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EXECUTIVE SUMMARY

Tiffs Weldon Spring Site Environmental Report for Calendar Year 1993 has been prepared

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

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

located in southern St. Charles County, Missouri, approximately 48 kan (30 mi) west of

St. Louis. The site consists of two main areas, the Weldon Spring Chemical Plant and raft'mate

pits and the Weldon Spring Quarry. The chemical plant, raft'mate pits, and quarry are located

on Missouri State Route 94, southwest of U.S. Route 40/61.

The objectives of the Site En_ronmental Report are to present a summary of data from

the environmental monitoring program, to characterize trends and environmental conditions at

the site, and to confirm compliance with environmental and health protection standards and

requirements. The report also presents the stares of remedial activities and the results of

monitoring these activities to assess their impacts on the public and environment.

This report includes monitoring data from routine radiological and nonradiological

sampling activities. These data include estimates of dose to the public from the Weldon Spring

site; estimates of effluent releases; and trends in groundwater contaminant levels. Also,

applicable compliance requirements, quality assurance programs, and special studies conducted

in 1993 to support environmental protection programs are reviewed.

There were no unplanned releases from the site in 1993. Dose estimates presented in this

report are basedon hypothetical exposure scenarios of public use of areas near the site. In
addition, release estimates have been calculated on the basis of 1993 National Pollutant

Discharge Elimination System (NPDES) and air monitoring data. Effluent discharges from the
site under routine N'PDES and National Emission Standards for Hazardous Air Pollutants

(NESHAPs) monitoring were below permitted levels for total suspended solids and biochemical

oxygen demand except on four occasions.

MONITORING OVERVIEW

WSSRAP environmental management programs are designed to ensure that releases from

the site are at levels demonstrably and consistently "as low as reasonably achievable" (ALARA).

The ALARA principle drives the work activities related to site remediation and contaminant

m:\users\joenne\uer93\exeosum 1
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cleanup programs under U.S. Environmental Protection Agency (EPA) enforcement of the
Comprehensive Environmental Response Compensation and Liability Act (CERCLA).

The ALARAprincipleis appliedthrougheffluentandenvironmentalmonitoringprograms
that provide earlydetectionof contaminantsand providedatarequitedto assess potentialimpacts
to the environment. Routine monitoring also ensures compliance with applicable State and
Federal permits and regulations.

REGULATORYCOMPLIANCE

, The Weldon Spring site is listed on the National Priorities List (NPL) and is governed
by the CERCLA. Under the CERCLA, the WSSRAP is subject to meeting or exceeding
applicableor relevant and appropriaterequirementsof Federal, State, and local laws. Primary
regulations include theResource Conservation Recovery Act (RCRA), Clean Water Act (CWA),
CleanAir Act (CAA), Toxic Substances Control Act (TSCA), and, because the U.S. Department

of Energy (DOE) is the lead agency for the site, the requirementsof the National Environmental
Policy Act (NEPA).

A majoraccomplishmentunderthe CERCLAin 1993 was thepresentationof the Record

of Decision for Remedial Action at the Chemical Plant Area of the Weldon Spring Site (ROD)
(Ref. 10). This document was signed by EPA and DOE in September 1993.

The ROD is based on the Proposed Planfor Remedial Action at the Chemical Plant Area

of the Weldon Spring Site (Ref. 55) and the Remedial InvestigationFeasibility Study-Final
Environmental Impact Statement, and public comment received from these documents. This
decision document presents the selected remedial action for the chemical plant area of the

Weldon Spring site. The remedial action uses chemical stabilization/solidificationas treatment
to address the various sources of contaminationat the chemical plant including softs, sludge,

sediment and material placed in short-termstorage as a result of previous response actions.
After treatment, the materialswill be placed in an on-site engineereddisposal cell.

Other notable compliance activities included treatmentand discharge of water from the

quarryand site water treatmentplants, completionof the temporary storage area, placement of
quarrybulk wastes at the temporary storage area, initiationof an archeologicalreview for the

soils borrow area, and obtaininga nationwidepermit for wetlandelimination.

m:\usere\joenne\uer93\execsum 2
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MONITORING SUMMARY

Environmental monitoring data showed that total emissions of radiological contaminants

from the Weldon Spring site were low in 1993. Airborne particulate monitoring indicated no

distinguishable difference in effluent releases from the Weldon Spring site as compared to

background levels. The 1993 release estimate was 12.7 Ci.

Release estimates for water increased slightly from the 1992 release estimate of 0.15 Ci

to 0.177 Ci in 1993. These effluent releases continued to be below compliance levels. Data

from groundwater and surface water monitoring indicated no measurable impact on drinking

water sources from Weldon Spring site contaminants.

Dose Estimates

In 1993, the maximum committed dose to a hypothetical individual at the boundary of

the chemical plant site was 0.03 mrem (0.0003 mSv). The maximum committed dose to a

hypothetical individual at the boundary of the quarry was 1.9 mrem (0.019 mSv). These

scenarios assumed an individual walking along the perimeter of the site---once a day at the

chemical plant/raffmate pits and twice a day at the quarry--250 days per year. This hypothetical
individual also consumes fish, sediment, and water from lakes and other bodies of water in the

area.

The collective dose, based on an affected population of 112,000, was 0.12 person-rein

(0.0012 person-Sv). This calculation is based on recreational use of the Busch Conservation

Area and the Missouri Department of Conservation recreational trail (the Katy Trail) near the

quarry. These estimates are below the DOE guideline of 100 mrem (1 mSv) annual committed

effective dose equivalent for all exposure pathways. Section 4 and Appendix B of this report

provide additional information on the dose assumptions and calculations.

Air Monitorint

No airborne radionuclide releases other than low volume airborne radioactive particulate

occurred at the site perimeter or at off-site monitoring locations in 1993. Statistical analysis

of air particulate data indicates that the concentrations at the three site perimeter locations and

one off site location were greater than those recorded at the background locations. The average
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radon concentrationat the quarryperimeterwas 0.25 pCi/l above backgroundand the estimated
Rn-222 release was 12.5 Ci (4.6 x 1011Bq). Among the monitoring stations that failed the

statistical analysis, only one station showed 1993 annual concentrations greater than the
comparative 1991 and 1992 annual concentrations.

The results of NESHAPs monitoring indicated that all doses to the public at critical
receptorlocations were less than 1.0 mrem per year. This dose is below the NESHAPs standard
of 10 mrem per year. Critical receptor locations upon which this dose was estimatedincluded
the Missouri Highway MaintenanceFacility, FrancisHowell High School, and the Depamnent
of the Army Weldon SpringTraining Area.

During periods of asbestos abatementwork, airborneasbestos was monitoredas a part
of the nonradiological air monitoring program. Only 10 of the 277 samples indicated results
above the detection limits. Samples above the _ion limits ranged from 0.0006 fibers per
millih'terof air (f/ml) to 0.0022 f/ml. These concentrationswere within the range of normal
backgroundfiber concentrationsand indicatedthatcontainmentwas effective.

NPDES Monitorin2

Intermittent surface runoff at the Weldon Spring Chemical Plant transporteduranium
from the site in 1993 through seven major discharge mutes as identified in Section 6 of this
report. Radionucliderelease estimates were calculated on the basis of the activity of uranium.
The estimateof uraniumreleased to water was 0.087 Ci for U-234, 0.004 Ci for U-235, and
0.086 Ci for U-238.

Annual average uraniumconcentrationsincreased at abandonedprocess sewer outfall
(NP-0001) and atAsh Pondoutfall (NP-0003) due to above normal precipitationfor 1993 and/or
increased work activity in these drainages. The annualaverage in the southeastarea of the site
(NP-0005) decreased to the lowest level since before 1987. This reduction is attributedto

removal of contaminatedsotl duringconstructionof the site water treatmentplant in 1991 and
continuedeffective erosion control measures.
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The Missouri River was monitored during 1993 in support of quarry and site water

treatment plant operations. Both the site and quarry water treatment plants operated near full

capacity for the majority of 1993. Surface water and sediment samples were taken from the

river and analyzed for uranium. The river receives discharges from the water treatment plants.
I

Surface Water

Surface water monitoring in 1993 indicated that the distributions and concentrations of

contaminants remained similar to historic levels with one exception. One of the first bimonthly

samples from the Femme Osage Slough showed uranium concentrations noticeably higher than

historic uranium concentrations. This was determined to be caused by flood conditions. The

furthest monitoring locations downstream from the chemical plant (SW-2001 and SW-2016)

remained within background levels; however, uranium concentrations were above background

at Busch Lakes 34, 35, and 36 and at the Femme Osage Slough.

Groundwater

The groundwater monitoring program included extensive monitoring for radiological and

nonradiological compounds. Radiological results for the St. Charles County well field remained

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

concern were found in groundwater monitoring wells south of the Femme Osage Slough, which

is near the quarry.

Flooding of the St. Charles County Well Field by the Missouri River inundated 26

groundwater monitoring locations; therefore some wells were not sampled during the third and

fourth quarters of 1993. Later sampling indicated that the St. Charles County production wells

were not impacted by contaminants migrating from the bulk wastes in the quarry during the

flooding.

Environmental monitoring indicates that the largest amount of contamination is still

present in the bedrock of the quarry rim and the alluvial materials and bedrock north of the

Femme Osage Slough. Total uranium concentrations remain within background levels, and no

detectable concentrations of nitroaromatic compound were identified south of the slough or in

any of the St. Charles County production wells.
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At the chemical plant, uranium, sulfate, nitrate, and nitroaromatic compounds in
groundwater and springs remained near historic ranges. High concentrations of uranium
typically occur in groundwaterwells near Raffmate Pit 4 and at the southeast corner of the
chemical plant. Contaminanttransportcontinued to be confined to the upperweatheredzone
of the bedrockaquifer at the plant.

The results of biological monitoringof fish from Busch Lakes 34, 35, and 36 showed

uraniumconcentrationsrangingfrom 0.001 pCi/g to 0.129 pCi/g in edible portions.

Backgroundcorn and soybeans samples were collected under the foodstuffsmonitoring
program. Uranium concentrations were less than 0.05 pCi/l with no significant difference
among crop types.

m:\users\joenne\eser93\execsum 6



DOE/OR/21548-436

Weldon Spring Site Remedial Action Project

Weldon SpringSite EnvironmentalReport for CalendarYear 1993

Revision 0

May 1994

Prepared by

MK-FERGUSONCOMPANY
and

JACOBS ENGINEERINGGROUP
7295 Highway 94 South

St. Charles, Missouri 63304

for the

U.S. DEPARTMENT OF ENERGY
Oak Ridge OperationsOffice

Under ContractDE-AC05-86OR21548

m:\users\joanne\aser93\master.doc



051994

ABSTRACT

This Site Environmental Report for Calendar Year 1993 describes the environmental
monitoring programs at the Weldon Spring Site Remedial Action Project (WSSRAP). The
objectives of these programsare to assess actualor potentialexposure to contaminanteffluents
from the project area by providing public use scenarios and dose estimates, to demonstrate
compliance with Federal and Statepermittedlevels, and to summarizetrends and/or changes in
contaminantconcentrationsfrom environmentalmonitoring_.,-ogram.

In 1993, the maximumcommitted dose to a hypotheticalindividualat the chemical plant
site perimeterwas 0.03 mrem (0.0003 mSv). The maximum con_mitteddose to a hypothetical
individual at the boundaryof the Weldon SpringQuarrywas 1.9 mrem (0.019 mSv). These
scenarios assume an individual walking along the perimeter of the site--once a day at the

chemicalplant/raft'matepits andtwice a day at the quarry--250 days per year. Thishypothetical
individual also consumes fish, sediment, and water from lakes and otherbodies of water in the
area.

The collective dose, based on an effected populationof 112,000 was 0.12 person-rem
(0.0012 person-Sv). This calculation is based on recreationaluse of the August A. Busch
MemorialConservationAreaand theMissouriDepartmentof Conservationrecreationaltrail (the

Katy Trail) near the quarry. These estimates are below the U.S. Departmentof Energy
requirementof 100 mrem (1 mSv) annualcommitted effective dose equivalentfor all exposure
pathways. Results from airmonitoring for the National Emission Standardsfor HazardousAir
Pollutants (NESHAPs) program indicated that the estimated dose was 0.38 mrem, which is
below the U.S. EnvironmentalProtection Agency (EPA) standardof 10 mrem per year.

Comprehensivemonitoringindicatedthatemissionsof radiologicalcompoundsin airborne
and surface water discharges from the Weldon Spring site were 12.5 Ci (4.6 x 10]l Bq) and
1.771 x 10"l Ci (6.5 X 10913o.),respectively (260 grams and 409 grams, restively). There
was no measurable impactto any drinkingwater source and no unplannedreleases occurred in
1993. Substances of concern in groundwater south of the Femme Osage Slough and the
St. Charles County well field continued to remain within backgroundranges.

Various State and Federal permit levels are monitored underthese National Pollutant
Discharge EliminationSystem (NPDES) permits. In 1993, permitlevels were maintainedexcept
on five occasions. These all occurredat the administrationbuilding sewage treatmentplant for
biochemical oxygen demand (BOD) and total suspended solids (TSS).
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1 IN'I_ODUCTION

The Weldon Spring Site Remedial Action Project (WSSRAP) is part of the

U.S. Departmentof Energy (DOE) EnvironmentalRestorationProgram, one of the remedial
actionprogramsunderthe directionof the DOE Office of EnvironmentalRestorationand Waste
Management. This Site Environmental Report for Calendar Year 1993 is a summaryof the
environmentalmonitoringresultsobtainedin 1993 andthe statusof Federaland Statecompliance
activities.

DOE requirementsfor environmentalmonitoringandprotectionof the public, as well as
the mandatefor this document, are designated in DOE Order 5400.1, General Environmental

Protection Program, DOE Order 5400.5, Radiation Protection, and its implementingguide,
DOF.,/I_I-0173T: Environmental Regulatory Guide for Radiological E.tffuentMonitoring and
Environmental Surveillance (Ref. 32).

In 1993, environmentalmonitoringactivities were conductedto supportremedial action
underthe Comprehensive EnvironmentalResponse, Compensation and LiabilityAct (CERCLA),
the Clean Air Act (CAA), the Nan'onalEnvironmental Policy Act (NEPA), the Clean Water Act

(CWA), andotherapplicableregulatoryrequirements. The monitoringprogramattheWSSRAP
has been designed to ensure protection of public safety and to evaluate the effects on the

environment, ff any, from remediation activities.

The purposesof theSite Environmental Report for Calendar Year 1993 includeproviding
general informationon the WSSRAP and the currentstatus of remedial activities; presenting
summary data and interpretationsfor the 1993 EnvironmentalMonitoring Program;providing
information on mitigativeactions for remedial action;documentingcontinuingcompliance with
Federal, State, and local requirements;providip._dose estimates for radiological and chemical
compounds as appropriate for the WSSRAP; and summarizing trends and/or changes in
contaminantconcentrationsto support remedial actions, ensure public safety, and maintain
surveillancemonitoring requirements.
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1.1 Site De_ription

The Weldon Spring site is located in southern St. Charles County, Missouri

approximately 48 km (30 mi) west of St. Louis (Figure 1-1). The site consists of two main

areas, the Weldon Spring Chemical Plant and raWmatepits and the Weldon Sprin]gQuarry, both

located along Missouri State Route 94. Access to both the site and quarry is restricted by locked

chain link fences with 24 hour on-site security.

The Weldon Spring Chemical Plant is a 67.2 ha (166 acres) area which operated as the

Weidon Spring Uranium Feed Materials Plant (WSI.WMP) until 1966. Buildings are

contaminated with asbestos, hazardous chemical substances, and small quantities of uranium and

thorium. Rndiological and chemical (polychlorinated biphenyls, nitroaromatic compounc_s,

metals and inorganic ions) contaminants can also be found in the soil in several areas around the

site. The raWmate pits are located on the chemical plant site and include four settling basins that

cover approximately 10.5 ha (26 acres) (Figure 1-2). These pits are radiologically contaminated

with uranium and thorium residues and chemical contaminants including nitrate, flouride,

polychlorinated biphenyls (PCBs) and various heavy metals.

The Weldon Spring Quarry is a former 3.6 ha (9 acres) limestone quarry located south-

southwest of the chemical plant area (Figure 1-3). The quarry is essentially a closed basin;

surface water within the rim flows to the quarry floor and into a pond. The amount of water

in the pond varies seasonally, but the pond is never dry. The quarry contains radiological and

chemical contaminants including uranium, thorium, metals, nitrates, PCBs, semivolatiles,

nitroaromatics, and asbestos.

1.2 Site History

From 1941 to 1945, the U.S. Department of the Army produced trinitrotoluene (TNT)

and dinitrotoluene (DNT) at the Weldon Spring Ordnance Works, which covered 6,974 ha

(17,232 acres) of land that now includes the Weldon Spring site. By 1949, all but about 809 ha

(2,000 acres) had been transferred to the State of Missouri (August A. Busch Memorial

Conservation Area) and to the University of Missouri (agricultural land). Except for several

small parcels transfen_ to St. Charles County, the remaining property became the Army

training area.
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Thnmgfi a Memorandumof Understandingbetween the Secretaryof the Army and the

GeneralManager of the Atomic Energy Commission (AF.C),83 ha (205 acres) of the former
ordnance works property was transferredin May 1955 to the AEC for constructionof the
WSUFMP, now referred to as the Weldon Spring Chemical Plant. Considerableexplosives
decontaminationwas performed by the AtlasPowderCompanyandthe Armypriorto WSUFMP
construction. From 1958 until 1966, the WSUFMP convened processed uranium ore

concentratesto pure uraniumtrioxide, intermediate compounds, and uraniummetal. A small
amountof thorium was also processed. Wastes generatedduringthese operationswere stored
in the four raffmatepits.

In 1958, the AEC acquiredtitle to the WeldonSpringQuarryfromthe Army. The Army
had used it since 1942 for burningwastes from the manufactureof TNT andDNT and disposal
of TNT-contaminatedrubbleduring the operation of the ordnance works. Prior to 1942, the

quarrywas mined for limestone aggregateused in the constructionof the ordnance works. The
AEC used the quarryfrom 1963 to 1969 as a disposal area for uraniumresidues and a small
amount of thorium residue. Material disposed of in the quarryduring this time consisted of

building rubbleand soils from the demolitionof a uraniumoreprocessing facility in SaintLouis.
These materialswere contaminatedwithuraniumand radium. Otherradioactive materialsin the

quarryinclude drummed wastes, uncontainedwastes, and contaminatedprocess equipment.

The WSUFMP was shutdown in 1966, and in 1967 the AEC returnedthe facility to the

Army for use as a defoliantproductionplantto be knownas the Weldon SpringChemical Plant.
The Army started removing equipment and decontaminating several buildings in 1968.
However, the defoliantprojectwas canceled in 1969 before any processequipmentwas installed.

The Army retainedresponsibility for the landand facilities of thechemical plant,but the20.6 ha
(51 acre) tractencompassing the Weldon Springraffmatepits was transferredbackto the AEC.

The Weldon Spring site was placed in caretakerstatus from 1981 through 1985, when
custody was transferredfrom the Army to the _ent of Energy. In 1985, the DOE
proposed designating control and decontaminationof the chemical plant, raft'matepits, and
quarryas a majorproject. A ProjectManagementContractor0PMC)for theWeldon SpringSite
Remedial Action Project was selected in February1986. In July 1986, a DOE projectoffice

was estabfished on _,ite,and the PMC, MK-Fergusonand Jambs Engineering Group, Inc.,
assumed controlof the site on October 1, 1986. The quarrywas placed on the Environmental
ProtectionAgency's NationalPriorities List (lqPL)in July 1987. The DOE redesignatedthe site
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as a Major Acquisition System in May 1988. The chemical plantand raffmatepits were added
to the N'PLin March 1989.

A more detailedpresentation of the production, ownership, and waste history of the

Weldon Springsite is availablein the Remedial Investigation for Quarry Bulk Wastes (Ref. 1)
and the Remedial Investigationfor the Chemical Plant Area of the Weldon Spring Site (Ref. 2).

1.3 Geology and HydrogmlolD

The Weldon Springsite is situatednear the boundarybetween the CentralLowlandand
the OzarkPlateauphysiographicprovinces. This boundarynearly coincides with the southern
edge of Pleistoceneglaciationthat coveredthe northernhalf of Missouri over 10,000 years ago
(Ref. 3).

The Weldon Springquarryis located in low limestone hills nearthe westernbankof the

Missouri River. The mid-Ordovicianbedrockof the quarryareais predominantlylimestoneand
dolomite. Near the quarry,the catt_nate rocks dip to the northeastat a gradientof 11 m/Inn
to 15 m/km (58 ft/mi to 79 ft/mi) (Ref. 3).

There are three bedrock aquifers underlyingSt. CharlesCounty. The shallow aquifer
consists of Mississippian limestones and the middle aquifer consists of the Kimmswick
Limestone. The deep aquiferconsists of formationsfrom the top of the St. Peter Sandstoneto
the base of the Potosi Dolomite. Alluvialaquifers are present nearthe Missouri and Mississippi
rivers.

1,4 Surface Water System and Use

The chemical plant/raft'matepits areais locatedon theMissouri-Mississippi Riversurface

drainage divide (Figure 1-4). There are six surface water bodies at the chemical plant area:

four raffinatepits, Ash Pond, and Frog Pond. Elevationson the site range from approximately
185.4 m (608 ft) above mean sea level (msl) near the northernedge of the site to 205 m (672 ft)
above msl near the southernedge. The topographyof the site is gently undulatingin the upland
areas, typicalof the CentralLowlands physiographicprovince. Southof the site, the topography
changes to the narrowridges and valleys and short, steep streamscommon to the OzarkPlateau

physiographicprovince (Ref. 3).
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No natural drainage channels traversethe site, althoughremnantsof a channelthrough
the Ash Pond area are present. Drainage from the sou_rn portion of the site generally
flows southwardin a tributaryrefen_ to as the SoutheastDrainage (5300 Dr_way), that
flows to the Missouri River.

In the surrounding areas, man-made lakes in the August A. Busch Memorial
ConservationArea are used for public fishing and boating. No swimming is allowed in the
conservationarea, although some may occur. No surface water is used for irrigationor as a
public drinkingwater supply. The northernand western portionsof the site, includingFrog
Pondand Ash Pondareas, drainto tributariesfor Busch Lakesand Schote Creek, which in turn

enter Dardenne Creek, which ultimately drains to the Mississippi River. These draim_s,

BurgermeisterSpring, and Lakes 34, 35, and 36 are contaminatedas a resultof previousplant
operations.

The Weldon Spring Quarry is situatedon a bluff of the Missouri River valley about
1.6 km (1 mi) northwest of the Missouri River at approximatelyriver Mile 49. No direct
surface water runoff enters or exits the quarrydue to the topographyof the area. A 0.2 ha
(0.5 acre) pond within the quarryproperacts as a sump which accumulatesboth direct rainfall
withinthe quarryand the groundwater. Recent dewateringactivities in the quarrysuggest that
the sump interactsdirectly and rapidlywith the local groundwater. The sump is contaminated
with radiologicaland chemical compounds. The quarrypond is not used for any operationalor
public water supply and is maintainedby the DOE within an access controlled and restricted
area.

The Femme Osage Slough, located approximately213 m (700 ft) south of the quarryis
a 2.4 km (1.4 mi) section of the original Femme Osage Creek and Little Femme Osage Creek.
The University of Missouri dammed portions of the creeks between 1960 and 1963 during

constructionof a levee system aroundthe University's experimentalfarms(Ref. 6). The slough
receives contaminated groundwatermigrating from the quarry, causing increased uranium
concentrations in the slough. The slough is used for recreationalfishing.

1.5 Ecology

The Weldon Spring site is surroundedprimarily by State ConservationAreas which
include the 2,828 ha (6,987 acres) Busch Conservation Area to the north, the 2,977 ha
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(7,356 acres) Weldon Spring ConservationArea to the east and south, and the Howell Island
Conservation Area, an island in the Missouri River which covers 1,031 ha (2,547 acres)

(Figure 1-4). The wildlife areas are managed for multiple uses, including timber, fish and
wildlife habitat,and recreation. Fishing comprises a relativelylarge portionof the recreational

use. Seventeen percent of the area is open fields which are leased to sharecrolq_rs for
asriculturalproduction. In these areas, a percentap of the crop is left for wildlife use. The
main agriculturalproductsare corn, soybeans, milo, winterwheat, and lesumes (P,ef. 5). The
districtstaff for these wildlife areas consists of 25 furl-timeemployees supplementedby two to
I0 workers during the summer months (Appendix C). The Busch and Weldon Spring
conservation areas are open year-round, and the numberof annual visits to both areas totals
about 1,200,000 (Alq)endix C).

Much of the chemical plantareaconsists of maintainedgrasslandsand old fields (65.5 ha
[I62 acres]) thatare periodicallymowed. Grasses and forbs are found in this habitatincluding
big bluestem, timothy, red tip grass, foxtail, fescue, thistle, and goldenrod. The northwest
portion of the chemical plant area (22 ha [55 acres]) is relatively naturaland containsforest
habitattypically found in the uplandareas of easternMissouri.

The quarryis surroundedby the WeldonSpringConservationAreaand consistsprimarily
of forest with some old field habitat. Much of the quarryfloor is old-field habitatand contains
a variety of grasses, herbs, and shrubs. The rim and upper portions of the quarry consist
primarilyof slope and uplandforest includingcottonwood, sycamore, and oak (P.ef. 6).

1.6 Climate

The climate in the Weldon Spring area is continental with warm to hot summers and
moderatelycold winters. Alternatingwarm/cold, wet/dry air masses converging and passing
throughthe areacause frequentchanges in the weather. Althoughwinters aregenerallycold and
summers hot, prolonged periods of very cold or very warm to hot weather are unusual.
Occasional mild periods with temperaturesabove freezing occur almost every winter and cool
weather interruptsperiods of heat and humidity in the summer(Ref. 7).

The averageannualtemperatureis 12.8 ° C (55.1 o F). The average daily maximumand
minimum temperatures are 19° C (66.2 ° _ mid 6.5 ° C (43.8 ° _, respectively. On the

average, there are 49 days a year when maximum temperatures are above 32.2 ° C (90° _.

m:_unre_joanne_Her93_seotion.1 l 0



051994

Minimum daily temperatures below O* C (32°1=) occur about 111 days of the year.
Temperaturesbelow -18° C (0 ° F) are infrequent,only aboutfive days per year. Mean annual
precipitationin the area is approximately92.7 cm (36.5 in.).

Wind data recordedat St. Louis for the period 1941 to 1970 indicate that prevailing
winds are from the south duringsummerand fall, and from the northwestand west-northwest
duringwinter and early spring. The average annualwind speed is about 15.3 kph (9.5 mph)
from the south.

A meteorological station is located at the chemical plant to provide data to supportthe

environmentalmonitoringprograms. Data from this stationare used to assess meteorological
conditionsand air transportand diffusion characteristicswhich help determinepossible impacts
of aid_ome releases. In addition,precipitationdata are used to correlatewater level fluctuations
and contaminantconcentrationsin surface water and groundwaterwells.

The meteorological station provides data on wind speed, wind direction, ambient air
temperature,barometricpressure, and precipitationaccumulation. The results of meteorological
monitoring in 1993 are provided in Table 1-1.

i ill iwln i -- Nil

TABLE 1-1 Monthly MeteorologicalMonitoring Resultsfor 1993
,Inn i ,,i ,,,,, -- I I II

Average Tomp Average ear•metric Average Wind PredominantWind
Month Total Pro(:ip(in.) (degree• C) Pressure(millibars) Speed (role•s) Diro©tlon

lii I I I I I i - ii I

January 3.97 -0.6 993 9.01 NE
iii. ii i

February 2.11 -1.1 995 2.96 NW
_ i n n i liB II IIII I Illlll III

March 2.79 4.4 989 3.24 NW
li nln i -- i

I

April • 3.75 11.7 984 3.25 SH.,| i i i i .i -- Jl iii

May 2.90 17.8 982 2.81 SEiiliH __

June 7.05 22.2 983 2.53 S
i ii I i iiii ) i nn| i i i

July 4.77 26.1 962 2.48 S
i , i ii ,

August • 1.23 21.7 857 1.84 NWii , ,i ii . i

September• 6.03 2.96... , .i i i i ., i

O©tobor* 3.18 2.57
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TABLE 1-1 Monthly Meteorological Monitoring Resultsfor 1993 (Continued)
liilli ill I ill I ...... • H ............. H i

Average Tamp AverogeSlrometrio Average Wind PredominantWind
Month Total Preoip (in.) (degreesC) Pressure(rnillibsre) Speed (m/see) Direotion

November° 4.99 - 3.28 -
- i ii ir i

Oeoombore 0.18 - - 3.49 .
i i i i i iiii i i i i

• Dote not nvalleble for all day==
• No dote available

1.7 Land Use and Demography

The populationof St. Charles Countyin 1990 was 212,907; 20% of the populationlives
in the city of St. Charles, approximately22.4 km (14 mi) northeastof the Welden Spring site.
The population in St. Charles incmtsed by 48_ from 1980 to 1990. The two communities
closest to the site are Weldon Spring and Weldon SpringHeights, about 3.2 km (2 nil) to the

northeast. The combined population of these two communities in 1990 was 1,131 (see

Appendix C). No privateresidencesexist betweenWeldon SpringHeights andthe site. Urban
areas occupy about 6 % of county land, and nonurbanareasoccupy 90%; the remaining 4 • is
dedicated to transportationand water uses.

FrancisHowell High School and the Missouri Highway and TransportationDepartment
are both within 1 km (0.6 mi) of the site. FrancisHowell High School is about 1 km (0.6 mi)
northeast of the site along Missouri State Route 94. The school employs approximately 179
faculty and staff, andabout 1,926 studentsattendschool there (AppendixC). Studentsand staff
generally spendabout 7 hoursto 8 hours per day at the school. The buildings arealso used for
other activities, such as athletic events and school meetings. The Missouri Highway and
TransportationDq)artment, located adjacentto the north side of the chemical plant, employs
nine full-time employees (Appendix C). About 300 ha (740 acres) of land east and southeast
of the high school is owned by the University of Missouri. The northernthirdof this land is
being developed into a high-technology research park.
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2 ENVIRONMENTALI'ROTECTION/RESTORATIONPROGRAMOVERVIEW

2.1 Project Purpose

TheU.S. Departmentof Energy(DOE)is responsiblefor theremedialactionactivities
attheWeldonSpringsite. The programis knownas theWeldonSpringSiteRemedialAction
Project(WSSRAP).Themajorgoalsof theWSSRAPareto eliminatepotentialhazardsto the
publicandthe environmentposedby thebuildingsandwastematerialson the WeldonSpring
siteand, to the extentpossible,makesurplusrealpropertyavailableforotheruses.

Remedialactionsare_ubjectto U.S. EnvironmentalProtectionAgency(EPA)oversightq

undertheComprehensiveF.nvivonmentalResponse, ¢ompensmionandLiabilityAct (CI_CLA)
of 1980, as mended by the Super_ Amendmentsand ReauthorizationAct of 1986 (SAGA).
Remedialactionsat the site are subjectto CERCLArequ_ents becausethe site is listedon
the EPA NationalEnvironmentalPrioritiesList (NPL). The DOE is also responsiblefor
complyingwiththevariousFederalcomplianceactsincludingtheNmionalF.n_ronmemalPolicy
Act (NEPA)of 1969. Section3 of thisdocumentfurtherdiscussesapplicableFederal,State,and
local compliancerequirementsand the currentstatusof complianceactivitiesat the Weldon
Springsite.

2.2 ProjectManagement

In order tomanagetheWSSRAPunderthe CERCLA,the proposedstrategyforremedial
activitiesat the WeldonSpringsite is organizedintothe followingfourseparateoperableunits:
Weldon Spring Quarry Bulk Waste, Weidon Spring Chemical Plant, Chemical Plant
Groundwater,andQuarryResiduals.TheWeldonSpringQuarrybulkwasteincludesallwastes
depositedin the quarryandtheirremoval. TheWeldonSpringChemicalPlantOperableUnit
includesthe buildings,softs, mWmatepits,andsurfacewatersin thechemicalplantboundary.
The ChemicalPlantGroundwaterOperableUnit includesthe groundwateratthe chemicalplant
andvicinityareas. The QuarryResidualsOperableUnit includesthe quarrygrmmdwater,
quar_,ybasin;andgroundwater,surfacewaters, andsoils in vicinityareas.
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2.3 Environmmtai Monitoring Program Overview

The overall goal of the WSSRAP is different from that of most of the operating and
productionfacilitiesforwhichDOE Order5400.I,GeneralEnvironmentalProtectionProgram,

wasdeveloped.AttheWSSRAP, environmentalmonitoringisconductedasrequiredbyDOE

Order 5400.1 to measure and monitor effluents and to provide surveillance of effects on the

environment and public health. In addition to these objectives, environmentalmonitoring
activities support remedial activities under the CImCLA. This situation requires a careful
integrationof WSSRAP activities to implement, when possible, all the environmentalandpublic
health requirementsof the CERCLA, and DOE and other relevantFederaland Stau:regulations
and orders.

The WSSRAP also complies with DOE Order5400.1 requirementsfor p_nuation and
maintenanceof anF.n_ronme_ra/Protection Program Implemema_on Plan (EPPIP)(Itef. 8) and

the Environmental Monitorin& P/an (BMP) (P,ef. 9). The EPPIPdetails the pmgmns in place
at the WSSRAPto provide managementdirection,environmentalprotectiongoals andobjectives,
the remedial status of the project, and the overall frame for the protection program at the
WSSRAP. The EMP details the schedule and analyses for effluent monitoring and
environmental surveillance activities thatare performed.

The WSSRAP environmental protection program conducts radiological and
nonradiologicalenvironmental monitoringand is separatedinto two distinctfunctions: effluent
monitoring and environmental surveillance. Effluent monitoring assesses the quantities of
substancesat the facility boundary, in migration pathways from the site, and in pathways
subject to compliance with applicable regulations (e.g., No_onal F.mission Standards for
Hazardous Air Poll_o_s [NESHAPs]) or permit levels and requirements (e.g., National

Pollmam Dischor&e Elimination System [NPDES]). Environmental surveillance consists of
analyzing environmentalconditionswithinor outside the facility boundaryfor the presenceand
concentrationsof site contaminants. The puq_ose of this surveillance is to detect and/or track
the migrationof contaminants. Surveillancedataareused to assess the presence and magnitude

of radiationand toxicological exposuresand to assess the effects, if any, on the general public
and the environment.

TheWSSRAPenvironmentalmonitoringprogrammonitorsvariousmedia for radiological
elements, primarily U-234, U-238, Ra-226, Ra-228, Th-228, Th-230, and Th-232. These
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radionuclidos are the primarycontaminantsof concernat the Weldon Springsite. Rndiological
monitoringis conductedroutinelyat the perimetersand at off-site locations near the chemical
plant and quarry for air particulates, ambient gamma radiation, and radon. P,adiological

monitoring is also conducted on liquid effluents in the form of N]PDESdischarges, streams,
lakes, ponds, and groundwaterwells and springs.

Nomndiological monitoringis primarilyconductedatthechemicalplantand quarryareas,
but also includes monitoring at off-site locations to confirm that no unplannedreleases have
occurred. The nonmdiologicalcompoundsincludedin the routine1993 monitoringprogramare
metals, inorganicions (nitrateand sulfate),andnitroaromaticcompounds. Othernonradiological

compounds are monitored as partof the environmentalmonitoring programincludingasbestos
at site perimeterlocations, andgeochemical parameterssuch as calcium,manganese, and sodium
to assist in groundwatercharacterization,flow, and transportstudies.

2.4 Project Aeeomplishments in 1993

Several activities were completed in 1993 underthe overall plan for remediationof the

site. All four operableunits are currentlyactive, and major accomplishmentsfor three of the

four units are detailed below. The fourth unit, the Chemical PlantGroundwaterOpentbleUnit
is in the scoping phase.

2.4.1 Weldon Spring ChemlcalPlant Operable Unit

A significant event for 1993 was the signing of the Record of Decision (ROD)for

Remedial Action at the Chemical Plant Area of the Weldon Spring Site (Ref. 10) in September.

The ROD presents the planned remedy for the chemical plant area, which is removal of
materials, chemical stabilization/solidificationof raftinate sludgeand other wastes, and disposal
of materials in an on-site facility.

2.4.1.1 Site Water Treatment Plant. Performance testing of the site water
treatmentplant was conducted during March 1993 using contaminatedwater from RaWmate
Pit 4. Initial in-process samplingindicatedlevels below targetand permit levels. During 1993,
15 batchesof waterwere treatedand released to the Missouri River througha permitted outfall.
Various agencies have performed verification sampling of the water treated at both water
treatmentplants.
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Design work is nearingcompletionfor Train2 of the site watertreatmentplant. Train 2
is designed to treatnitratecontaminatedwater in the :Wmate pits. Constructionof additional
effluent basins for Train 2 is scheduledfor 1994.

2.4.1.2 BuHdinlgDismantlement. Asbestos removal, structureand equipment
dismantlement,debriscleanup, interior washdown,polychlorinatedbiphenyl(I_B) cleanup,and

process pipe removal activities are ongoing for two buildingremoval work packagesstarted in
1992 and anotherbuildingremoval package began in 1993.

The 1.3 x 106 1 (350,000 gal) w_er tower was razedon July 7, and the demolition of
13 buildings has been successfully and safely completed.

2.4.1.3 RCRA/TSCA Storage. The Resource Conservation and Recovery Act

(I_CRA)and Toxic Substance Control Act (TSCA) storage facility, Building 434, is currently
being upgradedto supportwaste storage and operationneeds. Improvementswill include re-
_g the floor, adding an additional berm, reroofing, and adding a covered area outside the

building for storage.

2.4.2 Weldon Spring Quarry Bulk Wastes Operable Unit

The first batch of contaminated quarry pond water was treated in the quarry water

treatmentplantduringthe fourthquarterof 1992. Sampleresults were well below the NPDES
limits and the effluent was released January6, 1993. During 1993, 15 batchesof water were

treatedand released to the Missouri River through a permittedoutfall.

During 1993, Phases I and H of quarrybulk waste removal were completed. Phase I
began during May 1993, when the first load of surface waste material was hauled from the

quarryto the wood processing site at thechemical plant. The materialconsistedof wood, brush,
and soil left from grubbing and clearing under previous subcontracts. Phase I marked the

beginning of bulk waste removal from the quarryand the first use of the quarryhaul mad for
its design purpose.

Phase H removal activities began in August, but were suspendedon September 8 due to
structuralfailures on the stabilizer bar of the haul mad trucks. The remainder of Phase H

materialswere hauled using alternateequipment.
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A redesigned lift mechanismwas installedin the haulmad trucksfor Phase m removal
which began in December. Phase HI materials consist of building rubble, soils, drummed
wastes, and contaminatedprocess equipment.

2.4.2.1 Temporary Storage Area. The temporarystoragearea was constructed
in 1993 for temporarystorage of quarrybulk wastes. Currently,the temporarystorage area
contains roll-off boxes and B-25 boxes containingarsenic contaminatedwood, process pipe
contaminatedwith product, and lead contaminateddebris. In addition to container storage,
approximately1,000 loads of bulk waste from the quarry have been placed at the temporary
storage area.

2.4.3 Weidon Spring Quarry Residual Operable Unit

The Quarry Residuals Work P/an (P,ef. 11) and Quarry Residuals Sampling Plan

(Ref. 12) were submittedand approvedby the regulatoryagenciesduringNovember, 1993. The
characterization investigation will include sampling groundwater, surface water, soils, and
sedimentto determine the effect quaxry bulk waste is having on the surroundingareas. Later
phases of samplingwill concentrateon the quarryproperafterthe bulk waste has been removed.

The sampling,originallyscheduled for October 1993, is now scheduled for July 1994 due
to flooding. See Section 10.2.2 for further discussion of the flood. Further schedule
contingencies are being developed in case flooding reoccurs and access to the study areas is
again closed.

2.5 Incident Reporting- Environmental Occurrences in 1993

DOE Order5400.1 PartH, 20)) requiresreportingof environmentaloccurrencesfor the
calendaryear as pan of the site environmentalreport. In 1993, 10 off-normal occurrenceswere
categorized as environmentalhazardoussubstances/regulatedpollutants/oilreleases underDOE
Order5000.3B, Occurrence Reporffng and Processing of Operations Information. Table 2-1
lists these environmentaloccurrencesfor 1993. One occurrenceinvolved a reportablerelease,
and one occurrencewas an NI_F.3 permit requirementexceedance. Total estimated releases
for radiological compoundswere0.1771 Ci for 1993, which includedboth routineandunplanned

discharges. Furtherinformation is presented in Sections 4 and 6. No estimated releases were
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calculatedfor theRpomble occu_ of .oaradio]ogicalparameterssincetheseparameters
are nota threatto the envixomaentor publicsafety.

TABLE 2-1 EnvironmentalOccurrencesCY1993
, , II II IIII

Occurrence Report Ooeurrence
Number (°) Date Comments

i

1993-0OO6 02/09/93 Exceeded NPDES limit for TSS at site sewage plant
i

1993-0007 02/26/93 QWTP eyetern alignment (Carbon absorption unit bypassed)
ii i i i

1993-0008 03116/93 TK-_)I gasket fJlure (spiked water spill at SVVTP)
ii

1993-O010 03/29/93 Effluent pipeline rupture st SWTP
ii ill

1993-0012 O4/19/93 Exceeded NPDES limit for eettleable solidi under the land disturbance

permit for the SWTP pipeline oonetruction.
,i i

1993-0013 04/23/93 Orange oxide spill

1993-0016 04127/93 QWTP ion exchange unit - procedure violation
i ii

1993-0017 06111/93 QWTP ion exchange unit - chemical spill
i

1993-001 g 06/07/93 Ruptured pipe at SWTP
Iliil

1993-0029" 07/22/93 Approximately 8.5 Ibe ethylene glycol released to sump at
decontamination pad (reported to off-site agencies).

I I ""

• Canceled report
(a) All oo©urrences are off-normal

Occurrence 1993-0006 was a dischargefrom theoutfall of theWeldon Springsite sewage

plant thatexceeded the NPDES permit level for total suspendedsolids (TSS). The lqPDES limit
for TSS is 15 mg/l, and sample results indicated a TSS level of 78 mg/l. The corrective

measures included notifying the Missouri Departmentof Natural Resources (MDI_) of the

sampled TSS value, shutting down the sewage treatmentplant and removing the sewage by
pumping to a tanker,and initiating a workpackage to replace the pump.

Occurrence 1993-0012 was related to storm water runoff samples for the Site Water
Treatment Plant (SWTP) effluent pipeline construction area that had settleable solids of
350 ml/l/hr. The NPDES permit does not have a limit, but contains a reporting level of
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2.5 ml/l/hr. Corrective measuresincludednotifying the MDN'Rand increasingerosion control
measures in the area.

Occurrence 1993-0029 was a release of ethylene glycol. On July 22, 1993,
approximately4 liters (approximately 1 gal or 8.5 lbs) of ethylene glycol were released to the

decontaminationpad. The water from the decontaminationpad is pumpedto the equalization
basin at the site water treatmentplant. Process engineers at the WSSRAP indicatedthat the

treatmentprocess shouldbe highly effective in removing trace concentrationsof ethyleneglycol
from the contaminatedwater in the equalizationbasin.

The release was originally classified accordingto DOE Order5000.3B, which requires
reportinga release of ethylene glycol in excess of 100 pounds. The PMC mistakenlyassumed
thatthis quantitywas also the CE,RCLAreportablequantity (RQ). On August 16, 1993, during
the normalreview of Material SafetyDataSheets, WasteManagementpersonneldiscoveredthat
the RQ for ethylene glycol is 0.454 kg (1 lb). The release was then reported to the National
Response Center and the Missouri Departmentof NaturalResources.

2.6 Special DOE Order Related Programs

In additionto the direct programrequirementsand documentationrequiredunderDOE
Order5400.1, the DOE Orderspecifically requeststhatother programsbe presented in the S_te

Environmemal Report, including the groundwater protection management program, the

meteorological monitoring program, and the waste minimization and pollution prevention
program. This section also addresses other programs, including the radiological control
program, self assessments under DOE Order 5482.19, and the surface water management
program in place at the WSSRAP to supportthe environmentalprotectionprogram.

2.6.1 Groundwater Protection Management Plan

The WSSRAP has a formal groundwaterprotectionand managementprogramin place,
andpolicies and practicesare documentedin the Oroundwmer Protec_on Program Monogemem

P/on (Ref. 13). The plan outlines how monitoringprogramswill be developed to assess the

natureand extent of contaminants in the groundwater,to evaluate potential impacts on public
health, and to gather data for remedial decisions. All policies pertaining to groundwater
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monitoring, including well installation, decontamination,construction, samplingmethods, and
abandonmentmethods, are detailed in this plan.

TheOroundmaterProtectionProgrumManagementPlanalsooutlinesthehydrogeological

characterizationprogram conductedas part of CHRCLAactivities. These include fundamental
methods such as groundwater sampling, water level monitoring, slug tests, tracer tests, and
geologic logging.

2.6.2 Meteorological Monitoring Program

A meteorological _tation is located at the chemical plantto provide data to supportthe
environmentalmonitoring programs. The meteorologicalstation provides dam on wind weed,
wind direction, antbientair temperature,barometricpressure, and precipitationaccumulation.
Datafrom this ration areused to usess meteorologicalconditionsandairtransportanddiffusion

characteristicswhich determine possible impactsof airbornereleases. In addition,precipitation
data are used to correlate waterlevel fluctuations and contaminantconcentrations in surface

water and groundwaterwells

2.6.3 Surface Water Management Program

The WSSRAP maintains a surface water management program to ensure effective
implementationof policies detailed in DOE Order5400.5 and documented in the Surface Water

Management P/an (Ref. 14). This program also incorporates the as-low-as-reasonably-
achievable (ALARA) concept in the execution of the program.

This plan identifies existing and potential water sources, water quality categories, and
also provides the requirements and methodologies for proper control, management, and
dispositionof site waters. Erosion and watercontrol, and watermanagementfor the quarryand
site water treatmentplants are also discussed in the plan. The key elements of the plan are
source identification, characterization, monitoring, engineering controls, and managemont
methods. To date, morethan 500 controlled releases of water have been managedthroughthis

program.
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2.6.4 l_diatlon Protectlon Program

The U.$. Depavrmemof Energy Ra_ological Control Manual (RADCON) (Ref. 15),
specifieshow the DOE expectsall facilitiesandcontractorsto conductand managetheir
radiationprotectionprograms. RADCON expandsupon10 CF2 835, whichwas issuedin
December1993 in theFederalRegisterandsetstheminimumacceptableradiologicalcontrol
standardsfor DOE facilities. The manualcontainsrequirementsfor all aspectsof radiation
protection,includingprotectivemeasuresfor internal and externalcontaminationcontrol,
ALARA practices,dosimetry,protectiveclothingand equipment,instrumentation
calibration, worker training, warnings and signpostings, surveyprocedures,waste management,
environmentalsurveillance, and shippingand receiving. The DOE's objective in preparingthis
manual was to ensure that radiationprotection programs and worker training are consistent
among DOE facilities.

The WSSRAPis in compliancewithapproximately 65 % of the provisions in the manual
and has an aggressive implementation plan and schedule for meeting compliance with the
remaining provisions. The WSSRAP has formed a RADCON ImplementationTeam, which
includes representativesfrom allaffected departmentsand is responsiblefor ensuringthatactions

necessary to attain compliance _ completed as scheduled.

2.6.$ Waste Management Program

The waste managementprogramcharacterizeshazardouschemicals and wastes foundon

site to secure and storethese wastesproperly. This programalso consolidatesthe packagingand
shipping of hazardouswaste samples. Hazardousand mixed wastes are stored in the on-site
RCRA and TSCA storage facility, Building 434, and at the asbestos storage area (ASA) and
temporary storage area (TSA) until a final treatmentor disposal option is available. The

WSSRAP has not shipped any RCRA waste off site and therefore has not been requiredto
comply with RCRA manifest or biennial report requirements. Although not required, the

biannualreportwas submittedto MDNR as a courtesy.

Waste minimizationand pollution prevention activities at the Weldon Spring site have
been combined and are described in the Waste MinimizationPollution Prevention Awareness

P/an (Ref. 16). The key elementsof thisprogramarechemical control, trainingandawareness,
work activity review, and a recycling program.
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2.6.6 Seff-AssmmaentProlram

The WSSP.AP complies with the guidelines presented in DOE Order 5482. IB for a self-
appraisaland assessment program. The serf-assessmentprolp'mnis conductedby department
manaprs to verify theirdepartment'scompliancewith the requirementsof the qualityassurance
program. During 1993, the self assessmentprolp'mnwas assessed andan action plandeveloped
to correctdeficiencies. A numberof documents, procedures,programs,activities, and training
programswere developed, implemented,and performed. A detaileddescriptionof the prolp'mn
can be found in the Se_-,4,vse$$me_ Pro&r_,nImp_me_on Plan (Ref. 17).

There were two se_assessments conductedat the WSSRAP, althoughno environmental

self-assessments were conducted during 1993.

2.6.7 Traininz

Training is a key element of the environmentalprotectionprogram. Throughtraining,
each employee is instructed in the policies and proceduresrelated to environmentalprotection.

The training program can essentially be broken into four main areas: (1) documents,

(2) procedures, (3) special courses taughton site to convey specific policies or issues and, (4)
off-site courses designed to provide instruction for specific areas. Dq)anment managers
establishunique training matrixesfor each employee to ensure a comprehensiveunderstanding
of position requirementsand overall policies and programrequirements.

The status of employee training is reported to departmentmanagers and individual
employees six times a year. These bimonthly reports include status of documents and
procedures reviewed and trainingprogramsand off-site courses takenduringthe currentyear.

m:_users_josnne_uer93_,seotion.2 22



061194

3 COMPLIANCE 8UMM,_Y

3.1 Compflane¢ Status for 1993

The WeldonSpringsite is listed on the National Pfioflties List (NPL), and thereforethe

Weldon Spring Site Remedial Action Project (WSSRAP) is governed by the Comprehensive
Environmental Response, Compensation and Uabllily Act (CERCLA) process. Under the

CERCLA, the WSSRAP is subject to meeting or exceeding the applicable or relevant and
appropriaterequirementsof Federal, State, and local laws and statutes, such as the Resource
Consermtion and RecoveryAct (RCRA), the Clean Water Act (CWA), the CleanAir Act (CAA),
the Toxic Substance Control Act (TSCA), the National Historic Presermtion Act (NHPA), the

Safe Drinla'ng Water Act (SDWA), and Missouri regulations. Because the DOE is the lead
agency for the site, the procedural and documentation requirements of the Nattona/

Environmental Policy Act (NEPA) must also be met, as well as the requirements of U.S.
Departmentof Energy (DOE) Orders. Section 3.1.1 is a summaryof WSSRAPcompliancewith
applicableFederal regulations, andSection 3.1.2 is a summaryof the WSSRAPcompliancewith
major DOE Orders.

3.1.1 Regulatory Compliance Status

he " • vim en Remonse. Comvensationand Liability Act

The WSSRAP has integrated the procedural and documentation requirementsof the

CERCLA,as amendedby the Superfund Amendments and Reauthorimtton Act (SARA), and the

NEPA, as requiredby the policy stated in DOE Order5400.4. For example, Engineering
Emluon'on/Cost Analyses (EE/CAs) and Remedial InvestigationFeasibility Study (PA/FS)
documents including (RI/FS) work plans, which are CERCLAdocuments, contain the required
NEPA informationfor Environmental Assessments (EAs) andEnvironmental Impact 5tatemems

OXSs).

The WSSRAPused NEPA andCERCLAsupportingdocumentationto preparetheRecord

of Decision for Remedial Action at the Chemical Plant Area of the Weldon Spring Site (POD)
(Ref. 10). The ROD was signed in September1993 by the EnvironmentalProtection Agency
and the Departmentof Energy. This decision documentpresents the selected remedial action
for the chemical plantarea of the Weldon Spring site. The preferred remedy for the chemical
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plant area of flze Weldon Spring site is removal, chemical stabilization/solidification, and
disposal on site.

The CI_RCLA andtheNarlonalOilandHazardousSubstancesPollurionConrln&ency

P/an (NCP) spell out responsibilities and requirementsfor naturalresoup',etrustees. As lead
NaturalResource Trustee for the WSSRAP, the DOB notified the co-trusteesthatpotentialoff-
site releases of hazardous substances may have occurred and that environmentalrestoration
activities are proceeding. Neither of the co-trustees, the _ent of the Interior and the
Missouri _ent of Natural Resources (MDNR), has respondedto date.

National EnvironmentalPolicyAct

During 1993, three categoricalexclusions were preparedfor the site. These exclusions
were prepared for a physical testing trailer, office trailers, and a wildlife habitatimprovement
project. The categorical exclusions for the physical testing trailer and the additionaloffice
trailers were approved. The thirdexclusion for the wildlife habitat improvementproject was
reviewed by the DOE-Oak Ridge Operationsoffice and was determinedto be withinthe scope

of previously approvedNEPA documents.

Resourc_ Copseryationand Recovery Act

Hazardouswastes at the Weldon Spring site are managedas requir_ by the RCRA (as
substantive applicable or relevant and appropriate requirements [ARARs]). This includes
characterization,consolidation, inventory, storage, and transportationof hazardouswastes that
remained on site afterclosure of the Weldon SpringUraniumFeed MaterialsPlant(WS_)
and wastes that were generatedduringremedialactivities.

A RCRA storage, treatment, and disposal permit is not requiredat the site since

remediation is being performed in accordance with decisions reachedunder the CBRCLA.
Section 121(e) of the CERCLAstates that no Federal, State, or local permit shall be required
for the portion of any removal or remedial action conductedentirely on site.

The RCRA was amendedby the Federal Facility Compliance Act (FFCA), which was
enacted on October6, 1992. The FFCA waives sovereign immunityfor fines andpenalties for
RCRA violations at Federal facilities. However, a provisionpostpones that waiver for 3 years
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for m_ed w_ Land Disposal Restrictionstorage prohibitionviolations at DOE sites and
requiresthe DOB to prepareplans for developing the requiredtreatmentcap_ity and _t
technologies for mixed w|mes. Bach plan must be _prov_ by the S_w or the U.S.
EnvironmentalProtectionAgency(BPA), after consultation with other affectedStatesand
considerationof publiccomment,andan orderissued,by theregulator,requiringcompliance
withtheplan.

The DOE publisheda schedule for the submittalof the plans for the treatmentof mixed
waste in the April 6, 1993, Federal Register. The published schedule specifies thatDOE sites
will provide the site treatmentplansin threephases; the "conceptualplan"by October 1993,
a "draft plan" no later than August 1994, and a "final proposed plan" no later than
February1995.

The Weldon Spring site submitted its con_ site treatmentplan to the Missouri
Department of Natural Resources and the Environmental Protection Agency on
October28, 1993.

Currently,two undergroundstorage tanksthatcontainedgasoline and diesel fuel remain
on site. The tanks are scheduled to be closed appropriatelyduring removal of the building
foundations.

RCILAgroundwatermonitoringfor regulated units is discussed in detail in ChapterVII.

Toxic SubstancesControl Act

Polychlorinatedbiphenyls (PCBs) thathave been removed from service for storage and
disposal activities are managed in accordancewith 40 CFR Part761 (TSCA).

