ea
Femme Osage Slough Suntish Whels 0032
-BACKGAOUND LOCATIONS
Laka-33 Baxe Fill#t 0.C03a
Lake 33 Bass While 0.0020
Laks 33 Carp Filet 0.002a
{akes 23 Tarp Whole ND
Laka 33 Crappla Whele 0.002n
Loke 33 Crappis Fillot 0.003a
Lake 33 Crappis Cakna r.0GTa
Loke 33 Sunfioh Gokes ND
" Lake 33 Sunfish Filot ND
Lake 33 Sunfizh Whole 0.004a
Laks 37 Bwsw Fillwt ND ND
Laka 37 Bass Whala 0.007a ND
Loke 37 Catfish Filst 0.003a
miweere2ijoannsiaanrd 1iappendocb B-2

1957
ND

NE:
HD

NG -

nND

ND

sh' Sampled 1987-1991

Avarage
0026
G A40

ND
0.00%
ND

ND

" D002
WD
0.008
0.007
0.004
D002
0.005
G0z

0.003
L0028

0.002

ND'
0.002
0.003
0.007

ND

0.00%
N

0.004 -
003

071382

p{_'.‘ifu
DL

(0.00%) -

10.008)
10.008)

0003

t0.002)

o003 -
Q.00

10.003)
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' : Q71382
Table B-1 Concentrations of Total Uranium in Fish Sampled 1987-1991
' {Continued) '
LOCATIONS SPECIES 15981 1884011 288 Y8387 Average 1

take 37 Catfish Whola 0.003a 0.013a ¢.008

Lake 37 Sunfish Cakes 0.002a ' ND 0.004

Laks 37 Sunfish Fillet 0.003a ND MND G003

Lake 37 Sunfish Whobe 0.0098. - NE : 0.008
L Yaluss raprapant U-234,U-235 and U-238 conosntrations and non-detects mveraged &5 172 of tha detection Semit.. _
] includes non-deteot aonowntration ' .
oL dhbactiaon Rkt
m:\um‘.’:ﬂwﬁahurﬂuppund[x.h B—3
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Table B-2 Concentrations of Total uranium in Benthic Invertebratés {pCifgl;

Chirlnomide
Others
Dthars
Chironpmids 056 " po7 Pool
Enhemoptera 2.bg 0.07 Pool
'Lmas Olgochasta 12.2 - .88 ool
Chirinomide .50 0,68 - Poal
Othara 83 .68 Pool
Lako 26 ~ Ephemoptaca a3 0.88 Paal
. Cthers ) 44.5 X1 I R
Loke 28 Ephamoptera 0.194 0.075 ' Pool
Othara ND 0.048 Pood
Lake 37 MNaldadae {clams] hJD C.204 Pool
Chivinormide o.142 0027 | Poat
Ephemaptara 0075 : . Paal
Othara $.218 0.041 . ol
Dardanno Crook ' . Othors R 0.014 | Upper Ritse
Others 4 0.014 Upper Pool
Qthare 4‘ (L8234 . Lowaer Riffls -
Libds Famma Osage Othars . I‘lD 1.29 Lawer Fuol..
Cthere Pll:l 401 Upper Riffla
Othaes i do £07  Upger Posl
Burgermsister Spring ] Otnara G489 0.014 - Riffle
| Gamarus i C.88 ‘Lower Pool
Othars 4' .68 UFPH"M :
Gamanis B L 0.014 e
Southsaat Dminaga . Othare zL.z 2.86 Alifie
B Others 2 | 26 Pool
Background SpAng - ' Anwpodm'pﬁmnm 014 . 0.0'14 Aiffle

_ msarsdjoannaaserd Tiappandix.b - '_BH‘
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Table B-2 Concentrations of Total uranium in| Benthic Invertebrates - {pCi/g)
(Continuad) - ' '

DligochastaChirinomids
Crayfish
Amphipads/Ephemoptars

* Asjacted by validstion process

murars 2ijoannaiasars Happendix.b B-_S .
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Table B-3 . Radionuclide Concentrations in Waterfowl from-Raffinate Pit 4

12.008) 0.011)

a2

. 1032)

0002

NO

NO

L —— .

pCijg wat ﬁduht
Detection limite in parsnthesls

Ennugemzuu-mw1wmm.5 - _ . B-6
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Table B-4 -Total Individuals of Waterfow! Weldon [Spring Site, 1991
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GLOSSARY OF TECHNICAL TERMS
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APPENDIX C

GLOS5ARY OF TECHNICAL

ABSORBED DOSE: The amount of energy absorbed in any

Measured in rads, where 1 rad equals 100 ergs ofenergyTb

ACTIVITY: A measure of the mate at which radioactive

. decay; usually given in terms of the number of nuclear {
quantity of material over a unit of time. The unit of activity
and Curie).

M: An acronym for "As Low as Reasonably Acl
Department of Energy goal of keeping releases of radioacti
exposures of humans to radiation as far below regulatory |

. 871392

materiat is undergmng radicactive
disintegrations occurring in a given
¢ is the Curie (Ci} (see also Bequerel

nigvable.” This refers to the U.S.
ve substances to the environment and -
imits as "reasonably achiemhle "

ALLEVIAL AQUIFER: A subsurface zone, formed by
water, capable of yielding usable quantities of groundwa

ALPHA PARTICLE: A positively charged particle
radioactive decay of certain radionuclides. It consists of
together; it is identical to the nucleus of a helium-4 atom,

BACKGROUND RADIATION: Radiation due to cosmic
radioactive elements in the surface of earth.

BEDROCK: A rock formation usually. underlying one ox

BEQUEREL: SI uinit for activity. 1 bequerel (Bq) = 1 di

Ci (curie).

BETA PARTICLE: Charged particle emitted from the g
charge equal in magnitude to that of the electron,

CHAIN OF CUSTODY: Standardized form tracing th
- samples from the time of field collection through labora

COMMITTED DOSE ROUIVALENT: The total dose eq
in the 50 years after intake of a radionuclide into the bod;

CONTAMINATION: A foreign substance in or on the
. objects, or personnel.

m:luseredijosnnateserd eppend-o

deposition of sediments b]r runmng
ta wells o

itted fmm ‘the nuclens durmg the

wo protons and two nei_Jtmns bound

rays and radiation from the namraily

more unconsolidated formations.

sintegration/second = 2,703 X 10731

uclens of an atom, w1t!1 a tnass and

e&sm and handling of fn'ndi\ridual )

analysis.

uivalent averageﬁ thmughnut a tissue
- :

surfaces of soils, structures, m;



mumm}_mmﬂgs Statistical analysis requirg

. counting experiments and (0 make predlcuuns about the ex
_ from these measurements.

CURIE: A measure of the rate of radicactive deca:,r {
digintegrations per secend (3.7 x 1019 dps), which is equ
radium-226.

071381
d to process the .:esulté of nuclear .
pected precision of guantitics derived .-

Dne Curie (Ci) is equalta:!? hl]llrm '
jal to the decay rate of one gram of

DAUGHTER: An element that results :mmedmtely from the d:smtegratmn of a mdmar.:m

elemmt

~ PECAY PRODUCTS: Isotopes that are formed by the
In the case of radium-226, for example, there are 10

stable isotope Lead-206.

' WMM@“@

joactive decay of some other isotope.
ive decay products, ending in the

trations of radtonuchdes in water and

air that could be c:u:mtlm:u:»usl:@r consumed or inhaled and ndt exceed an effective dose equwalent B

of 100 mrem/year. -

PISCHARGE: In groundwater hydrolﬂgjn the rate of ﬂ
a given instant in terms of volume per unit of time.

DQSE: Total radiation delivered to a specific part of the
called dose equivaient.

DOSE RATE: Dose or dose equivalent per unit of time
delivered to the body.

{usua]ly from a wcll or spnng) at
body, or to the hody as a whole; also

(i.e., millirem per year) as it is being

DOSIMETER: A device used in mcasunng radiation dose, such as a hthlum fluoride (L:F}.

: thermolunnnescmt detector (TLD).