Clean Air Act

CAA compliance requirementspertainingto the site are found in Title I -Nonattainments,
Title m - Hazardous Air Pollutants(including National Emission Standardsfor HazardousAir
Pollutants _HAPs]) and Title VI - Stratospheric Ozone Protection. N]_SHAPs dose

calculationsfor 1993 indicatethe highest recq_or locationwas below the NESHAPs standard
of 0.1 mSv (10 mrem).
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St. C_ Countyis c_ inthe_ml Registerof Novembor6, 1991,56Fit 215
as a moderate nontttalmnom area for ozone. As a moderate ozone nonattalnmentarea, the

requirementswould affect sourcesemittingnitrogenoxide (NOx)andvolatile organiccompounds
(VOCs). At present, sources degdbed above do not exist at the WSSRAP.

Under Title W, asbestos and radionuclidesare hazardousairpollutants. The stap,___rds
establish maximum levels for radionuclides and _s. WSSRAP plans for monitoring
mdionuclides and asbestos have been approved by the I_PA and are described in detail in
Section 5, along with the 1993 status of the monitoring. Table 3-1 lists the major source
categories that could potentially apply to the WSSMAPalong with the respective schedules for
promulgationof the correspondingemission standards.
iiiiiiiii iiii iii ii i iiiii lib i ii I iii i ii i i

TABLE 3-1 Potentially Applicable Major Source Categories
llll I I I Ill I II il I Hi i Ill I Lill I

Major Source Category Schedule Date
ii ill i iilH i i lil i i, i iHii i lll ii il,lll illi

GasolinedtetHbutlon 11 I16/94
II I lll|l I I I llll'nn n I III Ill llll I

Ik)lkl weeto treatment, storage, and dlepoeetfeoWtioo 11Pl6/94
i lllll i liHii !

Site remedi_on 11 I1§/00
I Ill II I I III liB rll Ill II I

, i i .i.i ii i i H ill . i i, i

Currently,the potential majorsource categories existing at the WSSRAP do not exceed
the threshold limits of 9.07 metric tons per year (tpy) (10 tpy) of any single hazardousair
pollutantor 22.7 metric tpy (25 tpy) of a combinationof hazardousairpollutants;nor does the
projectcurrentlystore over 3,780 liter (1,000 gad)of gasoline per containeron site. Therefore,

the project is not subjectto the requirementfor vaporrecoverysystems for gasoline distribution.
However, the Project Management Contractor (]PMC)will continue to monitor the various

sources for applicability. The categories of radionuclideemitters are not yet listed becausethe

criteria for defining major and area sources of these pollutants have not been selected. Upon
proposalof the Maximum Available ControlTechnology standards,the WSSRAPwill develop
appropriateplans and budgets to comply with the standardfor each of these source categories.

Sections 608 and 609 of Title VI areapplicableto the WSSRAP. Section 608 establishes
requirements for national recycling and emission reduction of Class I and H subseances

(chlorofluomcad_ns and hydrochlorofluo_ns, respectively). The section makes it
unlawful to release, vent, or dispose of any Class I or H substances. Requirements in
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Section 608 apply to servicing, _g, mainlaining,anddisposing of anyrefrigerationsystem
(old or new) or air conditioningsystem (old or new). Section 609 specifies requirementsthat
pertainto servicing motor vehicle air conditionersand applies to all WSSRAP vehicles. The
WSSRAPis complying withSections 608 and 609 of Title VI of the 1990 CAA amendmentsby
(l) implementinga phase-outpolicy of ozone-depletingsubstancesby institutingcontrols in the
purchasingnnd use of these substances;and (2) obtaining copies of the personnel training
certificationsandequipmentapprovalrecordsfor personnel and subcontractorsthat service any
WSSRAP ozone-containing equipment (i.e., refrigerators, heating, ventilating, and air
conditioning[HVAC] units, abandonedrefrigerationunits, etc.) or any WSSRAPvehicle cooling
system.

Clean WaterAct

' Effluentsdischargedto waters of the United Statesare regulatedunderthe CWA thmegh
regulations promulgatedand implementedby the State of Missouri. The Federal government
has grantedregulatory authorityfor implementationof CWA provisions to those states with a
regulatory program that is at least as stringentas the Federal program.

Compliancewith the CWA at the WSSRAP includes meetingparameterlimits set in six
National PollutantDischarge EliminationSystem (NPDES) permits. Both effluent and erosion-
controlmonitoringare performed. Section 3.3 offers furtherdetails on the NPDES permits.

The first batch of contaminated quarry pond water was treated in the quarry water
treatmentplant during the fourth quarterof 1992. The sample results were well below the
NPDES limits and the effluent was released January 6, 1993. During 1993, 15 batches of
treatedeffluent were discharged throughthe NPDES outfall.

Constructionof a water treatmentplant at the chemical plant was completed in 1992.
This planthas been designatedas the Site WaterTreatmentPlant - Train 1. This Train 1 plant
treatswater from Raft'matePit 4, shower and decontaminationwater generatedduringbuilding
dismantlementactivities, and runofffrom the temporarystorage area (TSA). During 1993, 15

hatches of treatedeffluent were discharged throughthe N'PDESoutfall.
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The final construction design for the Site Water TreatmentPlant - Train 2 is being
completed, and constngtion is scheduledto begin in 1994. Train 2 is designed to treat the
nitratesfrom the taWmatepits.

Rivers and HarborsAct

During 1993, one nationwidepermitwas applied for underSection 10 of the R/vers and
Harbors Act and Section 404 of the Clean Water Act. The permit was for the proposed
elimination of 0.9 ha (2.2 acres) of delineated wetland in the soils borrow area. The lost

acreage is to be mitigatedon Missouri _ent of Conservationland in the nortlw_ comer
of the AugustA. Busch Memorial Conservation Area as partof a 23. l ha (57 acre) waterfowl
habitat project.

FederalInsecticide.Fun_cide.andRodenticideAct

The WSSRAPmaintainscompliancewith Federal Insecticide, Fungicide, and Rodenticide

Act (FIFRA) requirementsthrough inspection of controlled pesticide/herbicide storage arms.
To date, no application of restricted-usepesticides has occurred. The site is currently in the

processoftrainingandcertifyingtwoapplicators.

Demmnent of Tranmortation
--

Pursuant to HM-181, the WSSRAPconductedon-sitetrainingon the Hamrdous Material

7hmsponation Act. Thetrainingtargetedpersonnel with responsibilitiesfor hazardousmaterials
transportation. The training covered classification of hazardous materials by new shipping
names, new performance basedpackagingrequirements,new requirementsfor marking,labeling

and placarding,and proper segregationand modes of transportation.

Safe Drinkint_Water Act

Currently,the SDWA is not an ARAR at the WSSRAP. The SDWA will be evaluated
for its applicabilityduringthe decision-makingprocess for the groundwaterand quarryresiduals
operable units.
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]B:nergencyPlannin2 and Community PA_ht-to-KnowAct

In 1992, the Secretary of Energy established DOl_'s voluntary participationin the
Section 313 of the Emergency Planning and CommunityRight-to-Know Act _RA) for toxic
release inventory(TRI) reportingand the 33/50 pollutionprevention (PPA) prognun.

In March 1993, guidancewas distributedto all DOE facilitieswhich estab]ished1993 as

the first year for gathering datawith the first reportdue in July 1994.

On August 3, 1993, the President signed Executive Order 12856 di_gfing Federal
Facility compliance with the F.PCRAand the PPA.

The site is developing a programto achieve compliance with the Executive Orderand
to file the first TRI report, if required, in 1994.

NationalHistoric PreservationAct

The expansionof the soils borrowareaandhaulroadrequiredstudyfor potentialcultural
resources. An archeological review of the expanded soils borrow area and haul mad is in
progress. In additionto the Phase I survey (initial evaluation)of the expandedareas, a Phase
II survey (determinationof eligibility for nominationto the NationalRegister) is in progress for
all sites identified in the 1992 Limited Area Phase I Survey.

The Mitigation Action Planfor Remedial Actions at the Chemical P/ant (Ref. 19) area
specifies that anysites eligible for nominationto the NationalRegister will be preserved through
data recovery or avoidance if impacted by the borrow area or haul road development. This
work is ongoing and will extend into 1994.

On March 4, 1993, the State Historic Preservation Officer for Missouri was advised
under the provision of 36 CFR Part 800.5 that a "no effects" determinationon historic or

prehistory propertieswas made for the eliminationof the four man-madeponds and surrounding
wetlands in the borrow area. The StateHistoric Preservation Officer's review period expired
with no comments or rebuttalto the determination.
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Upon completion of the Phase n survey, and where data recovery is necessary, the
Officer will again be consulted and final clearance received.

_dan2ered Snecies Act

The U.S. Fish and Wildlife Service was consultedunder Section 7 of the F.nd_gered

Species Act for the soils borrowarea and haulmad. The Missouri Departmentof Conservation
(MDC) was also contactedregardingState-listed threatenedand endangeredspecies. Through
surveysof the affectedareasa determinationwas made thatwhile the Statelisted Cooper's hawk
was observed in the areathere would be no loss of criticalhabitat and no effect on the species.
There we.-'-_,,:other listed species found in the affected areas and no critical habitatexists in
those areas.

Executive Order 11988 l=locxlolainManagement--

Completion of the site water treatmentplanteffluentdischargepipeline, describedin the

1992 annual site environmentalreport, was delayed for the entire year due to an unseasonably
cold, wet springmarkedby high waters. Heavy, above normal rainfallsswelled the Missouri
River, flooding the outfall area. It is anticipated this constructionprojectwill be completed in
the first half of 1994, providing the Missouri River remains at the normal level.

ArgonneNational Laboratory(ANL), undercontractto DOE Weldon Springs, reviewed

the proposed area for the wetland mitigation projectdescribed in the R/vers and Harbors Act

section of this report. The DOE-OR determined that while the project is in the 100 year
floodplainof DardenneCreek, as shown on the St. Charles County floodplainsmaps(Ref. 18),
the requirements of 10 CFR 1022 do not apply. Using the State and U.S. Army COE
procedures, the permit for this action was obtainedby the MDC concurrentlywith the site C/am
Water Act Section 404 permit application.

Executive Order 11990 Protection of Wetlands

A wetlandsassessmentand delineationfor the softs borrow area, borrow areahaul road,
and the designated mitigationarea at the Busch Memorial ConservationArea was performed

during 1993. The C/ean WaterAct Section 404 permit application describedin the Rivers and
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Harbors Act and Floodplain Protection sections of this report was prepared following the
proceduresand requirementscontainedin 10 CFR 1022 and U.S. Arm)' COE requirements.

The delineationsshow appwximately 0.9 ha (2.2 acres) of wetlands will be impactedin
the soils borrow and haul road area development. The WetlandsProject Plan for the COE

permitapplicationshows a 2 to I mitigationfor the replacementof impacted wetlands (]Ref.4"/).
Full details are provided in the Mt_gotion Action Planfor the Remedial Action at the Chemical
Plant Area (17,ef.19).

3.1.2 DOE Order Compliance

3.1.2.1 DOE Order $400.& Radintlen Pretection of the Public and the

Envirenment. DOE Order 5400.5 establishes nine primarystandardsand requip_mentsfor
DOE operationsto protectmembersof the public and the environmentagainstundue riskfrom

radiation. The DOE operates its facilities and conducts its activities so thatradiationexposures
to members of the public are maintainedwithin establishedlimits.

The annualdose to the maximally exposed memberof the public as a result of activities
at the Weldon Springsite was below the 100 mrem (1 roSy) guideline for all potentialexposure
modes. The 10 mrem (0.1 mSv) annualdose limit for public exposure to airborneemissions,

excluding radon and its respective decay products as specified in 40 CFR Part 61, No_onal

Enu'ssion Standards for Hamrdous Air Pollutants, was not exceeded in 1993. The appropriate
dose evaluationtechniqueswere used to assess 1993 environmentalmonitoringand surveillance

data in compliance with this requirement.

Storm water runoff exceeded the derived concentrationguideline (DCG) of an annual

average of 600 pCi/l for uraniumat ouffalls NP-0001 and lqP-0003. The annual average
concentrationfor uraniumwas 1,003 pCi/l at ouffall lqP-0001 and 607 pCi/l at lq]P-0003. The

increase to above the DCG may be due to a numberof factors including a higher than normal
annualprecipitation,upstreambuildingdemolitionand increasedinflow froman upstreamsource

into theabandonedprocess sewer that leads to lqP-0001. The increase at lqP-0003 was believed

to be the result of the above average annualprecipitationwhich caused Ash Pond to discharge

for a much greater portion of the year than in past years. Ash Pond flow contributes to
N'P-0003and is usually much higher than the other contributingstreams. Based on upstream
monitoring, mitigative measures are being takento reduce the uraniumlevels.
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Bight out-of-service vehicles were surveyed and released from the WSSRAP in
April 1993. A comprehensiveradiologicalsurvey was performedon each vehicle, andthey met
the DOE release guidelines as specified in this order for release of real property, personal
property, and materialsand equipment. Therefore, the vehicles were released for unrestricted
USe.

Records of all environmental monitoring and surveillance activities conducted at the

Weldon Spring site in 1993 are being maintainedin accordancewith the requirementof this
order. All reports and records generatedat the WSSRAP in 1993, pursuantto DOE Order
requirements,presenteddata in the units specified by the applicableregulationor order.

3.1.2.2 DOE Order 5820.2A, Radioactive Waste Management. DOE

Order5820.2A establishes policies, guidelines, and minimumrequirementsby whichthe DOE
manages its radioactiveand mixed waste and contaminatedfacilities. The Weldon Spring site
was in compliance with the applicable portions of ChapterHI (low-level waste), ChapterV
(decommissioning of radioactively contaminatedfacilities), and Chapter VI (administrative

activities related to the Waste Management P/on [Ref. 20]). The types of wastes addressedin

Chapters I, II, and IV were not present at the site.

3.1.2.3 DOE Order $400.1, General Environmental Pretection _m. The

WSSRAP conductedboth radiologicaland nonradiologicalenvironmentalmonitoringprograms
at the site and vicinity properties. Environmentalmonitoring requiredby DOE Order 5400.1
was conductedto measure and monitoreffluents and to provide surveillance of theireffects on

the environmentand public health.

The WSSRAP was in compliance with Order5400.1 requirementsfor preparationof an

Environmemal Protection Program Implemen:o_on Plan (EPPIP)(Ref. 8). The EPPIP details
the programs in place at the WSSRAP to provide management direction, environmental
protectiongoals and objectives, and the overall frameworkfor the protectionprogram at the

WSSRAP. The project has p_ an Environmemal Monitoring P/on (Ref. 9) which is
reviewed annuallyand revised as necessary.

In additionto the plans developed for overall environmentalmonitoringand protection,
the WSSRAP annuallyreviews and revises, as necessary, the Groundwater Prmecrion Program
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Management Plan (Ref.13) and the Waste Minimization and Pollution Prevention Awareness
P/an (llef. 16).

3.1.2.4 DOE Order M00.3, Hazardous and Mixed Waste Program. DOE
Order5400o3A mandatesmanagementof radioactiveand hazardouswastes..At the WSSRAP,
radioactiveiuuutrdousand mixed wastes were managedin a mannerthatprovidedprotectionof
the environment and protection of the health and safety of the public and site personnel.
Implementationof the Orderis described in the Waste Mana&ementP/an (Ref. 20).

All waste management activities including generation, characterization, gtorage,
pac_ging, minimization, transportation,and treatmentor disl_outl were accomplished in a

manner that was consistent with these broad objectives. Waste managementactivities were

conductedin compliance with all applicablelaws, requirements,regulations, and good practices
governing the managementof hazardous,radioactive,mixed and uncontaminated,nonhazardous
waste. The WSSRAP Waste ManagementProgram has been developed to ensure that the
objectives of these orders are achieved and that waste generationis minimized.

3.1.2.$ DOE Order MS0.1B, Environment, Safety, and Health Program for
Department of Energy Operations. DOE Order 5480. IB mandates (I) protection of the
environment and the health and safety of the public, (2) assurance of safe and healthful
workplaces and conditions of employment for all employees of DOE and DOE con_rs,

(3) protection of governmentproperty against loss and damage, (4) compliancewith applicable
statutoryrequirements,and (5) presence of a quality assuranceprogram to ensure quality of
design and standards.

Implementationof these requirements is described in the F.nrlronmental Protection

Program Implementation P/an (Ref. 8). The plan describes DOE activities and CERCLA

requirements,activities, and functions concernedwithcontrollingair, water, and soil pollution,
and limiting the risksto personnel and the public. The activities include, butare not limitedto,

environmental protection, occupational safety, industrial hygiene, health physics; emergency
preparedness;radioactive, hazardous,and mixed waste management;and qualityassurance.

3.1.2.6 DOE Order 5480.4, Environmental Protection, Safety, and Health
Protection Standards. DOE Order5480.4 requiresthe WSSRAPto comply with all applicable
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DOE Orden aM pide_ and PoderaJ,S_te, and local re_¼tory requirements.This
summarydescribes compliance activities and status.

3.2 Current Issues and Actions

3.2.1 Current Issues

3.2.1.1 National F.animlonStandardsfor Hazardous Air PoUutuntsCompliance.
TheWSSRAP hasdeveloped an alternatemethodfor NationalEmissionStandardsfor Hazardous
Air Pollutants_HAPs) pointsource monitoringandcomplianceas providedin 40 CFR61.93
(b)(5), wherebyair concentrationswere monitoredat five desilpmtedcritical receptorlocations
on and around the Weidon Spring site. The WSSRAP plan is contained in the Plan for

Mon[rorlngRadlonuclMeEmissionsOtherThanRadonatWeldonSprlngSiteCH_IcalReceptors

(]Ref.21),whichhasbeenapprovedby theEPA. TheEPA hasalsoapprovedtheWSSRAP

plan to report annual monitoring results and effective dose equivalents at critical receptor
locations via the annualsite environmentalreport.

3.2.2 Current Actions

3.2.2.1 Release Reporting. OnJuly 22, 1993, approximately3.8 kg (8.5 Ibs)of

ethyleneglycol was released to the sumpat the decontaminationpad. This release exceededthe
reportablequantityfor ethyleneglycol underthe CERCLA, whichis 0.45 kg (1 lb). The release
was reported to off-site agencies on August 16, 1993, as a release of a reportablequantity.
Additionally, the release was reported to the DOE, underDOE Order5000.3B, but since the

quantitydid not meet the 45 kg (100 It))reporting requirementsfor the DOE, the report was
canceled. Additionalreleases of reportablequantitiesof ethyleneglycol occurredon December
6 and December 30. These releases were reported to off-site agencies as a release of a

reportablequantity, but did not meet the reportingrequirementsfor the DOE.

3.2.2.2 Functional Appraisal - Environment, Safety and Health, and Quality
Assurance. A functional appraisal of selected environmental, safety, health, and quality
assuranceprograms,andConductof Operationswas conductedat theWSSRAPby the DOE Oak

Ridge OperationsOffice from May 4 to May 12, 1993. The appraisalwas performedto assist
the WSSRAP in its self-assessmentprogram. No tiger-teamauditswere conductedin 1993 for
environmental issues.
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TABLE 3-3 Results of MDNR Hazardous Waste Inspection

Finding CorreotiveAotton Date
i ii i i i iii ii I .... i i i

1, Bin of oontainmsnt system not imperviousend free 04/04/94
of oraokset Iluilding 434.

. i till ttll t I I t t lilt II H ,,-,,, I II II H I I I llIH I ,

2. Failure to use oonseoutive shipment numbers on Findingdisputed- WSBRAP his not shipped RCRA
meNfeets, wastes off.site.

t i t ttll. t, L t ittttt t t

s. F,iur,,o,,... u_,a _,_rsto,,,_,tr,_o.fo_. o7/=,_iii ii ]i iiiiiiiiii

4, Conttngenoy llon did not oontain ail oorrect names, 1OI30/93
liddreeeee, end telephone numbersof emergency
ooordtnltore.

6, ContlngenoyPlandid not have an evoouationplan Finding disputed- evecuotionplan wee in Contingency
inoluded, liln.

] i iiiiiii iiii illUll i i i iiiiiiiiii i i iii

3.3 Summary of ]Permitsfor 1993

Various permits were maintained by the WSSRAP for remedial activities including
HPDES, excavation, and floodplainpermits. Table 3-4 providesa summaryof all IqPDESand
ConstructionPermits. Currently, three active I_PDF.,Spermits cover discharges from the site
water treatmentplant (MO-01077701), quarrywater treatmentplant (MO-0108987), and storm

water discharges from the site water treatment plant pipeline excavation (MO-RI01389).
Table 3-4 shows thatthe permit for the site watertreatmentplanthas expired;however, the site
has applied for renewal of the permit and is awaiting final permit approvalfrom the State. A

nationwide permit underthe Rivers and Harbor_ Act and Clean Water Act has been issued by
the Department of the Army for the proposed elimination of 0.9 ha (2.2 acres) of delineated
wetland in the soils borrow area.

3.4 Site Remedial Mitigation Action Plan

The Mitigation Action Plan for the Remedial Action at the Chemical Plant Area of the

Weldon Spring Site (MAP) ('Ref. 19) was issued in November 1993, to summarizethe major
environmentalimpacts requiringmitigation as indicated in the RI/FS fRef 2) and Record of

DecL_ion (Ref. 10) for the chemical plant operable unit. The MAP further presents the
monitoring and reportingrequirements for mitigative measures committed to the Record of
Decision.
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TABLE 3-4 Summary of WSSRAP NPDES and Construction Permits

Date Renewal or

Permit No. la) Date h_,_ud_ Date [-qwed (b) Extension RequestOue Scope andC_nments
..... , , ; , ...... r ,r r iii ,_ , ..

MO-O107701 O 10/01/90 07/28/93 N 01/28/93 _on md_mitt_ 01/28/93. Covers strum water.
unitwy, end SWlrP _."

=. , i, , ,,, '

M0-0108987 0 05/05/89 05K)4/94 N 12/04/93 Covem QWTP discheq;e.
L

MO-G680001 0 12/19/91 05116/96 N Terminated Covers hydrostaticrut worm from QWTP. QWTP tmVksand
efauent Pond2 me excludedeinceUwy have hdd coatanVemted
water.

MO-G___J_JO002 O 02/07/92 O5116/97 N Tenninmed 09/08/93 CommB_ test water from SWTP tanks, II:)mi_, etc.
,, . ,, ,, , ,. • , L , i

MO-G68OOO4 O 02/07/92 Tmmim_ed N Ten_r4ted 02K)8/93 Covered hydrostatic testingof QWTP effluentpil)di_. The
02/08/93 pipelinehi= cm_ed trained _. eo the pem_ is ,o Ik_g_

I "' ' " '

MO-G_ O 11/06/92 O5116/96 N Tmminated 06/08/93 Covers _ test watw from SWTP effluent pilmrme.

MO-R101389 O 12/07/92 12/12/96 N 06112/96 Co_m; land _ store1watw disch_gw from the SWTP
pkx_n .xcwtion.

1

:_-4245 C 08/01/91 08/01/93 Y 07/01/93 SWTP bui_, _ buine, effluentpump station, etc.
i

2523 C 04/10/92 04/10/93 N 03110/93 SWTP Train 1
, , ,, ,, ,, ,

1_-4113 C 06/07/90 06/06_._1_2 Y _ O_VlFPbNins, effl_ i_amll)=" C°nltnu_°n _i

__2-4233 C 04/17/91 10116/92 y _ O_VllP,c_tmction _.

•____ 11 C 08/12/92 011111/93 N 07111/93 Flow equalizationon _ pkllt

22-_50 C 09/28/92 09/27/93 N 08/27/93 SWTP effkmm pipeline.i I

(a| pen_ type, O = _ C = Conetr,_
(b) Penwitextended? N = No, Y = Yes
OWTP Oum_ Weter Tremmem Plant
SWTP Site Water Tre_mm_ Plant
• See Section 3.5
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The MAP was mbmittnd to Et.I-I on December 13, 1993, for signature,which started
a yearly report requirement. This annual report requirementwill be met by submittingthis
report and will address the effectiveness of the mitigative measures takenduringthe previous
year.

As requiredbytheM#l&&lonActionPlanfortheItemedlarlonoftheChen_calPlant

Area of the Weldon Spring 51re0tef. 19), a planis being preparedwhich outlines measures to
protect the workers, the public, and the environmentduring remedialactivities at the chemical
plant. The proposed protective measures include dust, noise, radon, air particulate,
groundwater, surface water, erosion control, and wetlands monitoring. The results of these

monitoring activities will be presented in the annualsite environmentalreports.

All remedial activities will be conducted in accordaw_ with projectHealth and Safety
Plans (HASPs) to ensure worker protection. Noise monitoring will be performed during
constructionactivities in accordancewith procedureES&I,I3.1.7. Equipmentand surrounding
areas will be monitored to identify noise levels above 90 decibels. If it is determinedthat
excessive noise levels are sustained over a period of time, noise level monitoring may be

employed during work activities at nearby residential areas and at some radius from the
constructionarea for recreationalarea users.

Fugitive dust emissions will be monitoredin accordancewith the HASPs e,_blished for
the borrow areaand cell constructionwork activities. The HASPs generatedfor site activities
state that total airborne dust concentrations, as measured in the work area, shall at no time

exceed a limit of i mg/m3 (visible dust).

The Environmental Monitoring P/an (Ref. 9) outlines the groundwater,surface water,
andair monitoringwhich will be employedto monitorthe protectionof the environmentandthe

pubic. Impactto theperchedgroundwatercouldpossibly occurduringdeep foundationremoval.
Monitoring will be inc_ if it is determined that foundation removal could be impacting
groundwater.

The erosion control program will be conducted in accordance with procedure

ES&I-I4.2.1 to confirmthat the structuresare workingadequatelyto reduce sedimentrunoffto
nearby surface waters and wetlands. A NPDES constructionpermit will be obtainedfor the
borrowareaand a limitof settleablesolids will be imposed. When foundationandcontaminated
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soil removalbeans, additionalpmmeten will be monitoredat those ?¢PDm ouffalh which will
receive runoff from the workarea.

Contaminatedsurface water runoff will be monitoredunder the _orm Water Runoff

&amp//n&P/an (P.ef.54). Thisplan requiressurfacewaterrunoff from constructionand Lm'qe
areas be collected and analyzedfor total uraniumand sW.lmble solids in an effort to d_mdne
the effectiveness of temporaryerosion control measures.

Radon and particulateemissions will be monitored using the three tier pmgtmn as

outlined in the Environmental Monitoring P/an. This pgoggammeets the requirementsof DOE

Orders5400. I and 5400.5. The three tiers are site specific, perimeter, and critical _r
monitoringfor radioactiveair particulates,radon, and dust.

Monitoringassociatedwiththe redevel_t of a newwetlamh complexas a miflllallon
measure for the eliminationof wetlands at the borrow area will include monthly mmpliqg of
hydrologicalparameters,annualvq_etafionsurveys, spring/fallbirdsurveys, and sptinll/mmn_

he.fauna surveys.

3.$ Compliance Status for the Period January 1 - April 15, 1994

Compliance status remainedunchangedunder the RCRA, the CAA, the _dan&ered

Species Act, the National Histo_c Preser_lion Act, Executive Orders 11988 and 11990, and
DOE Orders.

• " ental Remonse. Comnensationand Liabilitv

The following CERCLAdocuments have been completedand submittedduring 1994:

• January25: The Quarry Bulk Waste Remedial Action Work Plan (Ref.48) was
revised and forwardedto DOE.

• March I0: The responsive report to the EPA's comments on the CSS pilot-scale
facility was providedto DOE.
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A public meeting wu held on February 17, 1994, to seek public comments on the

reimmnce of the NPDES permit for dischargin$ water from the site (chemical plant) water
treatmentplant. Approximately65 people representingthe generalpublic, the WSSRAP, and
the MDNIt attendedthe public meeting. The N'PDESpermit for the site water tnmment plant
was reviewed on March4, 1994.

Toxic SubstancesControl Act

On January 27, 1994, approximately56.81 (15 gal) of PCBcontaminatedoil leakedhem
mterials which were abandonedin Raftinate Pit 4 approximately30 years ago. The materials
include discardedequipmentand storagebarrelswhose contents may or my notbe empty. Due

to the disarrayof the barrelsand high water levels of the storagepond, the exact locationof the
leak cannotbe determined. However, the leak has been containedand efforts to absorbthe oil,

where practical, have been initiated. The storage pond wu built with a clay bottomto store
raffmate sludge and has no drainageoutlet. Since the spill was directly into surfacewaters the

spill was reported to EPA Region VII and the National Response Center as required by
40 CFR 761.125.

Rivers and Had_rs Act

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

Site RemedialMitinfion Action Plan
v

On March 7, 1994, the Army Corp of Engineers approved a Section 404 permit
application submittedby the Missouri _ent of Conservation(MDC) to create a 23.1 ha
(57 acre) wetlandand waterfowl habitat adjacentto DardenneCreek within the boundariesof
the August A. Busch MemorialConservationArea.

On March 11, 1994, the WSSRAP applicationfor Nationwide Permit 26 was approved,
subject to the establishmentof an agreementbetween the DOE and the MDC. The mitigation
agreementstates that the DOE will provide f_nding for the constructionof the 23.1 ha (57 acre)
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wetland and wmrfowl complex at the Busch Conservation Area to meet wetland mitigation
requirements in exchange for wetland mitigation credit as defined in the Mitigation Action Plan

fortheRemedian'onoftheChemicalPlantAreaoftheWeldonSpringSite(Ref.19).

The Phase I and Phase II archaeological survey for the entire borrow area and haul road

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

Incorporated, will be f'malizedand transmitted to the State of Missouri and the site in April-May.

Preliminary verbal reports indicate only one site wiU require Phase II data recovery or
avoidance. The site is located in an area of the borrow area where avoidance is a realistic

alternative.
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4 RADIATION DOSE ANALYSIS

Thissection evaluates_ monitoringresultsand surfaceandgroundwaterdischarges
of radiological contaminants. The evaluations presented include potential calculated dose
equivalentsto the general public and doses to aquatic biota. These calculationsare evaluated
against U.S. _ent of Bnergy 02OE) guidelines contained in the U.$. Department of

Energy Radiological Control Manual (Ref. 15) and in DOE Order5400.5.

Dose calculations are presented in this section for each of the following: a max/mal]y
exposed individual, a collective population, U.S. E_viromnental Protection Agency (IliA),
National Emission Standardsfor HazardousAir Pollutants(NESHAPs) critical receptors, and
the radiationdose to native aquatic organisms. The exposure conditions used in the dose
calculationsarefurtherdiscussed in respectiveenvironmentalmonitoringsections of thisreport.

4.1 Pathway Analysis

In orderto develop the specific elements of the environmentalmonitoringprogramatthe
Weldon Spring site, the potential exposure pathways and healtheffects of the radioactiveand
chemical materials present at the site and the quarry are reviewed to determine whe_er the
pathways arecomplete. These analyses of exposure pathways,requiredby DOE Order 5400.1,
arebasedon the sources, release mechanisms,types, and locationsof contaminants;theprobable
environmentalfates of the contaminants;and the locations and activities of potentialreceptors.
Pathways are then reviewed to determine if a link can be shown between one or more

contaminantsources, or between one or more environmentaltr_spon processes, to an exposure
point where humanor ecological receptorsare present. If it is determined thata link exists the
pathwayis called complete. Finally, the complete pathways are reviewed and if there was a
potential for exposure the pathway is deemed applicable.

Table 4-1 lists the six complete pathwaysfor exposure from contaminantsevaluatedby
the Weldon Spring site environmental monitoring program. These pathways are used to
determine radiological and nonradiological exposures from the site. Of the six complete
pathways, only four were applicable in 1993 and were thus incorporatedinto dose estimates.
These were Liquid (B), Liquid (C), Airborne (A), and Airborne (]3).
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TABLE 4-1 Exposure Pathways for the Weldon Spring Site

,. , ,, ,, , .. , , III I I IIII ,,,

Exposure Appiiclbie to 1993
Pathway Pathway Description Dose Estimate

I I II II II I '1 IIIIlii I I I

Liquid(A) Ingestion of groundwater from Io©al wells downgradient from the site. N

Liquid(B) Ingestion of game and fish inhabiting wildlife area. I(
, i i i ill ,ll| I|l ii ii

Liquid(C) Ingestion of eurflce water and ndiments. Y

Airborne(A) Inhalation of particulates dispersed through wind erosion end remedial Y
action.

.= ..,, ,, i i , i

Airborne(B) Inhalation of radon emitted from contaminated soils. Y
i ii ii i ill, iJ

External Direct gamma radiation from contaminated agile. N

II I , ,=, ,, ,,,,=,,,, iiii iiiii ii i iii

Therewas no contributionto effective dose equivalents(EDKs)from PathwayLiquid (A)
(Table 4-1), ingestion of drinking water from local wells. Currently, concentrations of
radioactivecontaminantsare comparableto backgroundconcentrationsin the productionwells
near the Weldon SpringQuarry (see Section 7.4). No drinkingwater wells are located in the

chemical plant/mffinatepits area.

There was no contributionto the effective dose equivalents from the externalpathway.
Statisticalanalysisof the resultsobtainedfrom the externalgamma monitoringprogramindicated
that there was no reason to suspect that any of the locations monitored were greater than
backgroundlevels at the 95 % confidence level (see Section 5.2).

The applicablepublic dose standardsor limits for exposure that the Weldon SpringSite
Remedial Action Project (WSSRAP) is requiredto meet are as follows:

• NESHAPs standardof I0mrem (0.I0rosy)annuallyforairborneemissionsother

thanradonatcriticalreceptorlocations.

• DOE guidelineof 100 mrem(1 mSv)annualeffective dose equivalentfor all exposure

pathwayson an annualbasis.
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4.2 Radlologleal ReleaseEstimates

Radiologicalreleaseestimateswerecalculatedfor airborneparticulates,radongas,and
surfacewaterreleases.Table4-2 showstheestimatedactivityreleaseto theenvironmentand
the half-life for eachradionuclide. The dashesin Table4-2 indicatethat the amountof

radioactivityreleasedto the environmentwasnotdistinguishablefrom backgroundlevels. It
shouldbenoted,however,thatabove-backgroundradongasconcentrationswereobservedat six
locationsat thequarry(seeSection5.1).

Airborne particulate release estimates were calculated based on lq_HAPs monitoring
results at two critical receptors located at the chemicalplantperimeter. The Iq_HAPs results
indicated that the only detectable above backgroundradiologicalcontaminantwas totaluranium.
The isotopic release estimates in Table 4-2 assume a naturaluranium isotopic activity ratio
(49.1% U-234, 2.3% U-235, and 48.6% U-238). These emissions were attributedto building
dismantlementactivities that occurredduring 1993. These activities included the dismantlement
and demolition of threeprocess buildings and 10 process supportbuildings, as well as the partial

dismantlementof two process buildings and 13 process support buildings. A box model was

used to predict the airborneparticulaterelease rate from the chemical plant. The calculations
used to estimate airborne releases are shown in Appendix B. In 1993, the estimated U-238,
U-234, and U-235 releases were 5.14E-04 Ci, 2.40E-05 Ci, and 5.19E-04 Ci, respectively.

The average radon concentration at the quarry area perimeter was 0.4 pCi/l above
background. A box model was used to predict the radon release ratefrom the quarryfor the
year. This model assumes thatairbornecontaminantsare dispersedhomogeneously withinthe
modeled volume of air. In 1993, the estimated P,n-222 release was 12.5 Ci (4.6 x 1011Bq).
Calculationsand assumptionsare provided in AppendixB.

During 1993, intermittentsurface water runoff was found to have transporteduranium
from the site through five major discharge routes. These mutes were monitored through

monthly sampling of the runoff water, as requiredunder the site National PollutantDischarge
EliminationSystem (N'PDES)permit (see Section 6.4). Using NPDES naturaluraniumvalues
in conjunctionwith the activity ratios listed above, the U-234, U-235, and U-238 releases to
water have been calculated and are presented in Table 4-2. Other radionuclides were not
routinelymonitored in surface waterduring 1993.
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TABLE 4-2 Radionuclide Emissionsto the Environment

i , _ ,, ,,, , , , ,,,,, , ,,, , i i iii i _ iii iiiii i ii il li ii iB i i ii ili_ i

Aotivity of Redionuolide Aotivlty of Rldionuolide IVlmesof RiKiionuolldeReleased
Radionuolide Releasedto Air (ca) Releasedto Water (Ct) (grams) Half-Ufe (Yre)

II IIII'I lilllil I I II I I I I Jllll llll II I III

U-238 5.14E-04 0.088 258,510 3.47E09
H iii i i i ill ,Ill Ill i i II i lU

J-235 2.4OE-05 0.004 1,885 7.04|08
i i ill i i i i i i , i i ii i i

U-234 5. | 8E-04 0.087 14 2.34E05
, i ill Ill I I I I I I I I I

rh-232 -- NA NA 1.40E10
i i i i i| ill i i|l i ,i ii i i i

rh-230 -- NA NA 7.40E04
i i,, i i i i,

rl"h-228 -- NA NA 1.910
i i, ii Hi i i ii i, H. i H i ,

Re-228 -- NA NA tS.76
i H ,, i ii i , i iH i i

Re-226 -- NA NA 1,800
i ii, i i i inln I i i i I n n i

qn-222 12.S NA NA 3.82 days
,, ,, n i II ii i • ii II I ii I ill

TotalActivity 12.§ 0.177 (el 280,408 NA
li I II i II liE ,, ,H, i i ill i I

NA Not analyzed for this radionuolide
_*) Total uraniumvalue obtainedfrom Table 6-4

-- Not diatinguJshablsfrom beokground
Multiply by 3.7E10 to convert Ci to Bq

4.3 Exposure Scenarios

Dose calculations were performed for the maximally exposed individual, collective
population, and critical receptors for appficableexposure pathways(Table 4-I) to assess dose
from the Weldon Spring site. First, conditions were set to determine dose to a maximally
exposed individualat each of the main site areas: the chemical plant/raffmatepits, the quarry,

and the vicinity properties. A second dose, for a collective population, was calculatedfor users
of the August A. Busch Memorial ConservationArea. A third set of dose calculations was
performed to meet NF._HAPsmonitoringdata. Results of these estimates were thencompanxl
to applicablestandardsto ensure the safety of members of the public and the environment.

A gamma dose was not calculated for the total population within an 80 km (49.6 mi)
radiusof the site, as recommendedin DOE Order5400.5, because extensive monitoringat the

site perimeters indicated no above background external gamma exposure resulting from
WSSRAP activities. This conclusion is based on a statistical analysis of environmental
thermoluminescentdosimeter (TLD) results (see Section 5). Although several perimeter low
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volume pmtic, hLterumplinglocationswen: greaterthan bac_nd, no above-backlFound
concentmfiomwen:detectedthroughhighvolume_l_3_s monitoringat off-sitelocationsin
thenearvicinityof thesite. Calculationsof collectivepopulationdosesutilizingperimeterand
off-sitemo_toringdata(k_rmined thedoseto aH_ populationsto be lessthan! person-rein
per year (0.01 personSv) from aHpathways. Sinceall off-site low-volumea_ paniculate
samplersand radongas detectorsother than backgroundstations are within a 13 km (8.1 mi)
radius, and only the August A. Busch Memorial ConservationArea low volume sampling
location yielded above-background concentrations for gross alpha radioactive particulate
measurement, incorporatingthe calculation of a dose for the total population within 80 km
(49.6 mi) of the site is unrealistic.

The scenariosand models usedto evaluatethese radiologicalexposureswereconservative
but appropriate. Although radiationdoses can be calculated or measuredfor individuals, it is
not appropriateto predict the health risk to a single individual. Estimates of health risks are
based on statisticaldatacollected from largegroups of people exposedto radiationundervarious
circumstances. Statistical models are not applicable to single individuals. Therefore, dose
equivalentsto a single individualare estimatedby hypothesizinga maximallyexposed individual
and placing this individual in a reasonable, but very conservative scenario. This is appropriate
when the magnitudeof the dose to a hypotheticalmaximallyexposed individual is small, as is
the case at the WSSRAP. The scenarios and resulting estimateddoses used in the calculations
are outlined in Table 4-3. In addition, the percentage of the DOE guideline of 100 mrem

(1.0 mSv) is provided.

The collective populationdose estimate is the productof the effective dose equivalent
estimateat theexposure point andthe numberof personsexposed. Exposurepoints are locations
where members of the public are potentially exposed to airborne radioactive particulate
concentrations, radon gas concentrations, external gamma radiation, or radionuclide
concentrationsin water or food at above-backgroundlevels. The effective dose equivalent is
calculatedby estimatingradionuclideconcentrationsin the air, water, food, and externalgamma
pathwaysat a given exposure point. These concentrationsand reasonableexposure scenarios
are used to estimate the amount of radioactivity ingested or inhaled and the amount of external
gamma radiation received by the potentially exposed population.
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TABLE 4-3 Exposure Scenarios for Weldon Spring Site Radiological Dose Estimates

Exposursl Estimated of Pe_ent of

Exposure Inhalation/ Dose DOE EPA.-
Dose Ingestion Rate Concentration [person-rein) Guidance Guidance

Scenario Pathway Activity Media Duration

WSCP/WSRP Liquid(B) at Busch Lake 36 Fish 365 days 6.5 gfamslday 0.017 pCilg 0.006 0.006% NIA

Hypothetical Sediments 11.25 hoursl 200 rag/day 110 pCil9 0.003 .003% N/A
Individual

Liquid(C) Swimming at Busch year

Lake 36 Water 11.25 hours/ 0.05 liters/hour 130 pCi/I 0.02 0.02% NIA
yeer

Aid)omeLA) Visiting Busch Lakes Air 132 hour 0.96 m3/hour pCi/ml 3.69E-6 3.69E-6% 3.69E-5%
Area

Aidborne(B) NIA NIA NIA NIA NIA NIA NIA NIA

WSQ Liquid(B) NIA NIA NIA NIA NIA NIA NIA NIA

Hypothetical N/A NIA NIA N/A NIA NIA
Individual UquidlC) NIA NIA

NIA NIA NIA NIA NIA NIA NIA NIA

Aid)ome(B) Walking Near WSQ Air 50 hours/yem 1.25 m3/hour 1.3 pCi/! 1.9 1.9% N/A
Perimeter

WSVP Liquid(B) Fishing at Slough Fish NIA 6.5 gnu/day 0.002 pCilg 0.0013 0.0013 NIA

Hypothetical NIA NIA NIA NIA NIA N/A NIA
Indivklual Liquid(C) NIA

External NIA NIA NIA NIA NIA NIA NIA N/A

Aid)orne(Al NIA N/A NIA NIA NIA NIA NIA NIA

Aid)ome(B) NIA NIA NIA NIA NIA NIA NIA NIA
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TABLE 4-3 Exposure Scenarios for Weldon Spring Site Radiological Dose Estimates (Continued)

,,,

Expoeuml _ Perce_ of PerceN ot
Oou Expomne I_ Doea DOE EPA.

Scenario Pathway Activity Media Duration IngestionRate Concentreqion (pmeon-rem) Guidance Guidmce
,,i iIll I II

Collecth,e Liquid(AI NIA NIA NIA NIA N/A NIA NIA N/A
Populabon

LiquidlB) Ashing at Busch Lake 36 Fieh NIA 200 g/pemon 0.017 pCi/g 0.1 person- N/A FIJA
population : 5985 Jam

i

Sediments 1.125 200 mg/day 130 pCi/g 0.0017 N/A N/A
Swimming at Busch hours/person penmn-mm

Uquid(C) Lake 36
(popuia_m = 5985) Water 1.125 0.05 litsm/hour 110 pCi/g 0.015 N/A N/A

houm/pemon pemo.-mm

Aid)ome(A) Fiohingat Busch Air 3.5/45 0.96 m3/ho_ 2_,E-16 pCiknl 1.56E-5 N/A N/A
ConeenmtionArea person-,_m

Abbonm(B) NIA N/A NIA NIA NIA NIA NIA N/A
, ,, i

NA Indicateo me4mumr--mmtsfor radik)oclMtyfor a media/exposurepathway at backgroundlevels.
WSCP Weldon Spnb_ _ Plant i
VVSRP Weldon SIxing Raffinato Pits
WSQ Weldon Spdng Queny
WSVP W_on Spnn0 Vcinity Propenm

Multiply by 0.037 to convert pCi to Bq
Multiply by 0.01 to convert intern to mSv
Multiply by O.01 to convert person-reinto perscm-Sv
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The NI_HAPs committed effective dose equivalent (CHDB) estimate is based on the
isotopic analysisof thehigh volume samplescollected fromcriticalreceptorlocations. The dose

estimates are requiredto demonstratecompliance with the NI_HAPs annualexposure limit of
10 torero.

All ingestionandinhalationcalculationswereperformedusingthe methodologydescribed
inintenmtlonalCommlsslononRadlatlonProtectlon(ICRP)Reports26and30OP.ef.22and23)
for a 50-year committed effective dose equivalent. Fifty-year committed effective dose

equivalentconversion factors were obtainedfrom the EPA Federal Guidance Report No. 11
(Ref. 24).

4.4 Dose Estimates

Dose estimates for the exposure scenariosaxepresentedin Table4-3 andwere calculated
utilizing 1993 monitoringdata. Calculationsfor dose scenarios are provided in Appendix B.
Dose estimates were far below the guidelines set by the DOE for annual public exposure and
EPA NESHAPs limits.

The effective dose equivalentsto the hypothetical maximallyexposed individualnearthe
chemical plant - raffmatepits, quarry, and vicinity properties are <I mrem (<0.01 mSv),
1.9 mrem(0.019 mSv), and < I mrem (<0.01 mSv), respectively. This value represents 1.9%

of the DOE guideline of I00 mrem (I mSv) above backgroundfor all exposure pathways. For
comparison, the annualaverage exposure to naturalbackgroundradiationin the area of the site
results in a CEDE of approximately300 mrem (3 mSv). The collective populationdose was
0.12 person-rein (0.0012 person-Sv)for recreationalusers at the Busch MemorialConservation
Area.

The maximumcalculateddosefor NESHAPs critical receptorswas0.31 :t:0.15 mrem
(0.0031 mSv) CEDE at AP-2005 for an individualworkingin the WSSRAPadministration
building2500hours/year(technically,thisindividualwouldnotbeamemberof thepublic,since
theareais underDOE control,butis hypotheticallytreatedassuch).
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4.4.1 Radiatbn DoeeFrom the Chemical PlantFKafihwtePitsto aHypothedatlh4hxhnally

This section discusses the estimated C]_DB to a hypothetical individual assumed to
frequentthe perimeterof the chemical plant/mffinatepits and to receive a radiationdose by the
three pathways identified above. No privateresidencesare adjacentto the site. Therefore, all
calculationsof dose equivalent due to direct gamma exposure, airborneradioactiveparticulate
inhalation, and radon progeny inlalation assume realistic residence times that are less than
I00_. bcreational use of the Busch Memorial Conservation Area is considered in the

assessment of the exposure to a maximaLlyexposed individualat the chemical plant/rafllnatepits
area, since some of the Lakesin the area receive effluent from the site. None of these lakes are

used as sources of drinkingwater, but recreationaluse of the conservationarea includesflshin8
and boating. Thus, the Liquid (B) pathway, fish ingestion, and the Liquid (C) pathway,
incidental water and sediment ingestion, are potentialpathwaysfor exposure.

The low volume gross alpha measurementsat the northernperimeterof the chemical
plant and Busch Memorial Conservation area were found to be statistically differem than
backgroundat the 95 • confidence level using a one-tailed Student's t test. As discussed in
Section 5, gross alpha measurementsdo notprovide insighton whichradionuclidesthe measured
alpha particles originated from. Early in the fourthquarterof 1993, an additionalhigh volume

NESHAPs sampler was installed at the Busch Memorial ConservationArea sampling location.
This type of samplingprovides a much lowerdetectionlevel, due to thegreatly increasedsample
volume, and informationregarding the contributionof each radioactivecontaminantthat would
originatefrom the WSSRAP. Fourthquarterresults from the high volume samplerat the Busch
Memorial Conservation Area did not indicate any above background concentrations of

radionuclides originating from the WSSRAP.

At this time, it has not been determined why gross alpha measurements at the Busch
MemorialConservation Area and chemical plantnorthernperimeterlocations were statistically
greaterthanbackground. However, this is the first yearthata new backgroundstationhas been
in use. There are severalpotentialcauses for the differences currentlyunder investigation,one

of which is possible higher gross alpha concentrationsdue to the location's near proximity to

gravel roads, which results in higher ambientdust concentrations.
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AlthouShthe htsh volume samplerlocatedat theBusch MemorialConservationAreadid
not indicateany above backltmundconcentrationsof radionuclides thatwould have originated
from the WSSRAP, a dose estimatewas calculatedbased on the averagenet concentrationabove
backsround levels. The dose estimate was performed because it would not be correct to
completely dismiss the above-backlFoundgross alpha results until the source of the above-
backgroundlFoss alpha concentrationsis determined. The dose estimateperformed assumesthe
primarycontaminantis uranium,which is the only above backgroundradionuclidedetectedfrom
the NESHAPs programat stations located at the WSSRAP perimeter.

AlthouBhthe gross alpha low volume airborne particulate stations at the northern

boundary of the chemical plant were also found to be statistically different than bac_und
levels, only the results from the Busch location were used in dose estimates becauseof the low
probabilityof an individualvisitin8 the l_on on a regularbasis. As a result, a dose estimate
was made only for the Busch location, which is a more realistic scenarioand would result in a
higher dose estimate based on realisticexposure times. The scenarios are as follows:

• Assume inhalation dose occurs to maximally exposed individual duringfishing and
boating tripsfor a total of 119.5 hours.

• Assume net airborneparticulateconcentrationsof 2.2B-16 _Ci/ml (8.14E-12 Bq/ml)
measuredat AP-4007 near Busch headquartersbuildings.

• The averagefresh-waterfish consumptionratewas 6.5 g/day (0.23 oz/day) (Ref. 25

and 23) and assumed 25 tripsaveraging2.5 hour/trip.

• The average U-238 concentrationin fish was 0.009 pCi/g (0.0003 ikl/g), collected
from Busch Lake 36, where the concentrationwas the highest of the three lakes

receiving runoff from the site (see Section 8.3.1.1).

• An individual made 10 trips per year to the Busch MemorialConservation Area.

• The individual spent 5.7 hourboatingper visit (Ref. 26).

• While boating, the individual spent 25 % of the time swimming.
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• While swimmingtim individualingested0.05 liters/hour(0.05 qt/bour) of water
Caef.25 26).

• The concentration of uraniumin suffice water was 4,767 Bq/m3 (130 pCi/l) from
Busch Lake 36 (see Section 6), which had the highest average surface water
concentrationof the three lakes receiving runoff.

* The average uraniumconcentrationof surface sedimentswas 110 pCt/g (1.1 Bq/g)
from Busch Lake 34, which had the highest concentration.

Based on the exposure scenarioand assumptionsdescribedabove, a muJmally exposed
individualwho frequentedareasreceivingsurfacewaterrunofffrom the chemicalplantperimeter
received a total effective dose equivalentof 0.03 mrem(0.0003 rosy) from tnhaktionof airborne

particulate, ingestion of water and sediment, and ingestion of fish from contaminatedwaters.

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

This section discusses the estimated CEDE to a hypothetical individual assumed to
frequent the perimeterof the Weldon SpringQuarry. No privateresidencesare adjacentto the
quarry site; therefore, all calculations of radon progeny inhalation (Aid_me B) assume a
realistic residence time of less than 100%. The scenario is based on a hypotheticalindividual

who routinely walked along the northern boundary of the quarry on State Route 94. This
scenario is currentlybeing reviewed to reflect a more realistic estimateof visit frequency and
durationduring 1994.

Scenariosand assumptionsparticularto this dose calculationare summarizedas follows:

• No contributionfrom pathwaysLiquid(B)or Liquid(C)of Table 4-1 was determined

because access to the quarrywas controlled by 24 hour security and a 2.4 m (8 ft)
chain link fence topped with barbedwire. Fishing, swimming, and drinkingwater
from the quarrypond were not realisticexposure pathways.

• The individual walked along State Route 94 twice per day, 250 days/year.
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• The average residencetime near the quarrywas 6 minute/trip(Ref. 6).

• The highest measured annual average cow.entmflon of radon gas was 1.3 pCi/l

(44.4 Bq/m3) above normalbackground(0.I pCi/l) at stationRD-1002 of the quarry
perimeter(see Section 5).

• The equilibriumratio between radongas and its progeny was 50%.

• The effective dose equivalent conversion factor was 1.0 rern/workinglevel month
(WLM) (10 mSv/WLM) (P.ef. 27).

The dose to the hypotheticalmaximallyexposed individualat the quarrywas 1.9 mrem
(0.019 mSv) from inhalationof radondaughters.

4.4.3 Radhttlon Dose From Vicinity Properties to a Hypothetical Maximally Exposed
Individual

This section discusses the estimatedeffective dose equivalentto a hypotl_cal individual
assumed to frequentthe Femme Osage Slough, south of the quarry. This scenarioprovides a
conservativebutplausibleexposure assessment. No privateresidencesareadjacentto the slough
(it is situatedon land currentlymanagedby the Missouri Departmentof Conservation (MDC)
as part of the Weldon Spring Conservation Area); therefore, all direct gamma exposure
calculations assume a realistic less than I00% residence time. This scenario utilizes the

exposure pathwaysand is based on a hypotheticalindividual who fished at the Femme Osage
Slough.

Scenariosand assumptionsparticularto thisdose calculation are summarized as foUows:

• No contribution to the estimated dose was included from radon progeny
concentrations,Airborne(13),because the slough is contaminatedonly with uranium
and the slough is covered with water. Consequently, above-background
concentrationsof radonare not expected at this location.

• The average U-234, U-235, and U-238 concentrationin fish samples takenfrom the

Femme Osage Slough was 0.002 pCi/g, (see Section 8.3.1.1).
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• The fresh water fish consumption rate was 6.5 grams/day (0.23 oz/day) fRef. 28).

i

• No contributionfrom pathway Liquid (C) was included, because the stagmmtwater
conditions made it unlikely that the slough would be used for recreationalswimming.

The dose to the maximallyexposed individualat the vicinitypropertyfrom consumption
of fish tissue as discussed above was 0.1301mrem (0.00001 mSv) committedeffective dose

equivalent.

4.4.4 Collective Population Dose

This section discusses the estimated collective CEDI_ to the populations assumed to

frequentthe Katy Trail located south of the quarry,and at the Busch Memorial Conservation
Area. This scenario provides a conservative but plausible exposure assessment. Since the
results from all critical receptor monitoring locations were not significantly different from
backgroundconcentrationsat the 95 • confidence level, no coUective effective dose equivalent
estimate was made for populations at or beyond the critical receptor locations. In addition,

statisticalanalyses of the radonand external gammameasurementsmade nearthe quarryalong
the Katy Trail indicated that there was no reasonto suspect atthe 95 c_confidence level that the
results were greater than backgn)und levels. As a result, no collective effective dose was

calculated for the population on the Katy Trail. The scenario used for the Busch Memorial
ConservationArea is based on recreationaluse for fishing and boatingactivities.

Scenariosandassumptionsparticularto thisdosecalculationaresummarizedasfollows:

• No contributionfrom radonand its progeny was includedin the Katy Trail estimate.
Results from the measurementsnear the trail indicated that there was no reason to

suspect at the 95 % confidence level that results were greaterthan backgroundlevels.

• The MDC estimates that approximately 160,000 persons per year use the Busch
Memorial Conservation Area, which is adjacent to the chemical plant/mff'm_ pits
area, while another5,895 persons participatein recre_onal boatingactivities. Busch
Lakes 34, 35, and 36 receive runoff from the chemical plant/raft'matepits site, and
all three lakes areutilized for fishing and boatingpurposes. Therefore, a population
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of 165,895 persons was assumedto have potentialfor exposure throughingestionof
fish, water, and sedimentfrom these lakes.

• If each fish is consumed by a different person, the affected population would be
112,000 persons.

• The highestaverageU-238 concentrationin the fish collectedfrom Lakes 34, 35, and
36 was 0.009 pCi/g (0.00009 Ikl/g) (Section 8.3.1.1).

• The average time spent at the Busch Conservation Area per boating trip was
approximately4.5 hours.

• The average time per fishing trip was 3.5 hours.

• Each of 5,895 visitors made only one visit to the area and spent 25 _ of the time

swimming.

" • Maximum water concentrationswere 130 pCi/l (6.3 ikl/l) (Section 6) and sediment
concentrationswere 110 pCi/g (4.1 Bq/g) (Ref. 29).

The estimated population dose for the Busch lakes ingestion scenario were

1.56E-5 person-rem (1.56E-7 person-Sv) for inhalation, 0.1 person-rem (0.001 person-Sv) for
fish, 0.015 person-rem (0.00015 person-SV) for water, and 0.0017 person-rem
(0.000017 person-SV) for sediment. Consequently, the collective population dose estimatefor
all applicable scenarios for the Busch Memorial Conservation Area exposure point was
0.12 person-rem (0.0012 person-Sv). This dose is consideredinsignificantas comparedto the
dose received from _tural backgroundsources.

4.5 NESHA_ Release Estimates

In 1990, the WSSRAPinitiateda_ environmentalairborneparticulatemonitoringprogram
sensitive enough to detect airborneradionuclideconcentrationsat the levels specified in the

NESHAPs (40 CFR 61 Subpan H, Appendix E). This regulation requires that radionuclide

emissions other than radonbe identified and that effective dose equivalentsto members of the

publicbe calculated using EPA approved proceduresand computermodels, or otherprocedures
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for which the lEnA has gnmted prior approval. The WSSRAP has chosen to meet these
requirementsby measuring airborneradionuclideconcentrationsat designatedcritical receptor
locations ratherthan using computermodeling. The WSSRAP monitoringplan is containedin
the Plan For Monitoring Radionuclide Emissions Other Than Radon at Weldon Sprin& 5ite

Critical Receptors (Ref. 2 l) which has been approved by EPA Region VII.

Potential airborneemissions at the site result from wind dispersal of surface soils and

fugitive dust generatedduringremedial actions. The most accuratemethodof dose estimation
atcritical receptorlocations nearthe site is to measureairborneconcentrationsat these locations.
Critical receptorsare locations where membersof the public abide or reside and havea potential
to encounteroff-site concentrationsof radionuclidesotherthan radonduring remediationof the

Weidon Spring site.

Five critical receptor locations have been identified around the site. The common
boundaryof the chemical plantand the Missouri Highway MaintenanceFacility (AP-2001), the
WSSRAP administration building (AP-2005), Francis Howell High School (AP-4006), the

Weldon Spring Training Area on the Department of the Army property to the southwest
(AP-4008), and adjacent to the nearest residence to the quarry (AP-4011). The former
background location at AP-4007 was moved to the new background station, AP-4012, in

December 1992. A critical receptor monitoring station was installed at the Busch Memorial
ConservationArea, AP-4007 duringthe latterpartof 1993. Each stationhas a high volume air

sampleras well as a low volume sampler. The locations of these monitoring stationsare shown
in Figures 5-1 through 5-4 in Section 5.

An exposure scenariowas developed and a dose estimatewas calculated for each critical
receptor location shown in Table 4-4. Otherassumptionsused in the dose calculationare:

• Breathing rate of 1.25 m3/hour (44.1 ft3/hour) (Ref. 30).

• Fifty-year committedeffective dose equivalent conversion factors provided in EPA
Federal Guidance Report No. 11 (Ref. 24).

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

monitoring results from high volume samplers provide emission concentrations for use in
NESHAPs dose estimates shown in Table 4-5. The high volume data was used for the dose
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TABLE 4-4 Exposure Scenariosand NESHAPsDose Estimatesfor 1993

• Estimated Dose

Equivalent

Critical Receptor Sample ID Total Individuals Exposure Duration (mrem)

Missouri Highway Maintenance Facility AP-2001 9 2,000 hrslyr 0.021 ¢ 0.148

WSSRAP administration building AP-2005 220 2,500 hrs/yr 0.383 ± 0.190
i

Francis Howell High School - Assessment 1 AP-4006 1800 2,250 hrslyr -0.031 ± 0.150
,,,

Francis Howell High School - Assessment 2 AP-4006 1(" 365 dayslyr -0.122 ± 0.585

Busch Memorial Conservation Area (_ AP-4007 NIA 119.5 hrs 0.0264 ± 0.1089

Weldon Spring Training Area AP-4008 lCCm 2,000 hrslyr -0.055 ± 0.1245

Nearest quarry residence AP-4011 1t_ 365 days/yr -0.243 ± 0.546

(a) Based on one quarter of data.
(b) One individual residing full-time on school properties.

(c) One employee working full-time on Army property.
(d) One individual living at residence.

Multiply by 0.01 to convert mrem to mSv
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TABLE 4-5 NESHAPs IsotopicAir Monitoring ResultsEffective Dose EquivalentContributions, 1993

AP-2001 1st __,_m 2nd n,Rrter 3rd Quarter 4th Quarter Annual

Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective Dose Effective Dose
_,--:;._.._ (lnCiim') Equiv_.'--__t(mrem) (pCilm') Equivalent (torero) (pCi/m') Equivalent (mrern) (pCilm') Equivalent (torero) Equivalent(iT;rein!

Total U 1.27[. 10 + 0 0.0073 ± NIA 1.80[. 10 ± N/A 0.0104 ±N/A 1.77[. 10 ± NIA 0.0102 + N/A 3.07[.10 ± N/A 0.0177 ± NIA 0.0456 ± N/A

RA-226 -4.64[.12 +3.97E-11 0.0000±0.0001 9.85E-12±6.69[.11 0.0000±0.000-3 -1.66[.11 ±8.25E-11 .0.0001 +0.0003 .4.41[.12± 1.95[.11 0.0000+0.0001 .0.0001 ±0.0005

RA-228 -4.38[.11±2.71[.10 -0.0001±0.0003 1.05[.10±1.52[.10 0.0002±0.0003 -7.75[.11±1.97[.10 -0.0002±0.0005 -5.50E-11±2.06[.10 -0.0001±0.0005 -0.0002±0.0008

TH-228 .4.93[.11 ± 1.72[.10 -0.0081 ±0.0142 1.66[.11 ± 6.74E11 0.0027±0.0111 -1.73[.11 ±7.09[.11 -0.0028 ±0.0116 -1.74[.11 ± 1.12[-10 -0.0029±0.0184 -0.0111 ±0.0282
i

TH-230 -3.00[.11 ±2.30[.10 -0.0047+0.0180 2.88[.11±8.11[.11 0.0045+0.0127 1.02[-10±8.82[.11 0.0160±0.0138 -4.05[-11±1.01[--10 -0.0063±0.0158 0.0095±0.0304

TH-232 -1.94[.11 ±2.00[.10 -0.0153±0.0785 -1.07[.12±6.62[.11 -0.0008±0.0521 3.83[.12±7.86[.11 0.0030±0.0618 -1.28[.11 • 1.10[.10 -0.0100±0.0.862 -0.0232±0.1419

EDE -0.0209 ±0.081a 0.0171 ±0.054_ 0.0261 ±0.0644 -0.0017±0.0895 0.0206±0.1478

:AP-2005 1st Quarter 2nd _rh_,arter 3rd Quarter 4th Quarter Annual.

Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective Dose Effective Dose
R_onuclide (pCilm s) Equiv,=;--n±(torero) (/nCilm=) Equiv__!_.,lt(mrem) (#Ci/ms) Equivalent(mrem) (#CilmS) Equivalent (mrernl Equivalent (torero|

T, ,al U 1.01 E.09 ± NIA 0.0584 ± N/A 6.69E- 10 ± N/A 0.0385 ± NIA 1.23[.09 ± NIA 0.0707 ± NIA 2.44E.09 + N/A O.1405 ± NIA 0.3082 ± N/A

RA-226 -8.09[.12 ± 1.84[.11 0.0000±0.0001 8.34E-11 + 7.40[.11 0.0003 ±0.0003 8.63[.12 ±8.85[.11 0.0000±0.0004 -7.36[-12 ± 1.85[.11 0.0000±0.0001 0.0003 ±0.0005
,,,,

FIA-228 -7.43[.11 ±1.34[.10 -0.0002±0.0003 2.17[.10±1.91[.10 0.0006±0.0004 -3.44[-11 ±2.01[-10 -0.0001 ±0.0005 2.24[-11 +2.14[.10 0.0001 ±0.0005 0.0004±0.0011

TH-228 -4.48[.12±1.13[-10 -0.0009±0.0186 1.25[-11±6.26E-11 0.0026±0.0103 -8.38[.12±7.17E-11 -0.0017±0.0118 -2.74[.11±1.12[-10 -0.0056±0.0184 .0.0057+0.0301

TH-230 8.67[.11 ±1.33E-10 0.0169±0.0208 9.87[.11 ±9.14[.11 0.0193±0.0143 -2.20[.11 ±7.54[.11 -0.0043±0.0118 -6.68[-11 ±9.91[.11 -0.0131 ±0.0155 0.0189±0.0398
,

TH-232 1.43[.11 ±1.12[-10 0.0140±0.0882 -6.19E-12±5.70[-11 -0.0061+0.044-9 -1.17[.11±7.65[-11 -0.0115+0.0602 -1.28[-11 t-1.12[-10 -0.0126±0.0884 -0.0162±0.1821

EDE ( 0.0552 ±0.048: 0.0531 0. 0.3830 ± 0.1903
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TABLE 4-5 NESHAPs IsotopicAir Monitoring ResultsEffective Dose EquivalentContributions,1993 (Continued)

AP-4006 1st Quarter 2nd Quarter ..---. 3rd Quarter 4th Quarter Annual

Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective 0ose Effective Oose

RadionucSde (pCi/m=) Equivalent (mrem| (pCi/m=) Equivalent (totem) (PC_m=) Equivalent (torero) _--"_ _(pCi/m=) Equivalent (rnrem) Equivalent(nvem)

Total U 1.55E-11 ±N/A 0.0010+NIA 6.73[-11 +NIA 0.0044+NIA 5.16[.11 +NIA 0.0033 +NIA 2.90E-12 +N/A 0.0002+N/A 0.0081 ±N/A_ m pm

RA-226 -5.06E-12+ 1.91E-14 0.0000±0.0001 1.07[.11±6.70[.11 0.0000+0.0003 3.31[.11+9.25[.11 0,0002 + 0.0004 -5.16[.12+1.85[.11 0.0000 + 0.0001 0.0001 +O,0022.,.m.m.,mm,m _
m..,m,m..

taRA-228 -6.19[.11 +1.34[.10 -0,0002+0.0003 9.26[.11 +1.68[-10 -0.0002+0.0004 1.06[-10+2.09[-10 0,0003+0.0005 -4.18[.11 +2.04[.10 -0.0001 +0.0005 0.0003+0,0036..._.--.

TH-228 -3.95[.11+8.05[.11 -0.0073+0.0149 -4.12[.12+6.10[.11 .0.0008+0.0113 2.05[-12+8.56[-11 0,0004+0.0158 -2.72[.11 +8,90[.11 -0.0050+0.0164 -0.0141+0.1147

TH-230 -2.2_'E-11 +9.06[.11 .0.0039+0.0159 -1.13[-11 +7.91[.11 -0.0020+0.0139 4.67[--11 +9.81[.11 0.0082+0.0173 _'4"60[.11 +7.93[.11 -0.0069+0,0744 -O.0046+0.1193

TH-232 -1.16E-11 +7.89[.11 -0.0102+0.0698 -8.57[.12+6.74[.11 .0.0076+0.0597 3.06[-12+9.32[.11 0.0027+0.0825 -7.79[-12+8.41[.11 -0.0069+0.0744 -0.0245+0.5612
e,-

EDE -0.0207 + O.162_ -0.0057 +0.0623 0.0151 + 0.0853 -0.0200 ± 0.0775 -0.0312 +O.1503

AP-4007 1st Quarter 2nd Quarter 3rd Quairter 4th Quarter Annual

Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective Dose Effective Dose
Radionuclide (pCi/m=) Equivalent (totem) (pCilm=) Equivalent (rnrem) (pCilm =) Equivalent (rnrem) (pC:i/m=) Equivalent (torero) Equivalent (mmm)mmem_i

..,,m.,mm.m

Total U N/A + N/A N/A + NIA NIA + N/A N/A + N/A NIA + NIA NIA + NIA 2.18[.11 + N/A ,-.,--0"0013 + NIA 0.0013 ± N/Am,m.,mm.,

RA-226 N/A + N/A N/A + N/A NIA + N/A N/A + N/A __NIA+ N/A NIA + NIA _"1.04[. 12 + 2.20[. 11 0.0000 + 0,0001 0.0000 + 0.0001

RA-228 NIA+ NIA NIA+NIA NIA+NIA N/A + N/A __ NIA + NIA N/A + N/A _1.95[.10+2.58[.10 0.0006 +0.0006 0.0006 +0.0007

TH-228 NIA +N/A NIA ±NIA NIA + NIA NIA +NIA NIA + NIA NIA + NIA 1.77[.11 +1.13[.10 0.0036+0.0185 0.0036 + .0232

Th-230 NIA+NIA NIA+NIA NIA+NIA NIA+NIA ___NIA+NIA N/A+NIA -9.05E-12+1.04[-10 .0.0018+0.0163 -0.0018+0.0204

Th-232 NA+ NIA NIA + NIA N/A + NIA NIA+ NIA NIA + N/A N/A + NIA 2.31[-11 + 1.06[.10 0.0227 +0.0835 0.02270 +.1044

EDE NIA +-NIA NIA+-NIA NIA +-NIA 0.0264 +0.1089 0.0264+0.1089
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TABLE 4-5 NESHAPsIsotopicAir Monitoring ResultsEffective Dose EquivalentContributions,1993 (Continued)

AP-4OO8 1st __-_,___ 2nd __,_-lm 3rd Quarter 4th Quarter Annual

Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective Oose Effective Dose
"PP__*_,-,:-z":_, (pCi/m') r_.__v:':_ (_,e,-_) (pCilm') Equiv:'_ (torero) (#Cilm 3) f-q-ivalem (torero) (pCi/m') Equivalent Invend Equivalent(torero)

Toia; U 5.71[.11 +N/A 0.0033 +NIA -9.67£--11 +N/A -O.O056+N/A -1.71[.lO±N/A -O.0098 ±NIA 1.14E11 +N/A 0.0007 ±N/A .0.0115 ±NIA

RA-226 -6.83[.12 ± 1.98[.11 0.0000±0.0001 -9.32[.11 + 6.C_E-11 .0.0004+0.0003 -2.95[-11:1:6.22[-11 .0.0001 ±0.0003 -6.60[.12 ± 1.85[.I 1 0.0000±0.0001 -0.0006±0.0004

RA-228 -6.12[-11 +1.37[.10 -0.0001 ±0.0003 7.91[.11 ±1.72[.10 0.0002+0.0004 -1.11[.10±1.46[.10 -0.0003±0.0003 2.61[.11 ±2.04[.10 0.0001 ±0.0005 -O.0002±O.(XX)8

TH-_:)R -4.98[.11±8.18[-11 -0.008__2±0.0134 -4.01[.12±5.37[-11 -0.0007±0.0088 -2.75[.11±6.68[.11 .0.0046±0.0092 -2.69E-11±8.96E-11 .0.0044±O.0147 .0.0178±0.O236

TH-230 8.45[.11 ±1.06[-10 0.0134±0.0167 -8.13[-11±6.62[.11 -0.0127+0.0103 -8.54[-11 ±5.86[.11 -0.0134±0.0092 -2.70[.11±8.44E-11 -0.0042±0.0132 -0.O169±O.0264

TH-232 8.62[.12 ±8.45[.11 O.0C_6 ± O.0649 -1 .O2[.12+ 6.62[-11 -0.0008 + 0.O_..2 -4.76[-11 ±6.89[-11 -0.0376,0.O463 2.96[.11 ±9.66[-11 0.0232±0.0769 -O.0084±0.1187

EDE 0.0150 ±0.0684 -O.0199 +0.046_ .0.0656±0.0481 0.0153+0,078§ .0.0553±0.1245

AP-4011 1st ___*_,_e,- 2nd Quarter 3rd rk-uter 4th Quarter Annual

Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective Dose Net Concentration Effective Dose Effective Dose
.R_-__or_._-_;;,_ (pCi/ms) _r-?__,-___:_(rmem) (pCi/m') E__,'v____.t (rmem) (pCi/m_) .Fq-ivalent (torero) (/X;i/m') Equivalent(rmem) Equivalent(mmm)

Tot_; U -3.25E-12±N/A -O.0002±NIA 1.33E-lO+N/A 0.0077 +N/A 1.18[.11 ±NIA O.O007+N/A -2.34F;-; I +NIA .0.0013±NIA 0.0068±N/A
i

RA-226 -1.00[.11 ± 1.08[.10 0.0000±0.0004 1.67[.10 + 7.60E-11 0.0007 ±0.0003 -2.11[.11 ±8.32[-11 -0.0001 ±0.0003 -1.08[-11 ± 1.72[.11 0.0000 ±0.0001 0.0005 ±0.0028

RA-228 .2.*__r--12 ± 1.12E-11 0.0000±0.0003 1.68[.10±1.78[.10 0.0016±0.0004 1.10[.10+2.11[.10 0.0011±0.0005 -8.08[.11±1.93[.10 .0.0006±0.0004 0.0021±0.0036,

TH-228 -3.40[.11±9.25[.11 .0.0244 ±0.0152 -3.93E-12± 6.04[.11 -0.0028 ±0.0099 3.36[.11±8.43[-11 0.0242±0.0138 -9.51[-12 ± 1.03E-10 .0.0068 ±0.0170 -0.0099±0.1246

TH-230 -1.20[.11±8.61[-11 -0.0083±0.0136 -2.01[.11 ±8.00[.11 -0.0140±0.0127 -6.06[-11±7.66[-11 -0.0361+0.0120 -6.15E-13±8.09[.11 .0.0004±0.0142 .0.057189±0.1152

TH-232 -1.93[.11 +5.70[.11 -0.C_=,_,0+0.0438 9.35[.12±6.70[.11 0.0322+0.0527 -3.99[.11 ±7.62[.11 .0.1376±0.0600 -1.12E-11 ±9.89[.11 -0.0385±0.0754 -0.2089±0.5179

EDE 0.0254 ± 0.0551 .0. -0.2433 ± 0.5463
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calculation, since the detection limits were moreaccuratewiththe largervolume of airsampled.
The doses were all less than 0.4 mrem (0.004 mSv) per year at each critical receptorlocation

for both high and low volume results and were similar to the total committedeffective dose
equivalentcalculated for NF.SHAPs in 1992.

Data quality review of precision and accuracy for the NESHAPs high volume samples
indicatedthatdata qualityobjectivesestabfishedin the Planfor Monitoring Radionuclldes Other

Than Radon at Weldon Spring Critical Receptors (P,ef. 21) were not completely achieved.
Althoughthe precision requirementswere met, only 50% of the spikedVOtersmetthe established
criteria. All of the uranium spikes met the established criteria but all of the Th-230 spikes

failed. Failure of the Th-230 spikes was found to be caused by a spike preparationproblem
ratherthan a laboratory analysis problem.

A careful review of _te 'documentationon spike solution preparationindicated that the

solution had not been preserved with nitric acid. Thus, the Th-230 did not remain in solution
and could not have been applied to the filters at the concentrationexpected. Therefore,
laboratory analyses were accurate when they indicated activities much less than the spike
activities. In addition, the contracted laboratorypreparedand analyzed Th-230 matrixspikes,
and the results were all well within acceptable ranges.

When a new spike solution was prepared and applied to first quarter 1994 N_ELAPs
ftlters, 100% of the spiked falters met data quality objectives. Based on these results, and
identification of the source of spike data quality failure, it is possible to conclude that the

concentrationsmeasured at the critical receptor locations are valid.

4.6 Radiation Dose to Native Aquatic Organisms

Since benthic invertebrate samples could not be collected during 1993 (see

Section 8.3.1.2), the radiationdose to nativeaquaticorganismswas calculatedusing the highest
concentrationof uraniumdetected in benthic invertebratesduring 1992. The highest uranium

concentrationdetected was 32 pCi/g in a samplefrom Frog Pond.

The 1993 dose to native aquaticorganismswas therefore calculated in the same manner
as for 1992, and was comparedto the DOE guidelineof I tad/day. The absorbeddose rate to
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these organismswas 0.04 tad/day. Furthersampling will be conductedin calendaryear 1994
and these calculationswill be updatedat the completionof these events.

4.7 _llShts

• The effective dose equivalentfor themaximallyexposedhypotheticalindividualfrom
all pathways was 1.9 torero. This value represents 1.9_ of the DOE guidelineof
100 mrem(1 rosy) above background.

• The NESHAPs standardof 0.I0 mSv (I0 torero)annuallyfor airborneemissions was
not exceeded in 1993. The committedeffective dose equivalentswere calculatedas
< 0.4 mremfor each of the critical receptormonitoringlocations.
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$ k ADIATION AND ASBgSTOS MONITORING PROGRAM

The Weldon SpringSite RemedialAction Project (WSSRAP)operatesits environmental
monitoringand surveillanceprogramin accordancewiththe U.S. _ent of ]Energy(DOLE)
Orders in the 5400 series and with the Environmental Monitoring Plan for Calendar Year 1993

(P.ef.9). Thissectiondescribesmonitoringresultsforradon,externalIpmunaradiation,

airborneradioactivepar,.iculatesandasbestosatvarioussiteperimeterandoff-sitelocations.

A programoverview,summaryof applicablestandazds,actualmonitoringresults,andan

assessmentofany associatedenvironmentalimpactsisprovidedbelowforeachparameter

mentionedintheplan.

S.l Radon Gas Monitoring Prolpr'am

5.1.1 PrOllnm Overview

]BothU-238 and Th-232 are naturaUyoccurringradionuclidesin soil and rock. Radon
(P.n-220 and Rn-222) is a naturaUyoccurring radioactivegas found in both the uranium and
thorium decay series. A fractionof the radon producedfrom the radioactivedecay of naturally
occurring U-238 and Th-232 diffuses from soil and rock into the atmosphere, accountingfor
naturalbackgroundairborneradonconcentrations. Radonis producedat the Weldon Springsite
from these natural sourcesas well as from the contaminatedwaste materialspresent at the site.

Airborne radon concentrationsfluctuate with both soil conditions and meteorological
conditions. The amount of radon that actually enters the atmosphere varies depending on a

number of parameters, including radium concentrations in soil, soil moisture content, soil

porosity, soil density, and atmosphericpressure. Of these, the moisture content of the soil is
the mostvariableand is primarilyresponsible for quarterlyand annualchanges in aizt_me radon
concentrations.

The environmentalradon monitoringprogramutiliTesa pair of radon detectorsat each
of the 37 permanentmonitoringlocations; seven at the Weldon SpringChemicalP_t (WSCP)
perimeter, eight at theWeldon SpringQuarry(WSQ)perimeter, 13 at the raffmate pits area,and
nine at off-site locations. Radon monitoring locations are identified with an "RD"prefix in
Figures 5-1, 5-2, 5-3, and 5-4. WSCP and WSQ monitoringlocations are distributedaround
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TABLE 5-1 1993 Alpha Track RadonResults(a)
i

1st 2rid 3rd 4th Annual Annual Percent of
Location Quarter Quarter Quarter Quarter Average Standard Guideline

I.D. pCi/! pCitl pCi)l pCi/! pCiJl Deviation (b)
I I

Weldon Spring Quarry

RD-1002 1.0 1.1 1.3 1.9 1.3 0.38 40
ii

RD-1003 0.6 0.4 0.4 0.6 0.5 0.13 13
i i

RD-IO04 0.1 0.2 0.1 0.1 0.1 0.03

RD-IOO5 0.3 0.1 0.1 0.2 0.2 0.06 3

RD-1006 0.3 O.1 O.1 0.2 0.2 0.09 3

RD-1007 0.3 0.2 O.1 0.3 0.2 O.10 3

RD-IO08 0.2 0.2 0.1 0.2 0.1 0.03

RD-1009 0.3 0.2 O. 1 N/A 0.2 O.10 3
I I

Waldon Spring ChemicalPlant

RD-2001 O.1 O.1 O.1 0.2 O.1 0.04 -
i i

RD-2002 O.1 O.1 O.1 0.2 O.1 0.05

RD-2003 O.1 0.2 O.1 0.2 O.1 0.06
i i

RD-2004 0.2 O.1 O.1 O.1 O.1 0.06

RD-2005 0.2 O.1 O.1 O.1 O.1 0.05

RD-2006 O.1 O.1 O.1 O.1 O.1 0.04

RD-2007 0.2 O.1 O.1 O.1 O.1 0.03

Waldon Spring Raffinate Plant

RD-3001 O.1 0.2 O.1 N/A O.1 0.06

RD-3002 O.1 O.1 0.2 O.1 O.1 0.03 -
i

RD-3003 O.1 O.1 O.1 O.1 O.1 0.02

RD-3004 O.1 O.1 O.1 O.1 O.1 O.O1 -

RD-3OO5 0.1 O.1 O.1 0.1 0.1 0.02 -

RD-3007 0.2 0.2 O.1 0.2 0.2 0.06 3

RD-3006 O.1 O.1 O.1 O.1 O.1 0.03 -

RD-3009 O.1 O.1 O.1 O.1 O.1 0.03 -

RD-3010 0.1 0.2 0.1 0.3 0.2 0.09 3

RD-3011 0.2 0.1 0.1 0.1 0.1 0.03

RD-3012 0.2 0.2 0.2 0.3 0.2 0.05 3
i

RD-3013 0.3 O.1 O.1 0.2 0.2 0.09 3

RD-3014 0.3 0.4 0.5 0.2 0.3 0.11 7
ill ill i i i,i

Off Site
ii

"RD-4001 0.2 O.1 O.1 O.1 O.1 0.04

Rr', '302 O.1 0.2 O.1 O.1 O.1 0.04
,.m.,mmmr I

RD-4003 O.1 O.1 O.1 O.1 O.1 0.02 -
,, , ,, ,
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the perimeter t0 ensure adequate detection of radon dissipating from the site under various

atmospheric conditions. Locations RD-4001, RD-4004, RD-4005, RD-4(X)6, and RD-4009

monitor background radon concentrations. The radon detectors used in this program are alpha

track detectors that are sensitive to all isotopes of radon and are deployed quarterly.

The radon environmental monitoring program also utilized continuous radon and radon

daughter monitors. Continuous radon monitors were placed at locations AP-4012, AP-3004,

A.P-1009, and AP-4006. The continuous radon daughter monitors were located at AP-1009 and

AP-4006, as shown in Figures 5-1, 5-2, and 5-3. The continuous radon monitors were in

operation in the beginning of the year, were removed for calibration in early April, and started

again in mid-June. The continuous radon daughter monitors were operated January through

March. The radon daughter monitors were removed from the environmental monitoring

locations and used for worker protection monitoring. The radon daughter monitors are more

beneficial for worker protection than the radon monitors, and the radon monitors provide

adequate monitoring at the perimeter and off-site locations to perform dose calculations, if

necessary. These monitors measure (hourly average) radon concentrations and the data are

collected and analyzed at least weekly. The monitorsare calibrated once per year at a DOE

radon chamber facility.

5.1.2 Applicable Standards

DOE Order 5400.5 specifies a derived concentration guideline (DCG) for unrestricted

areas (off-site areas) of 3 pCi/l (111 Bq/m3), for an annual average, above the background radon
concentration.

5.1.3 Monitoring Results

Table 5-1 summarizes quarterly and annual average radon concentrations. Since radon

is naturally occurring, each location is compared to the background stations to determine whether

any significant differences existed at the 95% confidence level. Locations with levels

significantly higher than background were compared to the DCG. For the DCG comparison,

the average annual background concentration was subtracted from the annual average

concentration before comparison.
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TABLE 5-1 1.993 AIpha'[rack RadonResults(el (Continued)

,, I I I I II , I II _,,, I I I ' Ilrl ' I

1st 2rid 3rd 4th Annual Annual Percent of

Location Quarter Quarter Quarter Quarter Average Standard Guideline
I.D. pCi/t pCi/I pCi/t pCl/1 pCi/I Deviation (b)

il I .... rf

* RD-4004 O.1 O. 1 O. 1 O.1 O,1 0.02

• RD-4005 O, 1 O. 1 O. 1 O.1 O. 1 0.03 -

• RD-4006 O. 1 O. 1 0.2 O. 1 0.1 0.O3 -

RD-4OO7 O. 1 0.2 O.1 O. 1 O,1 0.O4 -

RD-4OO8 N/A 0.2 N/A N/A 0.2 N/A

• RD-4009 0.1 0.1 0.1 0.1 0.1 O.01
Ir i m i iiiii iiii

I,) Results include natural background levels.
(bl Percent of guideline is calculated bv taking the year-to-date average minus the average of the background stations

divided by the DOE concentration guideline for Rn-222 of 3 pCi/l (1O0 Bq/m*3) annual average above background for
uncontrolled areas.

• Background station.
N/A Missing track etch detector or a detector that was not deployed, such ee previous quarters for new monitoring stations.

The results obtained from the pair of alpha track detectors for each location were

averaged to determine the quarterlyaverage radonconcentration. These averages were then
used to calculate the annual average radon gas concentration. The annual standarddeviation

reported reflects the error propagated by taking the standarddeviation of the mean of the
quarterly results.

The annualalpha track backgroundconcentrationwas calculatedusingthe arithmetic
averageof thefivebackgroundlocations.Thedatayieldedanannualbackgroundaverageradon
concentrationin 1993of (0.1 pCi/l (3.7 Bq/m3). The averagebackgroundradonconcentration
didnotsignificantlychangefromthe1991and1992averagesof 0,3 pCi/I (11.1Bq/m3)and0.2
pCi/l (7.4 Bq/m3) respectively.

Average quarterlyradonconcentrationswere consistentat all locationswiththeexception
of quarryairsamplinglocation AP-1009. Duringthe fourth quarterthere was a definite increase
in airborne radon concentrations. This increase is a result of quarry bulk waste removal

activities and was expected. Disturbanceof the softs during bulk waste removal operations
allows a much greater radon emanation fraction from the soil interstitial pore spaces to the

atmospherethanoccurs from undisturbedsoil. The elevated results measuredduringthe fourth
quarterare expected to continue throughoutbulk waste removal.
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Table 5:2 summarizes the continuous radon monitor results, shown as quarterly results

and annual averages for each monitoring location. The annual averages were also compared to

the DCG, after subtracting the background station AP-4012 results, and are shown in the table.

TABLE 5-2 1993 Continuous Radon Monitoring Results(a)

let Quarter 2nd Quarter 3rd Quarter 4th Quarter '

Location (pCi/I) (pCi/I) (pCi/I) (pCi/I) .... Annual
ID Percent of

Standard Standard Standard Standard Standard Guideline

Average Deviation Average Deviation Average Deviation Average Deviation Average Deviation (b)

AP-3004 0.61 0.14 0.34 0.08 0.41 '"0.16 0.37 0.07 0.44 O.16

AP-4006 0.49 0.12 '0.32 0.06 0.38 0.07 0.45 0.06 0.43 0.10

*AP-4012 0.64 0.15 0.35 0.04 0.36 0.09 0.40 0.06 0.46 0.16

AP- I009 1.54 1.08 1.06 0.64 1.71 0.47 3.19 1.76 2.06 _ .43 53

(') Results include natural background.

(b) Percent of guideline calculated by taking the year-to-date average minus the average of the background stations divided
by the DOE concentration guideline for RN-222 of 3 pCi/1 (100 Bq/m'3) annual average above background for
uncontrotled areas.

• Denotes background station

Although fourth quarter results at the AP-1009 had a notable increase, it should be noted

that the results obtained from the continuous monitors are consistently greater than the results

obtained from the alpha track detectors. The continuous monitor results are believed to be

biased high. This bias is probably a result of the annual calibration performed at the DOE

facility in Grand Junction, CO. The detectors are calibrated at 3 pCi/l (111 Bq/m3), 10 pCi/l

(370 lkl/m3), and 25 pCi/l (925 lkl/m 3) airborne concentrations. To more closely represent

environmental concentrations the possibility of lowering these calibration concentrations is being

investigated. In addition, the continuous monitors require significant maintenance and

downtime. Maintenance and downtime could have a bias effect on the averaged monitoring
results.

5.1.4 Data Analysis

Statistical analysisof the radon alpha track detectorresultsindicated that at the 95 %

confidencelevel, the measuredconcentrationsat five of the eight monitoring locationsat the

quarry perimeter were greater than the backgroundmonitoring location concentrations. In

addition,theanalysisindicatedthat measurementsfrom five of the 13 raft'matepit locationswere
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greater than the background station results. The analysis indicates that the results for all other

stations are no higher than background levels.

5.1.4.1 Chemical Plant/Raft'mate Pits. Statistical analysis of locations RD-3007,

RD-3010, RD-3012, RD-3013, and RD-3014 shows measured results higher than background

levels. These stations are located around the raffinate pits perimeter. The average

concentrations for the above monitoring stations exceeded background levels by 0.1 pCi/l

(3.7 Bq/m3) to 0.2 pCi/l (7.4 Bq/m3). The statistical test is based largely on averages and

standard deviations of the sample groups. When the standard deviations are small, the test

detects smaller differences between the two data groups. _use the standard deviations among

the quarterly analysis results for these sample locations were small, (the difference between the

average concentration was only 0.1 pCi/l [3.7 Bq/m3]) the hypothesis test was able to conclude

that the sampling locations were greater than background levels. Although the failure of these

stations may be the result of the potential for 5 % false positive conclusions associated with the

statistical test at the 95 % confidence level, potential impacts were assessed for a hypothetical

individual as discussed in Section 4.4.2. The quarterly measured radon concentrations from all

stations ranged from 0.1 pCi/l (3.7 Bq/m3) to 0.5 pCi/! (18.5 Bq/m3) at the chemical

plant/raff'mate pits monitoring locations.

5.1.4.2 Quarry. The measured concentrations at the quarry indicated that five of

the eight sampling locations were greater than background levels. These results were not

unexpected, _use the quarry contains significant radium contamination, and quarry bulk waste

removal activities began in 1993. Furthermore, the quarry is surrounded by steep walls, and

this tends to stagnate the air inside it. This inhibits dispersion and results in an increased

concentration at the perimeter of the quarry. The impact of the above background radon

concentrations to a hypothetical maximally exposed individual was assessed as described in

Section 4.4.2. The quarterly measured results ranged from 0.1 pCi/l (3.7 Bq/m3) to 1.9 pCi/l

(70.3 Bq/m3).

5.1.4.3 Off Site. Statistical analysis of monitoring results from off-site locations

indicated that there was no reason to suspect at the 95 % confidence level that measured

concentrations at any of the stations were greater than background levels. The quarterly radon

concentration measurements at off-site locations ranged from 0.1 pCi/l (3.7 Bq/m3) to 0.2 pCi/l

(7.4 Bq/m3). These results are similar to results obtained during previous years.
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$.1.4.4 Five Year Trend ,Mmlysisof RadonGas. Figure5-5showstheannual
averageradon concentrationfor the monitoringstationsat the quarry, chemicalplant, raffmate
pits, and off-site locations. These monitoring results include natural background radon
concentrations. The monitoringresultsat the quarryseem to indicate a significantdownward

trend. This trendappearsto continuein 1993; however, tl_s is primarilydue to the additionof
two new stations at the quarrynear the water Ueatmentplant. These stationsare furtheraway
from the contaminated soils than the other stations, and when averaged with existing station

results, appearto result in a lower averageconcentrationfor the area.

5.2 Gamma Radiation Monitoring

5.2.1 Program Overview

Gamma radiation is emitted from natural, cosmic, and manmadesources. The earth

naturally contains gamma radiation emitting substances, such as uranium, thorium, and
potassium(K-40). Cosmic radiationoriginatesin outerspace andfilters throughthe atmosphere
to the earth. Together, these two sourcescompose naturalbackgroundradiation. The United
Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) (Ref. 31)

estimates the typical gamma radiation dose is 35 mrem/year from the earthand 30 mrem/year
(0.30 roSy/year) from cosmic sources. The total estimated backgroundradiation for this area
is 65 mrem/year (0.65 roSy/year).

Gamma radiation is monitored at the site using environmental thermoluminescent
dosimeters(TLDs) at 29 monitoringstations: seven at the site perimeter,five nearthe raft'mate

pits, eight along the quarryperimeter,and nine off site. The locations are denotedby a "TD"

prefixon Figures5-1, 5-2, 5-3, and5-4. StationsTD-4001, TD-4004, TD-4005, TD-4006, and
TD-4009 _easure naturalbackgroundat locationsunaffectedby the site. The TLDs are changed

every quarter.

5.2.2 Applicable Standards

There is no specific standardfor gamma radiationin the DOE orders; however, DOE
Order 5400.5 specifies that members of the public shall receive less than 100 mrem/year
(1.0 mSv/year) from DOE operations for all exposure pathways.
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5.2.3 Monlto_ Results

Table5-3 summarizesquarterlyandannualaveragegamma radiationmonitoringresults.
The table includes quarterlyaverages, annualtotals, and the annualstandarddeviationfor each
station. The annual standarddeviation reported reflects the error propagatedby taking the
standarddeviation of the mean of the quarterlyresults.

The backgroundlevels of gamma radiationfor 1993 were determined by averagingthe

quarterlymeasurementsfrom the five backgroundstations. The averagerate from these stations
was 60 mrem/year (0.60 rosy) with/a standarddeviation of 8 mrem/year (0.08 rosy). This
average backgroundis approximatel/ythe sameas the UNSCEAR 1992 estimateof 65 mrem/year
(0.65 mSv/year). J

The first quarterTI_ results were significantlyhigherthan TLD results in the remaining
quarters. This is because the control TLD monitoring results were significantlyhigher than
expected, and therefore, were not subtractedfrom the gross TLD results. The cause of these
high control TLD results is not known. First quarterTLD results are listed, but are not used

in calculatingthe annualtotal. To calculatethe annualtotal gammaradiationrate, the missing
data, and the first quarterdata, were replacedwith the averageof the remaining quarterlyTLD
results for those stations.

5.2.4 Data Analysis

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

5.2.4.1 Chemical/Raft'matePits. The annualtotalgammaradiationmeasurements
from TLDs at the chemical plant and raft'matepits ranged from 60 mrem (0.60 mSv) to
67 mrem (0.67 rosy). These results are comparablefrom previous years for these areas.

5.2.4.2 Quarry. The annual total gamma radiationmeasurements from TLDs at

the quarry ranged from 59 mrem (0.59 mSv) to 71 mrem (0.71 mSv). These results are
comparablefrom previous years for this areas.
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TABLE 5-3 1993 Environmental TLD Results(a)
....................

. .. i|

1st 2rid 3rd 4th Annual
Location Quarter Quarter Quarter Quarter Total(b) Standard

I.D. (torero) (torero) (mrom) (mrem) (mrem/yr) Deviation
i|i __ __ ill I II iii Ill

Weldon Spring Quarry
II • II II I IIII I Ilia II IIIlil I II

TD-1002 29 18 19 16 71 1
, , ii ,, , i i i i i ,,

TD- 1003 28 17 16 16 65 1
i i,, , i i

TD-1004 28 17 19 16 69 L 1., , , ,, ,|,, ,,,,

TD-1005 28 17 16 19 69 1
= i i i ,.. i , , i .,.

TD-IO06 25 16 18 17 68 1
,,, |

TD-IO07 28 18 17 18 71 1
= , . i _ .i,, i

TD-1008 27 16 17 14 63 1
i i i i , i ., | i . H ..,, i

TD-IO09 24 17 14 13 59 2
IIIII I I I' I' IIIII I II I

Weldon Spring ChemicalPlant
I i il i ii i

TD-2001 26 15 I 5 I 5 60 0
, ,=. ,. _ ,., . ,.,

TD-2002 25 15 16 15 61 I

TD-2003 26 17 16 16 64 1

TD-2004 27 18 15 17 67 I

TD-2005 24 16 15 14 60 1
i|,. i , ,,,.,, , ,, i,,. i i

TD-2006 25 15 17 15 e3 1
i . |.

TD-2007 25 15 16 15 61 1
i i li ' " " '" '= I P

Waldon Spring Raffinata Pit
"= H il ii li' I i II

TD-3001 -- 15 15 14 59 1
,, .m, i i . , .= ,I

TD-3002 27 12 12 11 47 I
i, ,,= L •

TO.3003 29 le 1_ 1_ e7 1
TD-3004 25 13 13 14 53 I

TD-3005 28 16 15 17 64 1
' '""' III I I [] 1 I I

Off Site
I I B II I

"TD-4001 25 17 14 16 63 1

TD-4002 22 12 11 13 48 1 _
i i i ,., m

TD-4003 22 12 11 14 49 1
,L . , ,.,, ,,, . , i

"TD-4OO4 27 18 18 "" 72 O
. _ m. , , ,, i=,

"TD-4OO5 24 14 13 13 53 1
_ i H i i,m i -

"TD-4OO6 25 15 16 14 60 I

TO-4007 24 13 14 13 53 1
, ,. ,. m , i | i.

TO-4008 29 13 .... 52 -

*TD-4009 25 13 12 14 52 I
i _ i i .... i| ,i., i i -

• Denotes beakgroundlocation.
(a) Resultsincludenatural background gammaradiation.
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(b) To calculate the annual total gamma radiation rate, the missing data and the first quarter data were replaosd with the

average of the remaining quarterly TLD results for those stations.
-- Denotes lost or damage TLD.
To oonvart to mSv/yaer, divide by 100.

5.2.4.3 Off-Site. The annualtotal gammaradiationmeasurementsfrom TLDs at

off-site locations rangedfrom 48 mrem (0.48 mSv) to 72 mrem (0.72 mSv). These results are
comparablefrom previous years for these areas.

5.2.4.4 Five Year Trend Analysis of TLDs. Gamma radiation exposure

monitoring results from the last five years are shown graphically in Figure 5-6. The graph
shows yearly monitoring result averages for the chemicalplant, raff'matepits, quarry,and off-
site locations. The results include the naturalbac_und dose rate. No significanttrendwas
evident at the site in 1993.

5.3 Radioactive Air Particulate Monitoring

$.3.1 Program Overview

Radioactiveairparticulatesareairbornedustparticlesthatcarryradioactive contaminants.
The primarycontributorsto long-lived natural backgroundradioactivity on dust particles are

decay productsof radon. Backgroundconcentrationsof radioactive airparticulatesare affected
by the amount of contaminantsin the soU, moisture, wind, and geological conditions. Many
areas on site containabove backgroundconcentrations of sou contamination,whichcould result
in increased airborne radioactive particulateconcentrations. Increased airborne radioactive

particulateemission from the site could result from wind erosion or remedial work activities,

such as moving equipmentand vehicles in contaminatedareas.

The WSSRAP monitors radioactive air particulatesusing 17 permanentlow volume air
samplers: seven at the site perimeter, five at the quarry, and at five off-site locations. In
addition, three tempora_-ylow-volume air monitoring stations were established around the

chemical plantperimeter. Depending on the currentactivities, portableairparticulatesamplers

were deployed at temporary stations. These locations are denoted by an "AP" prefix on
Figures 5-1, 5-2, 5-3, and 5-4. In order to monitor alphaparticles, low volume air sampler
filters were analyzed for long-lived gross alpha activity. These samplers collect airborne
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particulatesby drawingambientair throughmixed cellulose esterf'dterswitha 0_0 micronpore
size. The f'fltersare then analyzed on a gas flow proportionaldetectorto determinethe amount
of gross alphaactivity in the particulatescollected on the faltersurface.

A mid-year study indicateddecreased monitorpump reliability. It was determined that
the 3/4 hp pump motors installed duringthe 1992 monitorexpansionwere insufficiently cooled
and thatproper cooling was not possible with the existing equipment. All 3/4 hp motors were

exchanged for 1/4 hp motors duringthe thirdquarter. The pump reliabilitydid not effect flow
rates and failed pumps were replaced in a timely manner. Fourth quarter results exhibited
improvedsampling reliability.

$.3.2 Monitoring Results

The annualaverage long-lived gross alpha concentrationsand standarddeviationsfor the
17 permanent and three temporarylow volume stationsare summarizedin Table 5-4. Annual

averageswere calculated using uncensoredweekly air particulateanalysis results. Uncensored
data refers to all results, including those near or below the minimumdetectableamount. The

DOE En_ronmental Regulatory Guidefor Radiological £.O_uentMonitoring and Environmental

Surveillance (ReL 32) requires the use of uncensoreddata to minimize any bias in arithmetic
averages and standarddeviation calculations.

The typical minimum detectable concentration(MDC) for low volume air paniculate
samplingat the WSSRAP is 3.3 x 10"16pCi/ml (0.12 mBq/m3). This MDC is low enough to

allow detection of Th-232, which has the lowest derived concentrationguideline (DCG) at the
site of 7 X 10"15_Ci/ml (0.26 mBq/m3) (DOE 5400.5). If an individual inhales airborne

contaminantsat the DCG for one year, the resulting committedeffective dose equivalent is
100 mrem (1 mSv).

$.3.3 Data Analysis

Statistical analysis of the annual results from the low volume ai_3rne particulate
samplers indicated that the concentrationsof airborneradioactiveparticulateswere greaterthan
backgroundlevels at the chemical plant/taftinatepits stationsAP-2002, AP-2005, and AP-3004

and at the off-site location AP-4007. The statisticalanalysis indicated thatfor all other stations
there was no reason to suspect that the results were greaterthanbackground.
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TABLE 5-4 1993 Radioactive Air Particulate Gross Alpha Results
. . , ,. II , .,,

Number of Sample
Annual Average Long-Lived Values Above

Monitoring Station Gross Alpha Concentration Standard Deviation MDC(o)/Total Number of
Identification Number ( x 10 "16#Cilml) Ib) ( x 1E-15 HCi/ml) Samples

I i i ilil IN UI i I I ii

AP-2001 1.18 0.52 47/51
i i , i. i

AP-2002 1.35 0.63 48/49

AP-3003 1.08 0.44 43/47
i, i ,, ,,,., v, i,,,

A P-3004 1.19 0.50 49/51
i,| ,, , ill, ., . , ,,.i ,u , , i ,.

AP-2005 1.45 0.70 50/51

AP-4006 1.04 0.47 47/49
.. i i i

AP-4007 1.24 0.49 51/52
ill ,. ii i ii. i ii i

AP-4008 1.21 1.00 47/51
i i i

AP- 1009 1.06 0.64 47/52
i i , , i, i i ,, |l

AP-1010 0.96 0.41 60/51
i ,, |, i i. i|i

AP-4011 1.15 0.46 50/52
.,, i,L l i| i i , ii

AP-4012 (') 1.02 0.50 51/52
,.|, i i H i i, i i

AP-2013 1.13 0.50 48/50

AP-3014 1.11 0.42 47/47
i , ,i ,..,= i , ,, i

AP-1015 1.15 0.61 42/45
. . ,, , . ,, ,|,

AP- 1016 1.14 0.49 49/50
i , . ,.,,, i i HI,

AP-1017 1.21 0.72 49/51
l,,, , , ,.= | ,, , i

AP-2019 1.19 0.45 14/14

AP-2020 0.81 0.52 8/1 ;!

AP-2023 0.90 0.50 8/9
I I I , , llll ill

(a) Indicates background monitoring station.
(b) The annual average gross alpha concentrations were calculated using uncensored data, which includes analysis results

which are lees then reported minimum detectable concentrations.
(c) MDC - minimum detectable concentration.

Multiply by 37,000 to convert #Ci/ml to Bq/ml

In 1993, several process buildings were dismantled at the chemical plant. This would

suggest a potential to release higher concentrations of radioactive airborne particulates than in

past years. However, among monitoring stations that failed the statistical analysis, only
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monitoring station AP-2005 showed 1993 annual average concentrations greater than the
comparative1991 and 1992 annual concentrations.

Backgroundmonitoring station AP-4012 had a 1993 annualaverage of 1.02E-15 #Ci/_tl
(3.77E-11 Bq/ml) and the 1992 annual averagewas 1.28E-15/_Ci/ml (4.74E-11 lkl/ml). This
represents a decrease in concentration of approximately20% for 1993. The decrease is
attributedto the change in location of the backgroundstation in 1993. In 1993, the background
stationwas moved from the Busch Conservationmaintenancebuildingareato the Daniel Boone

ElementarySchool in New Melle. The new setting is in a grassyareawith asphaltor concrete
in adjacent areas. The old background setting was in the middle of a gravel parking area.
Gravel dust has naturalradioactivity, and continualsamplingof the gravel dust would increase

the radioactivity collected on the samplingfilter. The lack of fugitive dust createdby vehicle
traffic on the gravel area is suspected to be the reasonfor the decrease in the 1993 bac_und
concentrations.

It shouldbe notedthatthe high volume airborneparticulatesamplerat monitoringstation
AP-4007 (Busch Conservation Headquarters)collected data in the fourth quarterand did not
indicate any increase of radioactive airborneparticulate concentrations. The high volume
airborneparticulatesamplers have a flow rate of approximately950 liters (247 gal) per minute

and are more sensitive than the 40 liters (10 gal) per minute low volume samplers. Although
the high volume sampler data is used to assess potential doses to critical receptors, the low
volume air samplingdata will be used to assess anypotentialimpactsto a hypotheticalindividual
at the Busch ConservationHeadquarters(AP-4007) as discussed in Section 4.

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

5.3.3.1 Chemical Plant/Raft'mate Pits. The average concentrations at the

chemical plant/raft'matepits perimeter ranged from 8.1E-16 /tCi/ml (2.99E-11 Bq/ml) to
1.45E-15 _Ci/ml (5.37E-11 Bq/ml). These resultsare similarto thosemeasuredduringprevious
years.
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5.3.3.2 Quarry. The average concentrations at the quarry perimeter ranged from

9.6E-16 _tCi/ml (3.55E-11 Bq/ml) to 1.21E-.15 #Ci/ml (4.48E-11 Bq/ml). These results are

similar to those measured during previous years.

5.3.3.3 Off-Site. The average concentrations at off-site locations ranged from

1.02E-15 #Ci/ml (3.77E-11 Bq/ml) to 1.24E-15 #Ci/ml (4.59E-11 Bq/ml). These results are

similar to those measured during previous years.

5.4 Unrestricted Area Radioactive Contamination Monitoring

5.4.1 Program Overview

The unrestricted area radioactive contamination monitoring program ensures that areas

used by the general public are not contaminated by radioactive materials migrating from the site

as a result of remedial activities. Monitoring consists of in situ measurements (fixed

contamination) and swipe sample (removable contamination) collection.

The unrestricted area radioactive contamination monitoring program includes radiological

surveys in both the controlled and uncontrolled areas at the site. Site roadways and the quarry

bulk waste haul road are monitored to ensure that removable contamination is kept free from

these accessible areas. The Katy Trail is surveyed since it is used by the public.

Ten roadway areas outside the site controUed areas and 10 locations on the Katy Trail

(between the Femme Osage Slough and the quarry) are routinely surveyed. Starting in the

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

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

are made to check for any contamination over the entire investigated portion of the haul road

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

In situ measurements are taken with a beta-gamma detector. One minute measurements

are collected to provide the total (removable plus fixed) radioactivity within the tested area.

Swipes are then wiped over an approximate 100 cm2 (15.5 in2) area with a dry cloth or paper

swipe. The swipe is analyzed using an alpha scintillation detector. The count rates are
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corrected to a_)unt for detector efficiency. The swipe measurementprovides removable
radioactivity in dpm/100cm2.

5.4.2 Monitoring Results

The site roadwaysurveys indicatedan annualremovableaveragealpharadioactivitylevel
for all monitoringlocations of 0.35 dpm/100 cm2. The highest level was 3.84 dpm/100 cm2.
The average minimumdetectableactivity (MDA) for alpha radioactivitywas 4.5 dpm/100 cm2.
The roadwaysurveys indicated an annualaverage fixed beta-gammaradioactivitylevels for all
monitoring locations of 550 dpm/100 cm2; the highest level was 1,870 dpm/100 cm2. The
average MDA for beta-gammaradioactivity was 549 dpm/100 cm2.

The Katy Trail survey indicated an annual average alpha radioactivity level fer all
monitoring locations of 0.90 dpm/100 cm2; the highest level was 5.2 dpm/ 100cm2. The
averageMDA for alpharadioactivitymeasurementsis 4.3 dpm/100 cm2. The survey indicated

an annual average beta-gamma radioactivity level for all monitoring locations of
420 dpm/100 cm2; the highest level was 1,140 dpm/100 cm2.

The fourthquarterhaul road surveys indicated a rangeof removablealpha radioactivity
of -0.68 dpm/100cm2 to 9.8 dpm/100cm2, with an averageof 0.01 dpm/100cm2. The range of
beta-gamma radioactivity was 0.0 dpm/100cm2 to 1061 dpm/1O0cm2, with an average of
252 dpm/100cm2. The MDA for removable alpha radioactivity and beta-gamma radioactivity
was 3.8 dpm/100cm2 and 619 dpm/100cm2, respectively. Most measurementswere below the
MDA. The annualaverages arebased uponactualnot survey results whethernegative, positive,
or ZCro.

5.4.3 Data Analysis

The site monitoring results show fixed contaminationpresent in a few locations, but at
levels well below the DOE uranium surface contamination guidelines for unrestricteduse

(5,000 dpm/cm2 or 5,000 dpm/15.5 in2). The contaminationwas probably caused by airborne
uraniumdeposits thatoccurredduringWeldon SpringUraniumFeed MaterialPlantoperations.
No increase in removablecontaminationlevels has been measuredsince the monitoringprogram
was initiated.
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The Katy Trail and quarry haul road monitoring results indicate background radiation

levels. These data indicate that no contamination from the quarry is migrating to the quarryhaul

road or the Katy Trail, and thus, there is no identifmble probability of radiological contamination
to users of the trail or haul road.

5.5 Airborne Asbestos Monitoring

During 1993, environmental monitoring for asbestos was conducted full time at Francis

Howell High School (AP-4006) and at the site perimeter. In mid-January, full time monitors

were placed around the site perimeter (AP-2002, AP-3003, AP-2013, and AP-2019) to monitor

asbestos abatement operations. In August, full time asbestos monitors were also placed at the

quarry perimeter (AP-1009, AP-1010, and AP-1015). See Figures 5-1 and 5-2 for monitoring

locations. Filters were collected weekly and shipped off site for analysis.

Two methods are utilized to analyze asbestos samples. Phase contrast microscopy (PCM)

indicates fibers that have the same size and shape as asbestos; however, this method does not

distinguish between asbestos and nonasbestos fibers. Transmission electron microscopy (TEM)
measures the actual asbestos fiber concentrations.

TE_ was used for primary asbestos analysis until December 1993, when all asbestos

samples were analyzed using the PCM method.

The results of the environmental samples collected at the Francis Howell High School

and the site and quarry perimeter are provided in Table 5-5. A total of 281 samples were

collected with only 11 samples indicating results above the detection limits. The range of

samples above the detection limits is 0.0006 fibers per milliliter of air (f/ml) to 0.0022 f/ml.