EFFECTIVE DOSE EQUIVALENT: The proportion|of the stochastic risk resulting from
irradiation of a tissue 1o the iotal risk when the whole body is irradiated uniformly. A term used

to express the amount of effective radiation when modi
the product of absorbed dose (rads) multiplied by a g
factors. It is measured in rem (Roentgen Equivalent Ma

ERG: 1ERG—28x1n-14KWH

).

ng factors have been considered, it is
ity factor and any other modifying

W The route by which a contaminant/health hazard may enter and

move thruugh the environment or individual.

mAusere2icannstarerd 1iappand-a




EXPOSURE RADIATION: The amount of jonization

rays, measured in Roentgens (R).

- orvaRz

roduced in-air -by X-rays or gamma

. GAMMA RADIATION: Penetrating high encrgy, short wave-leéngih, electromagnetic radiation

(similar to x-rays) emitted during radioactive decay. Gam
be attenuated only by dense materials such as lead.

& TAYS are very penetrating and ¢can

GROSS ALPHA: Measuremmt nf all alpha-emlmng radionuclides in a sample.

ﬁnﬁﬁ&m Measurement of all beta-emitting radmn:chdcs ina samplﬂ Gross alpha and |

_ betaareusefulanalysesforscrwungmdntcrmnew
radionuclides are merited.

ether further analyses for specific

HALF LIFE: The time it takes for half the atoms of & quantity of a particular radioactive

~ element to decay into another form. Half-lives of differel
second or less to billions of years.

HECTARE: ﬂumtofareamthechsystemaqu
approximately 2.5 acres.

HYDROLOGIC: Pertaining to study of the properties,

it isotopes vary from millionths of a

al 10 10,000 square metess. - It i3

distribution, and circulation of water

on the surface of the land, in the soil and underlying rocks, and in the atmosphere.

ISQTOPE: Nuclides havmg the same atomic number but

MDA/LLD: The minimum amount of a2 material or charag
can be detected with reasonable certainty by the analytical

NATURAL URANTUM: A natwrally occurring radioactiy

differmt mass numbers.

teristic property being measured that-
procedure being used. :

/e element that mnsists of 99 283&%

by weight uranium-238, 0.7110% uranium-235 and 0,0054 % uranium-234.

NUCLIDE: A general term refemng {0 isotopes, both stabie (2'?9) and unstable (about Sﬂt]),

of the chemical elements.

. PERCHED LENSES: A small, localized water-saty
surrounded by unsaturated material.

rated zome of subsurface material

RAD: Unit of absorbed dose; acronym for radmhonahs:rrbed dose.
| .

- miussraZyoanoeiweerd 1append.c C-3
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RADIATION: A very general term that covers many forms of particles and energy, from
sunlight and radiowaves to the eneigy that is released from inside an atom. Radiation can be-

" in the form of electromagnetic waves (gamma rays, x-rays) or particies (alpha particles, beta
particles, protons, neutrons}. : ' :

RADIONUCLIDE: An unstable nuclide that undergoes

RAFFINATE: A wasie product from a refining process, i.c., that portion of a treated lquid
nﬁxturethatisnotdimlvu&andmtrenmvedh}rasehcﬁ solvent.

ive decay. |

: i an): A quantity used in| radiation protection to express the
'effechveduaeeqmvalmtfernﬂfomsofwnmngradm'on A rem is the product of the
~ absorbed dose in rads and factors related to relative biological effectiveness.

S1: International System of Units,

SIEVERT: SI unit nsed to express. the effective dose egquivalent for all farms of mzmg', "
radiation. 1 Sv = 100 rem .

ms_'ﬂﬂ' *Stochastic™ effects are those for which
rather than its severity, is regarded as a function of dose,

probability of an effect mcumng, '
ithout a threshold,

WORKING LEVEL: Any combination of radon-22 y products in 1 liter efa:rthat wilk
remﬂtmﬂwultnmteemumunufﬂ?lcrgofalphamerg is defined as | WL. It is based on
the 0,21 erg-of alpha energy that would be emitted by the decay products of 100 pCi of Ra-222
in 1 liter of air, where the decay pMuctsaminmdimcﬂveethhnummthﬂlepmt

WORKING LEVEL MONTH: Thepmdm:meLand duratmnofe.xposure, nnmahzadm o
a 1-month exposure period. :

that-of visible light. It is customary to refer to rays originating in the nucleus as gamma rays

X-RAYS: Penetrating electromagnetic radiation having a E:e length that is much shorter than .
and fo those originating in the electron field of the atom as x-rays. -

muesrs 2joannalanard 1apnand-o . -4
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. APPENDIX D
ACRONYMS AND ABBREVIATIONS

ABWA Auvgust A. Busch Memorial Wildlife Asea

AEC Atomic Energy Commission

ALARA as low as reasonably achievable L .

ARAR applicable and/or relevant and approprijte requirements
- BN1 Bechtel National Inc. . .

BOD - Biochemical Oxygen Demand

CAA Clean Air Act

CERCLA Conmrehmswe Environmental Respnnse, Cumpensauun and Laahthty Act

CM&D Construction Management and Operzatigns .

CWA Clean Water ‘Act

CX - categorical exclusion

DA Department of the Army

DCG Derived Concentration Guideline

DNT dinitrotoluene

DOE ' 11.S. Department of Energy

poT Department of Transportation

DQO data quality objectives

EA Environmental Assessment

EDAP Environmental Data Administration Plan

EDE effective dose equivalent

EE/CA engineering evaluation/cost analysis

EIS Environmental Impact Statement )

EPA U.5. Environmental Protection Agency

ES&H Environmental Safety and Health

FFA " Federal Facility Agreement

FHHS Francis Howell High School

GWPP Groundwater Protection Program

HpGe high purity germanium
_ interim response action

LLD lower limit of detection

MCL . maximum ¢ontaminant level (Safe Dnnkmg Water Act)
" MDA minimum detectable activity

MDNR Missouri Department of Natural Resoyrces

MDOC Missouri Department of Conservation

NCO NEPA Compliance Officer

ND non detect

NEPA National Environmental Policy Act

NESHAP - National Emission Standards for Hazafdous ‘Air Poliutants

m:lussra2ijoannsisserd 1iappend-d D-1




NPDES .
NPL .
ORNL
ORO
OSHA
PCH
PCM
PHEL

. PIC
PIP
PMC
QA/QC
QCSA
QWTP
RCRA
Rl

- RI/FS

ROD
SARA
SFMP
SWATS
SWTP
S0P
TBP
TCLP

- TEM

TLD
TNT
TSCA
TSS
USFWS
USGS
UST
WITS
WLM
WSCP
WSCP/RP/VP
WSOW
WSQ
WSRP
WSS
WSSRAP

m:\umiil._iuannu‘m'u.rﬂl'l.-ﬁppund-d | D-2

National Pellutant Dlscharge Ehminanon System
National Priorities List

Oak Ridge National Laboratory
QOak Ridge Operations
Occupationa! Safety & Health Admnustralim
polychlorinated hlphcnyl :
phase contrast microscopy

permissible exposure limit

pressurized ionization chamber
Productivity Improvement Program
Project Management Coatractor
Quality Assurance/Quality Control
quarry construction staging area
quarry water treatment plant

Resource Conservation and Recovmy
Remedial Investigation

Remediat Inv&suganun!thmty Stud

- Record of Decision

Superfund Amendments and Reauthorization Act
Surplus Facilities Management Progran] :
Site Wide Audit Tracking S]rstem
site water treatment plant
Standard Cperating Procedures
tributyl phosphate

toxicity characteristic leaching procedure
transmission electron microscopy
thermoluminescent dosimeter
trinitrotoluene

Toxic. Substance Control Act

total suspended solid

U.S. Fish and Wildlife Service
U.S. Geological Survey
underground storage tank

Waste Inventory Tracking System
Working Level Monitor

Weldon Spring Chemical Plant
Weldon Spring Chemical Plant/raffinate pits/vicinity properues
Weldon Spring Ordnance Works
Weldon Spring Quarry .
Weldon Spring raffinate pits
Weldon Spring site :
Weldon Sprmg Site Remedial Acuan ijec't_ '

OB1B82
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 WSUFMP Weldon Spring Uranium Feed Materialg Plant
WTP water treatment plant

m:'n.um!'n.jﬁlmmkasarﬂ 1appeid-d D-3
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" APPENDIX E -
mnmmm, GUIDELINES

This Appendix contains standards and guidelines that are either apphcable to thl: WSS
or are presented 1o provide a frame of reference for discussion.