The environmental air samples collected from the site and quarry perimeters and Francis

Howell High School are all below fiber concentrations as defined by the EPAs acceptable

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

contained during abatement operations.
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TABLE 5-5 Summary of Asbestos Air Monitoring Results
i |n .ll

Number of

Samples/Samples Above
Location Deteotion Umit Range (a) Average (a)

' ir

AP-2002 48/1 0.0006 0.0006

AP-2013 48/3 0.0OO6-0.0022 0.0012

AP-2019 48/3 .0006-0.0013 0.0010
llll ill

AP-3003 47/1 0.0013 0.0013
ill

AP-4006 4413 0.0006 (b) 0.0006
i i -

AP- 1009 13/0 N/A N/A
i i

AP-1010 16/0 N/A N/A
i

AP- 1015 18/0 N/A N/A

(a) Includes only samples Ibove detection limits.

(b) All samples had the same results. !
N/A No range or average celouleted. All samples were below the detection limit.

s.6 mghUghts

• Statistical analysis indicated that five r_don monitors located at the quarry and five

locations at the site were statistically greater than background. The highest measured

concentration was 40% of the derived concentration guideline (DCG) for Rn-222.

* TLD results from the chemical plant, quarry, and off-site locations ranged from

48 mrem to 73 mrem. Monitoring result statistical analysis indicates (at the 95 %

confidence level) there is no reason to suspect these values are greater than

background.

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

• Statistical analysis indicated that three gross alpha airborne particulate monitors at the

chemical plant/raWmate pits perimeters and one off-site monitor location have annual

average concentrations statistically greater than background levels. The highest

measured annual average concentration was 21% of the DCG for Th-232, which is

the lowest DCG at the site, and 0.07% of the DCG for U-238, which is the primary
contaminant at the site.

m:\uoers\joonne\aeer93_eection.5 86



061994

6 SURFACE WATER PROTECTION

6.1 Program Overview

The environmentalmonitoringand protectionprogramfor surfacewaters at the Weldon

SpringSite RemedialAction Project(WSSRAP)includesmonitoringdischargepoints underthe
National Pollutant Discharge EliminationSystem (NPDES) programand monitoring streams,
ponds, and lakes under the surface water monitoringprogram.

The effluent or N'PDES monitoring program at the Weldon Spring site establishes

samplingrequirementsfor dischargepoints (ouffalls)at both the chemical plantand the quarry.
The goals of this programare to maintaincompliancewithNPDES permitrequirementsand to
characterizewaterreleasedfrom the site to protectthe healthof downstreamwaterusersand the
environment.

To protectpublicwater sources,the surfacewatermonitoringprogrammonitorsexisting

or potential surface water contamination. Additionalgoals mclude demonstratingcompliance
with all applicableregulationsand Departmentof Energy Orders, providing sufficient datato
determine long term build up, and the detectionand quantificationof unplannedreleases.

6.2 Applicable Standards

The WSSRAF is subject to, and complies with, Executive Order12088, which requires
all Federal facilities to comply with applicablepollution controlstandards. Effluentdischarges
from the site for 1993 were authorized by six NPDES permits issued by the Missouri
Departmentof Natural Resources (MDNR). The MDNR requiresspecific parametersto be

sampled undereach permit. Each parameteris assigned effluent limits or a "monitoringonly"
status, which means the concentrationsare reportedbut not limited by the permit. Sampling

frequenciesand reportingrequirementsfor two permitsare summarizedin Tables 6-1 and 6-2,

respectively. Permits MO-G680002, MO-G680(X)4,and MO-GS0005 are for hydrostatictest
water for the treatmentplants and associated pipelines. These permits require samplingonce

per hatch and there are permit limits for flow (gallons), oil and grease (15 mg/l), and total
suspendedsolids (50 mg/l). In addition, the sixth permit, the site watertreatmentplanteffluent
pipeline land disturbancepermit (MO-R101389) has one monitoringrequirementfor settleable
solids to be measured once per quarter.
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TABLE 6-1 Weldon Spring Chemical Plant Storm and Sanitary Water (NPDES Permit
MO-0107701) Monitoring Requirements

"III I I --

Location
I ii i i

Parameter NP-O002, NP-O003,
NP-O005 NP-O001, NP-O004 NP-O006

i ii i i

Sinnpling Frequency onoalmonth once/quarter once/quarter
I I IIII III I IE

Flow GPO (monitor oNy) GPD (monitor only) GPD (monitor only) (hI
i i

Settlaable Solids 1.0 ml/I/hr lel 1.0 ml/l/hr (*) ---
ii iiii iii i i,i i ii ii i ,1=11

TSS rng/I (monitor only) (el mg/I (monitor only) (°| 15 120 mg/I (01

Nitrate as N mg/t (monitor only) mg/t (monitor only) ---
ii ii

Lithium mg/t (monitor only) mg/I (monitor only) ---

Uranium, total mg/I (monitor only) mg/t (monitor only) ---i i i H

Gross o pCi/I (monitor only) pCi/I (monitor only) ---
. i i

pH 6 - 9 standard units I*l 6 - 9 standard unite I*) 6 - S standard unite
iii i

Fecal coliform ...... 400/1000 colonial/
1O0 mi Is)

i i i i

BOO ..... 10/15 mg/l Id)
• I I

NOTE: Refer to Figure 6-1 for NPDES monitoring locations.

(e) Limits apply after date of Record of Oeci=rion (September 17, 1993) (Ref. 10); "monitor only" requirements apply until
that date.

(b) Frequency is once/month for NP-O006 flow monitoring.

(c) Limit is 60 mg/I if erosion control ie not designed for 1 in 10 year, 24 hour storm.
(d) Monthly average / weekly average.

(e) Monthly average / daily maximum.
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TABLE 6-2 Treated Effluent Parameter Limits and Monitoring Requirements for
Quarry Water Treatment Plant (NPDES Permit MO-0108987) and Site
Water Treatment Plant (NPDES Permit MO-0107701)
(Frequency = once/batch unless otherwise noted)

, ,, ii -- i i ,,,, ,

Looatlon Looatlon
i i| i i i ii iiiii i i I i i i

SW- 1011 SW-1011
SW-101 "_. SW- 1012

NP-O007 SW- 1016 NP-OO07 SW- 1016
Parameter NP- I O01 SW- I 015 Parameter NF- I O01 SW-I01 E

i 'i _ ill -_ ,i ill i ' i i

Gross o pCi/t(a) pCl/I I*) Pb, total O. 10 mg/I NR
............ . , . i llll. i .

Gross 13 pCi/1Is) pCi/I (*) Mn, total O. 10 mg/I NR
,,, , i , i,i, ,, ,.. i ii i , ill ,, ,, ,,,,

Uranium, total pCi/I (*|lh) pCl/1(*) Hg, total 0.004 mg/1 NR, is,

Ra-226 pCi/1(el pCi/I (*| Se, total 0.02 mg/I NR
. ii i i. ,ll Hll ll|,

Ra-228 pCi/1(el pCi/t(*| As, total O.10 mg/1 NR
. ill i i ,. i i,,,, ii i

Th-230 pCi/1t*) pCi/I I*| Zn, total §.00 mg/t NR
.i i ,,. i i i ii

Th-232 pCi/t t*) pCi/1(*) Cyanide, total 0.0075 mg/l NR
i,, i ,== i i i i ,i

F_ow GDP I*l NR Asbestos fibers/t (*l NR
, . .l. i i i i

BOD mg/t (*) NR 2,4-DNT 0.22/_g/I NR
i

COD 90/60 mg/l (hi NR Fluoride, total 4.0 ms/1 NR

TSS 50/30 ms/11b) NR Nitrate as N 20 mg/1 l°| NR

pH 6-9 standard units NR Sulfate as SO4 §00 mg/I . NR

As, total O. 10 ms/1 NR Chloride mg/I I*l NR
,.= i i , i i,, i ,l,l, ii

Be, total 1.5 mg/l NR Priodty Pollutants mg/I Is)Is| NR
,n , ,,. ,, n i|Hi ,

Cd, total 0.02 ms/1 NR Whole Effluont Toxicity 10% Mortality (fl NR

Cr, total O. 1 mg/I NR Po-210 (d) pCi/1(*)l*t NR

Cu, total 1.00 mg/l NR Ac-227 (dl pCi/1(el(el NR

- IFe, total 0.60 mg/I NR Radon (d) pCi/1l-lIe) NR

NOTE: Refer to Figure 6-2 for NPDES monitoring Ioaatione

(el Monitoring only.
(b) Daily maximum/monthly average.
(c) Limit applies only to chemical plant, monitoring only at quarry.
(d) NP-IO01 only.
(el Semi-annual monitoring.
if) Quarterly monitoring
(g) Annual monitoring.
(h) Water treatment plant designed for an average ooncentretion of 30 pCiJl and never to axoeed oonoentrations of

100 pCi/I.
NR Not Required

m:_ueers\joanne\aser931section.6 89



051994

Discharge monitoring reports are not requiredfor this permit, althoughMDNR notificationis
requiredif settleable solids exceed the reportinglevel of 2.5 ml/l/hr. Table 3-4 also lists the
NPDES permits.

Effluent discharges are also regulatedby Departmentof Energy (DOE) Order5400.5,
which calls for a best available technology evaluation if the annual average uranium
concentrationat the ouffall exceeds the derived concentrationguideline for naturaluranium
(600 pCi/l).

The main criteria used to develop the surface water monitoring program were the

Missouri Water Quality Standardsestablished under the Missouri Clean Water Commission
Regulation(10 CSR20-7.031) andthe proposedU.S. EnvironmentalProtectionAgencydrinking
water standards for radionuclides. A list of applicable water standardsfor contaminants
routinelymonitored in the surface water programcan be found in Section 7 (Table 7-1).

Surfacewater is also monitoredunderthe requirementsof DOE Order5400.5, Rad_on

Protection of the Public and the Environment, whichdesignatesderivedconcentrationguidelines

(DCGs) for ingestion of water (see Table 7-2).

6.3 Hydrology

Separatesurface water monitoringprogramshave been developed at the chemical plant
and quarrydue to differences in the topographyand hydrologicconditions. Bothprogramstake

into accountthe mechanismscontrolling surface water and ultimatelygroundwatermovement.

6.3.1 Weidon Spring Chemical Plant and Weldon Spring Rafflnate Pits

The chemical plantarea is located on the Missouri-Mississippirivers surface drainage

divide. The topographyis gently undulatingand generally slopes northwardto the Mississippi
River. Streams do not cross the property, but incipient drainagewaysconvey surface water
runoff to off-site streams. Surface drainagefrom the northernand westernportions of the site
drainto tributariesfor Busch Lake 35 and thento Schote Creek, which in turn enters Dardenne

Creek, ultimately drainingto the Mississippi River (Figure 6-1). Surface drainage from the

chemical plant's abandoned storm water sewer and Frog Pond also discharges to Dardenne

Creek afterflowing throughBusch Lakes 35 and 36 into Schote Creek. Runoff from the
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southernportion of the chemical plant site flows southeastto the MissouriRiver via the
Southeast Drainage (Valley 5300).

The four raffmatepits, located in the southwesternportion of the chemical plantarea,

have no discharge structuresand collect only direct precipitation. The materialstaging area
basin (SW-2015) is a temporaryholdingpond that collects storm waterrunoff from the staging
area. After monitoring, this impoundmentis periodically pumped into the Ash Ponddiversion
channel, which ultimately flows to NPDES outfall NP-0003 and thento Busch Lake 35.

6.3.2 Weldon Spring Quarry

Surface water withinthe quarryconsists of the quarrypond, which acts as a stormwater
sumpand also interceptsandcollects groundwater(Figure6-2). There is no directsurfacewater
runoff from the quarry;however, contaminatedgroundwaterfrom the quarrymoves throughthe

bedrock and free-grainedalluvium into the Femme Osage Slough. Flow from the slough into
the Missouri River is controlled by the river and slough stages, and a valve and dischargepipe.

The Little Femme Osage Creek is located adjacentto the western side of the quarrysite.
This creek discharges into the Femme Osage Creek about 1.6 km (1 mi) upstreamof its
confluencewiththe Missouri River. No directrunofffrom thequarryareadischargesinto either
creek.

6.4 Monitoring Programs

6.4.1 National PoUutant Discharge Elimination System Program

Physical and chemical parameterswere monitoredfor at all storm water and hydrostatic
test water samples. Additionalparameterswere monitoredin the quarrywater treatmentplant
and site watertreatmentplanteffluentsand in storm water samplescollectedfor requiredpermit
applicationanalyses.

6.4.2 Surface Water Program

6.4.2.1 Weidon Spring Chemical Plant and Weldon Spring Raft'mate Pits.
DardenneCreek, Busch Lakes 34, 35, and 36, Frog Pond, and Ash Pond were sampled
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quarterly for _ uranium, semi-annually for nitrateand sulfate, and annually for Ra-226,

Ra-228, Th-228, Th-230, Th-232, gross alpha, and gross beta. The raffmatepits were sampled
annuallyfor total uranium;semiannuallyfor nitrateand sulfate,andquarterlyfor radon,Ra-226,
Ra-228, isotopic thorium, gross alpha, and gross beta.

The materialstagingareabasinwas sampledquarterly(beginningwith the thirdquarter)
for arsenic, barium, cadmium, lead, chromium, mercury, selenium, silver, magnesium,
polychlorinated biphenyls, total petroleum hyd_ns, and total organic carbon. Total
uraniumwas determined for each batchof water priorto discharge.

6.4.2.2 Weldon Spring Quarry. The quarrypondand seven locationswithinthe

Femme Osage Slough were monitoredto determine the impactof groundwaterinfdtrationfrom

the quarry. Two locations on the Little Femme Osage Creek and one location at the Femme
Osage Creek were monitored to provide data on areas of potential impact from the quarry.
Three locations on the Missouri River were also monitored.

All locations were sampled bimonthly for total uraniumdue to the fluxations in the

concentrations possibly resulting from changing water levels in the slough and the possible
impacts of contaminantsin the slough on downgradientgroundwater. All locations were also
monitoredat least annuallyfor arsenic, barium,nitrate, sulfate, nitroaromaticcompounds, and
other radiochemical parameters, including Ra-226, Ra-228, Th-228, Th-230, Th-232, gross
alpha, and gross beta to provide baseline dataand early detectionfor these parmneterswithin
surface water bodies near the quarrydue to the potential impact to groundwater. The quarry
pond is monitored bimonthly for the previously mentioned parameters, with the exception of
arsenicand barium, to maintainsurveillanceof the contaminantsin the quarrybulk wastes.

6.5 Monitoring Results

6.5.1 National Pollutant Discharge Elimination System Program

6.$.1.1 Radiochemieai Analysis. The 1993 average uraniumconcentrationsat

the storm water discharge points ranged from 9 pCi/l (0.33 Bq/l), which is 1.3 % of the DCG,
at NP-(X)04to 1003 pCi/l (37.11 Bq/l), which is 148% of the DCG at NP-0001. Annual

averagegross alpha concentrationsrangedfrom 13.4 pCi/l (0.50 Bq/l) at NP-0004 to 1080pCi/l
(40 Bq/l) at NP-0001. The annualaverage radionuclideconcentrationsfor all the storm water
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outfalls are shown in Table 6-3. Uraniumconcentrationaverages were calculatedon a flow
proportional basis in Table 6-3. Al_ndix A averages were not calculated on a flow
proportionalbasis.

TABLE 6-3 1993 Annual Average NPDESResultsfor the Weldon Spring Chemical
PlantStorm Water Outfalls

, i,, ,, ,,, II , , ,

Oil
Number Total Gross Nitrate Suspended Settleable end

of pH Uranium Alpha as N Uthium Solids Solids Grease
Location Samples Range (pCi/I)• • (pCi/I) (rag/I) (rag/I) (rag/I) (nd/I) (rag/l)

............... li II I I ilill

NP-O001 5 (a) 1003 1080 0.261 0.011 12.5 <0.1 NS
i i ii . ii i

NP-OOO2 12 (a) 230 284.8 0.642 0.O11 14.4 <O.1 NS
i i , ,. ii ii i i i

NP.O003 12 (a) 607 844.5 2.234 0.011 9.7 <0.1 NS
i| ] i

NP-O004 4 (a) 8 13.4 0.320 0.009 5.8 <0.1 NS
l l.,i i i i ii J i i

NP-O005 12 (a) 133 343.9 0.210 0.013 23.3 <O.1 NS
,.. iHi i i i i i i i i i

NP-TSAB 8 (e) 1.7 1.8 1.865 0.012 21.1 <0.1 2.5
i i

(a) All pH readingswere in permitted range of 6.0 to 9.0.
•" Flow proportionalaveragesexcept for NP-TSAB

The site water treatmentplant(SWTP) and quarrywater treatmentplant(QWTP) were

both in operationduring1993. Fifteen batcheswere dischargedfrom the QWTPand 15batches
were dischargedfrom the SWTP. No daily maximumor montldyaverage limit was proposed
for uranium;the design of the treatmentplant is based on achieving an average discharge of
30 pCi/l uraniumwith a maximum never to exceed 100 pCi/l (3.7 Bq/m3). The average

uranium concentrations for both treatmentplants were below 1.9 pCi/l (0.07 Bq/l). The

averages for all radiologicalparametersare given in AppendixA.

Hydrostatictest water was dischargedfrom the quarrywatertreatmentplantand basins,
the site water treatmentplant basins, and the temporarystorage area basin. Storm water was
also discharged from the temporary storage area basin. Hydrostatictest water was discharged

from uncontaminatedareas; therefore, radiological monitoringwas not a requirementof these

NPDES permits, and the water was discharged and monitoredas storm water and hydrostatic
test water. The annual average uraniumand gross alpha concentrationsof temporary staging
areaeffluent were 0.95 pCi/l (0.04 Bq/l) and 1.72 pCi/l (0.06 Bq/l), respectively.
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Estimated quantitiesof total uraniumreleased off site throughsurface water runoffand
treatmentplant discharges are presented in Table 6-4. The total volume of storm water was
determined from totalizing flow meters. Where flow meterswere not availableor were not in

operation, the flow was determined by total precipitationand runoffcurve numberscited in the
WSSRAP Chemical Plant Surface Water and Erosion Control Report (Ref. 33) or by calculating
a ratio of monthlyprecipitationto monthly total runofffrom months when the flow meters were

operating. Total uranium released from the treatmentplants was calculatedusing flow meter
and effluent data.

Annualaverageuraniumconcentrationsfor NPDES outfallsfrom 1989 to 1993are shown
in Table 6-5. Concentrationsin 1993 increased at outfalls NP-(XX)Iand NP-(X)03,decreasedat

outfall NP-(X)05,and did not change appreciablyat outfalls NP-(X)02and NP-(XX)4comparedto
1992 concentrations. Each outfall is discussed below.

Outfall NP-0001 is the abandonedprocess sewer. This sewer has been blocked at a
manholeupstreamof the outfali and the contentsof the process sewer upstreamof the manhole
are pumpedto the site water treatmentplant. The only water in the process sewer downstream
of the manhole is storm water infdtration or inflow. The increase in the average uranium
concentration(1,003 pCi/l) for 1993 to above the DCG of 600 pCi/l has been attributedto
inflow from a storm water source upstreamof outfall NP-0005. This source flows in a ditch
that cros,.es over the process sewer. It was discovered that the flow in the ditch was going
undergroundand entering the process sewer. This source is a minor contributorto outfall

NP-0005, but when it was enteringthe process sewer it comprisedthe majorportionof NP-0001
flow. The source of the high uraniumlevels is being investigatedand corrective action will be
taken when the cause is found.

Average uraniumconcentrationfor Outfall NP-0002 in 1993 remained essentially the
same as 1992. There was an elevated leve! detected in December, but the source was located

and thatwater was diverted to the site watertreatmentplant.

The average uraniumconcentration for outfall NP-0003 at 607 pCi/l (22.5 &l/l) was

slightly above the derived concentrationguide of an annualaverage of 600 pCi/l (22.2 lkl/l).
The increase was a result of higher annual precipitation than normal, which caused the

contributionfrom Ash Pond to be higher thanusual. In the past, Ash Pond water has typic_y
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TABLE 6-4 '1993 Estimated AnnualReleaseof NaturalUraniumfrom NPDESOutfalls

, , .... , , i i i ii ,

Drainage Total
Area % of Average Rainfall Total Total U

Hectares Praoipitation Concentration Volume Runoff Total U Release
Outfall (Acres) le Runoff (b) (pCi/I) (Mgai/yr) (Mgal/yr) RaieNe (Cl/yr) (Kg/yr)

i I i ill i

NP-O001 (9.2) 20.2 N/A 351 (.) 30.04 15.87 (*) 2.106 x 10 .2 30.97
NP-O005
. H i i , ,. i . , ,,i ii

NP-O002 (30.4) N/A 230 111.67 51.85 4.508 x 10 .2 66.29
75.1

. , .,, • i, i ii |11

NP-O003 (30.2) N/A e07 110.92 48.15 11.050 x 10 .2 162.65
74.6

i i i ,, ,, . i .. i ii i

NP-O004 (2.3) 81 9 9.33 6.74 22.929 x 10 "s 0.34
5.6

, , • ,, i,

NP-O007 N/A N/A 0.363 11.72 (a) 1.610 x 10 "s 0.02
i

NP-IO01 N/A N/A 1.881 - 10.15 (°) 7.226 x 10 "6 0.11
ii i

TOTAL (71.1) N/A N/A 260.96 122.61 0.177 260.38
175.5

i I II I

(a) AssumJnl flow st NP-0O03 is thm times the flow at NP-0001 (conservative)
Co) Runoff Curve Number
(c) Not included in total runoff

N/A Not Applicable

TABLE 6-5 AnnualAverageUraniumConcentrationsat NPDESOutfalls1989 - 1993

i nl i illli n I

Annual Avorago Total Uranium (pCi/1)
Outfall

1989 1990 1991 1992 1993

NP-O001 368 413 475 516 1003 •
i ii

NP-O002 145 139 158 228 230 •

NP-O003 280 89 456 478 607 •
i ii , i

NP-OOO4 7 8 6 0 9 •
i i,, i i ,,

NP-OOO5 347 364 581 296 133 •
i H, . ,, i.

NP-O007 ........ 0.363
i i , , i

NP- 1CO1 ...... < 0.0OO3 1.881
ii

• Flow proportional average.
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been in the 1000 pCi/l (37 Bq/I) range, but usually only dischargedfrom December through
March. A returnto normalprecipitationshouldresult in a drop in uraniumat N'P-0003. Storm
water from upstream activities will he closely monitored to exclude those activities as
contributorsto the increase.

Uraniumlevels at outfall N'P-0004remain essentially the same as previous years, while
uraniumlevels at outfall N'P-0005have decreased by more than 50%. This decrease may he
attributableto the cleanup of the site water treatmentplant constructionarea and also the

diversion of an upstreamsource as explained above in the N'P-0(OIdiscussion.

6.5.1.2 Physical and Chemical Results.

6.S.1.2.1 ChemicalPlant Storm Water. The annualaverages for thephysicaland
chemical parametersfor storm water outfalls NP-0001 through N'P-0005 and the temporary
storageareabasin water are shownin Table 6-3. Parametersthat are not listed in Table 6-3 are

reported in Appendix A.

6.5.1.2.2 Site and Quarry Water Treatment Plant Physical and Chemical

Parameters. Physical and chemical parameterswere all within permitted limits (where limits
were assigned) for the site and quarrywater treatmentplants. Averages for these parameters
are given in Appendix A.

6.5.1.2.3 Administration Building Sewage Treatment Plant. The parameters

requiredby the NPDES permit for the sewage treatmentplant are all physical and chemical.
The treatmentplant was shutdownfor modificationsuntil July 5, 1993. Before that date the

sewage was hauled away by a contracthauler. Monitoring results for sewage treatmentplant
outfall N'P-0006 are given in Table 6-6. Noncompliances with permit limits occurredduring
Octoberand December for TSS and BOD. The subcontractorhas implementedaccelerated
operational monitoring to allow more information for operational changes to maintain
compliance.
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TABLE 6-6 NP-O006, Sowage Treatment Plant Ouffall, Monthly Averages of
Permitted Parameters

,,-, i ii , i i i,,, i i i i , i ,l, ii ii

Parameter I*)
, i el lli,i i i in l n I ,ira i

Month TSS (15120 rag/I)" BeD (1ellis rag/I)" FC(b) (400/ pH (6.0-9.0 SU)
1000 ool/100 ml} e"

i ii i i iiiiii i i ii ii

Jan - Juno No Discharge
,=,, i ill ill ,

July 3 1 0 6.8

August 2 6 80 8,0
el , ,,,, , i

September 12 6 0 6.6
...... , , , ,, H, ,, ,, i ,

October 25.S(2) 24(2) 0 6.8
i ,. ,., i i ,,.l,, i H

November NS NS NS NS
,11 i ii i,,, i

December 16(2) 12(2) 0(1) 7.0(2)
mm i ii i lln iiii i iii i llm

(o) Numbor of oamploo givoninparonthoooo ahor _oreoo.
(b) F.C - focal coliform.

NS Not Sampled
* Monthly average/weekly average
• * Monthly averegeldeily maximum

6.5.2 SurfaceWater Program

6.5.2.1 Weldon Spring Chemical Plant and Weldon Spring Rafflnate Pits.

Offsite Locations:

RadiochemicalParameters- With the exception of location SW-200I, surface water at
off-site monitoring locations remainedwithin historic ranges for uranium. A new high of
10.0 pCi/l was measured in April at SW-2001. Subsequentmeasurements at this location
showed that uraniumconcentrationswere at backgroundlevels. The cause of the elevated
uraniummeasurementin April is not known. All remaining radiologic_dparameterswere within

, historicrangesatall locationssampled.

InorganicAnions - Sulfate and nitrate remainedwithin historic values during the 1993

monitoringperiod. These parameterswill be removed from the monitoring program in 1994
because they have remainedwithin backgroundrangesat these off-site locations.
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On-Site Locations:

P.adiochemicalParameters Uraniumand other radiological parametersremainedwithin
historic ranges at all on-site locations. Radon, which has not been routinely measured, was
measured three times in each of the raffinatepits (SW-3001 - SW-3004). The results, which
were somewhat erratic, were not proportionalto uranium or Ra-226 concentrations in the

raft'matepits.

Anions. Metals. and other perameters: Sulfate, nitm_, and nitroaromaticswere within
historic ranges in each of the raft'matepits (SW-3001 - SW-3004). Pesticides, PCBs and total
petroleumhydrocarbonswere measured in Raft'matePit 4 (SW-3004) and were below the limit
of detection. Arsenic, cadmium, chromium, and manganese were also measured in Raffinate
Pit 4 and were near or below the limit of detection.

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

6.5.2.2 Weidon Spring Quarry.

Radiochemical Parameters. The average total uraniumvalues continue tO indicate the
highest levels for surface water are found in the quarrypond (SW-1008), which is withinthe

quarry area, and the portion of the Femme Osage Slough (SW-1003 through SW-1005 and
SW-1010) down gradientof the quarry. The annualaverages for the surfacewater locationsare

summarizedin Appendix A. The uraniumlevels in the quarrypond ranged from 360 pCi/l to
9000 pCi/l with an annualaverage of 3857 pCi/l, which is higher thanthe historical average of
1686 pCi/l. This increase is attributedto bulk waste removal activities in the quarry. The total
uraniumlevels in the Little Femme Osage Creek and the Femme Osage Creek remained at or
below the backgroundlevel of 1.70 pCi/l. The uraniumlevels in the Missouri River also

remained withinthe backgroundlevel of 4.08 pCi/l.

The DCG for total uraniumin drinkingwater systems is 24 pCi/l, which is 4 % of the
DCG for totaluraniumin dischargewaters (600 pCi/l). Thiscriterion was used for the Missouri

River because the river is a source of drinkingwater. This value was not exceeded in any of
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the Missouri IUver samples. The proposed U.S. EnvironmentalProtectionAgency Drinking
Water Standardof 20 t_g/l (13.6 pCi/l) for total uraniumwas not exceeded at any of the
Missouri River monitoringlocations.

The first bimonthlysurfacewater sample collected fromlocationSW-1004in the Femme
Osage Slough indicated a uraniumconcentrationof 4,012 pCi/l. This value was noticeably
higher than the historic high of 557 pCi/l. The samplewas reanalyzedand the elevated level
was confirmed. The analysis of the resamplingevent in March 1993 indicateda concentration
of 100 pCi/l. An investigationof the difference between the samplingconditions for the two
separateevents was initiated,and it was concludedthat it was an effect of the flooded condition
in the well field and is furtherdiscussed in detail in Section 10.

The quarrysurfacewaterlocationswere sampledannuallyfor gross alphaand grossbeta,
except for the quarry pond, which was sampled bimonthly. The gross alpha and gross beta
results for these locations were within historic ranges for the Little Femme Osage Creek, the
Femme Osage Creek, andthe Missouri River. Elevatedgross alpha levels were indicatedin the
western portion of the Femme Osage Slough (SW-1003 throughSW-1005, and SW-1010) but
were within historic ranges. The gross alpha levels in the quarrypond ranged from 240 pCi/l
to 6900 pCi/l with an annualaverageof 3132 pCi/l and gross beta levels rangedfrom 93 pCi/l
to 2860 pCi/! with an annualaverage of 1151 pCi/l. These increases arealso attributedto the

bulk waste removalactivities in the quarry. The annualaverages for these monitoringlocations
are summarizedin AppendixA.

The Missouri DrinkingWaterStandardof 15 pCi/l for gross alphawas exceeded at one

Missouri River monitoringlocation(SW-1012)and 50 pCi/I for gross betawas not exceeded in

the Missouri River. The annualaverage grossalphaat SW-1012 was withinbackgroundranges
established at SW-1011. Background for the Missouri River is 11.6 pCi gross alpha and
16.2 pCi gross beta.

Isotopic radium (Ra-226 and Ra-228) and thorium (Th-228, Th-230, and Th-232) were

analyzedannuallyduring 1993at surfacewaterlocationsaroundthequarryand bimonthlyin the

quarrypond. The levels of these isotopes were at or below backgroundranges in the Little
Femme Osage Creek, the Femme Osage Creek, and the Missouri River. The levels of these
isotopes were within historic ranges in the Femme Osage Slough and the quarrypond. The

annualaverages for the monitoringlocations are summarizedin Appendix A.
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The DCGs for 1ta-226, 11a-228,Th-230, and Th-232 in drinkingwater, as established

by Departmentof Energy Order5400.5, are 4 % of the respective DCG for each isotope in the
dischargewater. This criterionwas used for the Missouri Riverbecause the river is a source

of drinking water. These values were not exceeded at any of the Missouri River monitoring
locations.

NitmaromaticComDmmds

Nitroammaticcompounds were analyzed at all quarrysurface water locations. Three

locations, the Little Femme Osage Creek (SW-1001 and SW-1002) and the quarry pond
(SW-1008), indicated detectable concentrations of nitroaromaticcompounds. The annual
averages for all the surface water monitoringlocations Ire summarizedin Appendix A. The

concentrationof 2,4,6-trinitrotoluene (TNT) in the quarrypond was elevated but was within
historic ranges. The remainingnitroaromaticcompounds detected in the quarrypond were

within historicranges. The concentrationsdetected in the Little Femme Outge Creek may be
linkedto the formerWeldonSpringOrdnanceWorks. The LittleFemmeOsage Creekis located
in a drainage (Valley 5600) which is a main southerly drainage for the ordnanceworks area.
Previoussamplingof the Little FemmeOsage Creekand severalspringslocatedupstreamwhich
discharge into this valley have yielded detectableconcentrationsof nitroaromaticcompounds.
The Federal ambient water quality standardof 0.11 ttg/l for 2,4-dinitmtoluene (DNT) was
exceeded only in the quarrypond.

Inornnic Anions

All surface water monitoring locations at the quarry were sampled once in 1993 for
nitrate(as N) and sulfate. The analyses indicatednitrateconcentrationswere withinbackground

ranges in the quarrypond, the Little Femme Osage Creek, the Femme Osage Creek, and the
Missouri River. Nitrate concentrations were elevated but within backgroundranges in the

Femme Osage Slough. The annualaverages for nitrateat the quarrysurface water monitoring
locationsare summarizedin _ndix A. The maximumcontaminantlevel (MCL) standardfor
nitrate(10 mg/l) was not exceeded at any of the quarrysurface water monitoringlocations.

Sulfate levels in all surface waters monitored in and around the quarry were within
background ranges The annual averages for sulfate in surface waters are summarized in
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i

AppendixA. The MCL standardfor sulfate (250 rag/l) was not exceeded at any of the quart_
surface water monitoringlocations.

The quarrysurfacewatermonitoringlocationswere sampledonce in 1993 for arsenicand
barium. The arsenic levels were within backgroundranges for all surface water monitoring
locations in and around the quarry. The annual averages for arsenic are summarized in
Appendix A. The MCL for arsenic (50 _g/l) was not exceeded at any of the monitoring
locations.

Bariumlevels were withinbackgroundranges for all surfacewater monitoringlocations
in and aroundthe quarry. Bariumlevels in the western portionsof the Femme Osage Slough

i

were elevated by withinhistoric levels. Annualaveragesare shown in AppendixA. The MCL
for barium(1000 _g/l) was not exceeded at any of the monitoringlocations.

6.6 mshnshts

* The f'trstbimonthlysurface water sampledcollected from the portion of the slough
downgradientfrom the quarry(SW-1004) indicateda historicallyhigh total uranium
concentrationof 4,012 pCi/l. An investigation,includingresamplingof the locations,
concluded that the elevated level was the effect of flooding of the slough, which

caused the interminglingof highly contaminatedgroundwaterwith the surfacewater
of the slough. Subsequentsamplingof the slough has indicated thatthe total uranium
levels have returnedto typical ranges.

* Surface water locations along the Missouri River, Femme Osage Slough, Femme

Osage Creek, and Little Femme Osage Creek were unableto be sampledduring the

third quarterdue to flooding of the Missouri River.

• Analysis of the quarry sump (SW-1008) indicated elevated levels of gross alpha,
gross beta, total uranium,and nitroaromaticcompounds. These levels are the result
of activities associated with the bulk waste removal from the quarry.
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7 GROUNDWATER PROTECTION

7.1 Pregram Overview

The groundwatermonitoringandprotectionprogramat the WeldonSpringSite Remedial
Action Project (WSSRAP) includes utmpling and analysisof water collected from wells at the

Weldon SpringQuarry,the Weldon SpringChemicalPlantand raffmatepits, vicinityproperties,
and from selected springsin the vicinity of the Weldon Springsite. The groundwaterprotection
program is formally defined in two documents: the Crrowutwater Protection Program

Management P/an (Ref. 13) and the Environmental Monitoring Planfor 1993 (Ref. 9).

7.2 Referenced Standards

Two main criteria were used to develop the groundwatermonitoringpmgtmn: (1) the

U.S. EnvironmentalProtection Agency (I_A) Quality Criteria for Drinking Water (Ref. 34),
which protects public groundwaterresources, and (2) the Missouri Drinking Water Statutards

(Ref. 35). These standardsare mainly used for comparisonof levels observed in the St. Charles
County well field. Table 7-1 identifies EPA water quality standardsand Missouri Drinking
Water Standardsfor contaminantsthat are routinely monitored in the groundwaterprogram.
Maximum contaminant levels (MCI.s) and other drinking water standardsare used only as
references by the WSSRAP. The affected groundwaterdoes not represent a public drinking
water supply as defined in 40 CFR, Section 141.1, SubpartA.

Groundwater is also monitored under the requirementsof Department of Energy
Order5400.5, Radiation Protection of the Public and theEnvironment, which designatesderived
concentrationguidelines (DCGs) for ingestion of water equivalentto 100 torero, based on the

consumptionof 730 liters/year (Table 7-2).

As specified in Department of Energy Order 5400.5, liquid effluent from U.S.
Departmentof Energy (DOE) activities may not cause private or public drinking waters to
exceed the radiologicallimit of an effective dose equivalentgreaterthan4 mrem per yearor 4
of the DCG.

Upgradient-downgradientwater quality comparisonsare not possible for the chemical
plant site because it sits atop a local groundwaterhigh and straddlesthe regionalgroundwater

I
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TABLE 7-1 Referenced Water Standards
II I I I 11,,,,llI, I ,,,,, , II I II I II I I

Referen©e Referenoe
Parameter Level Standard Parameter Level Standard

II I I I I I illl I illl]_l I IIIII

Uranium 20 pg/I EPA Cu(d) 1.0 mg/l MDVVS
total(e) (13.e pci/1) ii ii

Gross a 15 pCi/I MDWS Fe(d) 300 pg/l MDWS

adjusted .... _i

Radio-
Gh.._., ,_==e,bD S;,c_ ,Ows _ so_ .ows

Re-228(b) 6 pCi/1 MDWS Mn(d) 50 pg/I MOWS
i

Rn-222 300 pCt/l EPA Motels HO 2.0 pg/I MDVV$
iii i i hill iiifll

2,4-DNT 0.11 pg/I MDWS NI 100 pg/l MDW$iii i
rl

Mie©. --
TSD 600 mot1 MDVVS Se 10 p9/I MDWS

Sb 6.0 PO_ MDWS A0 60 pgtl MDVVSi

As(°) 50 ,ug/1 MDWS Zn(d| 5.0 mg/l MDWS

Ba(°) 1.0 mg/I MDWS CI"qd) 260 mg/I MDWS

Metals Be 4,0 pg/1 MDWS F" 2.2 mg/I MDWS
i i .... ii

Anions NO:)(o)Cd(°| 10 pg/l MDWS 10 mg/I MDWS
i i

Cr(°) 60 #g/I MDWS So4(d) 260 moll MOWS
I I I

(a) Proposed
(b) Standard for oombinodRe-226 end Re-228
((:) Primarymaximum oonteminent level
(d) Seoondery maximum oontaminent level
EPA EPA DrinkingWater Standards for Redionuolidee
MDVVS Missouri DrinkingWater Standard

TABLE 7-2 Derived Concentration Guidelines for Discharge Waters
IlUlII III

Perimeter Derived Conoentretion Guideline
I I I Ill

Natural Uranium 600 pCi/I
ii iii

Re-226 100 pCi/1
i iii i

Re-228 100 pCi/l
i ii ii,

Th-230 300 pCi/I
i

60 pCin
i Th-232 i I III II III
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divide (P,ef. 49). Backgnmnd values, which were developedby the U.S. GeologicalSurveyfor
the shallow aquifer (Ref. 49) are used in lieu of these comparisons.

Backgroundlevels for uranium,nitrate,and sulfateatthe chemical plantYraffinatepitsareahave
been calculatedby the USGS ba.,_l on averages from uncontaminatedwells near the chemical
plantand ordnanceworks ('Ref. 49).

7.3 Weldon Sprln! Chemical Plant

7.:3.1 Hydroseology

The chemical plantand quarryare located in the same generalgeologic environmentbut
are separated geographically. A generalized stratigraphicand hydrostmtigraphiccolumn is
presented in Figure 7-1. Differences in specific geological features that impact groundwater
mechanics necessitate separatemonitoringprograms for the chemical plantand quarry.

The chemical plant and rafflnate plt area consists of two major geologic units;
unconsolidatedsurficial materialand carbonatebedrock. The unconsolidatedsurficlalmaterials

are clay-rich units, which aregenerally unsaturated. Thicknesses range from 6.1 m to 15.3 m
(20 ft tO50 ft) (Ref. 2).

The aquifer of primaryconcern beneaththe chemical plant, raffmatepits, and vicinity
properties lies within the Burlington-KeokukLimestone (the shallowest bedrock unit). The

Burlington-KeokukLimestoneis composedof two differentlithologic zones;a shallowweathered
zone underlainby an unweatheredor competentzone. Numerousfracturesand solutionvoids

are present within the weathered portion of this formation. The unweatheredor competent
portion of the Burlington-KeokukLimestone is thinly to massively bedded. Fracturedensities
are significantly less in the unweatheredzone than in the weathered zone. Aquifer properties
are a function of fracture spacing, solutionvoids, and preglacial weathering.

All monitOringwells are completed in the Burlington-KeokukLimestone. Seventy-one
percentare screened in or nearthe upperweathered portionsof this formation. The remainder

are screened at deeper levels, in the unweathered zone, to assess vertical migration of
contaminants. Wherepossible, monitoringwells withinthe boundariesof the chemicalplantare

locatedclose to potentialcontaminantsourcesto assess migrationinto the groundwatersystem.
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Additional wells are located outside the chemical plant boundaryto evaluate movement of
contaminantsoff site ('Figure7-2).

Springs, a common featurein carbonateterrains,arepresentin the vicinityof theWeldon
Springsite. Four springs are knownto he impactedby previous chemical plantoperationsand
discharge wate_ containingone or more of the contaminantsof concern (Figure 7-3). A fifth
spring located near the site in the 5200 Drainage, discharges water containingni_atic
compoundsand has been included in the monitoringprogram.

The presence of elevated uraniumand nitrate levels at BurgermeisterSpring, which is
located 1.9 km (1.2 mi) northof the site and is beyond the area of the contaminatedwebs,
indicates that discrete flow paths are present in the vicinity of the site. To address these
complex hydrogeologic conditions, both springs and wells are included in the groundwater
monitoringprogram.

7.3.2 Monitoring Program

The 1993 groundwatermonitoring program at the chemical plant and raft'matepits
focused on contaminantmonitoring and completing geochemical characterizationof on-site
groundwater. Total uranium, nitroaromaticcompounds, sulfate, and nitrate were monitored
either quarterlyor semiannually. Locations were sampledsemiannuallyunless the following
conditionsapplied to datacollected during 1990-1992:

(1) Less than six sampleswere collected.

(2) The average total uraniumconcentrationexceeded 13.6 pCi/l.

, (3) 2,4-dinitrotoluene (DNT) or 2,6-DNT exceeded 0.11 _g/l or remaining
nitroammaticcompoundsexceeded 10 times their respective detections limits.

Forthose locationsmeetingCondition1, all parameterswere sampledquartedy;for those

m,_ng Conditions 2 or 3, only total uraniumor nitroaromaticcompoundswere sampled on a
q_merly basis. If a semiannualwell exceeded Condition2 or 3 duringthe first samplingevent,

the locationwas sampledquarterlyfor thatparameterfor theremainderof the year. Monitoring
wells aroundthe raffmatepits and chemical plantbuildings were sampled annually
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for Ra-226, Ra-225, Th-228, Th-230, Th-232, gross alpha, and gross beta. Geochemical

sampling,which includesanextensive suiteof naturallyoccurringwaterqualityparameters,was
also conductedto provide preoperationalcharacterizationdatafor evaluatingthe impactsof site
remediationon the groundwater,to establisha baseline for the ChemicalPlant Groundwater
OperableUnit, and to gather sufficientdatato supportcontaminanttransportmodels.

Five springswere sampledquarterlyfor total uranium,nitrate, sulfate, and geochemical
constituentsand annuallyfor Ra-226, Ra-228, Th-228, Th-230, and Th-232. Withthe exception
of BurgermeisterSpring(SP-6301), the springsare generallymonitoredat low flow to measure
the groundwatercomponent of spring _lischarge. BurgermeisterSpring (SP-6301) was also

measuredat high flow to evaluate the difference between low flow and high flow, which is
dominatedby a surface watercomponent.

7.3.3 Chemical Plant and Rafflnate Pit Monitoring Results

MONITORING

In 1993, the measuredconcentrationsfor uranium,nitrate, sulfate, and nitroaromatic

compounds (the primarycontaminantsof concern)generally remained within historicalranges
at all monitoringwells and springs in the chemical plantarea. Althoughnew highs and lows
were measuredat some locations,these values generallydifferedfrom the meanby less thantwo
standarddeviations and typically reflected normal variation in the aquifer system rather than
significantchanges in groundwaterconditions. This suppositionis further examined with trend
analyses in Section 7.3.4.

Data for all parametersanalyzed duringthe 1993 monitoringperiod are summarizedin

Appendix A. Poor quality data and outliers that appearedto be unrepresentativeof actual
conditions at a given location were excluded from the dataset prior to performing the summary
calculations. Criteria for removing outliers arediscussedin Section 7.3.4. Unabridged datasets

have been presented in the Quarterly Environmental Dora Summary for 1993. The monitoring
data for contaminants of concern (uranium, radiological parameters, nitrate, sulfate, and

nitroaromatics) are summarized and compared with background levels and water quality
standardsin the following paragraphs.
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RADIOC_CAL P.,_.tL_M_I-I:flL_

Total uranium, which is measured in all monitoring wells, continues to be present at

highest levels near the raft'mate pits. In 1993, 21 monitoring wells exceeded the total uranium

background level of 2.9 pCi/l (Table %3) calculated by the USGS (Ref. 49). Of these, only

three locations exceeded the proposed MCL of 20 _g/l (13.6 pCi/l). Only one new total

uranium high was measured in 1993 (MW-3003). This new maximum does not represent a

significant increasein uranium concentrations. All other radiological parameters were below

the water quality standards and DCGs.

TABLE 7-3 Monitoring Wells Exceeding Background Concentrations and/or the MCL
for Contaminants of Concern

I I I II I I

PARAMETERS

Uranium(e) Nitrate(b) Sulfate(b) 2,4-DNT 2,6-DNT 2,4,6-TNT 103,6-TNB
• 2.9 pCi/I • 1.6 mg/I >32 mo/I •0.03 pg/l (°) •0.01/4;/I (©) >0.03 Fg/1(e) >0.03/41/1 (0)

I I

2002 2001 " 2002 2001 • 2001 2008 2001
ii

2017 2002 • 2003 2002 2002 2010 200
i i iiii

2019 2003 • 2006 2003 • 2003 2011 2006

2030 2005 • 2008 2005 2005 2012 2008
ii

2032 2006 2009 2006 • 2006 2013 2010

2034 2008 2010 2008 2008 2014 2011

2039 2009 2012 2009 2009 2030 2012
ii

2041 2011 2014 2010 2010 2032 2013

3003 • 2014 2015 2011 2011 2033 2014
i ii

3008 2030 2017 • 2012 • 2012 3023 2030

3009 • 2032" 2019 2013 • 2013 4001 2032
ii

3023 2034 2020 2014 • 2014 4002 2033

3026 2035 2028 2020 2030 40 13 2037

4009 2036 2030 2030 • 2032 40 14 2038

40 10 2037 • 2032 2032 • 2033 2043

4011 2038" 2034" 2033 2037 3009

4012 2039 • 2037 2037 • 2038 4001

40 16 2040 • 2038 2038 • 3003 4002

4020 • 2041 • 2039 2043 3008 4006
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TABLE 7-3 Monitoring Wells Exceeding Background Concentrations and/or the MCL
for Contaminants of Concern (Continued)

i,i i i i ill i

PARAMETERS
ii i

Uranium(*) Nitrate(b) Sulfate(b| 2,4-DNT 2,6-DNT 2,4,6-TNT 1,3,6-TNB
• 2.9 pCi/I • 1.6 mg/I >32 mg/I •0.03 pg/I(°| >0.01 pg/I(°| >0,03/41/1 (°) >0.03 pll/Iq°)

li I i Jill i i l

4021 2042" 2041 3003 3009 4013
i i, i i

4022 2043 3003 3008" 3023 4014
ii

3003 * 3006 3009" 4001 4016
i i i i i|| i. i

3008" 3009 3023 * 4002 4023
, i

3009 * 3019 4OO1* 4006
ill

3023 * 3023" 4002 4013
, .i i | i

3024* 4001 4006 4014
i i ii .i

3025 • 4003 4013 4015
ll| .

3026" 401 1 4015 4023
i i i

3027 • 4012 4023
.. ii i| i i i

4001 * 4013

4O02 4020
,| i

4005 4021 •

4006 4022
N i ,i i

4011 • 4023

4013"
m, i =l=l ii

4014
i i ill i

4015

4018
i| ii i

4021
i

4023
i i,,, ...........

MCL - MCL ,, MCL - MCL ,, - -
13.6 pCi/1 10 mg/1 260 mg/1 0.11 pg/I

a WSSRA _backgrounduraniumconcentration .......
b USGS backgroundconcentrations
c Detection limit (DL)
• MonitoringWells which alsoexceeded the MCL
NOTE: New well IDa for three monitoringwells MW-3008 is now NNV-3024, MW-2020 is now MW-2044, and NNV-3009 is

now MW-3027. See text in Section 7.3.3 for additionaldetails.
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SUlfATE AND NITRAT_

Sulfate and nitratewere measuredat all monitoringwells in the chemical plant area and

exceeded the reference levels at some locations. The calculatedbackgroundvalue for nitrate
(1.6 rag/l) was exceeded at 40 locations (Table7-3). The drinkingwater standard(I0 rag/l) was
exceeded at 22 locations. Above-backgroundsulfate levels (32 rag/l) were measured at 35

locations. Four of these were above the water quality standard(250 rag/l).

NITROAROMATICCOMPOUNDS

Nitroaromaticcompounds, which are not naturallyoccurringcompounds,were detected
in 30 monitoring wells (Table 7-3). Of these, 14 wells exceeded the ambientwater quality
standardof 0.11 _g/l for 2,4-DNT.

Metals were analyzed quarterlyor semiannuallyin all monitoring wells. Although a
number of metals have been identified as potential contaminantsof concern in the Remedial

Investigation For The Chemical P/ant (Ref. 2), only the following elements were detectedat
levels exceeding water quality standards: antimony (five locations), cadmium(two locations),
chromium (one location), mercury (one location), and nickel (one location). The cadmium

values were thought to be associated with analytical problems. Reanalysis of these samples
supportedthis hypothesis: all cadmium values were below 3 #g/l (the limit of detection).
Detection limits for antimony were higherthan the waterqualitystandard,thus it is notpossible

to determinethe numberof wells thatmay haveexceeded this standard.The measuredantimony
values were close to the limit of detectionand are thus subjectto large errors.

GROUNDWATER QVI_VIEW

Nitrate, sulfate, uranium,and metalcontaminationis primarilylocalized in the raft'mate
pit area. Nitroaromaticcontaminationis concentratedin four areas (see the 1992 ASER for
furtherdiscussionon the distributionof contaminants). The impactsof these contaminantlevels

on site groundwaterwill be considered under the groundwateroperable unit. The major
contaminantsat the chemicalplant(nitrate, sulfate, uranium,and nitroaromaticcompounds) will
continue to be monitoredon a routine basis.
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i

Nine newmonitoringwells (MW-2035 thn:mlghMW-2043) wereinstalledin late1992
to monitor the effects of the temporary storage area (TSA) and site water treatmentplant
(SW'I_) basin on site groundwater. All of these weds are screened in the shallow weathered
zone of the bedrockaquifer. Seven wells (MW-2037 throughMW-2043) are located near the
raft'matepits and displayevidence of contaminationfromthese sources. Raft'matepit signatures
are particularlystrongin wefts MW-2037, MW-2038, MW-2040, and MW-2041, which have
some of the highest calcium, sodium, lithium, and nitratemeasuredon site. The presence of
these elements, which arepresentat high levels in the raff'matepits, is notaccompaniedby high
uranium levels. Only two of these wells were above the calculated backgroundvalue of
2.9 pCi/l. The highestmeasureduraniumvalue was 6.9 pCi/l. Relativeto the other raffinate
pit species, these low levels reflect the high attenuationcapacityof site soils for uranium. This
was demonstratedexperimentallyin a series of sorpfionexperiments conducted by the USGS
(Ref. 36).

In 1993, two open-hole wells (MW-3008 and MW-3009) were retrofittedto deep wells
(MW-3025 and MW-3027, respectively) and new shallow wells (MW-3024 and MW-3026,
respectively) were installed nextto them. The chemistryof the new wells, which were sampled
once in 1993, is similar to the "parent"wells (i.e., the chemistryof MW-3024 and MW-3025
is similar to thatof MW-3008). This relationship was expected for the shallowwell in the weft-

pair but not for the deep well. The contaminationin the deep wells is possibly the residual

effect of downwardmigrationof contaminatedwater in these open-hole wefts. With sufficient
time to flush the surroundingaquifer,the chemistryof these deep weds is expected to approach
that of otherdeeper site wefts, none of which appearto be contaminated. The four new wells
are scheduledfor quarterlymonitoring in 1994.

The five springs included in the monitoringprogramgenerallyremained within historic
ranges for all contaminants of concern. The proposed uraniumwater quality standardswere
exceeded atSP-5303, SP-5304, SP-6301, and SP-6306. Nitrateexceeded waterquality standards
at SP-6301, whereas sulfate was below these standards at all locations. Nitroammatic

compounds were detectedat SP-5303 and SP-6301 and exceeded the water qualitystandardfor
2,4-DNT at SP-5201.
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During 1994, new high values were recorded for two nitroaromaficcompounds at
SP-5201. Both trinitrobenzene_) values (9.2 pg/l and 4.5 _g/I) were above the previous
highof 3.9 _g/l recordedin 1989. TNT was measuredat 120 t_g/l, which is significantlyhigher
thanthe previous high of 77 t_g/l (measured in 1987). At present, there is insufficientevidence
to supporta trend, since TNT was measuredat 32 pg/I earlier in 1993. The most plausible
source for the nttroaromaticcompoundsis a former Weldon Spring OrdnanceWorks burning
ground, which lies off-site in the 5200 Drainage, and is up gradientof SP-5201.

Springs SP-5303 and SP-5304, both located within the SoutheastDrainage, continueto
display similar elevated uraniumlevels. A new low of 5"/pCi/l was recorded in a high flow
sample collected duringthe first quarter. This low value is likely the result of dilution from
high rainfall. In general, these springs remained within historic rangesduring 1994.

The Southeast Drainage springs do not display above-backgroundvalues for nitrate,
sulfate, calcium, lithium, sodium, or strontium,which are all elevated in one or more of the

mffinate pits. Thus, these heavily contaminatedponds are an unlikely source of uranium
contaminationin the Southeast Drainage. The source of uraniumis likely residual uranium

deposited in the drainageduringchemical plantoperations, althoughoff-site dischargethrough
NP-0001 and NP-0005 also contributesto this drainage.

A new uraniumhigh was measuredfor SP-6306, which lies below the outfall of Busch
Lake 34. The remaining four uraniumsamples collected at this location were withinprevious
ranges and were below the MCL (13.6 pCi/l). The cause of the high value, which was an
isolated event, is not known.

BurgermeisterSpring (SP-6301) recorded a new low value (6.3 pCi/l) in a low-flow
samplecollected in September. Results for the othercontaminantsof concern (nitrate, sulfate,
and nitroaromaticcompounds)were within historic ranges at BurgermeisterSpring (SP-6301).

Over the past two years, the WSSRAP has attemptedto collect low-flow and high-flow
samplesfrom BurgermeisterSpringto evaluatethe influxof contaminantsfrom groundwaterand
surface water sources, which is thought to occur duringlow-flow and high-flow, respectively.

Although flow rates from the spring respond to storm events and shouldbe a good indicator of
surface water input, alkalinityis perhapsthe strongestfingerprintfor these two water sources.
Surfacewateralkalinityvalues are generallylow ( < 150 rag/l) having a meanvalue of 89.0 mg/l
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with a standard' deviation of 38.6 mg/l. Groundwateralkalinityvalues in the local carbonate
bedrock are typically higher (> 150 rag/I) with a mean value of 344.7 mg/l and a standard
deviationof 92.1 mg/l. Using alkalinityas a tracerfor surfaceand groundwatersources, recent
data(from late 1991 to the present)indicatethatcontaminantlevels (nitroaromatic compounds,

nitrate,and uranium)aregenerally highestwhen flow is dominatedby groundwater. Alkalinity
is not linearly correlatedwith contaminantlevels, however. There are exceptions to this
observationhowever. At present, insufficientalkalinitydata exist to determine whetherthese

exceptions are analytical outLiersor extremes in the range of naturalvariation.

7.3.4 Trend Analysis

Trend analysis was conductedfor the major contaminantsat locations where they have
exceeded the detection limit (nitroaromaticcompounds)or backgroundlevels (nitrate, sulfate,
and uranium). Trends were evaluatedwiththe Mann-Kendalltest, and slopes were detemfined
with Sen's nonparametricslope estimator. Seasonality was investigated for cases where

sufficient data were availableusing the MannWhitney U-test.