RADIATION STANDARDS (DOE Order 5400.5, Radiation Protection of the Public and the
Environment) '
‘A DOSELIMITS
1. All Pathways .
"~ The effecmre dose equwalent for any member of the publlc from all routine DDE
operations! (natural background and medical exposures excluded) shall not
exceed the values given below:

Effective dose equivalents?
mremSyear  (mSv/year)

" Occasional annual
exposures - 100 (1)

2. Air Pathway Only (Limits of 40 CFR 61, Subpart H)

Effective Dose Equivaleat 10 mrem/year or 0.1 mSv/year

1. Routine DOE operations means normal p! operations and does not inciude
actual or potential accidental or unplanned releases.

2. Effective dose eguivalent wilt be expressed in rem (or millirem) with the

cotresponding value in sievert (or millisievert) in parcnthesis. As used in this

standard, effective dose equivalent incl both the effective dose equivalent .

from external radiation and the committed effective dose equivalent to individual

tissues from ingestion and inhalation during the calendar year.

1 Routine DOE operations mean normal planned operations and does not includs actual or potential accidental .
or unplanned releasea. ' ' .
2 Effective dose equivalent will be expressed in rem {or millitem) with the corresponding value in sievert
: (or miliisievert) in perenthesis. As used in this standard, |effective dose equivalent includes both the -
effective dose squivalant from extecnal radistion and the comimitied effective dose equivalent to- individial
tissues from ingestion and inhalation during the caleadar year. '

| miuseraZijoannsiaserd Tiappand-s - T EA]
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The following table contains a listing of the DCG
water and inhalation of air for members of the public. values are based on a committed
dose equivalent rate of 100 mrem/yr. Five columns of ion are shown in the table: (1}
madionuclide; (2) drinking water ingestion DCG in wnits of uCi/ml; (3) drinking water DCG in
units of Bg/mi; (4) inhalation DCG in units of uCi/m; (5) inhalation DCG in wnits of Bg/mL. |

values for the ingestion-of drinking

»-

Only a single mode of exposure was considered--gither mgesuun or inhalation,

The DCG values are given for individual radigmuclides. For known - mixtures of
radionuclides, the sum of the ratio of the observed concentation of a particular radionuclide and
its corresponding DCG for all radionuclides in the mixtute must not exceed 1.0.

It should be noted that the values given in the table anly account for drinking water and
inhaling air, and do not include other potentially significant environmental pathways. A more
. complete pathway analysis is required for calculating public radiation dose equivalent resulting

 from the operation of DOE facilities when more complex gnvironmental pathways are involved. .

Drinking Water Inhaled Air :

Radionuclide  pCi/ml. Bg/mL #Ci¥/mL | Bg/mL

Natural Uranium 6.0E-07 - 2.2E-02

Uranium-238 . 6.0B-07 2.2E-02 1.08-13 | 3.07-09

Uranium-235  6.08-07 2.2E02 - 1.0E-13 | 3.7E-09

Uranium-234  5.0E-07 1.9E-02 9.0E-14 |3.3E-09

Thorium-232  5.0E-08 1.9E-03 7.0E-15 |2.6B-10.

. Thoriem-230  3.0E07 1.1E-02 4.0E-14 |1.5B-09 .
Radium-228 1.0E07 3.7E-03 3.0B-12 |1.1E-07 ‘
Radium-226 1.0B-07 3.7E-03 i.0E-12 |3.7E-08

C.  RADON

DCGs for radon (Rn-220) are being assessed by DOE. ‘Until the review has been completed and-

new values issued, the valoe of 3.E-09 uCi/ml stated in [DOE Otider 5400.5 shall be used for

. radon releases from DOE facilities. In addition, interim storage facilities will not exceed an
annual average concentration of 3 pCi/l at or above an}'"[ucaﬁﬂn outside the facility site.

m:iuum!\jmnu‘uupra_l \npperd-u E-2
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: '_CHEMICAL STANDARDS

- U.8. BPA Drinking Water Standards (mgﬂ)asnutedm-iﬂCFRParts 141 and 143 aud '
Missouri 10 CSR 6(-4.

Drinking water standards are pmsentad only for comparison purposes. These should nat
necessarily be construed as appllmhle or relevant cieanup standards. :

A. HSL-Metals

Aluminum - NS Lthium NS -

" Antimony NS Magnesium NS
Arsenic 0.05* Manganese . 0.05**
Barium ' 1.0* _ Mercury - 0.002.
Beryllium - N§ . ' Nickel NS
Cadmium 0.01~ Potassium NS
Calcivm - NS Selenium . . 0.0t
Chromivm 0.05* Silver 0.05
Cobalt NS ' Sodiurm NS
Copper 1.0** Thallium NS
Iron _ 0.3%* Vanadium NS .
Lead 0.05 Zin¢ ' 5.0 -

B.  Inorganic Anion and Water Quality

Nitrate (as N) - 10*
Sulfate - 25(p=
. Chloride - 250~
Fluoride ' LA d
Hardness NS
TDS - . 500w

TOC : NS

m:fi,uagui\]nanm'l.nurm \appand-a E—3



'C. . Maximum Contamyinant Levels for Organic Chemicals:

" Contarninant

(A) Chlunmted Hydrocarbons: Endrin (1,2,3,4,10,10-hexa-chloro-
6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4, -endo endo-3,8-
dlmethannnaphth-a]snﬁ)

Lindane (1,2,3,4,5,6-hexa-chlorocyclohexane, gamma isomer).

Methoxychlor (1,1,1-Tricholoro-2,2- h;s—(p—methnxy—phenyl}
ethane).

Toxaphene (C,qH (Clg Technical chlmnated camphene, 67-69

percent chlorine).
(B} Chlorophenoxys: 2,4-D.(2, 4-D1chiorophm-ﬂxyaeenc acu:l)
2,4,5-TP Siivex (2,4,5-Tri-chlorophenoxy-propionic acid),

* Primary maximum contaminant level
w Secondary maximum contaminant level
NS  No Drinking Water Standard

wittusers 2ijoanneiarerd 1 append-w E-4
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. APPENDIX F
CONVERSION FACTORS
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CONVERSION FACTORS
1 millisievest (mSv) = 100 mrem
1 milliroentgen (mR) = 1 mrem (for gamma radiation}
1 Carie (Ci) .= 3.7X 10"%ps (disintegrations/sec)
1 Bequerel (Bq) = 1 disintegration per second
1M = 1000 litres |
1 pCin = ° 0.037 Byl
lbm ' = .62 miles
1m - =  328f
I a? | - 13layd
1 mm ' = 039 inches
iha .. = 2.47 acres
= 100 RAD

1Gy
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DOSE ASSESSMENT CALCULATIONS
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A; Dose from the WSCP/WSRP to a maximally exposed incividual,
1. “Inhalation pathway and external gamma pathways:

Not applicable since there is no reason 10 suspect at the 95% confidence level that .
_airborne radioactive particulate, radon gas, mdﬂmﬂgamnmmdmumdatam
grmterﬂmnthcmspwﬂvebackgmundmmmhnﬂons :

2. Ingestion paﬂlway:

Lak:s that receive effluent from the WSCP/WSRP are used in order io determine the
estimated effective dose nquwa]cnt to a maximally exposed individual via ingﬁuon of
fish, wader, and sediment obtained from these lakes.

On average, fishing at the Busch Wildlife Area required 2.5 hr per visit (MBOC 1991).
Assume that the maximally exposed individual visited the lakes for the purpose of
fishing 25 times during the year. The fish caught to hours spent fishing ratio was
reported as 0.41, while the fish kept to fish caught ratic was reported as 0.48 -
(MDOC 1991). Thus-on an annual basis, the maximally exposed individual would keep
12.3 fish from the lakes. Assume that the edible portion of a fish has an average mass
of 200 g. Thus, the annual consumption rate of 6.5 g/day (EPA 1988) provides a pood

-~ estimate of the consumption rate for fish caught fmm the three affected lakes for the
hypothetical individual.

Boating at the Busch Wildlife Area required more hours per visit than any other activity;
therefore, boating was assumed 1o be the activity in which the maximally exposed
individual participated for the water and sediment ingestion scenarios. Assume the
average time spent by the maximally exposed individual per boating &ip is 5.7 hr,

(MDOC 1991) and the hypothetical individual visits the area for the purpose of boating
ten times in a year. Assume that 25% of the time is devoted to smmmmg during sach
visit, Thus, 14.3 hr are spent swimming in the lakes.

a. Fish: Assume 2 6.5 g/day fresh water fish consumption rate (EPA 1988) from
Lake 36 at the Busch Wildlife Area and a 0,083 pCifg total uranium content in fish,

mitusars2{oannateserd 1 iappendix.g - @-1
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whwhumehlgh&stavﬁagenﬂurmum mncenu'aunnmﬁshufalllabesmmvmg
nmufffmmﬂieWSS :

b. Water: Assume a 0.05 L/hr swimming ingestion rate (EPA 1988) for the 14.3 hr
for a total annual consumption of 0.72 liters, The water is assumed to have a total
pranium concentration as detected in Lake 36 of 51 pCi uranium/l, which is the
highest uranium water concentrations of all lakes receiving runoff from the WSS.

c. Sediment: Assume a 200 mg/dey ingestion rate for the 14.3 hr for & total of
120 mg of sediment. The sediment is assumed to have a total uranium
concentration as detected in Lake 34 of 46.8 pCi uranium/g sediment, which is the
highest uranium concentration of alt lakes receiving runoff fmm the WSS,

CEDE (ingestion) = annual fish mnsumptmn X uranium cuncentranon X uramum-
DCFW : -
+ a:mual water consumption x uranium concentration x uranism ]Z:ﬂl'JF(lfl + annual suhmant
“ingestion X uranjum concentration x uranium DCFD,

= 6.5 g/day x 365 day/yr x 0.083 pCi/g x 2.83E-4 mrem/pCi -
+ .72 liter/yr x §1 pCi/liter x 2.83E-4 mrem/pCi +
0.12 g/yr x 46.8 pCi/g x 2.83E-4 mrem/pCi

= (.070 mrem

The total estimated commisted effective dosé equivalent to the maximally exposed
individual at the WSCP/WSRP area is 0.070 mrem (0.0007 mSv).

I Uummdmmmmﬁcmmmwﬂw;mufﬁmmnﬁsrwﬁfmuchmm
WW-IMM&U*Eﬂs}mTBHGZZMEﬂKHMHM (1988).

m:waerslljoanneiaserd Tiappendx.g ' G-2
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" B. Dose from the WSQ to & maximally exposed individual.
1. Inhalation paﬂiway

a. Mrbumeradmach\repamﬂulate Nutapphcablcmthmmnnmsmmsuspect |
at the 95% confidence level ﬂmta:rhomem&oaﬂuvepamculntedatam greater
thanmebackgmund cmmtmums

© b Rndun pas: Assume the concentration at State Ruute Q4 is'eq_ual to the measured
" net concentration at RD-1002 of 1.2 pCi/l. Assume an annual exposure time of |
50 hrs (Section 4.2.2}. - ' '

Radon concentrations are often expressed in units of working levels (WL) where 1
WL = 100 pCi/liter for Rn-222. Radon exposure is often expressed in terms. of

~ working fevel months (WLM) which corresponds to an exposure of 1 WL doring -
the Teference working period of I month @.¢., 2000 working hours per 12 months -
or 170 hours). Assume a working level ratio for Rn-222 of 50% and a dose |
conversion factor of 1 rem/WLM (ICRP 1981).

net radon concmﬂﬁtiun x exposure time x working level
ratio x dose conversion factor x working month conversion
factor. '

CEDE (inhalation)

1.2 pCifl x 50 hrs x 050 x 1 WL/100 pCift x
1.00 em/WLM x 1 working month/170 hrs x
. 1000 mrem/rem : - '

It

= 1,765 mrem

2 Extemal gamma radiation pathway. assume that the net gamma exposure was that
measured at monitoring station TD-1001 (the highest rate measured at the quarry) of
0.0024 mrem/hr. Assumed an annual residence time of 50 hrs (Section 4.2.2).

EDE (gamma radiation) - = Esture rAle X exposure time
= {12 mrem

m:\.uur:ﬂpimaﬁnrﬂﬂnppcﬁtﬂ G—3
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3. Ingestion pathway: because the quarry is controlled by a 2.4 m (8 ft) high barbed wire

‘fence; fishing, swimming, and drinking water at the quarry do not constitute realistic
. - X .

The wtal estimated comimitted effective dose equivalent to the maximally exposed individual:
-t the WSQ is 1.9 mrem (0.019 mSv). ‘ '

C. Daae from the WSVPs to a maximally exposed individual,

I.

Inhalation pattway: the Femme Osage Slough, that the hypothetical individual is
assumed to frequent, is not suspected of having airborne radioactive particulate

concentrations or radon daughter concentrations above normal background levels

(Section 4.2.3), and thus there should be no effective dose equwalent to th: nposed

. individual via this pathway

External gamma pathway: assumed that the hypothetical mdmdual sat on the bank nf
the siough a total of 200 hefyr (Section 4.2.3). 1In addition, the measured net gamma
exposure rate of 2.4 prem/hr was used to calculate the effective dose equivalent,

EDE {(gamma radiation) = Exposufe time X exposure raic

= 200 hr/yr x 2.4 grem/hr
EDE = {.5 mrem

Ingestion pathway:

. Fish: Assu.me a 6.5 g/day fresh water fish consumption rate (EPA i?EB)-frc}m' the

slough. Assume the uranium-concentration in fish is the average of 10 samples taken
from the stough on May 1, 1991, (Section 4.1.8.3}i.e., 0.007 pCi uranium/g fish. Net

_ uranium concentrations in fish were obtained by subtracting the background uranium

concentration in fish of 0.005 pCi total wranium/gram fish. The net uranium
concentration was used to caleulate the effective dose eqmvalmt via the. mgesuon
pathway, |

- musee 2y canneianstd Twppandix.g ' G4
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_ CEDE (ingestion) = Fish consumption X uranium concentration x DCFYD -
= 6.5 g/day x 365 d/yr x 0.002 pCi/g x 2.83E-04 mrem/pCi-
= 0.001 mrem

" The total estimated -committed effective dose equivalent for the maximally exposed
. individual at the Little Femme Osage Slough is 0.5 mrem (0.005 m8v).

D. Collective Population Dose Estimate

wmﬁ Exposure. points are locations where members of the public are
poteniially being exposed to above-background concentrations of (1} airborne radioactive
particulates, (2) radon gas concentrations, (3) external gamma radiation, or (4) radionuclides. -
in food or water, All three pathways will be addressed forthecullapﬂvepopulaman”
estimate. Exposure to above-background radionuclide concentrations in food or water will
be addressed only for users of the Busch Wildlife Area, a recreational arca which sits.
adjacent to the WSCP/WSRP area. Three of the lakes on this property receive runoff from ..
the WSS and are used by the genﬂal population for fishing and boating purposes. None of
mesebudmsnfwzterareusndasdnnhngwawrsuurm

Expusure points, by deﬁmtwn must be located where there is potential for puhhc exposure
as & result of activities performed at the WSS or from materials stored at the WSS. If there |
is no reason to suspect that environmental monitoring resulis are different than the
" appropriate background monitoring results, then the area surrounding the environmental
monitoring station cannot be considered an exposure point; therefore, the papulation mear
the station as well as the population beyond the siation is not included in the mllectwe

population dose estimate.