Outlierswere removed from the data set priorto performing statisticalanalysis. Outlets
were examinedusing the process specified in procedure BS&H4.9.3, which governs review of
environmentalmonitoringdata. The suspectdata point is comparedwith the mean and standard
deviation, whichhavebeen calculated for thetrimmeddata set (i.e., the minimumand maximum

values have been removed). Data points were removed if they were outsidethe range defined
by the mean, plus or minus four standarddeviations, and if naturalprocesses were unlikely to
be responsible for the extreme value. An extreme value was not removed if it occurredat the
end of the historical record because subsequentdata are requiredto determine if the value
representsa changein conditions. Unidentified analyticalor samplingerrorsthatare notreadily
detectedin the data validationprocess arethe mostplausiblesources of the outliersdeleted from
these analyses.

Outliers, bothon the high and low side of the distribution,can seriously impactstatistical
calculations. Althoughthis is not a severe problem for the nonparametriccalculations used for
the trend analyses, it is a problem for the Oaussian statistics used go summarize the 1993
monitoringdata. Becausethe objectiveof boththeseanalyses is to present a representativeview
of conditions in each well, f'dteringwas performed.
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Seasonal influences on contaminant levels were not found at any location. Thus,
adjustmentsfor seasonality were not requiredand the raw data were used for trendanalysis.
Trends were analyzed over two different time periods. The first includedthe entire historical
monitoring period (1987-present), and the second only included data from the period 1990-
present. Of the 178 cases evaluated, 76 trends (59 downwardand 17 upward)were observed

in the first or long-period analysis. The second or short-periodanalysisdetected33 trends(18
downwardand 15 upward). Only 15 of the 76 long-termtrendswere also presentin the short-
term analyses. Many trends in the long-period analysis, especially downwardtrends in nitrate
and nitroaromaticcompounds, may be artifacts of changes in analytical techniques and/or
laboratories in 1989-1990. Because the 1990-trendsare considered more reliable and better

reflect recent conditions at the chemical plant site, they are the focus of the foUowinlg
discussions. These short period analyses are summarizedin Table 7-4. Trends are identified

along with the slope of the trend (predictedchange per year), the 1993 mean value for the

contaminant,and the predictedchange in concentration(in percent)over a one yearperiod. The

predictedchange is calculated by dividing the slope by the mean and multiplyingby 100. The

resultantvalue may not reflect recentchange or reliablypredict futurechange, becausethe slope
was calculated over a four year period. The 1993 mean and predictedchange aregiven as an
aid to understandingthe significance of a trend.

Nitroaromaticcompounds: In general, locations exhibiting nitroaromatictrends were

randomlydistributed across the monitoringarea. Typically, only one nitmammaticcompound
displayed a trendat a single location. Withthe exceptionof 2,6-DlqT, trendswere not strongly
biased in any directionand were primarilyrestrictedto cases with relatively low concentrations.
With fourexceptions, the 1993 average concentrationwas < 1 ppbfor nitroaromaticcompounds
that displayed trends.

MW-2013 is a notable exception; significant decreases in trinitrotoluene (TNT),
2,4-DN'T, and 2,6-Dlq'I' have occurred in this well. Over the 1987-present period,
concentrationsfor these compoundshave droppedfrom tens to hundredsof p_s to near or less

than 1 pbb. Such a dramaticchange has not been observed in any other well and may reflect
exhaustion of a small source area located near this well. A strongdownwardtrend was also
calculatedfor 2,4-DNT in MW-4001 on the Army propertywest of the chemical plantsite. It

is unclear, however, whetherthis is a long-range trend or a temporary decline, because the
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Table 7-4 Trend Analysis Summary for the Chemical Plant and Raffinate Pit
Groundwater

I iii iiil lllli i iilli :::i iiallll i ii ill :::: ii : :

Ptedloted

Parameter (Units) Slops of Trend in Change(%)
# of Cases |vlduated LooatJon Unite/Year 1993 Mean In One Year°

i _l i _,__ _H _ _ _ _ -

TNB (pg/I) 20 Cuss 2001 0.01 , ,0'06 10

4016 0.32 1.70 19
i ,ll . H i i i i i i i ,i i i --

TNT (#g/I) 14 Cases 2014 0.02 0.04 5
L Hllllli ii Illl'llll I I i i

3023 0.02 O.OS 26
_ i i ii ill iHll i

2,4-DNT (#g/i) 27 Cues 2001 ....0.01 0.11 ..... 12,

2006 0.04 0.1_ a4

u ..... 2006 I 0.02 ..... o.op . z2
P Nitrats-N (rag/l) 34 Cuss 2001 6.33 63.90 12

l i ii i ..i

A 2034 0.89 2,E0 ,. 41
R
D 40 11 13.60 66.80 .... 24

Sulfate (rag/l) 27 Cases 2008 2.43 , 38.50 6

2030 5.30 47.40 11
.. i. i .i

3008 14.45 86.00 17
Hi i i

40i 1 8.48 02.70 14

4020 9.00 139.00 6

TNT (pg/I) 14 Cases 2013 .0.43 0.06 648
i i i

4013 -0.01 0.06 18
i II,HI

2,4-DNT (#g/I) 27 Cases 2013 .0.12 0.39 31

4001 -1.40 1.48 05
. Sill I " •

2,6-DNT (#g/I) 27 Cases 2006 .0.07 0.19 37

0 2010 .0.12 0.52 23
. i

0 2011 -0.23 1.60 15
W ii •

N 2013 4.00 1.20 667
W
A 2014 -0.17 0.56 29

R 4006 .0.68 2.e5 20
O

4013 -0.26 0.78 33

4015 .0.51 0.31 165
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Table 7-4 Trend Analysis Summary for the Chemical Plant and Rsffinate Pit
Groundwater (Continued)

illiii i illi iii iiiillllll i i i i i HI I i i i i i

Prndioted
Parameter (Unite) Slope of Trend in Change (%)

I of COllie Pvldueted Looatlon Unite/Year 1993 Mean in One Year"

0 Sulfate (rag/I) 27 Cease 2020 -7.00 126.00 6
i ii ii

0 S023 -SS.O0 S12.00 11
W ........... !

N 4022 -7.37 33.40 22
W i _ iii iii i i i

A Uranium (pCtA} 29 Cease 2020 -1,.26,, 1.97 64

R 3008 -0.46 3.13 16
i i H i i i iD

4012 -0.57 5.15 11
i nil i i i i i i i i i

• These numbers ere derived from the etettetioo(eiopelrnean)end may not refleotpresent oonditlono.
i HI i i i i ,i i i

1987-present analysis did not detect a 2,4-DNT trend. Additionalmonitoring is requiredto
resolve this issue.

Trend datasuggest thatsignificantchangesin nitroaromatic levels have not occurredat
most locations. The bias towarddecreasing trendsfor 2,6-DNT may be related to the ability
of this compoundto sod) onto site soils. Research by Fink (l_f. 50) showed that among the
majornitroawmaticspecies, 2,6-DNT had thelowest sorptioncoefficient for the majorsoil units
beneath the chemical plant. If this research is applicable to naturalconditions and if soil
sorption is a major control on concentrationlevels, 2,6-DNT should be the first nitroaromatic
compound to be flushed from the system. Based on these assumptions, a downward2,6-DNT
trend may be a precursorto futuredownwardtrends in other nitroaromaticspecies. At present,
this hypothesisis highly speculative.

U.nmim_Uraniumlevels remainedrelatively constantduringthe entirehistoricalperiod
(1987-present). Only three downward trends were observed over the short period (1990-
present), andonly one (MW-2020) representeda significantchangein concentrationlevels. Ten
downward and two upwardtrendswere calculated for the long-period analysis; however, most
of these were quite weak (< I pCi/l per year). Three of the I0 downwardtrends were also
observed in the shorter period analysis.

Sulfate and Nitrate: Sulfate and nitrate are conserved elements (i.e., they are not

retardedby sorptiononto soils) thatwere used in both the ordnanceworks and chemical plant
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processes. High sulfate and nitratelevels are still presentin some of the rafflnatepits, which
are consideredan active source of these contaminantsin the groundwater.

Sulfate displayedbothupwardand downwardtrends, Three upwardand two downward
trendsoccurredin wells thatwere well above the assumed backgroundlevel of 32 mg/l. All of
these wells lie within the general vicinity of the raff'matepits. None of the sulfate trends
represented significantchanges in sulfatelevels, however.

Upward nitratetrends were observed in three of the 34 cases analyzed. One of these
(MW-2034) occurred in a well near the assumed backgroundlevel of 1.6 pCi/l. This well lies

some distance from the raffinatepits. A continuedrise in nitratelevels at this location may
indicate the area impacted by seepage from the raft'matepits is gradually increasing to the
southeast. At present, however, there is insufficientevidence to supportsuch a conclusion.

Both MW-2001 and MW-4011, the other two wells displaying upward trends, have
nitrate levels that are well above the MCLs. Both wells lie downgradientof the _te pits
and have elevated levels of other compounds that are concentrated in the raft'matepits.
Monitoring wells upgradientof these weds but downgradientof the raffmate pits have even
higher nitrateconcentrations. The upwardtrends in these two wefts, especially MW-4011,

which also displays an upwardsulfate trend, may indicate the area impacted by seepage from
the raft'matepits has been graduallyincreasingnorthward.

7.._.5 Summary

Trend analysesof contaminantlevels in monitoringwells at the chemical plant site and
surroundingproperties _cate thatconditions have generally remained stable over the 1987-

present monitoringperiod. An exception was the evidence supportinga possible northward
increase in the arealextent of groundwaterimpactedby seepage from the raft'matepits. Forthe
mostpart, the observed trends(less than 20% of the cases analyzed) were not steep and did not
occur at locations with the highest contaminantlevels. A notable exception was the sharp
decline in nitroaromaticlevels in MW-2013.

Contaminantlevels in the deepermonitoringwells continued to remain nearbackground
levels (nitrate, sulfate, and uranium)or below detection limits (nitroaromaticcompounds). In
addition,a MissouriDepartmentof Healthsurveyof shallowand deep privatewaterwells in the
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vicinity of theChemical plantfound no evidence of site-derivedcontamination(Appendix C).
These data suggest that groundwater impacted by contaminantsfrom the chemical plant site
continues to be located in the upperportion of the shallow aquifer and to be confined to a
limitedarea.

The absence of significantchanges over the 7 year monitoringperiod suggests that the

groundwatersystem is at a steady state conditionor is changingtoo graduallyto detect in this
time fr,_rne. The consistency of the system suggests that flux of contaminatedseepage into the
groundwater is balanced by that of uncontaminatedgroundwater resulting in a relatively
consistentdilution factor over this period.

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

Data for wells thatwere installed to monitor the TSA and SWTP basins are includedin

the Appendixesand Table 7-3. Statistical comparisonof downgradient-upgradientwells around

the SW'I_ basin proved inconclusive because some downgradientwells are stronglyinfluenced
by seepage from the tall'mate pits. This approach will be replaced by comparisonagainst
baseline data for each monitoringwell. A similar approach(comparisonagainst baseline data)
will he used for the TSA basin, which is located on a local groundwaterhigh.

Because the TSA and SWTP were consm,cted above previously contaminated
groundwater,a minimumof six data points are necessary to establish baseline (i.e., the range

of variability)for pre-existing contaminantsin each well. Statisticalcomparisonagainstbaseline

datawas notperformed becausecollection of the requirednumberof independentdatapoints had
not been completed by the end of 1993. Baseline sampling will be completed in 1994 and
baseline comparisonswill be given in the 1994 ASER.

7.4 Weldon Spring Quarry

7.4.1 Hydrogeology

The geology of thequarryareais separatedinto threeunits;uplandoverburden,Missouri
River alluvium, and bedrock. The unconsolidated uplandmaterialoverlying bedrock consists
of up to 9.2 m (30 ft) of silty clay soil and loess deposits and is not saturated(Ref. 1). The
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bedrock at the quarry consists of three distinct Ordovician formations: The Kimmswick
Limestone, the limestoneand shale of the Decorah Group, and the PlattinLimestone.

The sedimentcomposing the alluvium along the Missouri River coarsens from clays,
silts, sands, and gravels at shallower depthsto cobbles and bouldersabove the bedrock. The
alluvium thicknessincreases withdistancefrom the bluff towardsthe river wherethe maximum

thickness is approximately31 m (100 ft). Thealluvium is truncatedat the erosionalcontactwith
the Ordovicianbedrockbluff (Kimmswick,Decorah, and Plattinformations) composing the rim
wall of the quarry. Organic silts and clays with underlying minor amounts of sand are the

primarysedimentsbetween the bluff and the Femme Osage Slough. An underlying soil layer
of silty sandis present below a depth of about 6.1 m (20 ft) in the area of the slough (Ref. 1).

The groundwaterflow systemat the quarryis composed of alluvial andbedrockaquifers.
The alluvial aquifer is predominantlycontrolledby rechargefrom the Missouri River and the

bedrockaquiferis controlled by precipitationand overland runoff.

At the quarry, 15 DOE monitoringwells are screened within either the Kimmswick-
Decorah or Plattin Formations to monitor contaminantsnear the quarry within the bedrock
(Figure 7-4). Twelve monitoring wells were installed to monitor contaminantswithin the
Kimmswick-Decorah Formations comprising and surrounding the quarry. Three other
monitoringwells were located southof the quarrywithinthe PlattinLimestone to assess vertical
contaminantmigration.

There are also 36 monitoringwells screened in the alluvial materialbetween the quarry
and theMissouri River. The wells west of the quarrymonitorthe uppermostwaterbearingunit
below the quarry water treatmentplant equalizationbasin and effluent ponds. The alluvial
monitoringwells northof the Femme Osage Slough monitorcontaminantmigrationsouth of the

quarry,while those south of the slough monitorfor possible migrationof contaminantstoward
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the well field. 'The St. Charles County wells would provide an early warningof contaminant
migrationtowardthe countyproductionwell field if"this were to occur. The countyproduction
wells axe monitoredto verify the qualityof the municipalwell field water supply.

Monitoringwells MW-1034 (K/mmswick-Decorah)and M_-I035 (alluvium)have been
determinedto be up_'adientof the quarryfor the assessmentof groundwaterquality in these

materials and provide backgrounddata. In 1992, eight lproundwatermonitoringwells were
instaDedin the Darst Bottom area approximately 1.6 km (I mi) southwest of the St. Charles
CountyWell Field by the U.S. Geological Surveyto studythe up_adient characteristicsof the
Missouri River alluvium in the vicinity of the quarry. These wells provide a reference for

backgroundvalues in the well field area. A summaryof the backgroundvalues u"td/z_ at the
quarryis provided in Table 7-5. This table includes the average backgroundvalues followed

by the ranges of values based on two standarddeviations about the mean or the average
radiological error about the analyticalvalue.

7.4.2 Monitoring Program

Groundwatermonitoringis performed in both the alluvial and bedrock aquifers at the

quarry(Figure 7-4). Three separate monitoringprograms were developed for the quarryin
1993. The first programaddresses samplingthe Departmentof Energy wells monitoringthe

quarryareain orderto monitorcontaminantmigrationand the effects of quarrydewateringand
bulk waste removal. The monitoringwells adjacentto thequarryand northof theFemme Osage

Slough were sampledbimonthly, while monitoringwells located south of the Femme Osage

Sloughwere sampledquarterly. Monitoringwells on thequarryrimwere sampledmonthly, due
to the increased levels of specific parameters over time, to better establish the trend in
concentrationsat these locations, and to monitor the effects of quarrydewateringactivities on

the groundwatersystem.

The secondprogrammonitors the St. Charles Countywell field and the associated water
treatmentplant. Activeproductionwells, the St. CharlesCountyRMW-seriesmonitoringwells,
and untreatedand treated water from the water treatmentplant were sampled quarterlyand

annually for selected parameters. This portion of the monitoringprogram was developed by
representativesof the Departmentof Energy, severalStateand Federal regulatoryagencies, and
St. Charles County.
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TABLE 7-5 Mean Baekgrouncl Values for Quarry Groundwater Monitoring Locations

., , , , ,., , i il Bill I I

Kimmewlokl Alluvial/
DeoorohFormations¢.1 Unooneolidated MissouriRiver

Parameter Materille(bl AlluviumI°)

Total Uranium (pCl/I) Mean 1,73 0.79 2.01
I il i

96% C.I." 1.32; 2.16 0.31; 1.27 3.21; 7.23
i i ,H ii ii ill i i

Radium-226 (pCi/I) Mean 0.20:1: 0.34"" 0.36 + 0.36"" 0.70:1: 0.18""
m l i i i

96% C.I." -1,06; 1.46 -2.79; 3.49 0.38; 1.02
, ill i i ii i i

Riclium-228 (pCi/I) Mean 0.70:1: 0.97"" 0.62 :_ 1.03"" 2.2 ± 2.8"*
ii

96% C.I.* -6.68; 7.08 -2.36; 3.40 -1.40; 6.60
t i|l i i i i hi, i

Thorium-228 (pCi)l) Moon 0.29 _ 0.46"' 0.06 + 0.46"" O.13 ± 0.22""
i i i i

96% C.h" -2,13; 2.71 -0.68; 0.68 0.06; 0.20
. ii ii | H |.l.

Thoriurn-230 (pCi/I) Mean 1.04 ± 0.68"* 0.06:1: 0.42"* 0.13 d:0.18"*
ii

96% C.h" -8.30; 10.38 <).68; 0.68 0.04; 0.22
i i,i i

Thorium-232 (pCiA) Mean 0.29 ± 0.41"" 0.06 + 0.42"" 0.10:1: 0.28""

96% C.h" -2.13; 2.71 <).68; 0.68 0.10

(3roseo Mean 6.76 :it:3.43"" 0.1 ± 3.6"" 3.1 d: 1.98""
(pc_n)

96% C.h" -39.6; 63.2 -38.0; 38.2 <).03; 6,23

GrossB Moon 6.76 ± 2.63"" 9.96 ± 4.19"" 6.8 _: 1.08""
(pCi/I) .......

96% C.I." 6.31; 6.21 Only 1 sample 6,27; 8.33

Nitroaromatic Mean No detects No detects Not analyzed
Compounds

Arsenic Mean 1.42 1.63 3.72

(_gn) ........
96% C.h" 0,64; 2.20 0.51; 2.55 0.05; 7.39

u _ H

Barium Mean 150.4 224.8 466.6
_n)

96% C.I," 140.98; 169.82 205.1; 244.6 365.2; 648.0

Nitrate Moon 1.01 O.12 0.39
(rag/l) ............

95% C.I." 0.46; 1.56 0.119; 0.121 0.12; 0.66

Sulfate Moan 84.4 39.2 36.2
(rag/I) ....

96% C.h" 68.7; 100,1 33.9; 44.5 21.8; 48.6

• IVtW-1034 (DOE) " 96% ConfidenceInterval about the mean
b MW-1036 (DOE) * * Average radiologioalerror
c Darer Bottom Wells (US(3S)
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The third program monitorsthe equalizationbasin and the two effluent ponds at the

quarrywatertreatmentplant(Figure7-4). Monitoringwells MW-1035 throughMW-1039 were
sampledquarterlyandannuallyfor selectedparameters. The monitoringprogramwas developed
to meet the requirementsof 40 CIR. Part264, SubpartF and 10 CSIt Part25.7, which require
the monitoring of contaminantsof concern in the groundwaterbeneath storage facilities. The

contaminantsof concern were derived from the Engineering Evaluation/Cost Analysis for the

Proposed Management of Contaminated Water in the Weldon Spring Quarry (Ref. 37) and the
Baseline Risk £valuan'on for Exposure to Bulk Waste at the Weldon Spring Quarry, Weldon

Spring, Missouri (Ref. 38). This is discussed in Section 7.4.6.

The groundwatermonitoringprogramat thequarrywas dramaticallyimpacteddue to the
flooding of the St. CharlesCountyWell Field by the Missouri River on two separateoccasions.
Unusually heavy rainsduringthe springcausedthe flooding of the Femme Osage Slough. This
heavyprecipitationcontinued throughthe summer, which resulted in the inundationof the well
field in July and September. The highest water level was 145.5 m (477.3 ft) above mean sea
level. The typical water level of the Missouri River near the quarryis 136.5 m (448 fl).
During the two events, the well field was under an average of 5.2 m (17 ft) of water for a

sustained period of time. During the inundation of the well field, 26 monitoring locations,
including the 4 RMW-serieswells, were unable to be sampled duringsome period of the third
and fourthquarters. Four of the county's productionwells were flooded and were not returned
to service in 1993. The four remainingproductionwells were sampled,and the results indicated
no detectable levels of total uranium. Activities to cleanand redevelopthe flooded monitoring

wells were delayed duringthe fourth quarterdue to standingwaterand continued rain.

7.4.3 Quarry Monitoring Results

The results of the 1993 groundwatermonitoringprogramare listed in Appendix A.

RadiochemicalParameters

All groundwater monitoring wells at the quarry were sampled for the following
radiochemicalparameters: total uranium, Ra-226, Ra-228, Th-228, "1"!1-230,Th-232, gross
alpha, and gross beta. The uraniumvalues continueto indicate that the highest levels above

backgroundoccur in the bedrock down gradientfrom the quarryand in the alluvial materials
north of the Femme Osage Slough. The annual averages for the locations which exceed
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background are summarizedin Table 7-6. The annual averages for the monitoringlocations
south of the Femme Osage Slough and the St. Charles County well field remainat or below
background.

The proposed U.S. EnvironmentalProtectionAgency uraniumdrinkingwater standard
of 20 _g/l (13.6 pCi/I) was exceeded at 13 locations (MW-1004 throughMW-1009, MW-1013
through MW-1016, MW-1027, and MW-i030 throughMW-1032) during 1993. All of these

monitoringwells are located northof the Femme Osage Slough. The DCG for total uranium
in discharge water, 600 pCi/I, was exceeded at eight of the above locations; however, these
wells are not directly used as drinkingwater sources. No productionwells exceeded the DCG
of 24 pCi/l (4 % of the DCG for discharge waters)for total uraniumin drinkingwater systems,
or the groundwaterstandardof 20 _g/l (13.6 pCi/l).

The St. Charles County production wells, the RMW-series wells, and pre-treated
(MW-RAWW) and treated water (MW-FINW) from the St. Charles Cou,,_ water treatment
plantwere also sampledquarterlyfor gross alphaand gross beta. The annualaverages for these
locations are within background for the Missouri River alluvium. The remainder of the

monitoringlocations at the quarrywere sampledonce in 1993 for gross alpha and gross beta.
The results indicated that levels were above background(Table 7-5) in the bedrock down
gradientfrom the quarryand alluvial materialsnorthof the FemmeOsage Slough. These annual
averagesare summarizedin Table 7-7.

The Missouri Drinking Water Standardof 5 pCi/l for gross alpha and the MCL of
50 pCi/l for gross beta were not exceeded at any of the St. Charles Countyproductionwells.
The St. Charles County treatmentplantfinished waters were in compliancewith the gross alpha
level of 15 pCi/i as established in 40 CFR 141 and endorsed in Department of Energy
Order5400.5.

Ra-226, Ra-228,and isotopic thorium(Th-228,Th-230, andTh-232) were analyzedonce

in 1993 at all groundwatermonitoring locationsat the quarry. Levels of the isotopes Ra-226

and Th-230 were indicated to be above average background values (Table 7-5) at several
locationsboth north and southof the Femme Osage Slough. Levels of the isotope Th-230 were

also reported to be above background levels in two productionwells. These levels did not
exceed action criteria set forth in the Well Field Contingency Plan (Ref 51). The annual

averages from above average backgroundlocations are summarizedin Table 7-8.
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TABLE 7-6 Annual Averages for Total Uranium (pCi/l) Above Average Background
at the Weldon Spring Quarry

, , i ilii j,,,,, , ,, ,,,,, , , ,

LooatJon Total Urlnium Looetlon Total Uranium
I I I I I I II IIEIIII I I I I

MW- 1004 e 4603 MW- 1016" 615
i i i i ii

MW- 1005* 1526 MW- 1016 347
i i i ,,, i i i i ill i ill

MW- 1006* 2788 MW- 1027 532
ii i ii i i i i

MW-IO07 338 MW-1030 322
i

MW-IO08 a 3063 MW- 1031 21.6
i i l i,

MW- 1013* 633 MW- 1032" 1097
ii i le ill i ill i i

MW-1014" 770
II ,,m ,

II Looation exoeede DCG of 600 pCi/l

TABLE 7-7 Annual Averages for Gross o (pCi/I) and Gross 13 (pCi/I) Exceeding
Background at the Weldon Spring Quarry

, I I

Looltion Grosl o Grou 13 Looltion Oroes• OroesIS
I I I I - I I i I lliilll I

MW- 1002 BG 8.6 MW- 1015 690 200

MW- 1004 4200 1120 MW- 1016 270 120
i i i lll, i i

MW-1005 1220 410 MW-1017 BG 13.0

MW- 1006 2600 770 MW- 1018 5.9 BO
l i, i ill ,

MW- 1007 680 230 MW- 1019 46.0 13.0
i i I, i i

MW- 1008 2600 106C_ MW- 1021 6.6 BG
i|l i i i i H, i

MW- 1009 14.0 BG MW- 1027 630 180
i i, i i

MW- 1011 BG 16.0 MW- 1030 BO 15.0
, i i i

MW- 1012 27.0 16.0 MW- 1031 18.0 9.70
,, i ,i ii ii H i H

MW-1013 510 220 MW- 1032 910 350
Hi ,, i i i i i ,n i i H=

MW-1014 610 260 MW-1033 5G 9.00
i i i I

BG ,, BIIokground
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TABLE 7-8 Monitoring Looation and Annual Averages of Isotopic Radionuclldes
(pCi/I) Above Average Background at the Weldon Spring Quarry

i ii ii I , , ,,, , , , ii ill i II ii

Looatton RI-22ll Th.230 Looetlon Re-221I Th-230
IIIII IIII II I II I I I I I II!1! II I

MW-1OO9 1.20( _O.9)* IlG MW-1011I BO O.110(O.II)*
i , i i i i

MW-I013 0.90(d:0.8)* llG MW- 1022 1.(10(, 1.0)" 0.50(_ O.II)*
ii i i i iii iiii i i,l,ll

MW-1016 1.30( _ O.9)* IIG MW- 1023 IlG 2.00( _ 1.1)*
i i i ii i ii i i i ill iiii i,i

MW- 1016 BO 1.(10(_ 1.0) * MW- 1024 BG 0.80( ± 0.11)*

MW- 1017 BO O.eO(i O.II)* MW-IWV02 ilG 0.60( _ O.6)*
i i iii i

MW- 101tl BG 0.80( _ 0.8) * MW-PW06 BG 4.6( ± 1.4) *
i i i

i
IlG ,. Baokground
• - R_I error

These values, whichareabove averagebackground,exhibitederrorsapproximatelyequal
to the values reported. Comparison of the net difference between the reported values and
backgroundlevels, to the net difference in the radiologicalmeasurementerrors for the
values and background levels, indicatedthat seversJ of the values could not be differentiated
from background levels and, therefore, am not critical. Also, data obtained from these
monitoring wells and the background locations from previous years had higher detection
limits,typically greater than I pCi/l, which resulted in historic values of no detect. Previous
measurementsmay have been of the same orderof magnitudeas the data reportedin 1993, but
may not have been indicated by these higher detectionlimits.

The comparison of the net differences in values and errors for the locations and
background levels indicated that two locations, MW-1023 and MW-PW06, could be
differentiatedfrom backgroundlevels. The 4.3 pCi/l (4- 1.4) 1"11-230value in productionwell
PW06 and the 2.0 pCi/l (4- 1.1) Th-230 value for MW-1023 am above the averagebackground
levels for the Missouri River alluvium. The pretmatedand treated water samples from the

St. Charles CountyWater Treatmentfacility indicated levels below the detection limit (<0.4
pCi/l) indicating there was no impact to the St. CharlesCountyWater TreatmentPlant. This
value is not consideredto be representativeof levels in the well field, since the gross alpha and
Ra-226 values obtained during the same sampling event for PW06 did not show similar
increases. Th-230 is an alpha emitterand is a decay productof the U-238 series, as is Ra-226.
Also, it is expected that total uraniumwould increase initially due to its higher solubility than

m:_uoere_joonne_uer93_seotion.7 130



051|94

Th-230. Unu_umandthoriumwastesareco-mingl_ in thequan_andit wouldbe expected
that the totaJ uranium front would pnxxx_ the thorium front in g_)urldwaWr. Concentrations of

thismagnitudefor Th-230havenotbeenob_rved in thequan_ rim or north of the Femme
Osage Slough where the contaminantplume migrationfrom the quarrybulk wastes is initially
observed.

The Missouri DrinkingWaterStandardof 5 pCi/l for combinedRa-226 and Ra-228was

not exceeded at any of the Departmentof Energy monitoringwells or at any of the St. Charles

Countyproductionwell locations. No water qualitystandardhas been establishedfor thorium

isotopes in drinkingwaters.

NitmaromaticComnounds

In 1993, samples from all quarrymonitoringwells and St. Charles Countyproduction
wells were analyzed for nitroammatic compounds. Fourteen locations yielded detectable
concentrationsof at least one of the six nitmaromaticcompoundsanalyzed. These monitoring

wells are situated in the bedrockdowngradientof the quarryor in the alluvial materialsnorth
of the Femme Osage Slough. A summaryof the annualaveragesfor these locationsis provided
in Table 7-9.

A detectable concentrationof 2,6-DNT (0.57 #g/I) was measured in a sample from
monitoringwell MW-1033 in January 1993. This level was at the detectionlimit for 2,6-DNT
for the analytical laboratory. The location was resampled in response to this detectable
concentration. The sample was submitted to the laboratory normally used to analyze
nitroaromaticcompounds because this laboratory historically provides consistent data. This

laboratoryhas lower detectionlimits and indicatedno detectableconcentration(< 0.01/_g/I) of
2,6-DNT in the groundwaterfrom this location. The initial value was believed to be a false

positive.

The Missouri water quality standardfor 2,4-DNT (0.11 _g/l) was exceeded at six
locations. These locations are north of the Femme Osage Slough. No MCLs have been

established for the other nitroaromaticcompounds in groundwater. The remaining locations

south of the slough and the St. Charles County productionand monitoring wells indicated no
detectable concentrations.
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TABLE 7-9 Annual Averages at Monitoring Locationswith DetectableNitroaromatic
Compound RuuIta t_/I) Weldon Spring Quarry

Looetion 1,3,5-TNB 1,2-DNI 2,4,6-TNT 2,4-DNT 2,6-DNT Nitroberulene
II I I II II III

MW- 1002 (*) 1313 0.632 226 0.206 43.2 ND
ill i i

MW.1004 I*) 6.76 ND 13.0 2.3 3.66 ND
H

MW- 1006 ND NO NO <0.110 0.290 NO
ii

MW. 1006 I*) 57.0 ND 10.4 O.173 1.45 ND
i ill lllll ill i i i

MW- 1007 ND ND NO ND 0.012 ND
r i ii i ill i i i ii

MW- 1008 ND NO O.125 ND 0.063 ND
,i ii i i i i,lll i H i i i iii ii ii i i i i i i

MW- 1014 NO NO NO ND < 0.010 ND
Hi I i i H I iHi I

MW- 1018 43.2 0.242 10.5 0.062 0.395 NO

MW- 1019 3.34 ND 0.998 NO 0.071 ND
i i ill i

MW.10271*| 0.329 ND 25.0 9.53 4.42 ND
ii ill ii , i i i i

MW- 1029 < O.119 ND NO NO ND ND
i i i i ii i i

MW-1030 l*) O.194 NO 2.52 O.154 0.536 ND
i i i i i i ii i ii !

MW-1032 t*) 5.38 ND 18.6 10.2 3.25 ND i
I Hi i i i

MW- 1033 ND ND ND ND O.193 NO
I

ND Not Dateoted
a Looationaxoeadethe water quality standard of 0.11 #g/I for 2,akONT

uUm

All monitoring wells at the quarry and the St. Charles County productionwells were
sampledfor sulfate. Groundwateranalyses in 1993 indicatedsulfate levels were elevatedin the
monitoring wells in the bedrock of the quarry rim and in the alluvial materials north of the
Femme Osage Slough. Eleven wells exceeded theaverage bac_und levels for sulfate.
wells are situated northof the slough with the exception of MW-1018, located south of the
slough. The elevated levels in MW-1018 may be the result of migration of the sulfate plume
which is centered over the area northof the slough. Elevated levels rangingfrom 200 mg/i to
500 mg/l are present in the southe,_tportion of the rimand into the downgradientareas of the
materials north of the slough. The levels in MW-1018 are within historic ranges for that
location. The annualaveragesof these wells are summarizedin Table 7-10.
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TABLE 7-10 Annual Averages at Monitoring Locations with Sulfate Results
(rag/I)Above Average Backgroundat the Weldon SpringQuarry

-, ii,,, ,, ,,, i I iii iii II iii ,, , II, II i IIIII

Looltion lulhite LOoltion I_dfite

NNV-IO04 216 MW-1014 99.8
In I It I It I Ill Illlll i i I i II I II Illilii II iillllll IIII T I[ II

MW- lOOE 107 MW-1018 106
i i i i |JILl I I I I I I I I I I I : IIII II iiii IIII I II

MW. 1ooe (*1 430 MW- 1016 149
ii I I III II II ill III III IIIi III

MW- t007 118 MW-10i8 78.3
...... II I II

MW-1008 246 MW-1032 216
I , H II I - H I II

MW-1009 246 !
IIII II I I I I IIIIIIIII I II IIIIIIII III II I IIIIll I i

(el Looltton Meoexoeede MCL of 260 mg/I

l II Ill I I I l l Ill I I II , I II III I I

The secondaryMCL for sulfate is 230 mg/l; this standardwas exceeded at onelocation,
MW-1006. The sulfate concentrationsin the St. Charles County productionand monitoring
wells remainedat or below backgroundranges.

Metals

The St. CharlesCountyproductionwells were sampledonce in 1993 for cadmium,lead,
and mercury. The levels for these metalsdid not exceed the averagebackgroundvalues for the
Missouri RiverAlluviumand all values for these metalswerewithinhistoricranges. The annual

averages for these locations are summarizedin Al_ndix A.

Arsenic and bariumwere analyzedduring the first partof 1993, but were deleted from
the program because no notable impact from the bulk wastes in the quarrycan be identified.
Historic data had indicatedarsenic and bariumlevels are highest in the groundwaterof the

alluvial materials south of the slough. The data collected during the first half of 1993 are
summarizedin AppendixA.

_iscellan_us

The St. CharlesCountyRMW-seriesmonitoringwells, the St. CharlesCountyproduction
wells, untreatedand treated waters from the St. Charles County water treatmentplant, and
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l_ent of _rllY monitoringweU lVlW-1024were sampledin the first quarterfor organic
compounds,both volaWeand semi-volatUe,pesticides, andpolychlorinatedbiphyenyls_s).
The results of these analyses indicatedno detectableconcentrationsof these compoundswhich
were attributableto the bulk wastes in the quint.

First quarterresults from the St. Charles Countyproductionwells indicateddetectable
concenmtflonsfor the pesticideendosulfansulfate in wens PW02 and PW03. Pesticides arenot
knownto be present in the wastes in the Weldon SpringQ-a__n_.Subsoquentresamplingof the
two productionwells in response to these detectable concentrationsindicated no detectable
concentrationsof the pesticide. The initial false positive may be the result of laboratoryerror.

A detectable concentration of the semivolatile organic compound bis(2-ethylhexyl)
phthalate was indicated in the finished water (FINW_from the St. Charles County treatment
plant. This value was not considered to be authentic because the analytical laboratory
documentationindicated that it was the result of laboratorycontamination.

Oeoc_mical Characterization

A select group of groundwater monitor'mgwells was selected for geochemical
characterization.WeUswere selectedto providea broadrepresentationof the differentgeologic
media present at the quarry, which include bedrock (MW-1002, MW-1003, MW-1013,
MW-1028, MW-1031, lVIW-1032,MW-1033, andlVlW-1034),alluvium(MW-1014, MW-1018,
MW-1019, MW-1021, MW-1022, IVFW-1038,and MW-1039), and Missouri River alluvium
_-_1, MW-RMW2, MW-PW02, and MW-PW09). The geochemical characterization
includes an extensive Listof anions, cations, and metals thatare not routinelymonitoredby the
WSSRAP. The analyses are conducted as partof a 2-year characterizationof groundwaterin

order to evaluate groundwaterquality, contaminantmigration,and remediationalternatives. A
summaryof the analyses of the data and conclusions drawn from this multi-yearinvestigation
wW be provided in the next site environmentalreport. A summary of the results for this
monitoringare presentedin AppendixA.

7.4.4 Trend Analysis

Statisticaltests for seasonaland time-dependenttrendswere performed on historicaland
currentdata from those groundwaterwells that exhibited an upwardtrend in similaranalyses
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performedfor the 1992 annualsite environmentalreportand/or thatexhibitedan upward
from the review of the 1993 environmentalmonitoringdata. Trendingwas performed on total
uraniumand nitroaromaticdata. No significant trends for inorganicanions or metals were
identifiedfrom previous trendanalysis.

StatisticalMethods

Analyses from monitoringlocationsthat were tested for trendswere requiredto meet the
following several criteria.

• Monitoring location exhibited upward trend in toud uranium concentrationsas
determined from 1992 annualsite environmentalreport.

• Monitoring location exhibited recent upward trend in total uranium and/or
nitroammatic compoundsfrom data _ from 1993 environmentalmonitoring
program.

• Historicaverageof totaluraniumand/ornitroammaticcompound concentrationswere

greaterthat five times the detectionlimit for the respective parameters.

The computerprogramTREND, developed at Pacific NorthwestLaboratory,was used
to perform the formal groundwatertrend testing. The trend method employed v_as the

nonparametricMann-Kendalltest, whichbest accountsfor the factorsof nondetectsand missing
data. The trend slope estimationwas performed using Sen's NonparametricSlope ]Estimator
method. Seasonality hypothesis testing was conducted using Minitab statistical software in

which the Mann-WhitneyU-Test method was selected for the determinationof seasonality.

The outcome of the statistical analysis indicates the possible influence of seasonal
behavior on groundwaterquality. Trend analysis indicates the presence of a Uend and its
direction, upwardor downward,and the slope is estimated in concentrationunits per year. A
95 • confidence interval was calculated to indicatethe variabilityin the values aboutthis trend

line. These values are to be interpreted as indicators not for the prediction of future

concentrations,but for areas which should be more closely monitored in the future.
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Uranium Statistical Analysis

Based on the above criteria, 15 of the 36 DOE monitoringlocations were selected for
seasonalityand trendanalyses. The 15 monitoringwells are locatednorthof the FemmeOsage
Slough, with the exception of monitoringwell MW-1011 locatedadjacentto the southbankof
the slough. The results of the trendanalyses are presentedin Table 7-11.

on the results of the trend analysis on the uraniumdam, statisticallysignificant
upwardtrends are present south of the quarry in both alluvial and bedrock monitoringwells.
These wells are located along the orientationof the predominantfracture system in the quarry
area.

It has been determined thatthe greatest groundwatercontaminantmigrationis along this
pathway. The data from 1993 obtainedsouth of the slough did not fit the criteria requiredfor
trendanalysis. Seasonality was not indicated to he a factorfor the trends in this area.

Table 7-11 also summarizesa comparisonof the 1992 and 1993 trend analyses. The
difference between the two data sets is the inclusion of the 1993 environmentalmonitoringdata
in the trend analysis for this year. Upwardtrendswere no longer indicted for the bedrockrim
monitoringwells MW-1004 and MW-1005 and bedrockmonitoringwell MW-1015. Thispause

in upward trends may be the effect of the flooding of the Missouri River, or the dewatering
activities of the quarryon the groundwaterenvironment. Monitoringlocations MW-1013 and
MW-1031, bedrofk monitoringwells locatedsouthwestof the quarry,indicated downwardtrends
in total uranium.

NitroaromaticComooundStatisticalAnalysis

Trending analysis was performed in 1992 for the nitroaromaticdataat the quarry. Nine

of 36 DOE monitoringlocations were selected for trendanalysis in a similar manneras total
uranium trend analysis. The summaryof the nitroaromatictrend analysis is presented in
Table 7-12. Nitrobenzene was not included in the statistical analysisdue to levels consistently
being below detection limits duringsamplingat the quarry.

Based on the results of the trendinganalysis, upwardtrendsare present in the bedrock
of the quarryrimand bedrockmonitoringlocations southeastof the quarry. These monitoring
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TABLE 7-11 Quarry Groundwater Total Uranium Trend Analysis Summary and Comparison for 1993

Slope 95% Confidence Intervals

Tver,,.1 (pCi/llyr) (pCi/I/yr) "

Well ID Location 1992 1993 1992 1993 1992 1993
m_lmnm:ml _mnlm _

MW- 1004 Bedrock-din Upward Stationary 435 --- 238 - 685.mmi...m,,,im=m _ _ ,.,.,mm, mmmmm,=m

NNV- 1005 Bedrock-rim Upward Stationary 274 -- 121 - 391_ _ ,m,.m, lmm.m..,.,,-m

MW- 1006 Alluvium Upward Upward 407 253 -215 - 557 84 - 422

MW- 1007 Alluvium Stationary Stationary ..... --....--------.,,mm,m.,li,lim. _ _ __l

MW- 1008 Alluvium Upward Upward 910 632 711 - 1108 315 - 939.ml.lm.l,,m,lem.mm _ _ mmm,l.lmmm.mm

MW- 1009 Alluvium __. Stationary .....
...

MW- 1011 Alluvium Stationary Stationary...,,mm.m.mlmmm .,.....,,ml,m..m,ml

MW- 1013 Bedrock Stationary DOWNWARD .... 35 -- -7S - -2_ _ _ ,,...i.,.,ml.,m,m.m,m

MW- 1014 Alluvium Stationary Stationary .....

NNV-1015 Bedrock Upward Stationary 215 --- 88 - 308 --

MW-1016 Alluvium Upward Upward 132 53 58 - 224 25 - 93

MW- 1027 Bedrock-rim Stationary Stationary -- --

Upward -- 102 -- O. 1 - 263
MW-1030 Bedrock-rim _

MW- 1031 Bedrock Stationary DOWNWARD .... 5.4 -- -11 - -0.9• m_m_m_ _mmmu_me_l _ _

MW-1032 Bedrock Upward Upward 846 348 36 - 1202 28 - 748
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TABLE 7-12 Quarry Groundwater Nitroaromatic Compound Trend Analysis Summary and Comparison for 1993
i i

Slope 95% Confidence Intervah; (/4l/I/yr)
Trend (#g/I/yr)

1992 I 1993 1992 1993 1992 1993

W

Well 10 Area Compound

MW- 1002 Bedrock-rim 2,4-DNT Stationary Upward m 0.04 -- 0.02, 0.07

2,6-DNT Upward Upward 2.7 5.3 1.8, 4.9 3.9, 8.2

1,3,5-TNB Upward Upward 62 233 40, 110 146, 350

1,3-DNB Stationary Upward -- 0.1 --- 0.04, 0.2

2,4,6-TNT Upward Upward 10 40 4.9, 17 24, 61

NNV-1004 Bedrock-rim 2,4-DNT Upward Upward 0.7 0.4 0.6, 0.9 0.1, 0.6

2,6-DNT Upward Stationmy 0.8 -- 0.4, 1.2 --

1,3,5-TNB Upward Upward 1.2 0.8 0.7, 1.8 0.4, 1.3

1,3-ONB Downward Downward 0.03 0.0 -0.04. 0 -0.03, 0.0
"

2,4,6-TNT Upward Stabonmy 0.8 -- 0.4, 1.2

NNV-1006 Alluvium 2,4-DNT Stationary Stationary .....

2,6-DNT Stationary Stationary .......

1,3,5-TNB Stationery Stationary ......

,3-DNB Downward Downward 0.04 -0.03 .0.05, -0.01 .0.04, 0.0

2,4,6-TNT Stationary Stationary ........
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TABLE 7-12 Quarry Groundwater Nitroaromatic Compound Trend Analysis Summary and Comparison for
1993 (Continued)

Slope 95% Confidence Intervals (/qIJI/YY)

Trend (/4)jl/ylr)

Well ID Area Compound 1992 1993 1992 1993 1992 1993

MW- 1008 Alluvium 2,4-DNT -- Downwind .... 0.02 -- .0.02, 0.O

2,6-DNT -- Downward -- -0.04 -- -0.05, -O.01

1,3,frT_,'8 --- St_--_onary -- --

1,3-C::_. -- Downward -- -0.03 _ .0.04, -O.O1

2,4,frTNT -- Stationary ..... --

MW- 1015 Bedrock 2,4-DNT Siui;or,;_y Stationary -- -"

2,6-DNT Sto_,onary Stationary -- -- --

1,3,5-T_3 Upw_,-_ Stationmy 28 -- 6.7, 100

2,4,6-TNT Stationary Stebonmy -- "- __.___

NNV- 1016 Alluvium 2,4-DNT Dow_-.'.'--_, -- 0.01 -- -0.02, 0

2.6-DNT Sta_ioi-,my _

1,3,5-TNB Upward -- 4.5 -- -3.8, 20

1,3-DNB Downwind _ 0.01 __-- -0.02, 0

2,4,6-TNT Stationary _ _._ .... --
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TABLE 7-12 Quarry Groundwater Nitroaromatic Compound Trend Analysis Summary and Comparison for
1993 (Continued)

Slope 95% Confidence Intervals (pg/I/1_
..

Trend (pg/I/yr)

Well I0 Area Compound 1992 1993 1992 1993 1992 1993

MW- 1027 Bedrock 2,4-DNT --- Stationary ....

2,6-DNT -- Stationery ....

1,3,5-TNB -- St_ionaw ....

1,3-DNB -- Ste_onery ....

2,4,6-TNT -- Stationmy ..... i

NNV-1030 Bedrock-rim 2,4-DNT -- Upward -- 0.03 -- 0.01, 0.07

2,6-DNT -- Upward -- 0.12 -- 0.05, 0.38

1,3,5-TNB -- Stationmy ....

1,3-DNB -- Sta_o_wy ....

2,4,6-TNT -- Upward -- 0.38 -- 0.11, 1.O4

NNV-1032 Bedrock 2,4-DNT -- Upward -- 0.08 -- -O.05, 0.21

2,6-DNT -- Stalionwy .....

1,3,5-TNB --- Stmionmy .....

1,3-ONB --- Station_y ......

2,4,6-TNT --- Stationary .......
•

Not applicable
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wells are also located along the orientationof the predominantfracture system. Several
monitoringlocations were addedto this year's trendanalysis, but indicatedonly slight upward
trends in two bedrockmonitoringlocations.

A comparison of the 1992 and 1993 data indicates the greatest upwardtrends were
exhibited in the easternportionof the quarryrim (MW-1002). This monitoringwell is situated
in the rimadjacent to the areaof greatestvolume of nitroaromati¢bulk wastes. A large volume
of these wastes was removed duringthe latterhalf of 1993, which might indicate mobilization
of nitroaromaticcompoundsinto the groundwater,due to disturbanceand greaterinfdtrationof
precipitationin this area.

7.4.$ Groundwater Summary for the Quarry Water Treatment Plant

Monitoring wells MW-1035 throughMW-1039 were installed in 1991 to monitor the
shallowgroundwaterin the vicinity of the quarrywater treatmentplant.These monitoring wells
are sampledaccordingto a detectionmonitoringprogramas outlined in 40 CFR 264, SubpartF
and 10 CSR 25.7, SubpartF. These five wells are monitOredfor the contaminantsof concern
as derived from previous evaluationsdocumentedin the F.n&ineeringEmluationICost Analysis

for the Proposed Management of Contaminated Water In the Weldon Spring Quarry (Ref. 52)
and the Baseline Risk Evaluation for Exposure to Bulk Waste at the Weldon Spring Qua:ry,
Weldon Spring, Missouri (Ref. 53).

The concentrationsat the compliance points (monitoring wells) were compared with
backgroundof the shallow groundwaterbeneath the treatmentplant area or to groundwater
protectionstandards. Statisticalanalysis of the total uranium, barium, and sulfate data was
performed. The non-parametricANOVA test was usedin boththepreoperationalto background
comparisons,and the total data set comparisonsto background. The Mann-WhitneyU-test was
utilized for comparing the preoperationaland operational data for each monitoring location.
Analysis for the radiochemicalparameterswas not performed because insufficient data was
availablethis year for comparison. Nitrateand arsenicwere not statisticallyanalyzed due to the
data for all five monitoringlocationsbeing less than the detectionlimit. This was also true for
the analyses for nitroaromatichydrocarbons,polychlorinatedbiphenyls, polynuclear aromatic
hydmcazbons,and pesticides.
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Monitoring well MW-1035 has been determinedto be hydraulicallyupgradientfor the
determinationof the qualityof the shallow groundwaterin the alluvial/unconsolidatedmate:'_s

where the quarrywatertreattmentplant is located. A summaryof the backgroundvaluesis b_ven
in Table 7-13. This table includes the average backgroundvalues followed by the ranges of
values based on two standarddeviations aboutthe mean or the average radiological errorabout
the analyticalvalue.

The results of the non-parametricA.NOVA test indicated that there is statistically
significant evidence of differences between the preoperafionaldata for total uranium, barium,
and sulfate among the monitoring locations. Statistical analysis indicated thatduring the pre-
operationalperiod, severalof thecompliance monitoringlocationshadhigherconcentrationsthan
backgroundlevels for total uranium, barium, and sulfate. This would indicatethat comparing
these locations to backgroundduring the compliance period would not indicate contamination
from the waste managementunit. A summaryof the statisticalanalysis is given in Table 7-14.
The only change in conditions when the compliance points were comparedto bac_und was

observed in monitoring locationMW-1039, which indicatedthatthe sulfateconcentrationsafter
treatmentplant operations start had statistically increased above background levels. The
difference between the critical difference for the background location and the computed
difference between the average ranksfor monitoringlocationMW-1039 was less than 1, which
would indicate that the difference is small.

The results of the comparison of preoperationalto operationaldata using the Mann-
Whitney U-test indicated thatthe operationalsulfatevalues for MW-1037 were greaterthanthe

preoperationalsulfatevalues. This well is located closest to the LittleFemme Osage Creekand
the static water level in this monitoring well responded to the flooding of the Little Femme

Osage Creekby the Missouri Riverduringthe summerandfall of 1993, indicatingthat the creek
was influencing the groundwaterin that area. Sulfate levels in the river are moderately higher
(mean = 113 mg/I; a - 40) thanthat in the groundwater,which may be the cause for the higher
sulfate concentrationsin MW-1037 during 1993.

The Mann-WhitneyU-test performed using the total uraniumdata indicated that the

operationaldata for monitoringwell MW-1038 was slightly higherthan the preoperationaldata,
andthepreoperationaldatafor monitoringwell MW-1039 was higherthanoperationaldata. The

median values for each parameterfor the preoperationaland operationaldata at these locations
are within 0.9 pCi/l of each other and are considered negligible. These values are within
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TABLE 7-13 Mean and Median Values for Background Monitoring Well
(MW-1035) at the Quarry Water Treatment Plant

ill I I I I I I I ,,., , . ..,

kokground Biokground
,i i iii iii ,,,,,J ii ill

Parlmletar Mean Median Parameter Mean Median

Total 0.79 0.35 Grogs _ (pCi/l) 6.9 •
Uranium (-0.as; 2.47) ( + 2.5)

(pCin)
i i l i m i i, , H, i f i, |i

Ra-226 0.35 0.35 Nitroaromatic No detects ""
(pCi/l) (0.21 ; 0.49) Compounds

i i i i l i, i ii ill i i,

Ra-228 < 0.23 0.23 Arsenic (#g/I) < 1.6 1.0
(pCi/l) (-0.41; 0.86) (-1.6; 4.6)

llll i i|lll i , ii llll ii. i i _1_

Th-228 < O.1 0.15 Barium 224.8 223.0
(pCi/I) (0.01; 0.29) (#g/l) (166.0; 283.6)

i inmll ,111I I ii i nUll I,n in i I II

Th-230 < O.1 0.1S Nttroto 0.12 0.12

(pCi/l) (0.01; 0.29) (me/l) (-O.04; 0.27)

Th-232 < O.1 0,15 Sulfate 41.0 38.7

(pCl/I) (0.01; 0,29) (me/l) (23.65; 58.3)
, H ,,,..

Gross a <0,2 " Alkalinity 226.g 220
(pea/l) ( ± 3.5) (me/I) (171.5; 282.4)

II I IIn I I Illll Ill I ill I

• Insufficient data to determinemedianvalue
•" No detectable oonoontratlono

,,, , , , , ,n,, , n .. , ,

TABLE 7-14 Summary of Comparisonof Monitoring Locationsto Background
ii i iii i I ii ii i!

MonitoringWell Total Uranium Barium Sulfate

Pro-op Operational Pra-op Operational Pro-op Operational

MW-1030 > BG > BG > BG > BG > BG > BG
_ , , . ,, ,. . ,,.

MW-1037 < BG < BG > BG > BG < BG < BG

MW-1038 > BG > BG < BG < BG < BG < BG

MW-1039 > BG < BG > BG > BG < BG > BG

• BG Greater than background(as ostebllehedin MW-1035)
< BG Leesthan background(as establishedin MW-1035)

background ranges for total uranium. Monitoringwells MW-I038 and MW-I039 are located
approximately60 m (200 ft) from the edge of the equalizationbasin.
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oiign_ndw_or gradientmaps,twomonitoringwells(MW-I040andMW-I041)

wereinslalledin¼te1993within7.5m (25t)oftheequalintionbasintobettermonitor

equalizationbasinarea.No datawensavailablein1993forthesetwolocations.Monitoring

wells lVIW-1038and MW-1039 will not be included in the waste facility monitoringprogram
based on the groundwaterflow direction. Monitoring weUs lVlW-1038and MW-1039 are

hydraulicallycross-gradient from the equalization basin in a porous medium aquifer and the
results from these wells do not monitorpossible contaminationfrom the basin.

7.5 WeU Abandonment

In 1993, no groundwatermonitoringwells were abandonedat the chemical plantor the
quarry.

7.6 mshUshts

• Contaminant levels generally remained within historic ranges at all chemical plant
locations. A new uraniumhigh was measuredat one off-site location, but subsequent
uraniummeasurementswere within historic range.

• Monitoring results for groundwater and springs were generally within background
ranges. Although some new highs and lows were recorded,they generally did not
representsignificantchanges.

* Analysis for seasonal and temporal trends indicated that seasonal factors were not

stronglyrelatedto contaminantlevels and thatconditionswerestationaryin over 80%

of the cases analyzed for temporal trends. Notable exceptions were the steep
downwardtrends for nitroaromaticsin lVIW-2013and the increasing nitrate levels in

two wells northof the raft'matepits.

• Examinationof the relationship between alkalinityand contaminantlevels suggests
that contaminant levels are typically higher when the groundwater component
dominatesflow at BurgermeisterSpring.

* Analysis for temporal trends indicated downward trends were indicated in two
monitoringwells at thequarry(MW-1013 andlVIW-1014)which previouslyindicated
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stationary total uranium levels. No new upward trends were indicated for total
uranium in the wells statistically analyzed. Downward trends in nitroaromatic
compounds were also indicated in one or more of the six parametersat three
groundwatermonitoringlocations(MW-1004, MW-1006, andMW-1008)statistically
analyzed. Upwardtrendin some or all of the six parameterswere maintainedat two
quarryrim locations (MW-1002 and MW-1004).