The.crniy area where there was reason to suspect that environmental mnmtonng results could
be different than the appropriate background monitoring results was at the WSQ perimeter,
This was true only for radon concentrations and external gamma radiation. The only
pownﬁﬂrwepmmnwmeWSQpeﬂmemrmpeqpleusingmeKatyhaﬂ,ammﬂ_ .

i1} Uranium doss convarsion faator {D<F} wag obtained from the EFA Federsd Report No. 11 {Eckarman et ol 1988}

mussre2inanne aasd 1\appandix.g G-5
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'.hhngmdhlkmgumllnmmdunmmmwﬂsuuthufﬂleqmrry 'I'l'l:l{aty'l’rmlhes
approximately 45 m (49 yd) south of the quarry at its closest point-and about 25 m (28 yd)
below the southern quarry rim. It parallels the southern rim for approximately 260 m
(286 yd). ‘The estimated annual population using the trail is 50,770 persons, which is
derived from a ong-calendar-year estimate made by the Missouri State Parks Department
(Fleming 1992). The exposure time estimate is approximately 5 min, which cotresponds
toa32kmfhr@mﬂh}wﬂhngspeedalongﬂmZﬁﬂm{ZSﬁyﬂ)lengthofuaﬂpamllcling
ﬂwquarry

The Katy Trail was chosen as the only public exposure point near the quarry because there
currently are no environmental monitoring stations near the trail, and therefore, it could not

be concluded with confidence that an above-background concentration could be measured

there. At all environmental monitoring locations near the WSQ (i.e., AP-4011, RD-4006,

‘and TD-4006), there was no reason to suspect at the 95% confidence level that the
monitoring results were different than the background monitoring results. Since there wiis

no reason o suspect that environmental monitoring results at all WSCP/WSRP perimeter |
stations and at all off-site stations were different than the background monitoring results, no -
exposure points other than the Katy Trail were included in the populauun dose nsumate far

the radon and exiernal gamma exposure pathways.

The only area where there was reason to suspect that a significant amount of the general
population could consume fish, water, and sediments from waters that receive runoff from

the WSS was at the Busch Wildlife Area. The only potential receptors at the area are the
peapte who actually use the Busch Wildlife propesty for recreational purposes. Three of the .
lakes at the area (i.e., Lakes 34, 35, and 36) receive runoff from the WSS and are utilized
for fishing and boating activities. 'The Missouri Department of Conservation' recently
conducted a year long survey o determine the number of visitors to the area, the types of
activities in which users participate, and the amount of fime allocated for these activities. -

Fishing at the Busch Wildlife Area averaged 2.5 hr per visit for the approximately 15,000
visits to the area for that purpose. On average, 7,232 fish are kept from the lakes each
" year. Assuming that one person keeps one fish, the population of concern would be 7,232
persons (MDOC 1991). For the water and sediment ingestion scenarios, boating is the
aétijrity assumed 1o provide the potential for incidental water and sediment ingestion. An
estimated 3,838 visits were made for the purpose of boating with an average of 5.7 hr per

e asnnataserd 1 wwppandix.g G-6
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_-ﬁsit. A.ssunung thaxaach visit -constitutes one individual, the total population wmld be
3,838 persons. Eachafmmmgﬁuunmmsarefunhﬁaddressadmcalculmnmm,
seven, and eight., -

Models
In order W estimate airborne radon progeny concentrations at the Katy Truil, the above-
backgroond radon results measured at the WSQ perimeter were incorporated into a box
model. A box model predicts the radon release rate in pCi/y by multiplying the measured
net airborne or radon concentration by the assumed box moded parameters for length, height,
and average annual wind speed. The box model assumes that airborne contaminants are
dispersed homogeneously within the modeled volume of air. The sefected vatue for model
. length is 122 m (134 yd); for height it is 3 m (3.3 yd); and the value for average annual
 wind speed is 2 m/s (4.4 mi/hr). The model length value corresponds 1o the length of the . -
major contaminated area within the quarry, A simplified box model is jusiified: for

calenlating the airborne radon reléase rate since the effective dose equivalent and pnpulanon
duses are low as indicated by the calculation results.

The net annual average radon concentration at the WSQ is 0.6 pCi/l and is calculated by
averaging the results from stations RD-1001 through RD-1006 less the average background
‘result of 0.25 pCiAl |

1. Box Model: length = 122 m (134 yd), height = 3 m (3.5 yd), avérnge wind speed (ﬁ)
= 2 m{s (4.4 mi/hr) ' o

a. Release rate = lenpth x height x & X net annval average radon wnuentranun
w142 Cily
2. The EPA compuﬁi' program CAP-88 is used to estumate the radon progeny
concentration, in wnits of working levels, expectad at the Katy Trail. The mput

parameters required by CAP-88 include:

* Radon release rate (14.2 Cify).

miuasre2ijoannatasers eppendiv.g G—T
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e Area of contamination within the WSQ is equal to the total area of the four -
contaminated zones within the quarry (13,900 m*) (MKF and JEG 19892).

» Distance from the quarry rim to the Katy Trail (45 m at the closest point).

3. Using these parameters, the highest estimated radon progeny concentration at 45 m from
the quarry rim was 0.0011 WL. The cffective dose equivaleat (EDE) from radon
progeny exposure is given by: '

EDE (mrem) = radon progeny. concentration (WL) x exposure time (h) X doge
conversion factor (mrem/WLM)/170

where: - exposure time = 5 min = 0.08h (assumed)
- dose conversion factor = 1000 mrem/WLM (ICRP 1981)

therefore; EDE (rem) = 0.0011 WL x 0.08h x (1000 mrem/WLM)/170
= 5.2B-4 mrem,
4, The population dose estlmal:e for radon progeny exposure is simply the estimated EDE

multiplied by 50,700, which is the estimated rumber of peopie using the Katy Trail near
the WSQ during 1991 (Fleming 1992):

1E-3 rem

‘ Population Dose Estimate {rﬁdﬁn Progeny exposure) = S2E-4 mrem x [ ] x 30,770 persons
' mrem

= 0,026 person rent
5. Population dose estimate due 10 external gamma radiation

a. Assumptions: the quarry is modeled as 4 ¢ireular planar area source of diameter
D = 215 m (same as for previous estimates). ' '

b. The distance from the quarry plane to the top rim of the quarry is hy =23m,

m:‘uuu.uz'nhmmmurmhppundlu.g _ G-8




ﬂl1ﬂ$2

Thedmtanaefmmthequarryplmtuthel(&tyﬁmlmhz h1+dlstann=fmm'
quanjrnmtutheKatyT‘mﬂ = (4 m.

mmmtudetmmmthemunofumﬂgammadoseeqmvﬂmtmatm
pmntsnmamrcularplmarmuisdaﬁnedas

B Inl(R2+h2)RE]
B wiR )

{Cember 1983)

H, = Average abwe—hackgrounddns:equwalent rate attl'tequm'ry fim = ZDOmrem.-"}tr. '
H, = Estimated dose equivalent rate at Katy Trail

R = D/2=108m (118.8 yd)

hy = 22m253yd)

h, = 64 m(70.4 yd)

h The dose equivalent rate at the Katy Trail exposure point:

In{RE AR
(R kAR

| H:‘Hl.

o mrem| Inf(106+64/64%)
yr lh[{mhzma’]

miisats 2 oannataserd  \appandix.g G-9




" patan2

mrem . W .1 84 LggE-04 MM

- 8.6
yr 3654 AN hr

B. The population dose estimate from external gamma at the Katy Trail is thus

Wmmmzmﬂﬂmxﬂ.ﬂ-ﬂd mrem v 0.08h x _l'_mﬂ]
: h 10* mremt |
= 0.004 person rem -

6. Population dose estimate duc to ingestion of fish obtained at the Busch Wildife Area.

a. Assuming that each person of the 7 ,232 population consumes one fish and that the :
edible portion of a fish has a mass of 200 g, the average onnsumptlm rate spemfic-'_ :

to the affected populanun is 0.55 g/person/day.

b. Using the total uranium fish content of 0.083 pCi/g obtained from sampies cotlected
- in Lake 36 and the population specific consumption rate derived from Missouri
Department of Conservauon data, the estimated population dose is '

Population Dose Estimate (fish ingestion) = consumption rate x total *-uranium
: concentration in fish X exposure time x dose
conversation factor x persons

1 Ummhumm%@ﬂwhmﬁmmnﬁsmﬁrmmmm
(U-234 and U-238) in Table 2.2 of Eckerman e al. (1968) -

m:\umiﬁmmn‘l.ugrm \appendi.g - G-10
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fnssixnmapaxmmxzmﬁ4m
day g pei

: ; : I rem
* 7,232 * LOOOD mrem

= 0.034 person—rem

7. Population dose estimate due o incidental ingestion of water at the Busch Wildlife

a. Assume that each person of the 3,838 population makes one boating visit on an
annual basis and 25% of the visit is spent swimming (1.425 hrfvisit).

b. Usmgmetomiuramumsurfacewatermnlenwfﬁlpcmcbmm&nmuke%_._
and an mgesﬂonmteofﬂﬂilfhr(EPh 1933) the ﬁstlmated poputation. duse 19f

Population Dose Estimate (water ingestion) = ingestion rate x total yragivm
' : : concentration in surface water
X exposure time x dose
conversation factord x
persons '

- 005 3‘; x 51 fﬁ‘f x 1425 hr x 2.83E-4 %"—‘

x 3,838 persons x l,féﬁr::'em

=ﬂ.m4personrm

8. Population dose estimate dl;w to ingestion of sediments at the Busch Wildlife lakes

a. Assume that each person of the 3,838 population makes one boating visit on an
annual basis and 25% of the visit is spent swimming (1.425 hr/visit).

1 Ursaiun dose conversion factor (DCF) was the grester of the two DCFs reported for each ursnium isotope. -
{U-234 and U-238) in Table 2.2 of Eckenman et al. {1988). .

rn:'q.uur:!‘-jnanm\nmﬂhnppqndix.u ' G-11
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b. Using the totel uranium sediment content of 46.8 pCi/g obtained from Lake 34 -
and an ingestion rate of 200 mgfday,mcest_imamd-populaﬁon.du:e_is

Population Dose Estimate (sediment ingestion) .=  ingestion rate x total uranium
| o | concentration in sediment x

exposure. time x dose

conversion factorD x persons

1z ﬂ 1 day .. mTem
=200 M8 ; __— & 468 1425 hr 28364 HE™
day . 1,000 mg T lhx_Mhrx T pe
. % 3,838 persons x — 12"
x. C xl,ﬂDUmrem

= 0.0006 person-rem

'h.
a
Y

The total estimated population dose for all potential exposure pathways for calendar year 1991
is 0.069 person-rem. o _ . :

LS

nu\.uuﬂﬂmnm\lnrﬂﬁlppﬂnﬂx.p 'G-12




062182

THIS PAGE INTENTIONALLY LEFT BLANK

miusered\joathelasard tiappendi.g a-13




APPENDIX H
Groundwater Trend Analysis
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Table H-1  Seasonality and Trend Aﬁalysis - Total Uraniurm

Test for Seasonality ’ ' Test for Trend

Mann Whitnay U Mann-Kendall
S5an’s Slopa
. Est.
Vel lo_| {pCiiidavi |
GW-1007 15 0% 0.516 No 49 49 35 Yee ©.11
GW-1008 | 14 | 0% 0.724 No - 53 53 1 Yes . 2413
GW-1008 | . 15 - | 20% 0.854 No 4. 4 . 3% | No - NA
GW-1010° 24 83% 0.739 No 3 { 3 88 | . No NA
¥ w1011 19 | 32% 0.881 No* B 61* 49 | ves* | 001"
GW-1012 20 0% | 0.263 .No 52 62 | 52 Yes | - -0.002
GW-1013 17 0% 0.338 No 0. 0 a2 | N NA
GW-1014 17 0% 0372 | - No 6 | 6 a2 No NA
GW-1015 17 0% | 0.228 Ne | 80. ) 50 42" | vee | o028
GW-1016 6 1 ox. | oan No 72 - 72 a8 | Yes 0.24 -

m:ﬁum‘énuﬁumurﬂiw.h o ' _ . H—l' '




Table H-1  Seasonality and Trend Analysis - Total Uranium (Continued)

Tast for Seasonality . Test for Trend B
Mann Whitnay LU Mann-Kendali :

' _ . Sen's Slopi;
Na. of % data Trend Est.
Seasonality? it. © ipCiflfday)

| Gw-1017
' GW-1018
| GW-1019
| Gw-1020
GW-1021
GW-1022
GW-1023
GW-1024
GW-1026
" GW-1027
| Gw-1028°
| Gw-1029 5
| aw-1030 5
GW-1031 5
7
3

GW-1032
‘| aw-1033

0% | NA NA. NA WA | NAa | NA ] wNa

- r_n:‘.umr\jmwﬂwonix..h_ : PR H-2
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Table H-1  Seasonality and Trend Analysis - Total Uraniurn {Continued}

LSS ansasen
Test for Seasonality . Test for Trend
Mann Whitnay U Mann-Kendall .
. - § ' ' Sen's Sluepﬁ
- No.of | % data | . A Trend Est.
J WeHID | Samples | <DL. | pvalue | Seesonaliy? | Scalc. | Swalc. | Socrit. | vesMo | (pCiliday |
GW-1034 4 50% NA NA 4 4 6 - No NA
GW-1035 4 75% NA NA NA - NA NA NA  NA
1 ow-1036 7  14% 0.860 No 5 5 12 No NA .
1 ew-1037 7 14% 1.000 . No 4 4 13 No NA
GW-1038 7 0% | 0.480 N | 12 12 13 No NA
| Gw-1o03 0% 0.596 No — L 5 f ) NA
| wetdon Spring Chemicil PlantRaffinats - ________ o )
GW-2001 43 | e9% | 0.3105 No 43 |- a3 28 Yes 0.0003 -
GW-2002 7 71% 0.8465 No 45 [ 18 13 | Yee | -0.0003
| Gw-2003 13 | 15% 0.398 No 33 33 28 | ves -0.001
| cw-2004 12 C17% 0.8323 No e s | 2 No NA.
| GW-2006 127 | 42%. | 04347 | Mo 27 | 27 | 26 Yes 0.002 "
GW-2008 12 33% 0.6261 No 7 7 26 No - NA
GW-2007 12 17% | 0.6261 No | -21 21 26 No NA . ]
| ow-2008 13 38% 09385 | . Mo . A2 12 | 28 No . NA I

miiuversjosnhataserd Hapgandix.h : ' H-3




Table H-1

" Seasonality and Trend Analysis - Total Uranium (Continued)

Tast for Seazomality

Test for Trand

H4

Mann Whitney 1 Mamn-Kendatl :
_ ' Sen's Ehupé |
No.of | % data Trend Est. |
| welllD____ | Samples | <DL | pwvale | Seasonafity? | Scale. | Secrit. } ¥esMNo | ipCifiday).
' GW-2009 12 8% 1 No 24 No “NA
GW-2010 12 33% 0.7989 No 19 No NA
GW-2011 12 83% 0.2696 | No No _ NA
GW-2012 13 89% 1 No 8 No NA
| GW-2014 13 38% | 0.4469 No 38 Yes -0.001
I aw-2018 13 15% | o.0528 No 10 No NA
GW-2017 13 0% NA NA NA NA NA
GW-2018 14 14% 0.5101 No 18 No NA
GW-2019 10 0% 0.754 No 14 Na CNA
. GW-2020 13 0% | 03813 No 38 Yes 0.01
| Gw-2021 10 30% NA - NA N& NA NA
| ow-2022 | se% | o586 |  No 19 Yos 0.0004
| Gw-2023 8 26% | ©.3123 No 11 No. - NA
GW-3001 10 . 40% .| 0.7491 No 14 No CNA
GW-3002 0% | 0.5403 No 8 No NA
| aw-3003 8 0% | 04824 | No 18 Yos 0.01
mMmmmm1th




. o . 083092
Table H-1  Seasonality and Trend Analysis - Total Uranium iContinuad}

Test for Seasdnality Tast for Trand
Mann Whitney U Mann-Kendali
1 s _ aﬁnﬂality?