• Flooding of the St. Charles County Well Field by the Missouri River inundated26
groundwatermonitoringlocations; therefore, some of these we"s were not sampled
during the third and fourth quarters of 1993. Later sampling indicated that the
St. Charles Countyproductionwells were not impactedby contaminantsmigrating
from the bulk wastes in the quarryduringthe flooding.

• Environmentalmonitoringindicates that the largestamountof contaminationis still
present in the bedrockof the quarryrimand the alluvial materialsand bedrocknorth
of the Femme Osage Slough. Total uranium concentrations remain within
backgroundlevels, and no detectableconcentrationsof nitroaromaticcompoundwere

identifiedsouthof the slough or in any of the St. Charles Countyproductionwells.

• Statisticalanalysisof the data obtainedfrom the monitoringsystemaroundthe quarry
water treatmentplant indicated thatduring the preoperationalperiod several of the
compliance monitoringlocationshadhigherconcentrationsthanbackgroundlevels for
total uranium, barium, and sulfate. A comparisonof these locations to background
levels would not indicate contamination. Results also indicated thatone monitoring
location had an increase in sulfate after operations at the plant started. The
groundwaterat this location was impacted by floodwater resulting in the elevated

levels. Another monitoring location also indicated higher total uranium

concentrations after operation of the facility. The difference between the
preoperationaland operationaldata is consideredto be insignificantand within the
backgroundranges for total uraniumin the area.
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8 BIOLOGICAL MONITORING PROGRAM

8.1 Prosram Dmcription

The biological monitoringprogramcomplies with the regulatoryrequirementsincluded
in the U.S. Department of Energy (IX)B) Orden, the National gngironmemal Policy Act

(NI_A), the ComprehensiveEnvlronmemalResponse,Compensationand LiabilityAct

(CERCLA),and otherappropriateFederaland Stateregulations.Many of thesampling

activitiesdirectedbyDOE Orders5400. I and5400.5 such aspreopemtionalmonitoring, effluent
monitoring, and environmental surveillance are used to support the NEPA and CERCLA
biological monitoringprogramand includethe collectionand analysisof water, soft, foodstuffs,
and biota.

Activities for the biological monitoringprogramare selectedfrom the resultsof pathway
analysis, tLxposurepathways identified for human and ecological receptors are identified in

Section 2. I of the En_ronmemal Monttorin&Planfor Calendar Year 1993 (Ref. 9). Complete
pathwaysare those thatshow a link between one or morecontaminantsources, throughone or
more environmental transportprocesses, to a human or ecological exposure point. These
exposure pathwaysare used to direct biological samplingactivities and determine the type of
datathatneeds to be gathered, documented, and presented.

Results of biological monitoringalso supporthuman dose calculations, as presented in

Section 4, by providing data for the human ingestion pathways. The remaining pathwaysare
monitored to support biological risk assessment studies and compliance with environmental
surveillance requirements.

8.2 Applicable Standards

DOE Ordersand U.S. EnvironmentalProtectionAgency (EPA) regulations provide the
standardsof compliancefor the biological monitoringprogram. A surveillance level has been
determined based upon DOE guidelines for established annual effective dose equivalents for
humans consumingterrestrialfoodstuffs.

DOE Order5400.5 also addresses the protectionof native aquaticorganisms from the
potential bioaccumulationof radionuclides. The Order states that the absorbeddose shall not
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exceed 1 rad per day from exposure to the radioactivematerial in liquid wastes dischargedto
naturalwaterways.

The biological monitoringprogramprovidessupportingdam for the dose estimates in
Section 4 on the possible ingestion of biota by humans. These calculationswere based on the

guideline that members of the public should not be exposed to radiation sources as a
consequence of all routineDOE activities in any one year that could cause an effective dose

equivalentgreaterthan 100 mrem (1 mSv),
;

The EPA has establishedFederal ambientwater qualitycriteria for various pollutants,

including a numberof metal and nitroaromaticcontaminantsfound at the Weldon Springsite.
The EPA criteriaare used in developing surveillancelevels for fish and also serve as a guide
in the surveillance of benthic invertebrates,waterfowl, and zooplankton.

8.3 Monitoring Results

The biological monitoringprogram was divided into two study units: aquatic and
terrestrial. Studies were conducted as detailed in the Environmescal Monitorin& Plan .for

Calendar Year 1997 (Ref. 9) with any deviationsdiscussed below in the appropriatesections.

General studylocations can be found on Figure 1-4.

8.3.1 Aquatic Monitoring

Biota are primarilyexposed to radionuclidesand other contaminantsof concern at the

Weldon Springsite by aquaticpathways. Contaminatedsurfacewater bodies and surfacewater
runoff from the site to off-site lakes and streamsprovide the mainrouteof exposuretobiota.
Characterizationstudies have been conductedto determinethe effects of contaminantson biota

at on-site and off-site properties. The only contaminantsof concern for off-site surface water
and sedimentsare uranium,arsenic, lead, and mercury. Biouptakestudies conducted on fish

were based on humanconsumptionof game species.

8.3.1.1 Fish. In 1993, the Weldon SpringSite RemedialAction Project(WSSRAP) and the

Missouri Departmentof Conservation(MDC), sampled fish from off-site properties, including
Lakes 34, 35, and 36 at the Busch MemorialConservationArea, and the Femme Osage Slough
within the Weldon Spring ConservationArea. Elevated levels of uraniumare known to exist
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in these areas. 'lake 33 at the Busch Memorial ConservationArea, which has been shown to

have no hydraulicconnection to the site, was used as a backgroundsamplinlllocation.

Samples taken consi_ primarilyof Ipunespecies such as large mouth bass, crappie,
sunfish, and catfish. Samples were prepared as whole, fillets, and fish cakes (crappieand
sunfish only), and were analyzed for total uranium, arsenic, and lead. All data below the
detection limit are presented and were used in calculations as half of the detection limit
accordingto EPA guidance (Ref.39) unless uncensoreddata were available (Section 9.1.5).

Fish samples were once again collected in 1993 to ensure public health and safety.
AJthouBhreview of previous year's fish data indicated that fesh samples from fish residin8in
Busch Lakes 35 and 36 contained radionuclidesat levels silpfificantlyhigher than baclr_nd
lakes, the concentrations were extremely low and the total dose estimate was less than
1.0 torero/year. For this reason, the fish samplingfor 1993 was reducedfrom previous years.

The highest uranium concentrations were found in the sunfish cakes from Lake 36

(0.129 pCi/8) and Lake 35 (0.047 pCi/8). Table 8-1 presents the uraniumdata for the 1993 fish
samples. Higher concentrations would be expected in whole and fishcake samples since

radionuclidestend to accumulate in the bones and organs. All other samples were less than
0.02 pCi/g. Backgroundconcentrationsranged from 0.0001 pCi/g to 0.0007 pCi/g. The data
are presented as total uranium with detection limits ranging from 1.35E-05 pCi/g to
9.86E-05 pCi/g.

TABLE 8-1 Average 1993 Uraniumand Metal Concentrationsin Fish

Total Uranium Arsenio Lead

Lo©lltion Sample Type (pCi/g} (Psi/g) (PSi/g)
i i i

Lake 33 * Sunfish Cakes 0.0007 0.13S 0.041

Bass Fillets 0.0001 0.100 0.340

Catfish Fillets 0.0001 <0.023 0.110

Crappie Fillets 0.0001 0.083 0.068
iii

Lake 34 Sunfish Cakes 0.0186 <0.026 0.099

Bass Fillets 0.0005 0.020 0.060

Catfish Fillets 0.0007 < 0 025 0.110
,, ,,,.. ,,,, _
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TABLE 8-1 Average 1993 Uraniumand Metal Concentrationsin Fish (Continued)
i i, ill i ,m, ll i,i i u im,m i , llm i m ii , i, Lll I l i, i i l lilll , i

Total Urirtlum Arsenic Leld
Location Sample Type (pCIIo) (#g/g) (#g/g)

lake 34 Cripple Cakel 0.0023 <0.025 0.1S0
iiiiiiiiii illlllll ii i i i iiii i iiiii I II iii IIII I I I iiiiii II I I ii1

Lake 35 Sunftlh Cakel 0.0461 <0.020 0.0t0
+ll iiii u iiiii ii i i iii , ,ml Jj lira ii I i

Bill Fillitl 0.0003 <0.020 0.084
i ii i ii i i i ii i i ii

Catfish Fillet. 0.0044 <0.020 0.032 Ji i i i: ii i ii i

Crappie Fillet. 0.0007 <0.019 0.320iii ,i i mi i i ii ii u iiiii i

Crappie Cakes 0.0077 <0.021 0.140
.... , , , ,,, i H i, i

Crappie Whole o.o161 o.oe6 o.t53o
ill i i • _ iii i

Like 36 Sunfish Filial. 0.00811 < 0.021 < 0.021
iiii i iii i i jill i ii iii ii

Sunfilh Clkel 0.129 <0.028 0.130
--. , i m ,,, i i, illu

line Fillet. 0.000g 0.089 0,03E
m, i, ii i iii ii i1., i ii --

Catfish Fillet. 0.0014 0.064 0.110
i ii i i iii iiiii i iii iiii -

Cripple Fillitl 0.0013 0.0311 < 0.020
ii II iii ii i I i ii iii --

Crappie Cakes 0.0193 0.020 <0.023
i i II ii iii i i . lllll I II I --

Femme0nge Bus Fillet. 0.0002 0.085 0.030
Slough

i i ii ml iii i ,,i

Carp Fillet. 0.0019 0.057 0.140
, ,,, i i i i H i i --

Cripple Cakes 0.0046 <0.022 0.026
_ I II I II I l lll lllll i i i i i i

" Backgroundlake

Arsenic and lead were also analyzed as part of the 1993 fish monitoring program.
Results are presented in Table 8-1. Arsenic was detected in I l of the 23 samples collected.
Arsenic concentrationsin fish rangedfrom < 0.023 _g/g to 0.135 _g/g in thebackgroundlakes.

Concentrationsin the study lakes ranged from <0.019 _g/g to 0.089 _,g/g. The highest
concentrationin the studylakes (0.089 pg/g) was found in the bass rdlet samplefrom Lake 36.
Lead was detected in mostof the samplestakenfrom both the studylakesand backgroundlakes.

Lead values ranged from <0.020 _g/g to 0.340 _g/g in the background lake and from

<0.020 _g/g to 0.530 pg/g in the study lakes. The highest concentration(0.530 _g/g) was
foundin the whole crappie samplefrom Lake 35. The highestconcentration foundin the edible
portionswas 0.340 _g/g in bass f'dJetsfrom Lake 33.
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8.3.1.2 ]_mtbk lavert_rates and Zooplankton. Benthicinvertebratesand

zooplankton were to be collected in 1993 as partof the aquaticbiological screeninginvestigation
requiredby DOE Order5_X).5. The study was not conductedduringthe 1993 season due to
a redefining of sampling requirements,and later, due to flooding which made many of the
samplinglocations inaccessible. Samplingis scheduledfor the 1994 seasonand will be the same
programas thatdesigned for 1993.

8.3.2 Terrestrial Monitoring

Terrestrialmonitoring studies focused on samplingagriculturalproductsas requiredby
DOE Order5400.1.

8.3.2.1 Agricultural. The Environmental Regulatory Guide for Xadiolo&ical

EOTuentMonitor_n&and Environmental Surveillance (Ref. 32) and DOE Order5400.5 require

the analysisof "foodstuff' (cropsand dairyproducts)withina 16 km (10 mi) radiusof all DOE
facilities. Based upon remits of the 1991 and 1992 data, a committedeffective dose equivalent
was calculatedat 0.03 torero/year. This dose was based on an individual consuming 186.6 g
(6 oz) of corn once a week over I year and using the highest uraniumconcentrationfound in

corn kernels, 0.111 pCi/g. This dose was less thanthe annualeffective dose of .1 mrem/year.
Therefore, based upon DOE guidancefor dose from foodstuffsof < 1 mrem/year, surveillance

sampling instead of annual sampling will be conducted in the future. A surveillance program
has been established based upon past data and the committed effective dose equivalent of
0.03 rein/year. The surveillance program uses effluent data to trigger the onset of continued
agricultural sampling (i.e., if air monitoring data shows a release of radionuclides above
background).

During 1993_ samples were collected only from background locations because of
significantly higher concentrations of uranium than at study locations, as discussed in the

1993 F_ronmental Monitoring P/an (Ref. 9). Although the committed dose equivalent was
calculatedat 0.03 mrem/yearand a surveillanceprogramwas established, it was de_erminedthat
better representative backgroundsamples should be collected during 1993. Because of the

flooding throughoutSt. Charles and surroundingcounties, only four backgroundsamples were

collected. Furthermore,the St. Charles County well field could not be sampled during 1993,
as the well field was flooded by the Missouri River twice during the summer.
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The agriculmndsamples (threecorn and one soybean) were collected from background
locations, along with correspondingsoil samples, and analyzed for total uranium, Ra-226,
Ra-228, Th-228, Th-230, and Th-232. Uraniumconcentrationsrangedfrom < 0.004 pCi/g to
0.006 pCi/g. A summaryof the agriculturaland soils datacan be found in Table 8-2. A
surveillance program has been established (Environmental Monitoring P/an for 1994) and
additionalbac_und sampleswill be collected during 1994.

TABLE 8-2 1993 Average Agricultural Background RadionuclidesConcentrations
(pCi/g)

i im i i m i i _ ii

Plrmter Corn Sovt)uns Soil
ilr ill iiii I II I I

Uranium 0.003 <0.004 1.16
i i ii iiii

Ra-22e 0.028 0.05 1.22
i i I ii i_

Ro-228 0.037 0.11 1.8
,, ii ii i iii ii iii

Th.228 <0.008 0.02 0.91
i i i .1| ii i i

Th-230 0.044 0.04 1.1
i

I

Th-232 0.008 <0.008 1.27
i i iii i i i i ii i iiii

8.4 Hlghlil_ts

* Uranium concentrationsrangedfrom 0.001 pCi/g to 0.129 pCi/g in edible portionsof
fish sampled in 1993.

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

9.1 Program Overview

The environmental quality assurance program includes management of the quality
assurance/qualitycontrolprograms, plans, andproceduresgoverningenvironmentalmonitoring
activitiesat theWeldon SpringSite RemedialAction Project(WSSRAP)and at the subcontracted
off-site laboratories. This section discusses the environmental monitoring standardsat the
WSSRAP and the goals for these programs,plans, and procedures.

The environmental quality assurance program provides the WSSRAP with reliable,
accurate,and precise monitoringdata. The programfurnishesguidanceand directivesto detect
and prevent quality problems from the time a sample is collected until the associated dataare
evaluatedand utilized. Key elements in achieving the goals of this programarecompliancewith
the quality assurance program and environmental quality assurance program procedures,
personnel training,compliance audits, use of qualitycontrol samples, complete documentation
of field activities and laboratory analyses; and review of"data documentationfor precision,

accuracy, and completeness.

9.1.1 Quality Assurance Program

The ProjectManagementContractorQualityAssuranceProgram(QAP) (Ref.40)

establishes the quality assurance program for activities performed by the Project Management
Contractor(PMC). The QAP requirescompliancewith the criteriaof DOE Order5700.6C.

9.1.2 Environmental Quality Assurance Project Plan

Environmental compliance issues applicable to the WSSRAP are addressed in the
WSSRAP Environmental Quality Assurance Project Plan (EQAPjP) (Ref. 41) which outlines

the specific U.S. Environmental Protection Agency/Quality Assurance Management Staff
(EPA/QAMS) QualityAssurance requirementsfor characterization and routinemonitoringat the
WSSRAP. The EQAPjP does not supersede the QAP, but rather expands on the specific

requirementsof environmental monitoring and characterizationactivities.
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The primarypurposeof this documentis to provide a complete and accurateframework
of informationfor assessingthe amountandextentof hazardousmaterialspresentatthe site. The
EQAI_P is also supportedby standardoperatingprocedures(SOPs), the Environmental Sofery

and Health P/an (Ref. 42), the Environmental Monitoring P/an (EMP) (P,ef. 9), and sampling
plans written for specific environmentaltasks.

9.1.3 Environmental Data Administration Plan

The EnVironmentalData Administration P/an (EDAP) (Ref. 43) summarizesSOPs and

dataqualityrequirementsfor collecting and analyzingenvironmentaldata. The EDAPdescribes
administrative procedures for managing environmental data and governs sampling plan
preparation, data verification and validation, database administration,and dataarchiving.
Guidance on developing data qualityobjectives for specific investigationsis also detailed. The

EDAP details the specific requirementsof the EQAPjP.

9.1.4 Environmental Monitoring and Quality Assurance Standard Operating Procedures

SOPs have been developed for routine activities at the WSSRAP. Environmental
monitoringSOPs are generally administeredby the EnvironmentalSafety and Health (ESS_)
Department,and QualityAssurance SOPsare administeredby the ProjectQualityDepartment.
These two departmentsare responsible for most SOPs used to administerthe environmental
qualityassuranceprogramdescribed in this section. Controlledcopies of SOPs aremaintained
in accordancewith the documentcontrol requirementsof the American Society of Mechanical
Engineers (ASME) NQA-1 (1989). All SOPs are reviewed at least annuallyand revised as
appropriate.

9.1.$ Use and Presentation of Data

Analyticaldataare receivedfrom subcontractedanalyticallaboratories. Uncensoreddata
have been used in all reporting and calculations for this site environmental report where
available. Uncensoreddata is that data which does not representa ND (non-detect)and instead
reportsan actual value. This type of data is designatedby parenthesesaroundthe datavalue,
for example "(1.17)". If uncensored data were not available, nondetect data were used in

calculationsof averagesat a value of one-halfthe detectionlimit (DL/2). The EPA recommends

the use of the DL/2 value for statistical manipulationof data when the percentageof nondetects
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in the data set is small and uncensored data are not available 0Ref. 44). In addition, all averages

and summary calculations include the ratio of nondetect data to the total number of samples

(e.g., 1:4) as required under the corrective action plan.

9.1.6 Audits

The environmental programs are audited by the Project Quality Department. Audits

include self assessments, surveillances, and formal audits. They evaluate compliance with

environmental programs and generate audit reports to track deficiencies and corrective actions.

The WSSRAP is also audited routinely by external organizations including DOE Headquarters

and the DOE Oak Ridge Operations Office. The external audits assess compliance with

applicable regulations, DOE Orders, and site plans and procedures. All audit reports,

deficiencies, and corrective actions are tracked using the Site Wide Audit Tracking System

(SWATS).

9.1.7 Subcontracted Off-Site Laboratories Programs

Subcontracted off-site laboratories that performed analyses used in the preparation of this

report use Contract Laboratory Program (CLP) methodologies when applicable. For certain

analyses (such as radiochemical and wet chemistry) the laboratories are using EPA 600 (drinking

water), F.PA 900 (radiochemical analysis of drinking water), or methods that are reviewed and

approved by the Project Management Contractor (PMC) prior to analysis of each sample. Each

of the subcontracted off-site laboratories has submitted a site-specific Quality AssuranceProject

P/on (QAPjP) to the WSSRAP and controlled copies of their standard operating procedures.

The QAPjPs and SOPs are reviewed and approved by the PMC before any samples are shipped

to the laboratory. Changes to the standard analytical protocols or methodology are documented

in the controlled SOPs. All of the laboratories currently being used by the WSSRAP have had

a preliminary assessment of their facilities to make sure that they have the capability to perform

work according to the specifications of their contracts. Quality assurance audits are performed

annually to inspect the laboratory facilities and operations, to ensure that the laboratories are

performing analyses as specified in their contracts, and to check that WSSRAP data

documentation and records are being properly maintained.
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9.2 Applicable Standards

Applicable standards for environmentalquality assurance include: (1) use of the

appropriateanalytical and field measurementmethodologies; (2) collection and evaluation of
quality control samples; (3) accuracy, precision, and completeness evaluations; and
(4) preservation and security of all applicable dcguments and records pertinent to the
environmentalmonitoringprograms.

9.2.1 Analytical and Field Measurement Methodologies

Analytical and field measurement methodologies used at the WSSRAP comply with
applicable standardsrequiredby the DOE, EPA, and the AmericanPublic HealthAssociation.
Analyticalmethodologiesusedby subcontractedlaboratoriesforenvironmentalmonitoringfollow
the EPA CLP requirements(metaland organicmethodologies)and the EPA drinkingwater and
radiochemica]methodologies. Field measurementmethodologiestypically follow the American

Public HealthAs$ocio_'onStandard Methodologiesfor the F.zamina_onof Wmer and Wastewmer

(Ref. 45 ).

9.2.2 Quality Control Samples

Quality control samples for environmentalmonitoringare collected in accordancewith
WSSRAPSOPsthatspecify thefrequenciesof qualitycontrolsamplecoUection. Qualitycontrol
samplesare takenin accordancewith the EPA CLP (Ref. 25).

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

TABLE 9-1 QC Sample Description

III I II I fill

Type of Blank Deeoription
ill ii i ill i,i ii i i

Distilled Water Blank Monitorethe purity of distilled water ueedfor field blanke and
deoontominationof eamplingequipment.

i i i i i Hi i i

Field Blank Monttore potential oontaminante, euoheeduet or volatile oompounde,that
may be introduoedat the eite of eample oolleotion. Field blankeare
oolleotedin the field at the eame time of eampla oolleotionaotivitiee.

i la ii i i ii
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TABLE 9-1 QC Sample Description (Continued)
II I li IIIII III I IIIII I I

Type of Blank Description
i .Hi

Equipment Blank Monitors the offoctiveneee of procedures used to clean eampling
oquiprnent prior to oolloctlng a sample. Equipment blanks include both
rineato and filter blanks.

i ii u,nH i rill i i i

Trip Blank Monitors volatile organi© compounds that may be introduced during
transportation or handling at the laboratory.

i i

Field Replicate Monitors field conditions that may effect the roproduolbillty of samples
collected from a given location.

in i i ii ii i

Blind Duplicate A replt©ate with a modified sample identification. The duplicate is used to
monitor field conditions that may affect the reproducibility of samples

collected from a given location.
i i ill i i

Matrix Spike • Monitors the accuracy of laboratory measurements for a given matrix type.
The results of this analysis and the routine sample ors ueed to compute

the percent recovery for sash parameter.

Matrix Duplicate • Monitors the precision of laboratory mouuromonte for inorganic
parameters in a given matrix type. The rosulte of the matrix duplicate and
the routine sample arc used to compute the relative percent difference for
sash pirarnator.

i i

Matrix Spike Duplicate • Monitors the precision of laboratory measurements for organic
compounds. The matrix spike duplicate is spiked in the earns manner so
the matrix spike sample. The results of the matrix spike and matrix spike
duplicate are used to determine the relative percent difference for organic
parameters.

I I

• Split a laboratory from large volume samples.

9.2.3 Accuracy, Precision, and Completeness

The WSSRAP data validation group determines the analytical accuracy, precision, and
completeness of 10% of the environmentaldata collected. Data validation is requiredunder
DOE Order5400.1.

9.2.4 Preservation and Security of Documents and Records

Requirementsfor preservationand security of documents and recordsare specified in
DOE Order 5700.6C and ASME NQA-I (1989). All documents pertinentto environmental

monitoringarepreservedand secured by the departmentsthatproducethem.
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9.3 QuaUty:Assurance Sample Results

The qualityassuranceprogramisassessedbyanalyzingqualitycontrolsampleresultsand
comparingthem to actualsamplesusingthe following methodology.

9.3.1 Duplicate AnalysesResults

Two kinds of duplicate analyses were performed in 1993; matrix spike duplicates and

blind duplicates. The matrix spike duplicate analyses were performed at subcontracted

laboratories from aliquots of original samples collected at the Weldon Spring site. Replicate or

blind duplicate analyses were performed using samples split by the WSSRAP into separate

containers and identified by segarate identification numbers. Laboratory duplicates were used

to assess the precision of analyses and also to aid in evaluating the homogeneity of samples or

analytical interferences of sample matrixes.

Generally, laboratory duplicate samples were analyzed for the same parametersas the

original samples at the rate of approximately one for every 20 samples. Blind duplicate

(replicate) samples were collected as specified in the EMP (Ref. 9). Typically, duplicate

samples were analyzed for the more common parameters: uranium, nitroaromatic compounds,

inorganic anions, and metals.

When laboratory and blind duplicate samples were available, the average relative percent

difference was calculated.This difference represents an estimate of precision. The equation

used (as specified in the USEPA Contract Laboratory Program, Inorganic Scope of Work,

[Ref. 25]) was:

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

where S = the normalsample

D = the duplicate analysis

The relative percent difference was calculated only for samples whose analytical results
exceeded five times the detection limit.
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Table 9-2 summarizes the dataon relative percentdifferencesfor groundwater(including
springs)and surfacewater(including NationalPollutantDischargeEJiminationSystem[NPDES])
samples for the parametersof sufficient data size to permit averaging. Both the laboratory
duplicatesand the blind duplicates are summarized. When the relativepercent difference data
could not be averaged, they were not evaluatedbecause these parameterswere not commonly
analyzed for and/or were not contaminantsof concern.

TABLE 9-2 Summary of Calculated Relative Percent Differences

IIII III llllllllllI ,, , ,

Groundwater is) Surfaoe Water(b}

Duplicates Ouplloatee
.wl m.. i i ii i

Parameter RPDt°) Count No, RPD(°) Count No.
Ill I I II I

I
Alkalinity 1.99 39 1.38 11

i i | ,| ,i, i H

Nitrate-N 3.60 20 1.23 O

Sulfate 2.67 24 1.06 2
i i i ii

Chloride 3,S1 26 E.23 3
i i ,ll iii

Arsenic 3.4B 20 1.09 17
i i, i

Barium 3.19 27 1.56 4
i ii H i .i

Calcium 12.55 28 1.08 4
H,, i

.... Magnesium 4.30 20 1.21 4

Manganese 2.29 18 1.21 4
i ,, ,H

Potassium 10.24 16 11,43 §
ii i

Sodium 4.30 18 1.01 6
H ,,,i

Strontium 8.77 24 1.96 2
|. , , ,i

Silica, dissolved 1.45 21 (d) 0
.ll iH i

Uranium, total 2.09 26 1.24 16
IIIII II

(') Groundwater samples includespringsamples
(b) Surface water samples include NPDES samples
(o) RPD = Relative Percentdifference

(dl RPD could not be calculated for these parameters

The results in Table 9-2 indicate for all parametersreviewed, that the 20% criterionas
recommended in the CLP (Ref. 25 and 44) demonstratesthat duplicate sample results were

reproducedand were of acceptablequality.
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9.3.2 Blank Sample Results Evaluation

Various types of blanksare collected by the WSSRAP to assess the conditionsand/or
contaminantsthat may be presentduringsamplecollectionand transportation.These conditions
and contaminantsare monitoredby collecting samplesto ensure routinesamplesare not being

contaminated. Blank samplesassess the:

• Environmentsthat the samples (i.e., volatile analyses) were shipped in (trip blanks).

• Ambientconditions in the field that may effect a sampleduringcollection (field/trip
blanks).

• Effectivenessof thedecontaminationprocedurefor samplingequipmentusedto collect

samples (equipmentblanks).

• Quality of water used to decontaminatesamplingequipmentand/or assess the ambient
conditions (distilledwater blanks).

Sections 9.3.2.1 through9.3.2.4 discuss the sample blankanalysesand the summaryof
analytical results that were above the analytical detection limits. Field blank samples for
groundwater,surfacewater, springand seep water, and HI)DES water were evaluatedtogether
as a set.

9.3.2.1 Trip Blank Evaluation. Trip blanksarecollected to assess the impactof
samplecollection and shipmenton groundwaterand surfacewatersamplesanalyzedfor volatile
organic compounds. Trip blanks are sent to the laboratorywith each shipmentof volatile
organic samples.

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

compound is a common laboratory contaminant.
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TABLE 9-3 Summary and Average of Field BlankParameterResults
I I I I i lllll II lllll , ,, ,, i ii

Number of DateoteRlumber Evaluationand Summary of
Parameters of Analyses Detects Comments

Uranium, total 6 out of 16 (23%) 4 of 6 (33%) < 5 x DL
2of6(33%) >5xOL

i ii i i lll l i lllllll

Nitrate-N 3 out of 12 (25%) 2 of 3 (67%) <5 x DL Lab problsmloontarnlnation
lof3(33%) >5xDL

i

Chloride 0 out of e (0%) N/A -
i

Sulfate 2 out of 7 (30%) 2 of 2 (100%) <2 x DL
i,i H i

Alkalinity 4 out of 19 (22%) 3 of 4 (75%) <2 x DL
lof4(25%) >2xDL

Lead 3 out of 6 (50%) 1 of 3 (33%) > 2 x DL one rejected by validation group
2of3(67%) <2xDL

i i

Iron 3 out of 19 (19%) 3 of 3 (100%) <2 x DL -
ill i i i HIH I I

Sodium/Strontium 0 out of 5 (0%) NA
i

Calcium 4 out of 7 (57%) 4 of 4 (100%) <5 x DL -
i i r|l i I i i H i i i i i i i i i

Phosphorus 2 out of 5 (40%) 2 of 2 (100%) < 2 x DL -
I

Thorium-230 1 out of 4 (25%) 1 of 1 (100%) <2 x DL -
i i i i i l lll i

Toluene 0 out of 3 (0%) N/A -

Arsenic/Barium 0 out of 14 (0%) N/A -

Nitroarometic 0 out of 12 (0%) N/A
i i

DL Detection limit; <2X - Leesthen two times; > 5X -- greater than five times
N/A Not Applicable

9.3.2.2 Field Blank Evaluation. Field blank samples are collected at monitoring !
sites just prior to, or immediately after, actual samples are collected. The field blanks are
collected to assess the ambientairconditionsat the samplelocations. They areanalyzedfor the
parametersbeing sampled which, therefore, are generally the parametersof concern, such as
uranium,anions, metals, and nitroaromafics.

The data is summarizedin Table 9-3. This table presents the ratioof detects to total
numberof samples collected for each parameterhaving results above the detectionlimits.

9.3.2.3 Equipment and Bailer Blank Evaluation. Equipmentand bailerblanks
arecollected by rinsing decontaminatedequipmentand bailerswithdistilledwater, and collecting
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the rinsewaterl Thisprocedureis usedto determinetheeffectivenessof thedecontamkBtton
process. At the WSSRAP, most of the groundwatersamples are collected from dedicated
equipment,and surface water is collectedby placingthe sampledirectlyinto a samplecontainer.
The datafor the equipmentblanksdidnot detectcontamimtflon;therefore no fimherdiscussion
is presented.

9.3.2.4 Distilled Water Blank Evaluation. Water blank samples are collected
to evaluatethe qualityof the distilled water used to decontaminatesamplingequipmentand to
assess whethercontaminantsarepresent in the waterusedfor fieldand tripblanks. Waterblank
samplesalso serve as laboratoryblanks. ES&H 4.1.4 states thatwaterblank samples shall be

collected on a monthlybasis. Generally, the water blankswere analyzed for contaminantsof
concern and were collected at the same time as field blanks.

In 1993, 22 water blanks were collected. Table 9-4 presentsthe ratio of detects to the
total numberof samplescollected for each pmameterthathad results above the detectionlimit.
All of the contaminantsfound in water blank samples were low level (less than five times the

detectionlimit); therefore there is no impact on the routinesamples.
| ,m , , | ,, , , ,, ,,,=

TABLE 9-4 Summary of Water BlankParameterResults
III _ IIIIIII III II II IIIIIIIIII III IIII IIII I I I

Evaluationand Summe_ of
Parameter Number of Detects/Number of Analyses Detects

Uranium, total 5 out of 19 (26%) 2 of S at DL
3 of 5 < 5 x DL

iii i iii II II _ • i i

Nitrlte-N 2 out of 12 (17%) 2 of 2 at DL
.|l HI ,i,H, | . i i i, i,ll i i i

Chlodde 3 out of 7 (43%) 3 of 3 <2 x DL
m i llll i • ill ii m i i

Alkalinity 2 out of 9 (22%) 2 of 2 < 2 x DL
l llll i i i i i i lllll ii _ tim

Chemical Oxygen Demand No Detections NIA

Iron 3 out of 8 (38%) 2 of 3 <2 x DL
1 of 3 <SxDL

Lead 2 out of 9 (22%) 2 of 2 <2 x DL

Magnesium 1 out of 5 (20%) 1 of 1 <2 x DL

Mercury No Detection NIA

Phosphorus 1 out of 5 (20%) I of 1 <2 x DL

Sodium No Detection N/A
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TABLE 9-4 Summary of Water BlankParameter Results(Continued)

Evslultion and Summary of
Palromotor Number of Dotooto/Numberof Amdyeoo Dotoote
i i'l ill I IJllgllllIII III I Ill . I I IlglllI IIIII II

Strontium 1 out of 3 (33%) 1 of 1 <2 x DL
II ii iii I I I III I II I

Thoflum-230 No Oetootion NIA
t i ii llll i,i llll ii _ i i HHll I

All other(e) No Detootton N/A
IIII IIII Ill IIBIIII I II _L IIII I II I

(I) Nitrooromotio,other metals end radioohemlostparameters !
N/A Not Applioeble

.i i ,i i

9.4 1993 Data Validation PrOlFam Summary

Datavalidationprogramsat _e WSSRAP involve reviewingand qualifyingat least 10%
of the datacollected duringa calendaryear. The informationsummarizedbelow includes all
WSSRAP data collected and is not limited to environmentalmonitoringdata. The data point_
representthenumberof parametersanalyzed (e.g., toluene), not the numberof physicalanalyses

performed(e.g., volatile organicsanalyses).

Table 9-5 identifies the numberof 1993 quarterlyand totaldata points thatwere selected
for data validation, and what percentage of those selected were completed.

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

Table 9-7 identifies the average accuracy and precision for all sample types excluding
environmentaland waste managementsamples for anion, metal, nitroaromatic, radiochemical,
andmiscellaneousparameters. The accuracyvalues are based on the percent recoveriesof the

laboratorycontrolsamples, and the precisionvalues are basedon the relative percent difference

between duplicates. The data populationsize associated with each accuracyand precisionvalue
is listed as "n."
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TABLE 9-6 Annual Data Validation QualifierSummary - 1993 (as of January 1994)

No. of Data Points

Accepted 830 364 191 289 423 I 1,090 912 4,428

R-_-.-:ted 10 73 4 19 0 22 8 9 146

On ,1---.... 3 0 0 18 53 58 164 54 350

Not V_-_-3_-4--__-_- 1 0 1 0 0 0 0 0 2

r"_,-_ ,-_ 0 564 1 1,078 550 586 672 0 3,461

Total 343 1,467 370 1,306 892 1,089 1,934 975 8,376
u

i

PmcentaOes
i

Acc_?wJ 95.9 56.6 98.4 14.6 32.4 38.9 56.4 93.5 52.9

Re._-c.'____ 2.9 5.0 1.5 0 2.0 0.4 1.O 1.7

On H-.:'_ 0.9 0 0 1.4 5.9 5.3 8.5 5.5 4.2

Not V__,"__-__• 0.3 0 0.3 0 0 O 0 0 0.02

Pe+<ling 0 38.4 0.3 82.5 61.7 53.8 34.7 0 41.2

Total 100 100 100 100 100 100 100 1OO 1OO
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TABLE 9-6 Annual Data Validation Qualifier Summary - 1993 (as of January 1994)

No. of Data Points

Anions I Metal a Miscellaneous I Nitroaromatics peat/PCB I Radiochemical Semi-VOAI VOA I Total

Accepted 329 830 364 191 289 423 1,090 912 4,428

R=j=cted 10 73 4 19 0 22 8 P 145

On Hold 3 0 0 18 53 58 164 54 350

Not Validatable 1 0 1 0 0 0 0 0 2

Pending 0 564 1 1,078 550 586 672 O 3,451

Total 343 1,467 370 1,306 892 1,089 1,934 975 8,376
i • i i Ii

Percentages
i i i | i i

Accepted 95.9 56.6 98.4 14.6 32.4 38.9 56.4 93.5 52.9

Rejected 2.9 5.0 1.5 0 2.0 0.4 1.0 1.7

On Hold 0.9 O 0 1.4 5.9 5.3 8.5 5.6 4.2_

Not Validat_,_,___!e 0.3 O 0.3 O O 0 0 0 0.02

Pending 0 38.4 0.3 82.5 61.7 53.8 34.7 0 41.2

Total 100 100 100 100 100 100 100 100 100

m:_users_joanne_aser93_eection.9 ] 04



O51994

TABLE 9-7 Validation Accuracy and Precision Summary for Calendar Year 1993

J. L i,., ll,, , i i

Parameter Aoo.IO) J n(hI Prec.(°l n(b)rill III I IIIII I II

ANIONS
i li I I I m II .......

Fluoride 99.6 16 0.0 6
i i, ,, ,.,= ,,, , ,. ,=,.

Chloride 98.7 30 3.2 28
_ ii i, i , ,ii i i i i iii ,i ii ,

Nitrate-N 103.4 250 3.0 246
,l,. i,, i, ii ii i,i i ,,.,| , ;., ill

Sulfate 96.0 68 3.9 67
Illl II I I II i I III I I I

METALS
i I I i i i i ii i i liE

Ah=minum 102.2 12 1.5 12

Antimony 102.2 11 1.0 11
i i i i i i .i i i

Arsenic 99.9 82 3.4 66
t i ii i i i H , , ii , ii. i i

Barium 99,1 97 7.2 86
i i i i ,, i i,l.i i i i.. i ii i i,,l, i i

Beryllium 102,8 12 1,0 12
,f , , i, ii i i,,

Cadmium 102.3 48 8.9 29
i L,nm , in i,nm , i i ,

Calcium 106.1 16 10.2 16
, L ii i L i...

Chromium 102.3 54 4.3 37

Cobalt 104.G 5 1.5 6

Copper 102.2 23 1.7 8

Iron 104,5 30 4.3 21

Lead 100.3 56 7,7 40

Lithium 102.6 20 12.5 15

Magnesium 99.6 12 1.3 12

Manganese 102.6 30 1.9 21

Marou ry 104.0 45 1.1 25

Molybdenum 102.9 5 0.7 6

Nickel 103.1 12 1.1 12

Potassium 99.0 12 4.6 12

Selenium 97.1 47 13.7 28

Silver 98.1 54 4.4 29

Sodium 108.0 12 2.0 12
,,,,, ,,, ,,,,, ,,,, .,,,_ , i., ., , i

Thallium 103.0 8 7.8 8
,,
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TABLE 9-7 Validation A_;uracy and Precision Summary for Calendar Year 1993
(Continued)

I

Parameter Acc.(a) I nlb) Prec.(°) n(b)
ml II !

METALS (continued)
I

Vanadium 102.6 5 0.4 5

Zinc 94.5 41 10.4 32

MISCELLANEOUS

Alkalinity 98.8 214 2.4 213
ll|ll ,i i

Total DissolvedSolids -- 0 -- 0
i

Total SuspendedSolids 95.2 33 9.2 14

Cyanide, Total 94.6 16 4.8 1
i

BiochemicalOxygen Demand 91.8 16 0.0 I
l

Chemiool Oxygen Demand 76.9 16 0.0 7
I

NITROAROMATICS
I

1,3,5-Tdnitrobenzene 96.5 5 2.4 4

1,3-Dinitrobenzene 98.6 5 1.4 4
i i,i

Nitrobenzene 93.4 5 0.4 4
i

2,4, 6-Trinitrotoluene 96.7 16 0.9 15
i

2,4-Dinitrotoluene 98.8 16 3.5 15
ii i

2,6-Dinitrotoluene 96.4 5 0.8 4

RADIOCHEMICAL
I IIIII IIII

Uranium, Total 96.2 56 2.3 53

Th-228 95.7 24 4.0 15

Th-230 99. I 24 7.0 15

Th-232 93.1 24 4.8 15

Ra-226 101.3 15 6.3 16

Ro-228 98.7 15 9.2 15

GrossAlpha 99.9 17 14.0 13

GrossBeta 93.1 13 7.5 13

a The accuraoyvalues are based on the percentof recoveriesof the associatedlaboratorycontrolsamples.
b Sample Population
c The precisionvaluesarebasedon the relativepercentof differencesbetween associatedsampleduplicatesorduplicate

laboratorycontrol standards
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9.5 Interlaboratory Comparison Program Results

This section summarizesthe interlaboratorycomparisonprogramdatareceivedfrom the
subcontractedlaboratories. Data presentedin this section are from three programs: (1) the
DOE qualityassessmentprogram,(2) F.PAorganicandinorganicperformanceevaluationstudies
and (3) the EPA intercomparisonradionuclidecontrol program.

The interlaboratorycomparisonprogramsare intendedto allow participatinglaboratories
to analyze spiked control standards to verify how their SOPs and quality assurance/quality
control (QA/QC) programs are performing. Interlaboratory comparison program results
presented in this section do not impact any of the analytical data used to prepare this report, but
are discussed here to provide information about laboratories' capability to perform accurate
analyses of spiked control samples.

Resultsof the DOE EnvironmentalMeasurementLaboratoryQualityAssessmentProgram
are presented in Table 9-8. Tiffs table provides information on the parameter, matrix type,

laboratory name, date analyzed, DOE value, reportedvalue, and percent recovery.

Results of the EPA intercomparison radionuclide control program are presented in

Table 9-9. This table providesinformationon the parameter,matrixtype, laboratoryname,date
analyzed, DOE value, reportedvalue, and the percent recover),.

Results of the EPA organicand inorganicperformanceevaluationprogramare not
presentedinthissection.However,thisinformationisevaluatedduringtheroutineauditof each
laboratory. Resultsof the 1993performanceevaluationsampleshavebeenrenewed,andno
majorproblemswiththeresultsfrom theseprogramswereobserved.
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TABLE 9-8 Summary of DOE Interlaboratory Comparison Program

, , , II I IIII I II Irll Ilfll

Parameter (matrix) Lid)oratory (Date) DOE Value Reported Value Peroent Reoovery
II II III IllB I I Ilffill II

Uranium, total pCi (water) IT 4/93 0.729 0.308 42%

Uranium, total pg (water) IT 3/93 0.842 0.100 12%

Uranium, total pCi (soil) IT 9/93 28.9 31.30 92%

Uranium, total/Jg (,oil) IT 9/93 0.256 0.127 50%i .. i i ,, .., i

Uranium, total pCi (air) IT 9/93 0.541 0.523 97%
i i i i ,, i , i i

Uranium, total pg (water) Barringer 2/93 O,108 0.100 93%
i ,

Uranium, total pg (air) hrringer 9/93 0.650 0.680 105%

Uranium, total pg (soil) Borringer 1/93 2.32 2.10 91%

Uranium, 234 pCi (water) Barringer 1/93 0.115 0.137 119%
i ,, ii , i

Uranium, 238 pCi (water) Barringer 4/93 O.115 O. 115 100%
|i,i i ,i i H ..i

Uranium, 234 pCi (air) Berringer 4193 0.0166 0.0204 123%
i ii iH i i i i i

Uranium, 238 pCi (air) Barringer 1/93 O. 160 0.0204 127%i ii iH,

Uranium, 234 pCi (soil) Barringer 1/93 29.2 18.5 63%
, i i ii

Uranium, 238 pCi (soil) Barringer 1/93 29.6 14.8 50%
i i i|l

Uranium, total pCi (water) Ecotek 2/93 0,842 0.734 84%
H , ,, i i .,

Uranium, 234 pCi (water) Ecotek 9/93 O. 106 O. 108 102%

Uranium, total pCi (air) Ecotek 9/93 0.541 0.705 130%
. , . ,.,,

Uranium, 234 pCi (air) Ecotek 2/93 0.02 0.023 115%

Uranium, 234 pCi (soil) Ecotek 4/93 25.6 31.3 122%
i li i i i illR I IIII
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TABLE 9-9 Summary of EPA - EMSL Intercomparison Radionuclide Control Program
i I IIII lli ' ,, ,, ,,

EPA EMSL "Average
Parameter (Matrix) Laboratory (Date) Value Reported Value Peroent Reoovery

Uranium, total (water) Barringer 4/93 24.8 20.31 82%
| i , , i , , il ,|, ,

Uranium, total (water) Barringer 9/93 8.9 7.62 86%

Gross Alpha (water) Barringer 1/93 15.0 12.93 86%
,, i , i i i,,. , i i, ,i|

Gross Alpha (water) Barringer 9193 32.0 27.57 86%
L , ,. i, , , ,. .

Gross Beta (water) Barrinoer 9t93 39.0 38.76 99%
, , , i Hi

Gross Beta (water) Barringer 9/93 46.0 41.24 90%
,, m, ,, ,| i

Radium-226 (water) Barringer 1/93 11.2 11.01 98%
. ,n ,, , i , ,, , nn

RIKlium-226 (water) Barringef 4/93 24.9 23.9 96%
i i ,, i i ii, i i ill

Radium-228 (water) Barringer 3/93 18.9 21.33 113%
H i |. . i,. i . i i i, i

Radium-228 (water) Barringer 4/93 19.0 23.33 123%

Uranium, total (water) Ecotek 1193 9.0 8.57 95%

Uranium, total (air) Eootek 4193 20.6 22.56 110%

Uranium, total (water) Eootek 4/93 6.0 5.69 95%

Uranium, total (water) Ecotek 9/93 6.0 6.71 112%

Uranium, total (water) Ecotek 10193 8.0 8.65 109%
,| ,=

Gross Alpha (water) E_otek 4193 21.0 19.78 94%
, ,, . .. , ,, , ., , , ,| . ,,

Gross Alpha (water) Ecotek 9/93 38.0 43.22 114%

Gross Beta (water) Ecotek 1/93 19.0 15.43 81%

Gross Beta (water) Ecotek 9/93 40.0 43.12 108%

Radium-226 (water) Ecotek 4/93 18.0 15.76 88%
, ,, . ,, , •

Radium-226 (water) Ecotek 9/93 18.0 16.39 91%

Radium-228 (water) E_otak 1193 8.0 10.21 128%

Radium-228 (water) Ecotek 9/93 10.0 6.53 65%
i il H,. , .= .............
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: 10 SPECIAL S11._IES

This section highlights significant activities and efforts at the Weldon Spring Site
Remedial Action Project that support and assist in the implementation of environmental
protection policies. In addition, short term environmental studies are described that support
regulatory requirements not specifically covered by U.S. Department of Energy fIX)E)
Order5400.1 or that wet,. not planned in the Environmental Monitoring Planfor Calendar Year

/993 (Ref. 9).

10.1 Special Programs

The special programs described in this section were initiated to determine the
effectiveness of engineering practicesput in place as a result of remedial a_dvities at the site.
In addition, research activities were developed to supportoverall environmentalmonitoring.

10.1.1 Dam Safety Operations Program

Federal regulationsrequire thatembankmentshigher than 7.6 m (25 ft) and those that
could pose a significant downstreamhazardbe regulated by a dam safety operationsprogram.
The Federal Energy Regulatory Commission has the overall responsibility for embankments
owned by the Departmentof Energy and performs formal inspections annually. The Weldon
Spring Site Remedial Action Project (WSSRAP) is responsible for the development and
implementationof the dam safetyoperationsprogram,maintenanceof the embankments,and the

performance of routine surveillance of the structures.

The WSSRAPhas implementedthe dam safetyoperationsprogram which was developed
in 1991 and formalized in 1992. This programoutlines the trainingnecessary to effectively
survey and assess the embankments at both the chemical plant and quarry and requires
mandatory surveys as outlined in procedureES&I-I4.2.3s. All regulatory and surveillance

requirements, including documentation are also defined by this program. The Dam Safety
Operations Emergency Preparedness Plan (Ref. 46) outlines actions to be taken in the event of
possible or actual embankmentfailures.

In 1993, all embankmentsat the site were assessed in accordancewith the requirements

of these documents. Only minor deficiencies were noted. General maintenance consisting of
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mowing weeds 'and grass, removing woody vegetation, and filling abandoned animal burrows

was performed throughout the year. An elevation survey was performed to identify possible

slump areas on the crests of RaWmate Pit 3 embankments. Identification of the lower areas was

necessary due to the higher water elevations sustained throughout the year.

A formal five year inspection was performed by an independent consultant in accordance

with the regulations of the Federal Energy Regulatory Commission. During the formal

inspection, consideration was given to the higher water levels in Raffmate Pit 3 and its pre-

existing over-steepened slope. A slope stability investigation consisting of soil borings, phreatic

surface determination, geotechnical soil testing, and additional inspections was performed to

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

level of the raffmate pit does not have a significant bearing on the stability of the slope because

no substantial phreatic surface exists through the earthen embankments.

10.1.2 Storm Water Runoff Monitoring Program

Due to the increased remedial and construction activity in contaminated soil areas at the

chemical plant, erosion and sediment control measures have been implemented to reduce the

sediment load in storm water runoff from the site. These measures are regulated by the National

Pollutant Discharge Elimination System (NPDES). As an internal measure only, storm water

runoff samples were collected and analyzed for settleable solids and total uranium to determine

the effectiveness of current erosion and sediment control around storage and construction areas
at the site.

Sampling was scheduled to be performed monthly during or after measurable storm

events; therefore, if no storm events occurred during the month, no samples were collected.

The effectiveness of the controls was determined by sampling runoff on the down slope side of

sediment barriers and comparing parameter concentration levels to historical data for each

sampling location. Activities taking place within the construction or storage area were also taken

into account when evaluating changes in concentrations. Changes were made to control systems

if the concentrations were significantly higher than historical data. Some locations were also

deleted after activities ceased and concentrations from the area reached background levels. To

assess the effectiveness of erosion and sediment control work practices, this program will

continue while soil disturbance activities are in process.
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10.1.3 Environmental Internship

In 1991, the WSSRAP initiated an environmental internship program to encourage and

cultivate young environmental professionals who, in many cases, will dedicate extended careers

to environmental protection, waste management, and remedial activities. Another goal of this

program was to provide students from local public and private colleges internship opportunities.

The internship program provides 24 hour or 40 hour hazardous materials training, radiation

safety, and other appropriate instruction to the interns.

In 1993, the program supported two environmental internships for industrial hygienists.

The industrial hygiene internships included field activities including contamination surveys,

calibration of instruments, noise monitoring, hazardous atmosphere determination, and heat

stress monitoring.

10.2 Special Studies

The special studies described in this subsection ate short-term or one-time studies that

support regulatory requirements not specifically covered by DOE 5400.1 or which were not

planned in the En_ronmental Monitorfng Plan for Calendar Year 1993 (Ref. 9). These studies

are applicable to the monitoring requirements of DOE Order 5400.1 for preoperational

monitoring and baseline characterization.

10.2.1 Particle Sizing Study

Panicle sizing studies were initiated in 1991. A knowledge of panicle size within

different areas or buildings on the site is vital to assessing the potential health effects associated

with exposures to airborne particulates. Panicle size distributions are essential in determining

the probable point of respiratory deposition, particle behavior in the air, and in conducting an

overall evaluation of chemical and radiological hazards. The particle sizing study should

reproduce, to a reasonable degree, the dust collecting characteristics of the human respiratory

system so that lung penetration by airborne particles can be predicted from sampling data.

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

dose and other hazardous effects. The International Commission on Radiation Protection (ICRP)

dosimetric models apply a default value of one micrometer to the determination of dose
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conversion factors. However, actual sample collection in most of the heavily contaminated

buildings on site has indicatedthat the medianparticle size is much greater than this default
value. Table 10-1 lists the buildings that have been sampled and the median particle sizes
measuredon each occasion.

TABLE 10-1 Median Particle Sizes Measured for BuildingsSampled
'1 R I I III '1 I'1" III II

Building CollectionDate AMAD" (prn)
.............. II I It' I ' "

301 01-15-93 7.0
m. i i i.w , i i i • , i

301 07-28-92 6.6
i.

201 01-22-93 4.1
i,. i.. Jl. .,

201 09-I 5-93 5.6
m, i llll. i i.

101 I0-06-93 6.0
., ii

108 11-08-93 5.8

408 11- 10-93 6.3
i i i i i i

433 11-15-93 I .I
I' I " ''I II' II , l'lll I

*AMAD - Activity Median Aerodynamic Diameter

l

The averagevalue measuredfor all locationswas 5.1 micrometers,which is muchlarger
than the accepted value of 1 micrometerused in many radiation dose prediction models. A
particlesize of this magnitudewould resultin approximatelythree times less committedeffective
dose equivalents for any given inhalationintakein the workplace. Datacollection will continue
on a biannualbasis at all locationswhere workactivitiescreatea potential for workersto receive

a committed effective dose equivalent in excess of 100 mrem.

10.2.2 Flood Impacts in the Weldon Spring Quarry Area

During 1993, the Missouri River valley in the vicinity of the Weldon Spring site
experiencedextensiveflooding. The unusuallyheavy rainof the springand summercaused the
inundation of the St. Charles County well field on July 15 and September26, 1993. The
Femme Osage Slough overflowed its banks several times between January and Septemberof
1993. "I_e highest water level at the quarrywater treatmentplant occurredon July 31, 1993
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at 477.3 fi MSL, 3 fl above the 500 year flood levels. The quarry water treatment plant basins
were not inundated.

The well field, separated from the quarry by the Femme Osage Slough, contains the

county production wells, which provide drinking water for portions of St. Charles County.

While the quarry is contaminated, both chemically and radiochemically, these contaminants have

not compromised the integrity of the drinking water supply.

10.2.2.1 Groundwater Impacts. Before the St. Charles County well field was

completely inundated, the Femme Osage Slough had been out of it banks several times since

January 1993 due to heavy rains. The high water level in the slough caused many monitoring

wells, specifically MW-1006 through MW-1009, and MW-1032, to be inaccessible for about

6 months. Evidence that the rising water of the Missouri River was effecting groundwater

conditions was noted when several monitoring wells became artisan and sand boils were
observed near the levee.

Prior to inundation of the well field, monitoring wells adjacent to the north side of the

Femme Osage Slough were showing higher than normal concentrations of total uranium and/or

nitroaron',atic compounds. Monitoring wells MW-1030 0)edrock rim) and MW-1032 (bedrock)

exhibited elevated concentrations of several nitroaromatic compounds and total uranium prior

to and during the period that the St. Charles County well field was flooded. These compounds

had been detected at these locations previously but not at the levels exhibited during these

sampling events. Elevated total uranium concentrations were _/so exhibited in groundwater from

bedrock rim monitoring well MW-1030 from the July and August sampling events. These two

samples were obtained during periods of greatest flooding in the well field. The static water

level in the bedrock was higher than normal during this time, possibly causing the movements

of the contaminants to be impeded in this location, which resulted in higher than normal
concentrations of total uranium.

Due to the flood, 26 monitoring locations (22 DOE and four St. Charles County) were

submerged and most were not sampled during the third quarter of 1993. These wells are located

adjacent to the Femme Osage Slough. Four of the eight St. Charles County production wells

were placed out of service due to flooding of the pumps. The four operating production wells

were sampled by boat at the end of September 1993, during the second inundation of the well
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field. All production well results for total uranium were less than the dciection limit

(< 1.00 pCi/l).

Between well field inundations, the water receded enough to gain access to the

groundwater monitoring wells adjacent to the south side of the Femme Osage Slough (MW-1017

through MW-1022). Grab samples were obtained from these monitoring wells and analyzed for
total uranium. The results are consistent with historical data from these locations and are

summarized in Table 10-2.

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

.. i I II I i i

Monitoring Well Total Uranium (pCi/I)
I, ,,' i , i I iiiIIMI

MW-1018 0.78
-- i .i J

MW-1019 2.98
i ii

MW- 1020 1.82
ill i i i iiJ.m i

MW-I021 0.93
| ill i i ii i .i i i i

MW- 1022 1.45
I I I P ' Im II

10,2.2.2 Surface Water Impacts. During the first bimonthly period, one surface

water location in the Famine Osage Slough, SW-1004, showed a total uranium concentration

(4012 pCi/l) which exceeded the historic high of 557 pCi/l. A re-analysis of the sample

confirmed previous results. The second bimonthly sample showed the total uranium

concentration to be 100 pCi/l.

Review of the initial sampling event indicated _hatthe Femme Osage Slough had been

flooded and was out of its banks. Surface water sampling location SW-1004 is situated near

Vicinity Pm_rty 9, an area of known soft andgroundwater contamination. The surface water

sample was obtained from a shallow area of water located over Vicinity Property 9 that is

typically not submerged. During the second bimonthly period, the water in the slough returned

to a normal level, and a sample was obtained from its typi_l location.

During April 1993, the Femme Osage Slough again flooded and overflowed its banks.

At this time, an investigation consisting of surface water sampling, static water level
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measurement, 'and surface water level measurement was initiated to determine if the

concentrations from the first bimonthly period could be recreated. Results of the investigation

indicated that at the time of the initial sampling, the rising surface water likely caused an

intermingling of contaminated groundwater with the surface water, which resulted in an elevated

total uranium concentration at the location. Subsequent sampling of the slough during these

similar conditions indicated that the area of impact was small, with respect to the entire slough,

and the event was of short duration. Although no concentrations greater than 4000 pCi/l could

be recreated, concentrations in excess of 1000 pCi/l were observed.

During October 1993, five surface watersampleswere collected at various locations

along the Katy Trail from the flooded Femme Osage Slough to determine any changes in total
uranium concentration. Results s_owed that the total uranium concentrations were below those

levels normally exhibited in the slough and are summarized in Table 10-3.

Table 10-3 Femme Osage Slough Surface Water Samples (10/13/93)

. , , I1' I 'Nil'

Sample ID Location Description Total Uranium (pCi/l)
I

SW-KT01 Weetern end of the Little Femme Oeage Slough 4.0
.i

SW-KT02 Near MW-1013, MW-1014, end MW-1031 9.2

SW-KT03 Mid-point between SW-KT02 and SW-KT04 36.5
i

SW-KT04 Near MW-IO08, MW-IO09, end MW-1032 7.0

SW-KT05 Near MW-1015 and MW-1016 3.4

Conclusions

i

The results of the groundwater monitoring during and after the flood indicate that

although levels of total uranium and nitwaromatic compounds have increased in several

monitoring locations north of the slough, no adverse impact has occurred to date in the

groundwater south of the slough or in the waters produced in the St. Charles County well field.

The results of the surface water investigations indicate thattypical groundwater migration

from the quarry is occurring and the flooded conditions have not caused an increase in the

concentrations of contaminants entering the waters of the Femme Osage Slough.

m:_ueers_joanne_aser93_section. 10 l "]6



051994

II REFERENCES

1. MK-Ferguson Company and Jacobs Engineering Group, 1989. Remedial Investigation

for Quarry Bulk Wastes, Rev. 1. DOE/OR/21548-066. Prepared for the U.S.

Department of Energy, Oak Ridge Operations Office, Weldon Spring Site Remedial

Action Project. St. Charles, MO. December.

2. MK-Ferguson Company and Jacobs Engineering Group, 1992. Remedial Investigation

for the Chemical Plant Area of the Weldon Spring Site, Volume 1. DOE/OR/21548-074.

Prepared for the U.S. Department of Energy, Oak Ridge Operations Office, Weldon

Spring Site Remedial Action Project. St. Charles, MO. November.

3. Kleeschulte, M.J., L.F. F,nameR, andJ.H. Barks, 1986. Hydrologic Data for the Weldon

Spring Radioactive Waste-Disposal Sites, St. Charles County, Missouri-1984-1986.

Open-File Report 86-488. U.S. Geological Survey. Rolla, MO.

4. Berkeley Geosciences Associates, 1984. Characterization and Assessment for the Weldon

Spring Quarry Low-Level Radioactive Waste Storage Site. DOE/OR-853 (DE85005424).

Prepared for the U.S. Department of Energy, Oak Ridge Operations Office.

Berkeley, CA. September.

5. MK-Ferguson Company and Jacobs Engineering Group, 1992. Agricultural Sampling

P/an, Rev. I. DOE/OR/21548-229. Prepared for the U.S. Department of Energy, Oak

Ridge Operations Office, Weldon Spring Site Remedial Action Project. St. Charles,
MO. December.

6. Argonne National Laboratory, 1990. Feasibility Study for Management of the Bulk

Wastes at the WeMon Spring Quarry, Weldon Spring, Missouri. DOE/OR/21548-104.

Prepared for the U.S. Department of Energy, Oak Ridge Operations Office. Prepared

by the Environmental Assessment and Information Sciences Division. St. Charles,

Missouri. February.

7. Ruffner, J.A., 1978. Climate of the States. Gale Research Company. Detroit.

m:\users\joanne_aser93_section.11 177



051994

8. MK-FergusonCompanyandJacobsEngineering Group, 1993. EnvironmentalProtection
Program Implementation Plan, Rev. 5. DOE/OR/21548-095. Prepared for the

U.S. Departmentof Energy, Oak Ridge Field Office, Weldon Spring Site Remedial
Action Project. St. Charles, MO. November.

9. MK-Ferguson Company and Jacobs Engineering Group, 1993. Environmental
Monitoring Plan for 1993, Rev. 1. DOE/OR/21548-349. Prepared for the U.S.
Departmentof Energy, Oak Ridge Field Office, Weldon SpringSite Remedial Action
Project. St. Charles, MO. June.

10. U.S. Departmentof Energy, 1993. Record of Decision for Remedial Action at the
Chemical Plant Area of the Weldon Spring Site, Rev. 0. DOE/OR/21548-376. Prepared
for the U.S. Departmentof Energy, Oak Ridge OperationsOffice, Weldon SpringSite
Remedial Action Project. St. Charles, MO. September.

11. Argonne National Laboratory, 1993. Work Plan for the Remedial Investigation/
Feasibility Study-Environmental Assessment For the Quarry Residuals Operable Unit at

the Weldon Spring Site. DOE/OR/21548-243. Preparedfor the U.S. Departmentof
Energy, Oak Ridge Operations Office. St. Charles, Missouri. November.

12. MK-Ferguson Company and Jacobs Engineering Group, 1994. Quarry Residuals

Sampling Plan, Rev. 1. DOE/OR/21548-382. Preparedfor the U.S. Departmentof
Energy, OakRidge OperationsOffice, WeldonSpringSite RemedialActionProject. St.
Charles, MO. January.

13. MK-FergusonCompanyand JacobsEngineeringGroup, 1992. Groundwater Protection

Program Management Plan, Rev. 3. DOE/OR/21548-123. Prepared for the

U.S. Departmentof Energy, Oak Ridge OperationsOffice, WeldonSpringSite Remedial
Action Project. St. Charles, MO. July.

14. MK-Ferguson Company and Jacobs Engineering Group, 1992. Surface Water

Management Plan, Rev. 0. DOE/OR/21548-221. Preparedfor the U.S. Departmentof
Energy, Oak Ridge Operations Office, Weldon Spring Site Remedial Action Project.
St. Charles, MO. June.

m:\users_joanne_uer93_section.11 178



051994

15. U.S. Department of Energy, 1994. U.S. Department of Energy Radiological Control

Manual, Rev. 1. DOE/EH-0256T. Assistant Secretary for Environment, Safety and

Health. Washington, D.C. April.

16. MK-Ferguson Company and Jacobs Engineering Group, 1994. Waste Minimization/

Pollution Prevention Awareness P/an, Rev. 2. DOE/OR/21548-124. Prepared for the

U.S. Department of Energy, Oak Ridge Operations Office, Weldon Spring Site Remedial

Action Project. St. Charles, MO. March.

17. MK-Ferguson Company and Jacobs Engineering Group, 1993. Self-Azsessment Program

Implementation Plan, Rev. 0. DOE/OR/21548-385. Prepared for the U.S. D_artment

of Energy, Oak Ridge Field Office, Weldon Spring Site Remedial Action Project. St.

Charles, MO. October.

18. Federal Emergency Management Agency, 1992. Flood Insurance Rate Map, Map

Number 29183C0105 D, Panel 105 of 250, Federal Emergency Management Agency,
1992.

19. Argonne National Laboratory, 1993. Mitigation Action Plan For the Remedial Action

at the Chemical Plant Area of the Weldon Spring Site. Rev. 0. Prepared for the U.S.

Department of Energy, Oak Ridge Operations Office. St. Charles, Missouri.
November.

20. MK-Ferguson Company and Jacobs Engineering Group, 1994. Waste Management Plan,

Rev. 5. DOE/OR/21548-166. Prepared for the U.S. Department of Energy, Oak Ridge

Operations Office, Weldon Spring Site Remedial Action Project. St. Charles, MO.
March.

21. MK-Ferguson Company and Jacobs Engineering Group, 1994. Plan for Monitoring

Radionuclide Emissions Other Than Radon at Weldon Spring Site Critical Receptors,

Rev. 2. DOE/OR/21548-127. Prepared for the U.S. Department of Energy, Oak Ridge

Operations Office, Weldon Spring Site Remedial Action Project. St. Charles, MO.

February.

m:'_users\joanne\eser93\section. 11 179



051994

22. Intemati0nal Commission on Radiological Protection, 1977. Recommendations of the
International Commission on Radiological Protection. RadiationProtectionPublication
No. 26. Pergamon Press, New York. (AdoptedJanuary 17, 1977).

23. International Commission on Radiological Protection, 1978. Limits for Intakes of

Radionuclides by Workers. Radiation Protection Publication 30, Part 1. Pergamon
Press. Oxford.

24. Eckerman, K.F., A.B. Wolbarst, and A.C.B. Richardson, 1988. Limiting Values of
Radionuclide Intake and Air Concentration, and Dose Conversion Factorsfor Inhalation,
Submersion, and Ingestion: Derived Guidesfor Ccntrol of Occupational Exposure and

Exposure-to-Dose Conversion Factorsfor GeneralApplication. Federal GuidanceReport
No. I1. Based on the 1987 Federal Radiation Protection Guidance. Preparedby the
Oak Ridge National Labora'.oryfor the U.S. EnvironmentalProtectionAgency, Office
of Radiation Programs. Oak Ridge, TN.

25. U.S. Environmental Protection Agency, 1988. USEPA Contract Laboratory Program
Statement of Work for Inorganic Analysis: Multi-Media, Multi-Concentration.
SOW No. 788, 0900206R1.

26. Missouri Department of Conservation, 1991. Recreational Useof WeldonSpring l_ldlife
Area 1989-1990. Public Prof'de 6-91. June.

27. Intemational Commission on Radiological Protection, 1981. Limits for Inhalation of

Radon Daughters by Workers. Radiation Protection Publication No. 32. Pergamon
Press, New York. (Adopted March 1981).

28. U.S. Environmental Protection Agency, 1988. Superfund Exposure Assessment Manual.
OSWER Directive 9285.5-1.

29. Environmental Science & Engineering, Inc., 1993. Aquatic Biological Monitoring.

F.,SENo. 592-1043-0400. Prepared for M-K Ferguson Company. St. Louis, MO.
March.

rn:\users\joanne_uer93\section. 11 180



051994 I
30. Cember, Herman, 1983. Introduction to Health Physics, 2nd ed. Pergamon Press,

New York.

31. United Nations Scientific Committee on the Effects of Atomic Radiation, 1982.

37th Session, Suppl. No. 45 (A/37/45). United Nations, New York.

32. U.S. Department of Energy, 1991. Environmental Regulatory Guide for Radiological

Effluent Monitoring and Environmental Surveillance. DOE/EH-0173T. Assistant

Secretary for Environment, Safety and Health. Washington, DC. January.

33. MK-Ferguson Company ant, Jacobs Engineering Group, 1991. WSSRAP Chemical Plant

Surface Water and Erosion Control Report, Rev. 0. DOE/OR/21548-253. Prepared for

the U.S. Department of Energy, Oak Ridge Operations Office, Weldon Spring Site

Remedial Action Project. St. Charles, MO. October.

34. U.S. Environmental Protection Agency, 1986a. Quality Criteria for Water 1986.

EPA 440/5-86-001. Office of Water Regulation and Standards. Washington DC.

May 1.

35. Missouri Department of Natural Resources, 1992. Rules of Deparnnent of Natural

Resources Division 20- Clean Water Commission. Chapter 7, "Water Quality."

36. Schumacher, J.G., 1993. Geochemistry and Migration of Contaminants at the Weldon

Spring Chemical Plant Site, St. Charles County, Missouri--1989-91. Open-File

Report 93-433. Prepared for the U.S. Department of Energy, Oak Ridge Operations

Office by the U.S. Geological Survey. Rolla, MO.

37. Argonne National Laboratory, 1989. Engineering EvaluationCost Analysis for the

Proposed Management of Contaminated Water in the Weldon Spring Quarry.

DOE/OR/21548-039. _ for the U.S. Department of Energy, Oak Ridge

Operations Office. Prepared by M.M. MacDoneU, J.M. Peterson, and I.E. Joya of the

Energy and Environmental Systems Division. January.

m:_users_joanne\uer93\section. 11 181



051994

38. L.A. Haroun, J.M. Peterson, M.M. MacDonell, and I. Hlohowskyj, 1990. Baseline

Risk Evaluation for Ezposure to Bulk Wastes at the Weldon Spring Quarry, Weldon

Spring, Missouri. DOE/OR/21548-065. Preparedfor the U.S. Departmentof Energy,
OakRidgeOperationOffice by ArgonneNationalLaboratoryEnvironmentalAssessment
and InformationSciences Division. January.

39. U.S. EnvironmentalProtectionAgency, 1986. RCRA GroundwaterMonitoring Technical
Enforcement Guidance Document. OSWER-9950. September.

40. MK-FergusonCompany andJacobsEngineeringGroup,1992.ProjectManagement

ContractorQualityAssuranceProgram,Rev.0. DOE/OR/21548-333.Preparedforthe

U.S.DepartmentofEnergy,OakRidgeOperationsOffice,WeldonSpringSiteRemedial

ActionProject.St.Charles,MO. September.

41. MK-Ferguson Companyand Jacobs Engineering Group, 1993. Environmental Quality

Assurance Project P/on, Rev. 1. DOE/OR/21548-352. Prepared for the U.S.
Departmentof Energy, Oak Ridge Field Office, Weldon SpringSite Remedial Action
Project. St. Charles, MO. July.

42. MK-Ferguson Companyand JacobsEngineeringGroup, 1992.EnvironmentalHealth

andSafetyPlan,Rev.2. DOE/OR/21548-172.Prepaw_fortheU.S.Departmentof

Energy,OakRidgeOperationsOffice,WeldonSpringSiteRemedialActionProject.St.

Charles,MO. February.

43. MK-Ferguson Company and Jacobs Engineering Group, 1993. Environmental Data
Administration Plan, Rev. 3. DOE/OR/21548-119. Preparedfor the U.S. Department
of Energy, Oak Ridge OperationsOffice, WeldonSpring Site Remedial Action Project.
St. Charles, MO. August.

44. U.S. EnvironmentalProtectionAgency, 1989. Handbook of Suggested Practices for the
Design and Installation of Groundwater Monitoring Wells. EPA 600/4-89/034. National
WaterWell Association. Dublin, OH.

45. AmericanPublicHealthAssociation,1992.StandardMethodsFortheExaminationof
WaterandWastewater,SeventhEdition.

m:\users_joanne\uer93\section. 11 182



OS1994

46. lVlX-FergusonCompanyandJacobsEngineeringGroup,1992. Dam SafetyOperations
EmergencyPreparednessPlan, Rev. 1. DOE/OR/21548-306. Preparedfor theU.S.
Departmentof Energy,OakRidgeField Office, WeldonSpringSiteRemedialAction
Project. St. Charles,MO. December.

47. 1V_-FergusonCompanyandJacobsEngineeringGroup,1994. WetlandsProject Plan
for COE Permit Application, P,ev. 0. DOE/OP,/21548-437.Preparedfor the U.S.
Department of Energy, Oak Ridge OperationsOffice. St. Charles, Missouri. January.

48. MK-FergusonCompanyand ]acobs EngineeringGroup, 1994. Remedial Action Work

Plan for the Quarry Bulk Waste Management Program, Rev. 1. DO_OR/21548-419.
Preparedfor the U.S. Departmentof Energy, OakRidge OperationsOffice. St. Charles,
Missouri. January.

49. Kleeschulte, M.J., and J.L. Imes, 1993. Geohydrology, Water Quality, and Simulation

of Grotmd-Water Flow at the Weldon Sprfng Chemical Plant and _cinity, St. Charles
County, Missouri, 1987-90. Open-FileReport93-648. Preparedin cooperationwith the
U.S. Departmentof Energy. RoUa,Missouri.

50. Fink, S.A., 1963. Uptake of Nitroaroman'c Compounds by Weldon Spring Soils. A
Thesis Presentedto the Faculty of the GraduateSchool of the University of Missouri-
Rolla in partial fulf'dlmentof the requirementsfor the Degree of Masterof Science in

Civil Engineering.

51. MK-FergusonCompanyand JacobsEngineeringGroup, 1992. Well Field Contingency

P/an, Rev. 0. DOE/OR/21548-340. Preparedfor the U.S. Departmentof Energy, Oak
Ridge Field Office. St. Charles, Missouri. November.

52. MacDoneU,M.M., J.M. Peterson, andI.E. Joya.Engineering Evaluation/Cost Analysis

for the Proposed Management of Contaminated Water in the Weldon Spring Quarry.

DOF.JOR/21548-039. Prepared for the U.S. Department of Energy, Oak Ridge
OperationsOffice, Weldon SpringSite RemedialAction Project. January 1989.§

m:\usere\joanne\aeer93\eection.11 ] 83



0S 1994

53. Halo, n, L.A., J. M. P_erson,M.M. MacDo.eH, andI. H]ohowskyj._e_ Risk
EvaluationforF._posuretoBulkWastesattheWeldonSpringQuarry,WeldonSpring,

Missouri.DOE/OR/21548-065.PreparedfortheU.S.Dep_ment ofEnergy,Oak

RidgeOperationsOffice.St.Charles,MO. January1990.§

54. MK-FergusonCompany_mdJacobs Engineering Group. Storm Water Runoff Sampling
P/an, Rev. 0. DOI_OR/21548-291. Preparedfor the U.$. Departmentof Eaergy, Oak
Ridge OperationsOffice. St. Charles, Missouri. May 1992.

55. U.S. Departmentof Energy. Proposed Planfor Remedial Action at the C,J'emicalPlant

Area of the Weldon Spring Site. DOE/OR/21548-160. November 1992.§

ASME NQA-1, American Society of Mechanical Engineers, Nuclear Quality Assurance

DOE ORDFAtS

5000.3B, Occurrence Reporting and Processing of Information

5400.1, General Environmental Protection Program

5400.3, Hazardous and Mixed Waste Program
5400.5, Radiation Protection

5480. IB, Environment, Safety and Health Program for Department of Energy Operations

5480.4, Environmental Protection, Safety, and Health Protection Standards

5482. IB, Safety Analysis and Review System

5700.6C, Quality Assurance
5820.2A, Radioactive Waste Management

REGULATIONS

10 CFR 1022, Department of Energy, Compliance l_th FloodplainWetlands Environmental
Review Requirements

36 CFR Part 800.5, Protection of Historic and Cultural Properties

40 CFR Part 61, National Emission Standards for Hazardous Air Pollutants

40 CFR 761, Polychlorinated Biphenyb, Manufacturing, Processing, Distribution in Commerce,
and Use in Prohibitions

40 CFR 761.125, Requirements for PCB Spill Cleanup

m:_users_joanne\uer93\eection.11 184



051994

PROCEDURES

ES&H 3.1.7, Noise Moniwr_ng

ES&H 4.1.4, Quoliry Control Samples for Aqueous and Solid Mawlces: Deflnlgon_,
ldent_flco_on Codes, and Collection Procedures

ES&H 4.2.1, Erosion Control Survey
ES&I-I4.2.3, F.mbankmentSurvey
ES&H 4.9.3, Data Review Proceduresfor Surface Wa:er, Groundwater, and Soils

m:_users\joanne_sser93_seation.11 185



061994

12 GLOSSARY, ACRONYMS, AND ABBREVIATIONS

12.1 Technical Terms

ABSORBED DOSE: The amountof energy absorbedin any materialfrom incident radiation.
Measured in rads, where 1 rad equals i_ ergs of energy absorbedin 1 gramof matter.

ACTIVITY: A measure of the rate at which radioactive material is undergoing radioactive

decay; usually given in terms of the number of nuclear disintegrationsoccurring in a given
quantity of material over a unit of time. The unit of activity is the curie (Ci) (see also
BECQUERELand CURIE).

ALARA: An acronym for "As Low as Reasonably Achievable." "IV,is refers to the U.S.
Departmentof Energy goal of keeping releases of radioactive substancesto the environmentand
exposures of humans to radiationas far below regulatorylimits as "reasonablyachievable."

ALLUVIAL AQUIFER: A subsurfacezone, formed by the depositionof sedimentsby running
water, capable of yielding usable quantities of groundwaterto wells.

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

BACKGROUND RADIATION: Radiationdue to cosmic raysand radiationfrom the naturally
radioactive elements in the surface of earth.

BEDROCK: A rock formationusually underlyingone or more unconsolidatedformations.

BECQUEREL: The SI unit for activity. 1 becquerel (80.) ffi 1 disintegration/second ffi
2.703 X 10"11curies.

BETA PARTICLE: A chargedpanicle emitted from the nucleusof an atom, with a mass and
charge equal in magnitudeto thatof the electron.
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CHAIN-OF-CUSTODY FORM: A standardizedform used in tracing the possession and
handlingof individual samplesfrom the time of field coUectionthroughlaboratoryanalysis.

COlVlN_i-rlfD EFFECTIVE DOSE EQUIVALENT: The total dose equivalent averaged
throughouta tissue in the 50 years after intake of a radionuclideinto the body.

CONTAMINATION: A foreign substance in or on the surfaces of mils, structures, areas,
objects, or personnel.

COUNTING STATISTICS: Statistical analysis required to process the results of nuclear
counting experiments and to make predictionsabout the expectedprecision of quantities derived
from these measurements.

CURIE: A measure of the rate of radioactivedecay. One curie (Ci) is equal to 37 billion
disintegrationsper second (3.7 x 10l° dps), which is equal to the decay rate of one gram of
radium-226.

DAUGHTER: An element that results immediatelyfrom the disintegrationof a radioactive
element.

DECAY PRODUCTS: Isotopesthatare formedby the radioactivedecay of someother isotope.
In the case of radium-226, for example, there are 10 successive decay products, ending in the

stable isotope lead-206.

DERIVED CONCENTRATION GUIDE: Concentrationsof radionuclidesin waterandairthat

could be continuouslyconsumedor inhaledand not exceed an effective dose equivalentof 100
mrem/year.

DISCHARGE: In groundwaterhydrology, the rate of flow (usuallyfrom a well or spring) at
a given instant in terms of volume per unit of time.

DOSE: Total radiationdeliveredto a specific partof the body, or to the body as a whole; also
called dose equivalent.
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DOSE RATE: Dose or dose equivalent per unit of time (e.g., millirem per year) as it is being

delivered to the body.

DOSIMETER: A device used in measuring radiation dose, such as a lithium fluoride

thermoluminescent detector (TLD).

EFFECTIVE DOSE EQUIV--': The proportion of the stochastic risk resulting from

irradiation of a tissue to the total risk when the whole body is irradiated uniformly. A term used

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

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

factors. It is measured in rem (Roentgen Equivalent Man).

ERG: ] _.,RG - 2.8x l0 "14

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

move through the environment or an individual.

EXPOSURE RADIATION: The amount of ionization produced in air by X-rays or gamma

rays, measured in Roentgens (R).

GAMMA RADIATION: Penetrating high energy, short wave-length, electromagnetic radiation

(similar to X-rays) emitted during radioactive decay. Gamma rays are very penetrating and can

be attenuated only by dense materials such as lead.

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

GROSS BETA: Measurement of all beta-emitting radionuclides in a sample.

HAI_-LIFE: The time it takes for half the atoms of a quantity of a particular radioactive

element to decay into another form. Half-lives of different isotopes vary from millionths of a

second or less to billions of years.

HECTARE: A unit of area in the metric system equal to 10,000 square meters. It is

approximately 2.5 acres.
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HYDROLOGIC: Pertaining to study of the properties, distribution, and circulation of water

on the surface of the land, in the soil and underlying rocks, and in the atmosphere.

ISOTOPE: Nucfides having the same atomic number but different mass numbers.

Lid): Lower limit of detection.

MDA: Minimum detectable amount.

NATURAL URANIL_: A naturally occurring radioactive element that consists of 99.2830%

uranium-238, 0.7110% uranium-235 and 0.0054 % uranium-234 by weight.

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

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

by unsaturated material.

RAD: A unit of absorbed dose; acronym for radiation absorbed dose.

RADIATION: A very general term that covers many forms of particles and energy, from

sunlight and radiowaves to the energy that is released from inside an atom. Radiation can be

in the form of electromagnetic waves (gamma rays, X-rays) or particles (alpha particles, beta

particles, protons, neutrons).

RADIONUCLIDE: An unstable nuclide that undergoes radioactive decay.

RAFFINATE: A waste product from a refining process, i.e., that portion of a treated liquid

mixture that is not dissolved and not removed by a selective solvent.

(Roentgen Equivalent Man): A quantity used in radiation protection to express the

effective dose equivalent for all forms of ionizing radiation. A rein is the product of the

absorbed dose in rads and f_ctors related to relative biological effectiveness.

SI: International System of Un;ts.
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SIEVERT: The SI unit used to express the effective dose equivalent for all forms of ionizing
radiation. 1 $v ffi 100 rent

STOCHASTIC: "Stochastic" effects are those for which the probability of an effect occurring,

gather than its severity, is regarded as a function of dose, without a threshold.

WORKING LEVEL: Any combination of radon-222 decay products in 1 liter of air that will

result in the ultimate emission of 0.21 erg of alpha energy is defined as 1 WL. It is based on

the 0.21 erg of alpha energy that would be emitted by the decay products of 100 pCi of Ra-222

in 1 liter of air, where the decay products are in radioactive equilibrium with the parent.

WORKING LEVEL MONTH: The product of WL and duration of exposure, normalized to

a l-month exposure period.

X-RAY: Penetrating electromagnetic radiation having a wave length that is much shorter than

that of visible light. It is customary to refer to gays originating in the nucleus of an atom as

gamma rays and to those originating in the electron field of the atom as X-rays.
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12.2 Acronyms and Abbreviations

No abbreviations for common units of measure or chemical elements and compounds are

included in this list. Some less common units of measure, such pCi and _C/are included.

ACM asbestos-containing materials

AEC Atomic Energy Commission

AHERA Asbestos Hazard and Emergency Response Act

as low as reasonably achievable

ANL Argonne National Laboratory

ARAR applicable and/orrelevant and appropriate requirements

ASME American Society of Mechanical Engineers

BA Baseline Assessment for the Chemical Plant Area of the Weldon Spring
Site

BOD Biochemical Oxygen Demand

Bq becquerel
CAA CleanAirAct

CEDE Committed effective dose equivalent

CERCLA Comprehensive Environmental Response, Compensation, andLiability Act
Ci curie

CLP Contract Laboratory Program

CM&O Construction Management and Operations

COD chemical oxygen demand

CONOPS Conduct of Operations
CWA Clean Water Act

CX categorical exclusion
DCG Derived Concentratie.'..Guideline

DL/2 detection limit

DNT dinitrotoluene

DOE U.S. Department of Energy

DOT U.S. Department of Transportation

DQO data quality objectives
EA Environmental Assessment

EDAP Environmental Data Administration Plan
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EDE " effective dose equivalent
EWCA engineering evaluation/costanalysis
EIS EnvironmentalImpactStatement
EMP Environmental MonitoringPlan
EPA Environmental ProtectionAgency
EPA U.5. Environmental ProtectionAgency
EPPIP Environmental ProtectionProgramImplementationPlan
EQA Environmental Quality Assurance
EQAPjP Environmental QualityAssurance ProjectPlan
ES&H EnvironmentalSafety and Health
FRRC Federal Energy RegulatoryCommission
FFA Federal Facility Agreement
FHHS Francis Howell High School
FP Fire Protection

FS Feasibility Study for the Remedial Action at the ChemicalPlant Area of
the Weldon SpringSite

HAP hazardousair pollutants
ttMWM HazardousMaterialsWaste Management
HP Health Physics
HPO Missouri Departmentof NaturalResourcesHistoricalPreservationOfficer
HQ Headquarters
HSL HazardousSubstanceList

HVAC heating, ventilating,and air conditioning
IH IndustrialHygiene
IS IndustrialSafety
LDR Land Disposal Restrictions
LLD lower limit of detection

MACT Maximum Available ControlTechnology
MCL maximum contaminantlevel (Safe DrinkingWaterAct)
MDA minimum detectableactivity
MDC minimumdetectableconcentration

MDNR Missouri Departmentof NaturalResources
MDOC Missouri Departmentof Conservation
MHTC Missouri Highway TransportationCommission
MSA materialstaging area
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msl mean sea level

rosy millisieven

NAAQS national ambient air quality standards

NCP National Oil and Hazardous Substances Pollution Contingency Plan

NEPA National Environmental Poficy Act
NESHAPs National Emission Standards for Hazardous Air Pollutants

NHPA National Historic Preservation Act

NPDES National Pollutant Discharge Elimination System
NPL National Priorities List

PCB polychlorinated biphenyl

pCi picocurie

PCM phase contrast microscopy

PMC Project Management Contractor

PP Proposed Plan for Remedial Action and the Chemical Plant Area of the

Weldon Spring Site

ppm parts per million

PTI Project Training and Improvement

PVC polyvinyl chloride

QA/QC Quality Assurance/Quality Control

QA Quality Assurance

QAMS Quality Assurance Management Staff

QAPjP Quality Assurance Project Plan

QWTP quarry water treatment plant

RCRA Resource Conservation and Recovery Act

RI Remedial Investigation

RI/FS Remedial Investigation/Feasibility Study
ROD Record of Decision

SARA Superf_nd Amendments and Reauthorization Act

SDWA Safe Drinking Water Act
SI Saturation Indexes

SIC Standard Industrial Classification

SOP Standard Operating Procedures

SWATS Site Wide Audit Tracking System

SWTP site water treatment plant

TBP tributyl phosphate
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TC toxicity characteristic
TDS total dissolved solids

TI_ transmission electron microscopy
TLD thermoluminescent dosimeter

TNB trinitrobenzene

]2q'D dinitrotoluene

TNT trinitmtoluene

tpy tons per year

TSA temporary storage area
TSCA Toxic Substance Control Act

TSS total suspended solid
USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey

VOC volatile organic compounds

WITS Waste Inventory Tracking System

WLM Working Level Monitor
WPC Water Pollution Control

WSCP Weldon Spring Chemical Plant

WSQ Weldon Spring Quarry

WSRP Weldon Spring raft'matepits

WSSRAP Weldon Spring Site Remedial Action Project

WSUFMP Weldon Spring Uranium Feed Materials Plant
1 liter

mg milligram

mg/l milligrams per liter

/_Ci microcurie

_tg/l micrograms per liter
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APPENDIX A
AnnualAverages for Groundwater,Surface Water, and Springs, 1993

AppendixA is a presentationof the annualaverages, maximums,and minimumsfor all
1993 monitoringlocations for groundwater,surfacewater, and springs. All nondetectedvalues
are expressed as less than (<) the analtyical detection limit. Asterisk indicates where
unrepresentative data were excluded from the dataset prior to performing the summary
calculations. Criteria for removing these outliersare discussed in Sections 7.3.3 and 7.3.4.
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TABLE A-1 Anion Concentrations for Groundwater, 1993

, ',".", , '._ ............... _ .... i i ,_ i, i . , i ,i, , ,, , ,,, ,, ,, ,,, _ , ......

Bromidemg/l CMo_le mg/l Nitmte-N m_l ITmite-Nm_l Sulfte m_l

I iii i ii i1 i

I GW-IO02 <0.380 f_:) Nil) 414 19.0 15.2 21.6 014 4.05 1.80 6.60 0/6 <0.100 NO NO 4/4
73.2 81.8 8i.3 0/9

I
GW-IO04 1.18 NO 4.20 1/4 215 81.1 337 0/12

...... _

GW-IO05 <0.380 NO NO 4/4 25.2 19.3 32.5 0/4 <0.167 ND 0.120 5/6 <0.100 NO NO 4/4 187 129 193 0/9,

GW- 1006 0.400 0.160 0.640 0/2 430 385 474 0/2i

GW- 1007 <0.100 ND O.110 1/2 118 73.7 163 0/2
.. i i

GW- 1008 <0.100 NO ND 2/2 245 202 268 0/4

GW- 1009 <0.133 ND 0.100 2/3 245 217 263 0/3i

GW-IO10 <0.100 NO 0.170 2/3 3.28 NO 12.0 2/4....

GW-1011 <0.100 ND ND 3/3 30.7 27.1 34.0 0/4..
r

GW-1012 0.870 0.760 1.00 0/4 60.9 49.6 75.4 0/6

GW-1013 <0.380 NO NO 2/2 21.8 15.0 28.6 0/2 <0.100 ND 0.100 3/4 <0.100 ND NO 2/2 94.2 76.5 1OI 014, i,

GVV-1014 <0.337 NO NO 3/3 22.6 20.0 26.3 OI3 <0.100 ND O.130 314 <0.100 NO NO 3/3 99.8 g.0 103 0/4

GW-1015 0.355 ND 1.10 114 18 100 262 0/6

0.193 ND 0.500 1/4 149 77.9 215 0/6
GW-1016 I

Gt_. 1017 <0.350 ND 0.260 1/2 ....0.495i 0.380 0.640 0/2
im

GW-IOI8 <O.3-_- hiD ND 3/3 21.7 17.9 26.7 i 0/3 <0.100 ND 0.100 1/3 <0.100 NO NO 2/2 78.3 63.9 93.2 0/3

GW-1019 <0.380 NO NO 3/3 8.80 8.10 _9.90 0/3 <0.073 NO 0.100 2/3 <0.100 NO NO 2/2 1.39 0.340 3.40 0/3

GW-IO20 <0.300 ND 0.120 1/2. 39.6 11.2 82.1 0/3..

GW-1021 <0.315 NO ND 2/2 10.8 10.0 11.5 012 0.330 NO 0.610 1/2 <O.100 ND NO 2/2 0.835 0.370 1.30 0/2....

GW-1022 <0.337 NO ND 3/3 10.1 9.00 11.3 0/3 <0.100 ND 0.130 1/3 <0.100 ND NO 2/2 1.75 NO 5.00 2/3
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TABLE A-1 Anion Concentrations for Groundwater, 1993 (Continued)

i,i ii

B.x_'__n--_J c___ -_ N_ m0A _n_ Sue_n_.
L_ A_

H

GW- 1023 0.390 ND 0.680 I/2 5._ 5,80 6_ 0/2

GW-IO24 <0.100 NO O.140 1/2 9.87 !0_30 16.9 0/2

GW-1026 <0.100 ND NO 4/4 0.790 0.700 0.9(X) 0/8

GW-lO27 0.317 0.120 0.500 0/3 99.7 79.2 113 0/7

GW-lO28 <0.380 NO NO 2/2 6.95 8.80 9.10 0/2 0.293 0.110 0.620 0/3 <0.100 ND NO 2/2 63.8 61J (IA_.7 0/3

GW-1029 <0.133 NO NO 3/3 65.5 34J 73.0 0/7

GW- 1030 0.413 0.220 0.530 0/3 112 70.0 146 0/9

GW-1031 0.148 ND 0.370 214 31.9 28.0 36.0 0/4
r

GW-IO32 <0.380 ND ND 2/2 38.9 38.1 39.6 0/2 <0.133 NO 0.210 2/3 <0.100 NO NO 2/2 215 139 2!54 0/3

GW-lO33 <0.380 ND NO 2/2 6.60 5.70 7.50 0/2 <0.100 NO NO 2/2 <0.100 ND NO 2/2 11.4 9JIO 12.9 0/2

GW- 1034 < 0.380 NO NO 4/4 18.1 17.4 19.0 0/4 1.44 0.160 2.70 0/4 <O. 100 NID ND 4/4 76.3 44.1 99.3 0/5

GW-1035 <0.100 NO O.160 2/3 33.4 28.0 38.6 0/4

GW-1036 0.186 NO 0.310 2/5 61.O 55.5 70.3 O/S

GW- 1037 0.166 NO 0.340 2/5 42.1 14.2 72.1 O/S

GW-lO36 O.136 NO 0.260 2/5 4S.2 2.89 62J OrE

GW- 1039 0.138 NO 0.220 1/S 48.0 37.7 56.6 OFS,.

GW2001 < 2.26 NO ND 2/2 6.30 6.10 6.50 0/2 53.9 29.2 97.0 0/3 <0.100i NO NO 272 9.63 9.00 9.90 0/4i

GW-2002 <3.94 NO NO 2/2 9.20 8.00 10.4 0/2 235 148 308 0/4 <0.100 NO NO 2/2 116 89.5 139 0/4

GW-2003 <5.65 NO NO 272 10.8 10.5 11.1 0/2 481 271 785 014 <0.100 NO NO 2/2 127 100 144 0/4
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TABLE A-1 Anion Concentrations for Groundwater, 1993 (Continued)

,, ' ,, ,,, l, ,, LJ ,i ,, II ,,, q , i , ,, , , ,r , J |, ,, , ,,, ,

bomide mg/I CMom_ide_ Nilhrm_N _ _e-N _ Sulfate mWl

mill I [I mill n I r Ill I rI i II I I I Ill in III I' I llll nllll Im m I ill

GW-2004 <0.380 ND NO 4/4 2.00 1.70 2.30 0/4 0.750 0.570 0.890 014 <0.100 ND ND 4/4 1.78 1.70 2.00 O14
,

GW-2005 <3.00 ND ND 4/4 3.50 2.90 4.00 0/4 59.6 33.4 71.8 014 <0.088 ND ND 4/4 20.2 14.6 23.1 0/4

GW-2006 <0.473 NO 0.870 3/4 334 323 350 0/4 5.83 5.20 6.70 0/4 <0.089 ND NO 414 43.5 34.5 70.0 0/4

GW-2007 <0.380 NO NO 4/4 1.48 1.10 1.80 0/4 0.096 NO 0.260 3/4 <0.088 NO NO 4/4 15.1 14.8 15.5 O/4j
'L

GW-2008 <0.380 NO NO 414 131 123 140 0/4 2.58 1.70 3.60 0/4 <0.088 NO ND 4/4 38.5 38.0 40.5 0/4
,

GVV-2009 <0.380 NO 0.440 3/4 17.3 15.4 18.7 0/4 0.958 0.290 1.90 0/4 <0.138 NO NO 4/4 110 102 121 0/4

GW-2010 <0.380 ND NO 4/4 55.2 49.0 59.3 0/4 1.13 0.930 1.50 0/4 <0.088 It) ND 4/4 35.4 27.8 41.0 0/4

GW-2011 <0.380 NO NO 4/4 3.95 3.70 4.20 0/4 5.18 5.10 5.30 0/4 <0.100 NO NO 4/4 13.1 12.6 13.5 0/4
I

GW-2012 <0.380 NO NO 4/4 32.4 22.2 48.3 0/4 0.628 0.530 0.750 0/4 <0.078 NO NO 4/4 65.2 63.4 66.3 0/4

GW-2013 < O.360 NO NO 4/4 3.18 2.50 4.10 0/4 0.503 0.350 1.00 0/4 <0.078 NO NO 4/4 9.50 7.50 13.0 0/4

GW-2014 0.438 ND 0.560 114 25.9 23.3 29.0 0/4 1.83 1.20 2.90 0/4 <0.078 NO NO 4/4 33.6 32.5 35.6 0/4

GW-2015 <0.380 ND NO 4/4 1.93 1.20 2.80 014 0.488 0.200 1.20 0/4 <0.100 NO NO 4/4 103 86.4 119 0/4
r

GW-2017 <O.$-/m- ND ND 4/4 16.9 15.4 17.7 0/4 0.193 ND 0.380 2/4 <0.078 NO NO 4/4 788 671 846 0/4 ), )

GW-2018 <0.380 NO ND 4/4 7.65 7.20 8.10 014 0.610 0.390 0.950 014 <0.078 NO NO 4/4 9.85 9.20 10.7 0/4
,

GW-2019 < 0.380 NO ND 4/4 1.93 1.40 2.40 0/4 0.295 NO 0.780 2/4 < O. 100 NO NO 4/4 28.6 16.6 36.9 0/4
i , ,

GW-2020 0.457 0.420 0.480 0/3 20.4 19.2 22.1 0/3 0.773 0.670 0.850 0/3 <0.100 NO NO 3/3 126 122 128 0/3

GW-2021 <0.3t_0 NO ND 4/4 1.55 0.880 1.90 0/4 0.193 ND 0.440 2/4 <0.100 ND NO 4/4 13.6 12.5 16.1 0/4

GW-2022 <0.380 ND NO 414 1.64 0.870 2.20 014 <0.100 NO NO 4/4 <0.100 NO NO 4/4 14.1 14.0 14.2 0/4

GW-2023 <0.3A-A._a NO NO 4/4 1.29 0.970 1.60 014 0.100 NO 0.290 314 <0.078 NO NO 4/4 14.3 13.4 14.9 0/4
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TABLE A-1 Anion Concentrations for Groundwater, 1993 (Continuedl

_,_,,_,.:-__-__;-,-,_II C_I'_':-_---:'."___n_ Nitmte-N mg/I Nitrite-Nnqk4 Sulfate

mmmmmm m_m_mm

GW-2024 <0.2A.) ND NO 414 2.13 1.70 2.60 014 0.085 ND 0°)30 314 <0.078 Nil) NO 4/4 29.7 28.1 30.7 0/4

GW-2025 <0.380 NO ND 4/4 1.78 1.40 2.50 0/4 <0.088 NO 0.120 3/4 <0.088 NO NO 4/4 15.2 18.9 IU 0/4

GW-2026 <0.3A-_a NO NO "-,*4 2,08 1.50 2.60 014 <0.080 NO 0.100 2/4 <0.078 NO NO 4/4 16.7 1§.0 20.1 0/4

GW-2027 <0.3'_-.S° NO NO 4/4 1.63 1.20 2.00 014 0.158 ND 0.310 114 <0.078 NO NO 4/4 11.2 10.4 120 0/4

GW-2028 <0.380 NO NO 4!4 2.35 1.70 3.10 0/4 0.130 NO 0.400 2/4 <0.078 NO NO 4/4 127 121 133 0/4

GW-2029 <0.380 NO NO 4/4 1.68 1.40 1.90 0/4 <0.188 NO NO 4/4 <0.188 NO NO 4/4 22.1 19.4 20.8 0/4

GW-2030 <0.348 ND 0.380 3/4 30.1 26.3 33.8 0/4 1,21 0.890 1.70 0/4 <0.100 NO NO 4/4 47.4 46,1 411.4 0/4

GW2032 <2.94 NO NO 4/4 18.8 17.3 20.9 0/4 85.4 61.4 112 0/4 <0.078 NO NO 4/4 53.8 62.6 64.9 0/4

GW-2033 <0.3-._._ ND 0.480 2/4 5.43 3.60 8.60 014 0.858 0.460 1.50 0/4 <0.100 NO NO 4/4 21.2 17.2 29.8 0/4

G.t.'Y.2034 <O.__J__ NO NO 4/4 18.8 17.6 19.8 0/4 2.15 0.800 3.50 0/4 <0.080 NO NO 4/4 623 447 694 0/4

GW-2035 <0.380 ND ND 111 1.90 1.90 --- 0/1 0.756 0.300 1.70 0/5 <0.100 NO NO 1/1 2.10 2.00 2.20 0/6

GW-2036 <0.380 NO NO 111 1.70 1.70 -- 0/1 3.74 2.70 5.30 0/5 <O.100 NO NO 111 4.40 4.30 4.60 0/5

GW-2037 < 18.80 ND NO 1I1 47.0 47.0 --- OI1 419 274 560 0/5 0.530 0.530 -- 0/1 154 154 169 O_

GW-2038 < 18.80 ND ND 1I1 39.6 39.6 -- 011 1392 1250 1670 0/5 0.170 O.170 -- O/1 88.2 77.9 94.2 G/5

GW-2039 < 3.80 ND ND 111 31.8 31.8 -- 011 65.1 37.1 96.6 0/5 <0.100 NO NO 111 41.9 37.7 48.4 0/5

GW-2040 <7.50 NO NO 111 4.90 4.90 --- 011 290 215 407 0/5 <0.100 NO NO 1/1 1S,5 12,6 21,7 0/5

GW-2041 <18.80 ND NO 111 19.7 19.7 -- 0/1 1642 746 3530 0/5 0.620 0.620 -- O/1 113 87.4 141 0,46

GW-2042 <0.380 NO ND 111 6.70 6.70 -- 0/I 8.74 7.40 12.1 0/5 <0.100 NO NO 1/1 23.5 22.4 24,2 0/5

GW-2043 <0.3.0 ND NO 111 6.30 6.30 -- 0/1 5.64 4.50 7.40 0/5 <O.100 NO NO 111 16.1 14.1 20.1 0/5

m:_users_olmne_iase_33_Igw93ione A-4
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TABLE A-1 Anion Concentrations for Groundwater, 1993 (Continued)

,ll i ill ii. i . . i i

_rorr,k_msJm Cm,m,_ide_ Nim,**-W_ Wm,,i,e-X_ S,_mN
ii I_ i • l ii i n FlII II l I m

Mm laB(
IN I I mill

GW-__'_J_3 <3.15 NO NO 2/2 11.8 11.0 12.5 0/2 346 286 406 0/2 <O.100 NO NO 2'2 188 186 189 0/2• , ,

GW-3OO6 <0.380 NO NO 2/2 2.00 1.80 2.20 0/2 O.165 NO 0.280 1/2 <0.100 NO NO 2/2 38.7 21.0 56.3 0/2
]

GW-3008 <28.2 NO NO 2/2 19.6 18.0 21.1 0/2 785 750 819 0/2 <0.100 NO NO 2/2 86.0 84.0 87.9 0/2
,, i

GW-__'_3og_ <5.65 NO NO 2/2 7.55 5.20 9.90 0/2 318 145 491 0/2 O._S 0_00_O O_ 6_J I _6 _.0 082

GW-3019 <1.233 ND ND 4/4 1.01 NO 1.30 1/4 0.155 NO 0.270 2/4 <O.100 NO NO 414 6.6,1" 6J_0 7.00 0/3

GVV-3023 <1.985 NO NO 4/4 14.6 13.O 15.2 0/4 258 197 288 0/4 0.748 O.880 0J00 0/4 312 300 318 0/4, ,,

GW-4001 <5.65 NO NO 2/2 4.75 4.70 4.80 0/2 36.1 34.2 37.9 0/2 <0.1..00 NO ND 2/2 62.1 61.2 82.9 0/2i

GW-4002 <0.380 NO NO 2/2 3.00 3.00 -- 0/2 4.60 1.40 7.79 0/2 <O.100 NO NO 2/2 23.2 21.1 28.3 0/2

G_w-._J_ <0._ NO .NO 2_2 6_O 6.20 _ O/21 O.7_ 0.710 0.860 0/2 <0.100 NO NO ' 2/2 32.3 31.3 33.2 0/2

GW .--*O04-- <0.$80 NO NO 2/2 3.90 3.80 4.00 0/2 1.10 1.10 _ 0/2 <0.100 II) NO 2/2 21.S 21.3 22.S 0/2

GW,-.___J05__<0._--80 Nil) ND 2/2 7.20 7.00 7.40 0/2 2.00 1.40 2.60 0/2 <O.100 NO NO 212 19.1 13.1 20.0 0/2
i

GW,.-aO06_ <0.__mr3 NO NO 2/2 2.70 2.60 2.80 0/2 6.O5 5.30 6.a0 0/2 <0.100 NO NO 2/2 26.4 2tL7 27.1 0/2
i

G,_, "-_907 <0.3_a0 NO ND 2/2 1.10 1.10 -- 0/2 0.110 kiD O.170 1/2 <O.100', NO NO 2/2 12.0 11.S 12.4 0/2

i <O.1OO
G_',,_ <0.3-roD- NO NO 2/2 2.O5 1.40 2.70 0/2 <0.100 NO O.150 1/2 NO NO 212 14.1 13.9 14.3 0/2

"-,.009 <O.__'__0 ND NO 232 1.70 1.40 2.00 0/2 0.110 NO 0.170 I/2 <0.100 liD lid 2/2 16.3 16.O 16.6 0/2..L

GW "_,,910 <0.3-J30 NO NO 2/2 1.95 1.90 2.00 0/2 0.2_ 0.1 IO 0.460 0/2. <O.100 liD NO 2/2 22_.7 22.4 i 22.9 0/2

GV_._O11 <5.65 NO NO 2/2 6.65 8.50 6_Jt_j_ 0/2 55,8 55.5 58.1 0/2 <O.100 NO NO 2/2 62.7 62.5 62.J O12

GW-.aJ012 <0.3_J__ NO NO 2/2 2.35 _____ 2.50 0/2 O__:_:_:_:_:_:_:_:_:__SNO 0.540 1/2 <0.100 NO ND 44.4 44.7 48.1 0/2 •

o
Gt_.._013 <3.80 NO NO 2/2 8.55 6.30 6.-w3 0/2 63.4" 63.4 -- O/1 < .100 NO NO 2/2 42.6 40.5 44.7 0/2 I

m:_o_m_s',u_= A-5
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TABLE A-1 Anion Concentrations for Groundwater, 1993 (Contk'._l)

!
.......... I _r,-_ prmmt,,-Nme.'o Xmke-.NmM s.o_m,,,oa

L"'-';_ Avo _ ..u,,., P_"]'___ Avo _ Man( Raidm Av6 Min _ _ Avid IWm _ _ Xvg _ _
r

GW_014 <0.3-rod NO NO 2/2 5.45 5.10 5.80 0/2 4.85 4.40 5.30 0/2 <O.1OO] NO NO 2/2 20.9 26.1 27.6 0/2

GW_O15 <O.__JJO NO Nil) 2/2 4.70 3.80 5.60 0/2 2.35 1.60 3.10 0/2 <0.100 NO NO 2/2 14.4 9.50 19.2 0/2

GW-4016 <0.380 NO NO 2/2 1.95 1.60 2.30 0/2 <0.250" NO NO 1/1 <50.1 NO NO 2/2 13.7 13.2 14.2 0/2

G_N-4017 <0.3_m__ NO NO 2/2 2.30 2.30 -- 0/2 0.450 0.430 0.470 0/2 <0.100 NO NO 2./2 7.20 6.70 7.70 0/2

GW-4016 <0.380 NO NO 2/2 16.5 14.6 18.4 0/2 3.50 2.70 4.30 0/2 <0.100 NO NO 2/2 7.16 7.00 7.30 0/2

GW-4019 <0.380 ND NO 2/2 1.55 1.50 1.80 0/2 0.253 0.146 0.360 0/2 <0.100 NO NO 2/2 8.10 8.09 8.10 0/2

GW-4020 <0.380 NO NO 2/2 17.8 14.3 21.3 0/2 0.305 NO 0.360 1/2 <0.100 NO NO 2/2 1319 138 tU 0/2

GW-4021 <0.380" NO NO 1/1 2.10" 2.10 --- 011 0.250" 0.250 -- 0/1 <0.100 NO NO 1/1 268* 258 -- 0/1
e

GW-4022 <0.348 ND NO 4/4 5.88 4.90 6.90 0/4 0.366 0.1 IO 0.560 0/5 <0.073 NO NO 3/3 33.4 28.5 36.1 0/4

GW-4023 <0.380 NO NO 2/2 12.9 12.7 13.0 0/2 4.85 4.30 5.40 0/2 <0.100 NO NO 2*2 71.0 70.3 71.7 0/2

GW-FINW <0.060 ND ND 2/2 61.4 49.0 73.8 0/2

GW-F_K)2 <0.380 NO NO 3/3 16.7 13.5 18.5 0/3 <0.065 NO NO 4/4 <0.073 NO NO 3/3 62.5 49.4 75.9 0/4

GW-PW03 <0.270 NO NO 2/2 70.0 59.8 80.2 0/2

GW-PW04 <0.100 NO NO 111 811.7 88.7 -- 0/1

GW-_ <0.070 NO NO 2/2 61.7 49.1 74.3 0/2

GW-PVV06 < 0.100 NO NO 111 93.6 93.6 -- 011

GW-PW07 <0.100 NO NO 111 72.8 72,8 -- O/1

GW-PWO8 <0.100 Nil) NO 111 46.4 46.4 -- 011

GW-PW09 <0._ NO NO 3/3 6.37 5.30 7.50 0/3 <0.065 NO 0.075 3/4 <0.073 NO NO 3/3 38.9 37.5 40.7 0/4

m:_uw_,qomm_,,erSS_.gwSSio-* A-6
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TABLE A-2 Alkalinity, Phosphorous, and SilicaConcentrationsfor Groundwater, 1993

-.-.------------------Alkalinitytoga _______. _ ..___..__.Ph°sph°r°ustoga _ ._------- ---------"--'-----'$6_c°'Dioeolvodtoga
Av9 Mtn Mint Itmto

GW- 1002 114 12.8 5.30 23.8 014

GW- 1004 288 220 450 0112

GW- 1005 245 215 280 0/9 0.048 ND O.110 114 14.2 9.00 21.9 0/4

GW- 1006 420 410 4_-n 0/2

GW- 1007 593 580 625 0/2

GW- 1008 380 370 400 014

GW- 1009 423 410 430 0/3

GW-1010 388 330 412 0/4

GW- 1011 264 210 380 014

GW-1012 506 A._aO_ 530 016

GW-1013 388 350 420 014 0.080 0.050 O.110 0/2 18.3 12.8 23.8 0/2

GW-1014 413 360 460 OI4 0.057 0.050 0.060 013 24.9 23.7 25.7 0/3

GW- 1015 379 355 .-aO0- 016

G;_.- 1016 365 350 390 016

GW- 1017 675 650 700 0/2

GW- 1018 480 420 500 0/3 0.747 0.410 1.40 013 23.9 19.9 28.7 0/3rll

GW-1019 457 "_J __eO 0/3 0.490 0.070 0.880 0/3 18.3 12.2 21.3 0/3

GW-1020 423 350 460 0/3

GW-1021 465 __ 490 0/2 0.965 0.930 1.00 0/2 24.4 16.0 32.8 0/2

m:_ueem_io=.ne_medl3_d) 3mi.© A-8
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TABLE A-2 Alkalinity. Phosphorous, and Silica Concentrations for Groundwater, 1993 (Continued)