GW-3006 n | 2% | o.0678 No’ C2 2 23 Ne | NA
GW-3008B 1 0% 0.6098 No - 1 23 No NA
GW-3009 13 8% 0.1427 No _ 10 10 28 | “No NA
GW-3019 8 0% 0.8852 | No .2 2 18 No NA
GW-3022 a | o NA No NA NA, NA NA NA
GW-3023 4 0% MNA Na 2 8 Mo NA
GW-2001 10 30% 0.6963 No 2 21 No NA
GW-4002" N . 55% 1 No -4 4 23 No NA
GW-4004 9 11% ¥ CNe | 1 18 " No NA
GW-4005 10 - 0% 0.8485 . No " 11 | 21 | Mo NA
GW-4006 9 78% NA NA 3 1 18 No NA
GW-4007 8 3% 1. No s 1 6 | No NA
GW-4008 g 33% | 0.1558 No .21 21} w8 | Yes -0.003
GW-4009 8 0% 0.8676 No 3 a | s Mo NA
GW-4010 9 0% | 03662 Noe | -15 5 | 18 | ma | wa
GW-4011 .9 11% 0.1779 No .8 8 18 | Ne - NA

nt‘iluum‘ui&mm‘.nurﬂﬂuppmdh.l_'- ' . . . . ' H-5



Table H-1 Eéasunalit\_.r and Trend Analysis - Total Uranium (Continued)

Test for Seasonality . Test for Trend
Mann Whitney U Mann-Kendall

| Gw-4012

| Gw-a013
GW-4014
GW-4015

| GW-4016

GW-4017

| ow-4018_
GW-4018
| Gw-4020
| GW-4021

GW-4022 -

GW-4023

| GW-RMW1

i Gw-RMW2 _ .

| aw-amws 4 | so% [ 01857 [ e o | o | a3 No

3EEE
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Tabla H_-"I Seasonality and Trend Analysis - Tetal Uranium {Continted) _.

Test for Seasonality
Marn Whitney U

© Tast for Trend _

Mann-Kerdal

683082

‘Mo, of
Samples -

GW-RMW4

B m'um‘.iummm1wh : . : - _ H-7




._ Tabla H-2  Trend Analysis - Nitrate

Tnt'forTrend '
Mann-Kendall
- | GW-1002 16
: ' 18
| GW-1005 17 |
| GW-1006 16 0% | -33 g | a3s - No Na -
- f ow-1007 6 | 3% | 53 | 53 | 38 | ves | wooos | -
GW-1008 15 - 53% -25 26 5. No | NA ;
GW-1008 | 16 83% 14 14 38 No NA
GW-1010 16 81% NA NA | Na NA |- NA
GW-1011" 18 | . 77% | mA NA | NA NA ] NA
GW-1012 17 8% 40 a0 | 42 | o NA
GW-1013 18 | sam | na NA NA KA NA
GW-1014 18 83% NA NA NA | - NA NA
GW-1015. 5 | 0% 14 | 14 35 No. NA
GW-1016 14 4% |22 22 | a3 No " NA
GW-1017 15 80% NA NA NA NA - NA
ew018 | 18 | 84w NA NA NA | NA NA
GW-1019 18 93% | NA NA | NA NA NA
GW-1020 11 | t00% NA NA NA | NA NA
{ ew-1021. 1 100% | NA NA Na | NA NA
-} aw-i022 1 oo | na | Na | wa | Na NA
[l aw-1023 9 100% | NA Na | Na NA | Na
GW-1024 12 | 92% NA NA | NA NA NA
GW-1026 10 | 100% | Na | Na | WA NA . NA

nﬁ'ﬁuurﬂnam‘&asnrﬂﬂuppandix.l{ . H-3




083082

Tabla H-2 Trend Analysis - Nitrate {Continued)
Teast for Trand
Mann-Kendalt -
No. of
Samples +Lac.
| sw-1027 9 NA
GW-1028 10 BO% NA NA NA NA NA
GW-1029 5 60% 3 3 8 No NA
GW-1030 5 60% 0 0 NA
GW-1031 5 80% NA NA '
GW-1032 7 86% NA NA
GW-1036 v; 57% B 8 .
GW-1037 7 1% g i
GW-1038 7 100% |  NA NA
| Gw-1039 7 | 8% | na NA

I aw:-2001

15

N Waldon Spirng Chemical Plant/Raffinate Pits

0%

| GW-2002

9

0%

22

Yas

GW-2003

14

0%

47

-Yes

13

0%

20

| Gw-2004
| GW-2005

13

8%

No
Na

| aw-2006

14 0% .22 22 33 No NA

GW-2007 11 1% NA NA NA NA ‘NA

GW-2008 13 0% 48 a8 28 Yes .02
GW-2008 12 . 0% -37 37 26 Yes 0.01
GW-2010 13 0% -13 13 28 . No NA -
GW-2011 12 0% | -19 19 26 No NA
GW-2012 13 0% 19 19 | 28 No NA

| w2013 15 0% 22 2 | 38 No NA

miperatjoannaianserd 1iappendix.h H-9
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Teble H-2 Trend Analysis - Nitrate (Continued} '

Test for Trend
Mann-Kendall
No. ﬂf R N
] Samples Ll | Scaic. |
| Gw-2014 '
GW-2015
GW-2017 | 0 _
GW-2018 14 | o% 46 48 | a3 Yes | -0.002
GW-2019 10 70% | -10 10 | 21 Mo o NAC
GW-2020 13 | o% -18 18 28 |  No NA
GW-2021 9 100% | NA NA | NA~ NA © NA-
GW-2022 9 89% NA NA | Na | WA " NA
GW-2023 9 a4% | 20 | 20| 18 Yes .0.0003
GW-2024 9 100% | NA NA na | oma | wA
| Gw-2025 8 88% NA NA NA NA NA
| GW-2026 9 89% NA NA- | Na NA | - NA.
GW-2027 9 8% | -20 20 18 | Yes -0.0003
b Gw-2028 9 89% | NA NA NA | NA NA
| cw-2029 9 89% | NA | MA | NA | wma | na
GW-203D 3 0% NA NA | NA NA | NA
GW-2031 2 0% NA NA | NA NA NA
| Gw-2032 3 0% NA NA NA NA NA
| Gw-2033 3 0% NA | NA NA | Na - | nNa
| Gw-2034 3 33% NA NA NA | NaA NA
| GW-3001 10 0% -13 13 21 | Ne "~ NA
| Gw-3002 9 67% 0 0 18 No NA
| aw-3003 11 8% 11 11 23 No NA
| Gw-3008 12 67% 4 4 | 28 No NA

miwsgratjosnnsianss9 1iappsndich _ H-10




| : .  ossoez.
Table H-2 Trend Analysis - Nitrate {Continued}

Test for Trend
Mann-Kendall

| 6w-3008

GW-3009
| aw-3019
| aw-2022
| GW-3023,
GW-4001
GW-4002
| Gw-a003
| Gw-4004
| swea008
| aw-a008 9 _ |
| Gw-4007 . 8 75% NA NA | Na NA NA
GW-4008 9 78% | NA NA NA NA NA
GW-4008 8 8% -1 1 16 No NA
GW-4D10 9 33% | -29 29 .| 18 | . ves | -0.0005
GW-4011 9 22% | o 0 18 No | . NA
GW-4012 10 awo% | 3 | 3 | 22 | N . NA
GW-4013 1 9% A5 16 | 23 No NA
GW-4014 9 o% | -18 | 18 .| 18 Yes 001
GW-4015 9 0% | -20 20 18 | Yes 0.008
GW-4016 9 | 100% | Na NA | Na NA  NA
GW-4017 9 | 22% | -20 20 | 18 Yes | -0.003
GW-4018 9 0% 3 3 18 - No NA
GW-4019 2 | 0% 18 18 | 28 No - NA

miussraijoanneiaserd1iappendiv.h ' H-11




: : - 062092
- Table H-2 Trend Analysis - Nitrate {Continued) '

No. of

samplas ey n —— o - m
| aw-a020 B Yes
[ Gw-4021 mE NA _NA
| 6w-4022 | | | we
| Gw-4023 9 |
| Gw-RMW1 12 83% NA NA. | Na NA | . KA
GW-RMW2 13 7% | wa | Na | ma | ona ] NA
| cwirmws 12 83% NA NA wa | oNa - | Na

l‘_cw-nmm 13 8% | 7 7. | 28 No NA I

mAusarsijoannsiaserd 1appandix.h ' H- 12




Table H-3  Trend Analysls - Sulfate

Teat for Troml

071492

. Mann-Kendall
Sen's
, _ No. of . Slope Est.
| Samples . | Scalc. | Seerit. | iCiftfaay) |
| Gw-1005 17 0% 20 20 a2 | No NA
| GW-1008 16 0% 28 28 38 No NA
| aw-1007 16 6% | -28 8 | 38 | No NA
| Gw-1008 15 0% a1 31 | 3B No NA
| GW-1009 18 0% 70 70 a8 | Yes 0.12
GW-1010 16 63% 3 3 | 38 No NA
GW-1011* 13 0% 12 12 28 No NA
GW-1012 17 0% 57 57 | a2 Yes -0,07
GW-1013 18 0% -24 24 45 No NA
| Gw-1014 18 0% -1 11 45 No NA
| Gw-1015 15 0% 38 39 35 | Yes 0.08
| GW-1016 14 0% | 485 45 33 | Yes 0.09
| gw-1017 18 47% 19 19 35 No NA
GW-1018 16 6% | -44 44 38 Yes -0.03
GW-1019 15 67% 38 36 35 Yes | 0.0003
| Gw-1020 11 45% 13 13 | 23 | N NA
ow-1021 | ‘11 | as% 7 7 23 | Mo NA .
[ ow1022 | 11 | ssx | 17 17 |23 | o NA
| gw-1023 | o 13% 1 v | s No NA
GW-1024 12 33% 5 5 26 | No NA -
[ aw1026 | 10 B0% 3 3 2t | No NA
H-13
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Tabie H-3 - Trend Analysis - Sulfate {(Continued)

Teast for Trend
Mann-Kendall
' _ San’s
_ No. of % data : Trend | Slope Est.
Well 1B Samples | <D.L. S-calc, | S-cale. | S-grit. | Yes/No | (pCifiday]
GW-1027 10 0% -1 1 21 Na NA
GW-1028 10 0% | 23 23 21 | Yes 0.02
GW-1029 5 0% 0 o | 8 No NA
GW-1030 5 20% | 8 6 8 | No NA
GW-1031 5 0% -4 4 8 | No NA
GW-1032 6 0% 7 7 | n No NA
GW-1033 3 [ o% | na ] ma | oma} wa NA b
GW:1034 4 0% ' 2 8 No NA
GW-1035 4 0% a | -8 No NA
GW-1038 7 0% | -3 <1 13 No NA
GW-1037 7 0% 2 2 13 No NA
w103 | 7 0% 1 t 13 | N NA
powtoso | 7 | o% | 1e | 1e | 13 | e | o3

Weldon Spring Cherical Plant/Raffinate Pits

| GW-2001 0% 5

I ew-2002 | 0%
{ Gw-2003 0%
Gw-2004 | 8%
GW-2005 1 0%
GW-2008 ' . 8% :
| Gw-2007 1 0% 38 38 23 | ves -0.004
| ew-2008 13 0% 14 14 28 No NA
GW-2009 12 0% 14 14 26 No NA

| GW-2010 13 0% -22 22 28 | nNo NA

m:iuu_n.rs\jdanne\n“r'ﬂ‘i\uppand{x.h H-14




“Table H-3

ari4sz -

Trend Analﬁis - Sulfate (Continuad) |
Tast for Frend
Mann-Kendalf -
' Sen's
_ Slopa Est. |
| el ID | S-cale, | S-orit. tpCifl/day)_}
| Gw-2011 i
1 ow-2012
I aw-2013
| Gw-2014 _
GW-2015 13 .0 8% | -34 34 28 1 Yes | -0.03
i Gw-2017 13 0%. 10 10 28 | No NA
GW:2018 14 0% -31 3| a3 No NA
1 aw2019 9 0% 28 28 18 | Yes 0.02
{ aw-2020 13 0% 45 45 28 Yes -0.06
GW-2021 9 0% -8 8 18 No NA
GW-2022 9 0% | -10 w0 | 18] Mo ‘NA
GW-2023 9 0% 30 30 | 18 | ves 0,02
GW-2024 9 0% | -18 18 18 Yos | .--0.009
GW-2025 8 0% 17 17 16 Yes 0,003
GW-2026 s | o% 11 11 18 Na NA
GW-2027 3 0% 1% 1 16 No NA
GW-2028 s | o% 3 3 18 No  NA
GW-2029 g 0% 2 18 | Na NA
GW-2030 3 | o% | na na | Na |l Na NA
GW-2031 2 0% NA NA Na | Na NA
GW-2032 3 0% NA NA | Na | Na NA
GW-2033 3 0% NA NA NA NA NA
GW-2034 3 0% NA NA NA NA NA
| ow-3001 10 0% ¥ 6 21 No NA
m:%unmﬁ.jonnna‘;,aaarsmppundiu.h H-15



Table H-3  Trend Analysis - Sulfate {Continued}

Test for Trand

071482

Mann-Kendall
Sen's |
Stope Est.
| | (pCifiday) { -
GW-3002 NA |
1 6w-3003 NA
BW-3006
| Gw-3008 | NA
| Gw-3008 14 6% 25 25 33 " No N& -
| GW-2019 8 0% | -10 16 | 18 No NA -
| GW-3022 2 0% | NA NA NA NA NA
l Gwa023 | ® 0% 2 2 8 No NA |
| GiW-4001 10 0% 92 12 21 | wo NA -
GW-4002 1 0% 1 1 23 No NA
GW-4003 9 0% | -2 2 18 No NA
GW-4004 9 0% | -20 20 18 | Yes 001
GW-4005 10 0% 1 n 21 No NA
GW-4006 w | o% -32 32 21 ves | -0.008
GW-4007 8 0% | .10 1 | 18 No NA
GW-4008 9 0% -2 18 | No. NA
' GW-4008 B 0% 8 g | 18 No NA
GW-4010 9 o% | -12 12 | 18 | N NA
GW-4011 9 0% | -4 4 18 No NA
GW-4012 11 0% 9 23 | Mo NA
GW-4013 11 0% | -34 3¢ | 23 | ves 0,02
GW-4014 0% | -4 4 18 | N NA -
GW-4015 19% { 2 18 No NA
GW-4018 1% | -22 22 18 | Yes | -0.04
-m:mun;shjonhﬁ.mmmppandim H-16




' : " 011492
Table H-3 Trend Analysis - Suifate {Continued)

- Test for Trend
Mann-Kendall
' Sen's
Stape Est.
GW-4017 g o% | -8 g | 18 | No NA -
GW-4018 g 0% -24 24 18 Yes | -0.01
GW-4019 12 | o% 39 s .| 26 | ves | -0.003
GW-4D20 9 0% 20 20 [ 18 | ves | -008
GW-4021 9 0% a 4 18 Ne NA
GW-4022 9 0% | -14 14 18 No NA
GW-4023 9 0% | -8 & | 18 No NA
GW-RMW1 13 |- 0% 12 12 | 28 | wo NA
GW-RMW2 13 8% -3 3 | s2 Na NA
GW-RMW3 13 15% | -18 18 28 No’ NA
I GW-RMW4 12 0% 12 12 26 No " NA

m:‘l.l.lura‘n,lﬁamhnrﬂ \appendin.h
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APPENDIX 1
Groundwater Figures
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