AlkdiniW mg_l phoq)hc,rous mg/I Silica, Dissolved motl

Location Avg Min Mox Ratio Avg Min Max Ratio Avg Min Max Ratio

GW- 1022 440 410 480 0/3 0.687 O.170 1.10 013 24.6 8.40 39.6 0/3

GW- 1023 455 440 470 0/2

GW- 1024 375 330 420 0/2

GW- 1026 387 380 400 0/6

GW- 1027 420 350 470 0/7

GW- 1028 413 400 430 0/3 O.080 0.080 -- O!2 22.4 20.0 24.7 012

GW-lO29 381 370 390 0/7

GW- 1030 464 420 550 0/9

GW- 1031 355 350 360 OI4

GW-1032 337 320 350 0/3 0.050 0.040 0.060 012 15.8 13.7 17.9 C 2

GW- 1033 453 445 460 012 1.02 O.930 1.10 012 10.3 8.30 12.3 0/2

GW-1034 454 420 500 0/5 0.094 0.060 0.140 014 23.1 18.2 27.2 0/4

GW- 1035 226 220 260 014

GW- 1036 580 510 700 0/5

GW-1037 584 500 660 0/5

GW- 1038 476 460 500 0/5

GW- 1039 552 540 550 0/5

GW-2001 328 320 340 014 0.038 NO 0.050 112 8.80 8.40 9.20 0/2

GW-2002 313 280 330 0/4 0.038 NO 0.050 112 13.7 12.8 14.6 0/2

A-9
m:_usem_oanne_mer93_gw93mioc
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TABLE A-2 Alkalinity, Phosphorous, and Silica Concentrations for Groundwater, 1993 (Continued)

i. u ii i i

A__u,__nitymoJ Plm_Korou. moll Silica, Di_oh,_
i

Min IVllx Rlllo

GW-2003 27S 260 280 0/4 0.055 0.060 0.060 0/2 11.8 11.4 12.1 0/2

GW-2004 350 340 360 0/4 0.088 0.040 0.160 0/4 11.4 10.2 13.§ 0/4

GW-2005 279 270 290 014 0.069 NO 0.130 114 7.53 4.10 12.5 0/4

GW-2006 311 310 315 0/4 0.129 ND 0.240 1/4 9.03 5.70 12.0 0/4

OW-2007 320 310 340 0/4 0.061 NO 0.120 1/4 7.98 2.50 14.5 0/4

GW-2008 305 290 320 0/4 0.269 NO 0.980 114 13.7 10.2 20.1 0/4

OW-2009 420" 390 440 0/3 0.083 0.050 0.160 0/4 10.1 5.60 13.9 0/4

GW-2010 335 270 360 0/4 0.055 0.030 O.1O0 0/4 11.7 8.80 13.4 0/4

GW-20 11 275 260 280 0/4 0.051 NO O.1O0 1/4 8.18 5.90 9.70 0/4

0VV-2012 360 350 370 0/4 0.215 0.060 0.400 0/4 18.3 10.2 23.9 0/4

GW-2013 513 490 550 0/4 0.135 0.060 0.310 0/4 17.3 9.40 22.5 0/4

GW-2014 496 475 510 0/4 0.068 0.040 0.120 0/4 14.1 10.2 22.5 0/4

GW-20 15 433 420 440 0/4 0.051 NO 0.110 1/4 9.63 7.90 12.2 0/4

GW-2017 383 375 390 0/4 0.082 0.057 O.130 0/4 12.6 8.10 20.8 0/4

GW-2018 425 410 440 0/4 0.051 ND O.110 1/4 10.2 5.90 13.6 0/4

GW-2019 378 370 390 0/4 0.140 0.090 0.210 0/4 8.78 6.10 12.1 0/4

GW-2020 402 400 405 0/3 0.106 0.029 0.180 0/3 15.7 14.7 17.2 0/3

GW-2021 380 370 390 0/4 0.135 0.050 0.240 0/4 9.63 6.80 11.9 0/4

GW-2022 333 330 340 0/4 0.070 0.029 0.100 0/4 9.23 8.60 10.0 0/4

m:_ulers_joanneXlloer93Xgw93mioc J_- | 0
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TABLE A-2 Alkalinity, Phosphorous, and Silica Concentrations for Groundwater, 1993 (Continued)

Location Av9 Min IVlmx R_mtio Avg IV_n _ Ratio Avg Min Man( Ramtio

GW-2023 227" 220 240 0/3 0.133 0.080 0.190 0/4 11.9 7.90 20.1 0/4

GW-2024 310 300 320 0/4 0.090 ND 0.210 114 8.47" 7.20 9.90 0/3

GW-2025 275" 270 280 0/2 0.071 NO 0.160 114 9.93 9.10 11.3 0/4

GW-2026 308 290 340 0/4 0.063 ND 0.120 1/4 8.2S 6.00 9.60 0/4

GW-2027 256 250 260 0/4 0.055 NO O. 100 114 8.68 7.60 10.5 0/4

GW-2028 465 460 480 0/4 0.110 0.060 0.250 0/4 7.98 4.60 9.50 0/4

GW-2029 333 330 340 0/4 0.095 0.060 0.190 0/4 10.9 5.90 13.8 0/4

GW-2030 450 440 460 0/4 0.100 0.030 0.170 0/4 11.9 8.80 14.4 0/4

GW-2032 420 400 450 0/4 0.173 ND 0.460 1/4 10.7 4.90 12.9 0/4

GW-2033 485 44)0 550 0/4 0.090 0.047 O. 130 0/4 17.2 14.6 20.7 0/4

GW-2034 430 410 450 0/4 0.135 0.OrjO 0.310 0/4 12.0 9.10 16.0 0/4

GW-203G 154 32.0 190 0/5 0.1 20 0.1 20 -- 011 8.50 8.50 -- 011

GW-2036 308 300 320 O/S 0.110 O.110 -- 011 9.90 9.90 -- 011

GW-2037 254 240 270 0/15 0.070 0.070 -- 011 12.5 12.S -- Oil

GW-2039 206 190 220 0/5 0.080 0.080 -- OI1 10.5 10.S -- 011

GW-2039 382 350 410 0/_ O. 130 O. 130 _ 011 1S.9 15.9 --- 011

GW-2040 299 250 350 0/5 < O.OSO ND ND 1 !1 11.6 11.6 -- 011

GW-2041 332 320 340 O/S 0.080 0.080 _ 011 10.6 10.6 _ 011

GW-2042 483 470 500 0J_ < 0-0r'jo ND NO 1 I1 11.0 11.0 _ 011

A-II
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051994

TABLE A-2 Alkalinity, Phosphorous, and Silica Concentrations for Groundwater, 1993 (Continued)

i

_,iW m_ Ptmpho,o_,m_ Si_, DmmWedm_
B

Loc_-tion Avg _ _ Ratio Avg Min Max ! Ratio Avg
Nrm Max Rio

GW-2043 405 390 420 0/5 <0.050 ND ND 1I1 9.30 9.30 -- 011

GW-3003 316 310 3:22 0/2 0.043 NO 0.060 1/2 7.9§ 9.40 9.30 0/2

GW-3006 430 390 470 0/2 0.040 NO 0.070 1/2 10.9 10.1 11.7 0/2

GW-3008 188 185 190 0/2 0.055 0.020 0.090 0/2 13.3 13.1 13.5 0/2

GW-3009 175 160 190 0/2 0.O55 0.030 0.080 0/2 12.3 8.60 17.9 0/2

GW-3019 265 250 290 014 0.113 0.073 0.150 0/4 10.8 9.10 12.4 0/4

GW-3023 278 275 280 014 0.080 0.020 O.110 0/4 9.18 4.50 11.4 0/4

GW-4001 203 200 205 0/2 < 0.03 5 NO NO 2/2 10.2 8.CO 11.7 0/2

GW-4002 210 190 230 012 < 0.035 NO 0.040 1/2 6.20 5.00 7.40 0/2

GW-4003 270 260 280 0/2 0.078 ND O.130 1/2 8.50 7.40 9.1K) 0/2

GW-4004 185 180 190 012 0.121 0.102 0.140 0/2 9.55 9.40 9.70 0/2

GW-4005 220 210 230 0/2 0.O95 0.O90 O.100 0/2 10.3 6.60 13.9 0/2

GW-4006 175 170 180 0/2 <0.035 ND 0.030 1/2 8.75 7.70 9.80 0/2

GW-4007 208 205 210 0/2 0.215 0.100 0.330 0/2 9.40 8.80 10.0 0/2

GW-4008 220 220 -- 0/2 0.054 0.048 0.060 0/2 8.45 8.40 8.50 0/2

GW-4009 250 250 -- 0/2 0.069 0.058 0.080 012 9.25 7.70 10.8 0/2

GW-4010 305 300 310 0/2 0.072 0.070 0.074 0/2 10.5 10.0 10.9 0/2

GW-40 11 275 270 280 0/2 0.250 0.180 0.320 0/2 9.75 7.90 11.6 0/2i

GW-4012 368 305 430 0/2 0.085 0.060 0.110 0/2 9.75 7.10 12.4 0/2

m:kulm_t_oe_ku_3_3miec A- 12
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TABLF A-2 Alkalinity, Phosphorous, and Silica Concentrations for Groundwater, 1993 (Continued)

Alkdinity mg/l Phosphc,rou. rngA Silk:.,. OiNdved mg/l

Location Avg Min Max Relio Avg Min Max Ratio Avg Min Max . Ratio

GW-4013 315 310 320 0/2 0.145 0.120 0.170 0/2 11.1 10.9 11.3 0/2

GW-4014 285 285 _ OI1 0.155 0.090 0.220 0/2 9.90 9.40 10.2 0/2

GW- 4015 245 240 250 012 0.095 0.050 O. 140 0/2 7.50 4.00 11.0 0/2

GW-4016 230 220 240 012 O. 125 0.080 O. 170 0/2 9.50 9.00 10.O 012

GW-4017 330 330 -- 011 0.115 0.100 0.130 0/2 10.9 10.5 11.2 0/2

GW-4018 425 400 450 0/2 0.071 0.031 0.110 012 8.95 8.80 9.10 0/2

GW-4019 280 280 --- 012 <0.035 NO 0.044 1/2 9.05 7.70 10.4 0/2

GW-4020 395 390 400 012 0.100 0.O60 O.140 012 6.95 4.90 8.80 0/2

GW-4021 530" 530 -- 011 <0.O50" NO ND 111 10.9" 10.9 -- 011

GW-4022 288 270 300 0/4 0.265 0.120 0.520 OI4 9.95 7.90 12.7 014

GW-4023 405 400 410 012 <0.O35 ND 0.034 1/2 11.6 9.60 14.6 0/2

GW-FINW 99.5 99.O 1O0 0/2

GW-PW02 223 160 330 0/4 0.333 0.290 0.380 0/3 12.1 7.40 17.8 0/3

GW-PWO3 172 150 194 OI2

GW-PWO4 165 165 -- 011

GW-PW05 254 210 298 0/2

GW-P_06 160 160 _ 011

GW4qN07 310 310 -- OI1

GW-PVVO8 340 340 -- 011

A-13
m:_users_)anne_mer93_Rr93miec
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TABLE A-2 Alkalinity, Phosphorous, and Silica Concentrations for Groundwater, 1993 (Continued)

Locmtion Avg Min Max Ratio Avg Min Max Rattio Avg Min Max .. Raio

GW-PW09 336 328 350 0/4 0.340 0.300 0.400 0/3 18.7" 8.30 29.1 0/2

GW=RAW';,t 246 230 262 0/2

GW-RI_;'I 335 230 :A-O 0/2 0.290 0.170 0.410 0/2 22.4 20.2 24,6 0/2

GW-R._....-;,'2 390 380 400 0/2 0.280 0.250 0.310 0/2 16.9 10.8 23.0 0/2

GW-R",,,';,'3 495 __w3 510 0/2

GW-RMW4 370 350 390 0/2



TABLE A-3 Geochemical Concentrations for Groundwater, 1993

i ,m' ,,, , , ,, i , ,, ., , , ,,

Aluminum/JIJ Antimony _ Amenic _ Bamium/_4

i i i iiii i II ii IL II I I III ] i iii ii II i

GW- 1002 < 41.0 ND 47.6 2/4 < 35.7 NO NO 313 < 3.33 NO NO 6/6 124 NO 146 1/6
,, ,. ,, , • ,

GW-IOO4 <4.67 ND NO 3/3 <70.0 NO 38.0 1/3
. . ,, . , , , ,.

GW- 1005 67.0 ND 154 1/4 < 35.7 ND NO 3/3 < 3.33 ND NO 6/6 69.9 NO 69.7 1/6

GW- 1006 <2.00 ND ND 2/2 111.5 I11.5 -- 0/2

GW- 1007 8.00 ND 15.0 1/2 298 232 363 0/2

GW-IOO8 <2.00 NO NO 2/2 143 41.6 244 0/2

GW-1009 2.57 2.00 3.60 0/3 315 2811 335 0/3
, . , ,! a i i

GW- 1010 108 102 112 0/3 512 452 545 0/3

GW-1011 <2.00 NO 4.00 2/3 120 81.0 170 0/3

GW- 1012 < 2.O0 NO NO 4/4 169 126 286 0/4
. , ., ,, ., .,

GW-1013 <45.5 NO NO 2/2 <47.0 NO NO 111 2.48 2.10 2.90 0/4 161 147 190 0/4

GW-lO14 < 50.O ND NO 3/3 < 43.5 NO NO 2/2 < 2.00 ND 2.80 3/5 174 121 335 0/5
, , , , i i

GW-1015 <2.00 NO NO 3/3 79.5 75.0 82.4 0/3

GW-1016 <2.00 ND NO 3/3 109 94.2 132 0/3

GW-I017 171 161 180 0/2 1030 979 1080 0/2

GW- 1018 < 45.7 NO NO 3/3 < 30.0 ND NO 2/2 76.4 45.2 103 0/3 578 389 672 0/3

GW-lO19 <57.0 NO ND 3/3 <43.0 ND NO 2/2 65.5 48.9 79.8 0/3 769 671 847 0/3. Ii

GW- 1020 32.9 24.5 41.3 0/2 434 430 438 0/2

GW-1021 <61.5 NO NO 2/2 <40.0 ND ND 111 79.0 76.5 81.5 0/2 742 721 762 0/2
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Con_ed)

.Ak_,,;_,,,-;; ;---" Antmmny ._,_ Amemc _ Barium

Loca_on _m

GW- 1022 <45.7 ND ND 3/3 <30.0 ND ND 2/2 104 14.2 _ 171 (1/3 435 259 610 0/3

GW- 1023 70.7 66.6 74.5 0/2 338 338 _ 0/2

GW-1024 4.35 2.80 5.90 0/2 458 410 506 0/2

GW-1026 23.0 20.2 24.3 0/4 411 400 420 0/4

GW- IO27 < 2.00 ND Nil) 3/3 90.6 81.6 101 0/3

GW- 1028 < 61.5 NO NO 2/2 < 40.0 NO NO 1I1 < 2.00 NO 2.20 1/3 255 242 282 0/3

GW- 1029 <2.00 NO Nil) 3/3 118 110 134 0/3

GW-1030 <2.00 ND ND 3/3 133 110 169 0/3

GW-lO31 <2.00 ND NO 4/4 106 103 110 0/4

GW- 1032 <61.5 ND ND 2/2 <40.0 ND ND 1/1 <2.00 NO NO 3/3 91.6 88.6 94.8 0/3

GW-1033 <61.5 NO NO 2/2 <40.0 NO NO 111 <2.00 ND 2.90 1/2 458 423 488 0/2

GW 1034 <49.5 NO 35.9 314 <44.3 NO NO 3/3 <2.00 NO NO 4/4 144 138 158 0/4

GW- 1035 < 2.00 ND NO 1/1 193 193 -- O/1
i

G.t_. 1036 < 2.00 NO ND 1I1 249 249 --- 0/1

GW- IO37 2.79 2.79 -- 0/1 686 688 -- 0/1

GW- 1038 < 2.00 NO NO 111 282 282 -- O/1

GW-lO39 < 2.00 NO NO 1/1 468 458 -- 0/1

GW-2001 < 45.5 ND NO 2/2 < 52.0 ND NO 2/2 < 2.00 NO ND 2/2 241 240 242 0/2

GW-2002 60.3 ND 88.6 1/2 < 52.0 NO ND 2/2 < 2.00 NO ND 2/2 169 143 194 0/2



I
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

,11 ii ii , ,, ii ,

i , _ , , , i iiilli

Avg Mm Mix flmio Avg kin Mm( _ Av9 Mia Mm Rmio Avo Mia Max, Ratio...
' II i nllllli ""' iii ill I iii

GW-2003 61.3 NO 90.6 I/2 <52.0 Nit) NO 2/2 <2.00 NO NO 2/2 186 113 lII 0/2

GW-2004 42.2 NO 80.4 2/4 <41.0 NO NO 4/4 <2.00 NO NO 4/4 171 164 180 0/4
- . i

GVV-2005 52.6 10.2 110 0/4 <30.8 ND 5.40 304 <2.000 NO 0.800 3/4 167 152 180 0/4
.........

GVV-2006 <42.4 NO 31.3 4F5 <42.0 ND NO 5/S <2.00 NO NO 5/S 292 2Q0 _ 0/6i

GW-2007 <117.5 NO 64.4 3/4 <51.0 NO NO 4/4 <4.00 NO NO 4/4., 139 NO ISS 1/4
, Je , ,,,

GW-2008 <49.5 NO NO 4/4 <47.5 NO NO 4/4 <2.00 NO 2.20 3/4 299 278 319 0/4i

GIN-2009 < 87.5 NO 66.3 3/4 < S1.0 NO NO 4/4 < 4.00 NO NO 4/4 26S 2S4 27S 0/4

GW-2010 <27.8 NO NO 4/4 <30.8 NO NO 4/4 <2.00 NO 1.80 3/4 257 243 26I 0/4

GW-2011 <49.5 NO 71.0 3/4 <47.5 NO NO 4/4 <2`00 NO NO 4/4 140 133 144 0/4r i i , i

GW-2012 <49.5 NO 92_2 3/4 <47.5 ND NO 4/4 <2.00 NO NO 4/4 118 111 121 0/4

GV_2013 <48.5 NO 86.3 2/4 <47.5 NO NO 404 <2`00 NO NO 4/4 206 IH 213 0/4 jJ ill i i i

GW-2014 <41.0 NO 26.3 304 <41.0 NO NO 4/4 <2.00 NO NO 4/4 239 216 2Sl 0/4

G_N-2015 < 49.5 NO NO 4/4 < 47.5 NO NO 4/4 <2`00 NO NO 4/4 71.5 68.5 74.5 0/4i....

GW-2017 < 41.0 NO 17.4 3/4 < 41,0 NO NO 4/4 < 2.00 NO NO 4/4 34.7 30.7 36.7 0/4
,,

GW-2018 <41.0 NO 16.6 3/4 <41.0 NO 53.3 3/4 <2.00 NO NO 4/4 433 417 448 0/4
,,

GW-2019 <41.0 NO NO 4/4 <41.0 NO NO 4/4 <2.00 NO 3.60 3/4 142 121 176 0/4i, i i i ,

GVV-2020 <50.0 NO 34.1 2/3 <48.0 NO NO 3/3 .<2.00 NO NO 3/3, , 42.3 37.7 49.0 ,, 0/3

GW-2021 <41.0 NO NO 4/4 <41.0 NO NO 4/4 <2.00 NO NO 4/4 236 209 21_2 0/4
ii

GW.-20_ <36.3 NO 42.8 2/4 <37.3 ND 27.0 3/4 <2`00 NO 2.40 2/4 194 183 204 0/4
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

,A_k_,q'___-__"r-"_a- Antimony_ Arsenic_ Bmkmt_

[ Ratio Avg Min Mm( R_io Avg Min Max Ratio Avll Min MaxL_,__-_ Avg IVlu

GW-2023 < 41.0 ND ND 414 < 41.0 ND ND 414 < 2.00 NO ND 414 92.7 89.5 96.4 0/4

GW-2024 <41.0 ND 56.0 314 <41.0 ND NO 414 <2.00 NO 2.50 3/4 83,7 _".5 67.0 0/4

GW-2025 < 49.5 NO ND 414 < 47.5 ND NO 4/4 < 2.00 NO NO 414 168 I o4 177 0/4

GW-2026 <37.8 • NO ND 414 <34.3 e NO NO 414 <2,00" NO NO 414 213" 196 229 0/4 •

GW-2027 < 41 .O NO NO 414 < 41.0 NO NO 4/4 < 2.00 NO NO 4/4 259 243 276 014

GW-2028 <49.5 NO NO 414 < 47.5 NO NO 414 <2.00 ND NO 4/4 129 114 138 0/4

GW-2029 42.0 NO 62.2 2/4 < 41.0 NO NO 4/4 < 2.00 NO NO 4/4 126 122 137 0/4

GW-2030 <41.0 NO 37.3 3/4 < 41.0 NO NO 4/4 < 2.00 NO NO 4/4 172 128 225 0/4

GW-2032 < 46.3 NO NO 414 < 40.8 NO NO 414 < 2.00 NO NO 4/4 311 270 346 0/4

GW-2033 <41.0 NO 18.4 3/4 <41.0 NO NO 414 <2.00 ND 2.00 314 122 107 149 014

GW-2034 <49.5 NO NO 414 < 47.5 ND NO 4/4 < 2.00 NO NO 4/4 14.4 12.6 16.7 0/4

GW-2035 < 37.5 NO NO 2/2 < 46.5 NO NO 212 < 2.00 NO NO 4/4 95.1 92.7 97.9 0/4

GW-2036 44.6 ND 65.6 112 < 33.0 NO ND 2/2 < 2.00 ND NO 4/4 255 236 272 0/4

GW-2037 < 37.5 NO NO 2/2 < 46.5 ND NO 2/2 < 2.00 ND NO 4/4 93.8 97.3 108 0/4

GW-2038 < 37.5 NO NO 2/2 < 46.5 NO NO 2/2 < 2.00 NO NO 414 313 261 388 0/4

GW-2039 < 37.5 ND 36.1 1/2 < 46.5 ND 51.9 1/2 < 2.00 NO 2.00 3/4 189 166 220 0/4

GW-__:¢40 < 46.3 NO NO 3/3 < 50.0 NO NO 3/3 < 2.00 NO NO 4/4 806 717 664 0/4

GW-2041 < 37.5 NO NO 2/2 < 43.5 NO NO 2/2 < 2.00 NO NO 4/4 227 183 315 0/4

GW-2042 < 37.5 NO NO 2/2 < 46.5 ND ND 2/2 < 2.00 NO NO 4/4 534 502 560 0/4

m:_mmqo.m_smgSqlwg_we,t A- 18
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

ii ii i, i

.A__-qwmm ---_4 Antknony p_4 , Arsenic pgR Bwiwn_

<46.3 I NO ND | 3/3 <54).0 NO NO 3/3 <2.00 NO NO 4/4 291
268 307 0/4

i ii

GW-3003 < 45.5 ND NO 2/2 <52.0 ND ND 2/2 <2.00 NO NO 2/2 154 147 161 0/2
, -

GW-3006 < 43.0 ND NO 2/2 < 43.5 NO NO 2/2 .... 2.20 2.00 2.39 0/2 136 130 142 0/2
i i,

GW-3008 56.4 NO 83.2 1/2 <43.5 NO NO 2/2 <2.00 NO NO 2/2 183 177 189 0/2i, |l i i

GW-__'__9_ <45.5 ND 35.5 1/2 <s_2.0 NO ND 2/2 <2.00 NO Nil) 2/2 1110 1060 1170. 0/2|

GW-3019 < 41.0 ND 34.5 2/4 < 41.0 NO NO 4/4 <2.00 NO 2.00 3/4 331 313 354 0/4
i i H, i

GW-3023 <41.0 NO 14.6 3/4 <41.0 NO NO 414 <2.00 NO NO 4/4 44.7 41.3 49.6 0/4
i

G._. _'_J01 <39.0" NO 16.2 1/2 <36.5" NO 22.0 1/2 <2.00" NO NO 2/2 78.3" 77.6 78Jt 0/2, , , i i

G._._._-002 < 45.5 NO NO 2/2 <52.0 NO NO 2/2 <2.00 NO NO 2/2 129 124 134 O/2,ill i ,i
i i i

G.t_..A-:-__3 < 43.0 ND Nil) 2/2 < 43.5 NO NO 2/2 < 2.00 NO NO 2/2 178 174 182 0/2

C._. _ <43.0 NO NO 2/2 <43.5 NO NO 2/2 <2°00 NO NO 212 93.1 66.1 121 0/2
i i

G.'_. _ <45.5 NO NO _r= <s_n NO NO 2/2 <2.00 NO ND 2/2 99.9 91.8 108 0/2

G_*.. "_----_ <39.0* ND 35.1 1/2 < 38.5" NO 20.0 1/2 <2.00" NO NO 2/2 173" 162 184 , 0/2

C._. _ff)07 < 43.0 ND 42.8 1/2 < 43.5 NO ND 2/2 < 2.00 NO NO 2/2 91.0 67.8 94_ 0/2
i

._ -_--_-_ < 43.0 ND NO 2/2 < 43.5 NO NO 2/2 < 2.00 NO 2.90 1/2 106 104 108 0/2

_ <43.0 NO NO 2/2 <43.5 NO NO 2/2 <2.00 ND NO 2/2 110 108 111 0/2.

_010 <43.0 NO NO 2/2 <43.5 NO NO 2/2 <___00 i NO NO 2/2 83.5 111.5 8S.6 0/2

GW-4011 <43.0 <43.5 <2.00 180

GW-4012 <45.5 <52.0 <2.00 56.6

II ilII II
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

Amw,m_,__ A,__ A.m_jJmJ bm,-_

Localm Avg Avg AWl Max Avg

GW-4013 59.8 < 52.0 < 2.00 NO 136

GW-4014 <45.5 <52.0 <2.00 NO 111

GW-4015 < 43.0 < 43.5 < 2.00 232

G','.'-_iO16 63.1 < 43.5 < 2.00 2tO

"-_.O17 167 NO 306 1/2 <43.5 NO NO 2/2 <2.00 NO NO 2/2 163 137 189 0/2

_018 <43.0 _ NO 2/2 <43.5 _ NO 2/2 <200 NO NO 2/2 222 221 222 0/2

G._. _)19 <43.0 NO It) 2/2 <43.5 NO NO 2/2 <2.00 NO ND 2/2 202 190 213 0/2

G':'..."_020 47.5 _ 63.0 I/2 <52.0 NO NO 2/2 < 2.00 NO NO 2/2 88.9 80.9 92.8 0/2

-_.321 <27.0" NO NO 111 <47.0" NO NO 111 <2.00* NO NO 1/1 36.2" 34.2 -- O/1

G_-"_O_ 815 NO 1870 114 <47.5 NO NO 4/4 <2.00 NO NO 4/4 92-2 IK).O 113 0/4

.023 <43.0 NO ND 2/2 <43.5 NO ND 2/2 <2.00 NO 2.30 1/2 89.2 89.0 89.4 0/2 _

G_F_.:. <2.00 NO NO 3/3 94.1 83.0 108 0/4

G.._r';._2 < 55.3 NO _ 3/3 < 42.0 NO NO 3/3 < 2.00 NO NO 4/4 326 301 370 0/4

< 2.00 NO NO 4/4 277 234 299 0/4
_';,_3

."•";,,_.,4 < 2.00 NO NO 2/2 2615 2S7 272 012

G'_'..F:,_ <2.00 NO NO 4/4 419 354 512 0/4

._",,_D6 <2.00 NO NO 2i2 313 301 324 0/2

GW r;,,','07 <2.00 NO NO 2/2 507 487 517 0/2

G_ .";__-3 3.40 3.10 3.70 0/2 494 445 462 0/2



051¸994

TABLE A-3 Geochemical Co_Uations for Groundwatm, 1993 (C_mtinwxl)
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

,- .... -- C_-_ni."urn _-,,=.4 Calcium #0,1 ChnmVtml/41/I

Location Avg Mln Max Rolio Avg PAin Max Ratio Av9 Min Max Rolio Avg Min Max Rolio

GW- 1002 < 1.000 NO ND 3/3 < 4.00 NO 5.40 2/3 109075 96300 116000 014 < 6.25 NO ND 4/4

GW- 1004

GW-IOO5 1.10 NO 1.60 1/3 <4.00 NO NO 3/3 95525 89400 100000 0/4 <6.26 NO ND 4/4ii

GW- 1OO6

GW- 1007

GW-IOO8

GW-1009

GW-1010

GW-1011

GW-1012

GW-1013 <1.000 ND NO 111 <5.00 ND ND 111 141000 134000 148000 0/2 <6.OO ND NO 2/2

GW- 1014 < 1.O00 NO NO 212 < 5.00 NO ND 212 122400 74200 158000 0/3 < 6.00 ND NO 3/3

GW-1015

GW-lO16

GW-lO17

GW-1018 <1. _000 NO NO 2/2 <3.50 NO ND 2/2 135667 120000 146000 0/3 <5.33 NO NO 3/3i

GW-1019 < 1.000 NO NO 2/2 <5.00 NO NO 212 119667 115000 126000 0/3 <6.33 NO ND 3/3

GW- 1020

GW-1021 < 1.000 ND NO 111 <5.00 NO NO 111 118000 111000 125000 0/2 <6.50 NO NO 2/2
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

i,| ii ii , ii I | III i, ir I i

,,_a C_llm_m/_/I Cdeiu_ _ Cheweit_/_n
i ii i IL ii ii i

Locetion Avg Min Max Ratio Avg Min Max Ratio Avg Min Mix Ratio Avg Min Max • Ratio
' , .... ' I I , I 'I ' _,, ,, I .1

GW-lO22 < 1.000 ND NO 2/2 <3.50 NO NO 2/2 111367 97100 135000 0/3 <5.33 NO ND 3/3

GW-1023

GW- 1024
i:

GW-lO26
,| ii

GW-1027

GW-1028 < 1.000 NO NO 111 <5.00 ND NO 111 137000 133000 141000 0/2 <6.50 NO ND 2/2
, i i ,

GW- 1029 .....
ii ii ,

GW-1030 ,

GW-1031 .................

GW- 1032 < 1.000 NO NO 111 <5.00 NO NO 111 151500 151000 152000 0/2 <6.50 NO NO 2/2
, i, i i

GW-1033 < 1.000 ND ND 111 <5.00 NO NO 111 70100 66500 73700 0/2 <6.50 Nil) ND 2/2

GW-lO34 < 1.000 ND 1.70 2/3 <S.O0 NO NO 3/3 172500 162000 191000 014 <6.00 NO NO , 414
ii , i

GW-1035 <4.00 ND ND 111 <7.00 ND ND 111

GW- 1036 154000 154000 --- 0It < 7.00 ND ND 1I1

GW-1037 <4.00 ND ND 1/1 <7.00 ND ND 111ii,

GW- 1038 < 4.00 ND ND 111 < 7.00 ND ND 111i

GW-lO39 <4.00 ND NO II1 <7.00 NO NO 111i |
i

GW-2001 < 1.000 ND ND 2/2 < 4.50 NO NO 2/2 97050 95300 98800 0/2 < 6.00 NO ND 2/2
i

GW-2002 < 1.000 NO ND 2/2 < 4.50 NO NO 2,'2 262500 236000 289000 0/2 < 6.00 NO NO 2/2

m:_..m_,,,.e_,,..,s3_owS3m,_.= A-23
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

o._,L,,, ,,,m C__,J4mium#g/I Calcium/4;/I Chronvum V0/I_ww • ..... ,- rlw.-

Lo,__*tion Av,g _ _ Ratio Avg Min Max Ratio Avg Min Max Ratio Avg Min Him . Ratio

GW-2003 < 1 .O00 ND ND 212 <4.50 ND ND 2/2 294500 291000 298000 0/2 <6.00 NO NO 212

GW-2004 < 1.000 ND ND 4/4 <4.00 ND ND 4/4 69400 63000 74400 0/4 <5.25 ND ND 4/4

GW-2005 < 1.000 ND 1.40 2/4 <3.50 ND 0.700 3/4 100100 91200 110000 0/4 <4.00 NO ND 4/4

GW-2006 < 1.000 ND ND 5/5 < 4.20 ND ND 5/5 125200 116000 132000 0/5 < 5.40 ND NO 5/5

GW- 2007 < 2.00 ND ND 4/4 < 4.75 ND ND 4/4 57350 54600 59300 0/4 10.8 6.80 15.2 0/4

GW-2008 < 1.0OO ND ND 414 <4.75 ND ND 414 122000 114000 130000 014 <6.00 NO NO 4/4

GW-2009 <2.00 ND ND 4/4 <4.75 ND ND 4/4 161500 155000 167000 0/4 <7.00 ND NO 4/4
i

GW-2OIO < 1.000 ND 1.40 3/4 <3.50 ND ND 414 106250 102000 114000 0/4 <4.00 NO NO 4/4

GW-2011 < 1.000 ND ND 4/4 <4.67" ND ND 3/3 61675 56600 65900 0/4 <6.00 NO 7.60 3/4

GW-2012 <1.000 ND ND 4/4 <4.75 ND ND 414 127750 121000 132000 0/4 <6.00 ND 6.30 3/4

GW-2013 < 1.000 ND ND 4/4 <4.75 ND ND 4/4 112250 105000 126000 014 <6.00 ND 7.70 314

GW-2014 <1.000 NO NO 414 <4.00 NO NO 414 131250 122000 142000 0/4 <5.25 NO 11.6 3/4

GW-2015 < 1.000 NO NO 4/4 <4.67" NO NO 313 77725 76900 78800 014 <6.00 ND 7.50 314

GW-2017 <1.000 ND ND 4/4 <4.00 NO NO 4/4 179000 162000 191000 0/4 <5.25 NO NO 414

GW-2018 < 1 .OOO NO NO 4/4 < 4.00 NO NO 414 76975 73700 79000 0/4 < 5.25 ND 7.40 3/4

GW-2019 < 1.000 ND ND 4/4 < 4.OO ND ND 4/4 24050 19000 30500 0/4 < 5.25 ND ND 4/4

GW-2020 < 1.000 ND ND 3/3 < 4.67 NO NO 3/3 101667 98800 1070001 0/3 < 6.00 NO NO 3/3

GW-2021 < 1.000 ND ND 4/4 < 4.00 NO ND 4/4 62950 56900 77800 014 < 5.25 ND 3.90 314

GW-2022 < 1.000 ND 1.40 3/4 <4.00" ND ND 3/3 55350 53200 58100 0/4 <4.75 NO 12.0 3/4

m:_,ulmrll_snne_alierS3_OWS 3met1.2 A-24
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

......... a C_--_'_--nium_--,,.,.4 Calcium #OA Chronvum
:_--_= 11..,,..,,. av r-r- i

GW-2043 < 1 .GO0 NO I ND 3/3 <4.67 I NO NO 3/3 53367 51000 55300 0/3 <6.00 NO NO 3/3

GW-3003 < 1 .O00 ND 1.20 1/2 <4.50 ND ND 2/2 _22_4(XX) 213000 235000 0/2 <6.00 NO NO 2/2

GW-3006 < 1 ._000 ND 1.20 1/2 < 5.00 NO NO 2/2 59550 59200 59900 0/2 <5.50 NO NO 2/2

GW-3008 < 1.000 ND ND 2/2 <5.00 NO NO 2/2 468500 445000 492000 0/2 <5.50 NO NO 2/2

GW-3009 <1.000 ND NO 2/2 <4.50 NO ND 2/2 153000 140000 166000 0/2 <6.00 ND NO 2./2

GW-3019 < 1.000 NO NO 414 < 4.00 ND NO 414 42725 40000 47600 014 < 5.25 ND 10.1 3/4

GW-3023 < 1.000 ND 1.20 3/4 < 4.00 ND ND 414 316500 285000 i 372000 0/4 < 6.26 NO NO 4/4

GW-4001 < 1.000" NO NO 2/2 <3.00" NO NO 2/2 85200" 84900 $5500 0/2 <5.00 ° NO NO 2/2 _

GW_OO2 < 1.000 NO NO 2/2 4.75 NO 7.50 1/2 51200 49300 53100 0/2 <6.00 NO NO 2/2

GW =-_903 < 1.000 ND ND 2/2 < 5.00 ND ND 2/2 59400 56200 62600 0/2 < 6.50 NO NO 2/2

GW A_904 < 1.000 NO NO 2/2 <5.00 NO ND 2/2 31700 31000 32400 0/2 <6.50 NO NO 2/2

GW-=--Q05 1.40 ND 2.30 112 < 4.50 ND NO 2/2 47300 44200 50400 0/2 7.55 6.90 8.20 0/2 _

GW:4006 < 1.000" NO NO 2/2 < 3.00" NO NO 212 49100" 47300 50900 0/2 <5.00" NO NO 2/2

GW _S007 < 1.000 NO NO 2/2 < 5.00 NO NO 2/2 32650 31800 33500 0/2 < 5.50 NO NO 2/2

GW =.008 < 1.000 ND NO 2/2 < 5.00 ND NO 212 371 50 36700 37600 0/2 < 5.50 ND NO 2/2

GW __ < 1.000 ND ND 2/2 < 5.00 NO NO 2/2 36250 34900 37600 0/2 16.7 NO 30.8 1/2

GW-4010 < 1.0OO ND NO 2/2 < 5.00 NO NO 2/2 53950 63400 54500 0/2 <6.50 NO ND 2/2

GW-4011 < 1.000 ND ND 2/2 <5.00 ND ND 2/2 77750 74100 61400 0/2 <5.50 NO NO 2/2

GW _012 < 1.000 NO NO 2/2 < 4.50 NO NO 2/2 30750 15700 45800 0/2 74.4 9.70 139 0/2

m:_useru_joannelmser93_gw93metl.2 A-26



A-27
m.._mecs_o_mne_mm93_lw93metl-2



051994

TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

_-;-,_-_,m -,,,_4 C__-,k,t__'_'m_'_'9._ _ #g/l Chnxeke:,/,g/l

-- __GW-PWO9 1.O7 ND 2.20 _ <4.67 ND 3/3
m..,,,.mm,.m,m .,...,.mm,..m,.m mm,,.sm_"m" _ ! i!

GW-RA_._..._ <4.00 NO
GW P,;..-;'I < 1.000 NO NO 2/2 < 5.00 NO NO I 2/2 128500 1123000 ! 134000 0/2 < 6.00 ND 8.40 1/2

GW_R:..';.'2 < 1.000 NO NO 2/2 < 5.00 NO NO 2/2 121500 121000 122000 0/2 < 6.00 NO NO 2/2

GW-R:.,";.'3

GW-RMW4

m:_users_)snne_sser93_gw93metl.2 A-28
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)
, -ir ,

i i. i i, _ -

LoeMion Avg Min _ RJ_ Avg ] Min Max Ralk) Avg Min Max Ralio Av9 MM IFAm[..
i ,111 i i

GW*1022 <5.50 NO NO 2/2 <6.50 NO NO 2/2 17144 532 29300 0/3 <2.00 NO, NO
i

GW-1023

GW-1024

GW-1026

GW- 1027

GW-1028 <6.00 ND NO 111 <10.00 NO NO 1/1 92.2 66.7 97.6 0/2 <2.00 NO NO 2/2
i , i

GW-1029
i i

GIN-1030 .....

GW-lO31
i i m

GW- 1032 <6.00 NO NO 111 < 10.00 NO ND 111 11.65 NO 13.11 1/2 <2.00 NO NO 2/2
,,

GW-1033 <6.00 NO NO 111 <10.00 NO NO 111 172 128 21§ 0/2 37.5 NO 73.9 1/2

GW- 1034 < 7.00 NO NO 3/3 < 7.67 NO ND 3/3 23.0 17.0 29.9 0/4 12.3 NO 44.7 2/4
i|

GW- 1035 <2.00 NO ND 111,,

GW-lO36 <2.00 NO NO 1/1

GW-lO37 <2.00 NO NO 1/1
ii i i

r

GW-1038 <2-00 NO NO 1/1
iw i

GW- 1039 < 2.00 NO NO 1tli

GW-2001 <8.00 NO NO 2/2 <7.50 NO NO 2/2 23.6 NO 40.7 1/2 <2.00 lID NO 2/2
i i i ,

GW-2002 < 8.00 NO NO 2/2 < 7.50 NO NO 2/2 < 11.50 NO ND 2/2 2.2!5 NO 3.S0 1/2iii Jl

m:l_.w._.m_..._S_..O_m_.3 A-30
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

i i,,,, ml I i " ' ' '"'

C_bdtK---_4, Comw_a , _._ ,, LedPI_ ,
I

Mkl Mm

iiiii lllllFiii I iiiii i

G_N-____3 <8_nO NO ND 2/2 <7.50 NO NO 2/2 < 11.50 ND 11.6 1/2 <2.00 NO NO 2/2
, ,, i i ii i i i i

GW-2004 <6.75 NO 5.10 3/4 <7.00 NO NO 4/4 15.0 II) 26.3 1/4 <2.00 NO NO 4/4
i i,!

GW-2(X)5 <5.25 ND NO 4/4 <5.00 NO NO 4/4 <68.8 NO 53,7 1/4 < 1.75 NO 3.10 3/4i,,

GW-2006 < 6.80 ND ND 5/5 < 7.00 NO ND 5/S 29.3 19.2 45.6 O/5 < 2.00 NO 2.50 4/5,
.........

GW-2007 < 18.00 NO NO 4/4 < 12.50 ND NO 4/4 < 32.5 ND 16.6 2/4 7.25 NO 24.4 2/4
i | "

GW-2008 <7.25 NO ND 4/4 <8.00 NO NO 4/4 29.0 22.1 37.1 0/4 <2.00 NO 4.30 3/4....i i

GW-__2¢09 < 18.00 NO NO 4/4 < 12.50 NO NO 4/4 < 32.5 NO 15.4 2/4 2.43 NO 6.20 3/4
ii l

GW-2010 < 5.25 NO NO 4/4 <5.00 NO 0.400 314 < 68.8 NO 30.6 1/4 < 1.75 NO 2.SO 3/4
I

GW-2011 <7.25 NO NO 4/4 <8.00 NO NO 4/4 19.9 NO 36.6 1/4 <2.00 NO NO 4/4;

GW-2012 <7.25 NO NO 4/4 <8.00 NO ND 4/4 23.4 NO 38.6 1/4 3.10 NO 7.20 2/4
, i

GVV-2013 < 7.25 NO NO 4/4 <8.00 ND ND 4/4 13.6 11.3 16.8 0/4 <2.00 NO 2.40 2/4

GW.2014 < 6.75 NO NO 4/4 < 7.00 ND ND 4/4 16.9 NO 52.7 3/4 3.50 NO 8.10 2/4

GW2015 < 7.25 NO NO 4/4 < 8.00 NO NO 4t4 78.3 NO 255 1/4 4.B3 2.BO 7.50 0/4, ii
i ,,i

GW-2017 <6.75 NO NO 414 <7.00 NO ND 4/4 16.4 NO 32.3 114 <11.00 NO 21.0 2/4,,i

GW-2018 < 6.75 NO 8.40 3/4 < 7.00 NO ND 4/4 16.5 NO 25.6 114 < 2.00 NO 2.30 3/4,

GW-2019 <6.75 ND NO 4/4 <7.00 NO, NO 4/4 14.4 NO 26.7 2/4 5.65 NO 15.3 2/4

GIN-2020 < 7.33 NO 10.6 2/3 < 8.33 NO NO 3/3 35.9 13.5 65.3 0/3 < 2.00 II) 2.80 2/3ii .....

GW-2021 < 6.75 NO NO 4/4 < 7.00 NO NO 4/4 14.4 7.40 24.6 0/4 < 2.00 NO 2-50 3/4illi

• "_ < 6.00 ND 0___800 314 < 69.3 NO 67.7 1/4 < 1.75 NO 2.90 2/4GW-20_:? <5.75 NO NO ......
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TABLE A-3 Geochemical Concentrations for Groundwater. 1993 (Continued)

"' I I IH ' •

c_,_ _--_4 Com__e_ bon_4 L_d_4

Ave _ _ m_ Ave _ _ _ A_ mm. _ _ Ave _ Mm beoi ii i I
I

GW-2023 <6.75 NO NO 4/4 <7.00 NO NO 4/4 11.6 NO 4S.1 2J4 <2.00 NO 2.20 3/4
'l

GW-2024 <6.75 NO NO 4/4 <7.00 NO NO 4/4 iSS.II 34.1 91.6 0/4 <200 NO 3.80 3/4

GW+2025 <7.25 NO NO 4/4 <8J)O NO NO 4/4 40.3 NO 91.7 1/4 14.8 NO 36.6 2/4,
1

GW-2026 <6.00" NO NO 4/4 <6.25 ° NO NO 4/4 8.28 ° NO 22.1 3/4 <2.00* NO NO 4/4

GW-2027 < 6.75 NO NO 4/4 < 7 JDO NO NO 4/4 II 1.1 19.3 233 0/4 < 2.00 NO 3.70 3/4

GW-2028 < 7.25 NO NO 4/4 < 8.00 NO NO 4/4 185 33.3 572 0/4 2.30 NO 4.70 2/4
[

GW-2029 < 6.75 NO NO 4/4 < 7.00 NO NO 4/4 18.6 NO 37.11 1/4 2.91B NO 5.20 2/4

GW-2030 < 6.75 NO NO 4/4 < 7.00 NO 7.20 3/4 42.6 NO 76.9 1/4 13.8 NO 47.7 2/4

GW-2032 < 6.50 NO NO 4/4 < 7.25 NO NO 4/4 26.1 12.0 37.0 0/4 < 2.00 NO 4.a0 3/4
h I ,

GW-2033 < 6.75 NO NO 4/4 < 7.00 NO NO 4/4 30.5 Nil) 62.0 1/4 2.73 NO 4.90 2/4

GW-2034 < 7.25 NO 8JI0 1/4 < 8.00 NO 6.80 3/4 127 NO 486 2/4 < 6.B0 NO 4.40 1/4

GW-2035 < 7.rj0 NO NO 2/'2 < 6.50 NO NO 2/2 17.0 8.90 25.1 0/2 <200 NO 2.90 213

GW-2036 <6.00 NO NO 2/2 <5.00 ND ND 2/2 27.7 10.4 45.0 0/2 <2.00 NO NO 3/'3

GW-2037 13.6 13.5 13.7 0/2 <6.50 NO NO 2/2 < 10.00 NO 10.1 1/2 <2.00 NO NO 3/3
..... i, •

GW-2038 < 7.50 NO NO 2/2 < 6.50 NO NO 2/2 < 10.00 NO 11.0 1/2 <2.00 NO NO 3/3
i i

GW-2039 16.2 NO 28.9 I/2 9.00 NO 14.5 I/2 22.0 20.1 23.9 0/2 <2.00 NO NO 3/3

GW-2040 <7.67 NO NO 3/3 <7.33 NO NO 3/3 29.4 NO 44.3 1/3 <2.00 NO 2.50 2/3..

GW-2041 <7.50 NO NO 2/2 <6.50 NO NO 2/2 20.1 NO 33.7 1/2 2.93 NO 6.80 2/3
i

GW-2042 < 7.60 NO NO 2/2 < 6.50 NO NO 2/2 15.9 NO 25-2 1/2 <2.00 NO NO 3/3
.....

m:_...n._mv_.._s3_,,s3.mt.3 A-32
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

ii i rI "7 '"

L,,,:___-"_"_nAv; I _ _ P___-_ Ave Mm Max , Ratio Avg Mi. Max _ AVll, IWrm_ Mm • Ratio
Ill IIII ii lifT IIIIIII [ II II

GW-2043 <7.67 ND NO 3/3 <7.33 NO NO 3/3 47.2 NO 114 1/3 <2.00 NO 2.20 2/3
i

GW-3(X)3 <8.00 NO NO 2/2 <7.50 NO NO 2/2 < 11.50 NO NO 2/2 <200 I1) 2.10 1/2i ii,,

GW-3006 < 7.00 NO NO 2/2 < 8.00 NO NO 2/2 70.8 NO 135 1/2 2.50 2.10 2.89, 0/2
.i

• GW-3008 <7.00 NO NO 2/2 <8.00 NO 6.00 1/2 12.7 NO 21.8 1/2 <2.00 NO 2.30 1/2

GW-__-_lXJ_ 10.4 9.90 10.9 0/2 <7.50 NO ND _/2 12.4 NO 19.8 1/2 4.15 NO 7.30 1/2.........

GW-3019 <6.75 ND NO _!_ <7.00 NO ND 4/4 77.9 NO 264 1/4 3.78 NO 11.1 2/4, iii|

GW-3023 < 6.75 NO NO 414 < 7.00 NO NO 4/4 24.0 NO 66.6 2/4 <2.00 NO NO 4/4
.... i ., , ii

GW __'__1 <6.50" NO NO 2/2 <6.00" NO ND 2/2 7.90" NO 13.3 ]/2 <2-00 e NO II) 2/2

G.t_.._'_02 <8.00 NO NO 2./9_ <7.50 NO NO 2/2 59.7 19.4 100 0/2 <2.00 NO NO 2/2
i

-,w_ <7.00 NO NO 2/2 <8.00 NO NO 2/2 13.6 NO 23.6 I/2 2.10 II) 3.20 1/2

".--__--__-4<7.00 NO NO 2/2 <8.00 NO NO 2/2 14.8 . 11.9 17.6 0/2 <2.00 NO .... 1_, 2312

._S---":J < 8 .O0 NO NO 2/2 < 7.50 NO NO 2/2 < 11.5 NO 14.9 1/2 2._O 2.40 2.80 0/2

_ <6.50 e NO NO 2t2 <6.00" NO NO 2/2 11.90 NO 21.2 1/2 <2.00" NO NO 2/2
.|

G._. .'_-_-_7 < 7.00 NO NO 2/2 < 8.00 NO NO 2/2 13.8 NO 24.1 1/2 <2.00 NO NO 2/2
it ,

GW..___-_-3_- <7.00 NO NO 2/2 <8.00 NO NO _n 11.9 NO 17.2 1/2 <2.00 It) ND 2/2

GW-4(-_-_ < 7.00 _ NO 2/2 <8.00_ NO NO =r_ 10..6 NO 14.7 1/2 <2.00 NO NO 2/2

G"_4010 < 7.00 <8.00 27.6 11.7

GW-,IO11 <7.00 <8.00 25.6 <2.00

GW-4012 < 8.00 < 7.50 30,0 10.7
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

_)013 <8_ Nil) NO 2./2 <7.50 ND NO 2/2 _")- 1 13.6 30,6 0/2 <2.00 NO NO 2/2

GW _O14 < 8,C_ ND NO 2/2 < 7.50 NO NO 2/2 47.5 42.3 62-7 0/2 < 2JD0 NO NO 2/2

GV_._O15 <7.00 NO _ 2/2 <8.00 NO NO 2/2 27.2 7,90 46.5 0/2 <200 ND NO 2/2 _

GW-4016 14.5 NO 25.9 1/2 9 2S NO 13.5 1/2 18.S NO 33.6 1/2 21.7 NO 42.4 1/2

GV¥_)17 <7.00 NO NO 2/2 <8.00 ND ND 2/2 343 89.9 597 0/2 9.8t5 NO 18.7 1/2

GW_J018 < 7.00 NO NO 2/2 < 8.-n¢- NO NO 2/2 < 10.00 NO NO 2/2 2.50 2.60 -- 0/2

G._. _K)19 <7.00 NO _ 232 <8.00 NO NO 2/2 21.5 9.90 33.1 0/2 2.80 NO 4.t 1/2

GW-4020 <8.00 NO NO 2/2 <7.50 ND ND 2/2 25.2 NO 43_9 1/2 <200 NO 200 1/2

C_._. _O21 <8.00 e NO NO 1I1 < 8.00" ND ND 111 < 13.00" NO NO t/1 <2-00 e NO NO 1/1

G.t_._SO22 <7.25 .._D ND 4._ <8.00 ND ND 4/4 961 31.8 3100 0/4 5.86 NO 17.1 2/4

_023 <7.00 ND NO 2/2 <8.00 NO NO 2/2 < 10.00 NO 11.8 1/2 2.40 It) 3.80 1/2

..... <2.00 NO NO 1/1
G_www e,evvw

GW.-,"._O2 <6.33 NO ND 3/3 <9.00 _ NO 3/3 3270 2980 3810 0/3 <8.33 i_ NO NO 3/3

GW .";_'___ <2_X) NO NO 1/1

GVV-r",_4 <2.00 NO NO 1/1

GW .";.,'35 < 2.00 NO NO 1/1

GV_,:..;,.36 3.00 3.00 -- 0/1

GW-:'._07 <2.00 NO NO 1/1

GW-r'_,,,'38 2.50 2.50 -- 0/1

m:_mm_m_e_mer931,gw9 3metl.3 A-_J'
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TABLE A-3 GeochemicalConcentrationsfor Groundwater, 1993 (Continued)
m in ,, ,, m m

Lithium ,,g..4 u_.-gne,slum pg/I Mangoneee/RI/I Mercury/141/I ...

Location Avg Min Max Ratio Avg Max Ratio Avg Min Max Ratio Avg Min Mix RMto

GW-IOO2 <25.8 NO 23.3 3/4 21300 17300 23200 014 419 312 468 0/4 <0.100 ND NO 3/3

GW- 1004

GW-IOO5 <25.8 ND 47.1 314 34075 31000 35700 014 503 412 609 014 <0.100 NO NO 3/3

GW- 1006

GW- 1007

GW-1008

GW-1009

GW-1010

GW- 1011

GW-1012

GW-1013 <32.0 NO ND 2/2 31200 30100 32300 0/2 530 528 531 0/2 <0.100 ND ND 111i

GW-lO14 <28.0 NO 49.8 2/3 26833 17100 34000 0/3 469 415 514 0/3 <O.100 NO ND 2/2

GW-1015

GW-1016

GW-1017

GW-1018 <22.7 ND 20.5 2/3 37233 30900 41000 0/3 616 434 736 0/3 <0.100 NO NO 212

GW- 1019 < 25.7 ND 35.4 2/3 34267 32900 35100 0/3 420 313 593 0/3 <0.100 NO NO 212

GW-1020

GW- 1021 < 24.5 NO ND 2/2 36750 33800 39700 0/2 273 261 285 0/2 <0.100 NO NO 1I1

m:_ueers_joenne_eoer93_gwS3metl.4 A-36
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TABLE A-3 Geochemica! Concentrationsfor Groundwater, 1993 (Continued)
ii

Lithium ".'_4 Magnesium _ Manganese pg/I Mmrcufy pl;/I
i i l g

Mn ME
i

GW-2003 544 497 590 0/2 114000 109000 119000 0/2 <2.O0 NO NO 2/2 <0.100 ND 0.110 I/2

GW-2004 < 25.8 NO NO 414 44675 40200 48800 0/4 < 2.25 NO 3.10 314 < 0.100 NO NO 4/4

GW-2005 60.8 ND 93.2 1/4 50850 47600 55300 0/4 < 2.00 ND 1.00 3/4 < 0.100 NO NO 4/4

GW-2006 < 26.2 ND ND 5/5 56520 521 O0 59400 0/5 24.3 14.7 33.6 0/5 <0.100 NO NO 5/5

GW-2007 < 46.0 NO NO 414 43625 42800 44500 0/4 11.4 ND 23.2 114 <0.126 NO NO 4/4 i

GW-2008 < 28.0 NO NO 414 44750 42400 47400 014 27.3 23.3 36.6 014 <0.100 NO NO 4/4

GW-2009 < 46.0 NO NO 414 14525 13800 15300 0/4 < 5.50 NO NO 414 <0.125 NO NO 4/4

GW-2010 < 21.0 ND 23.1 3/4 22475 19700 241 O0 0/4 20.5 13.0 36.7 0/4 < 0.100 NO 0.080 3/4

GW-2011 <28.0 NO NO 414 32725 29700 34100 OI4 <2.25 NO NO 414 <O.100 NO NO 4/4

GW-2012 <28.0 ND ND 414 10515 9860 11100 014 <2.25 NO NO 414 <0.100 NO NO 4/4
i

GW-2013 <28.0 ND ND 4/4 13825 12600 16500 0/4 <2.25 ND NO 4/4 <0.100 NO 0.110 3/4

GW-2014 <25.8 NT) ND 4/4 41300 39400 43900 014 <2.25 NO 2.50 3/4 <0.100 ND ND 414

GW-2015 <28.0 ND NO 4/4 70350 67300 76500 0/4 <2.25 NO 2.40 3/4 <0.100 ND 0.110 3/4,

GW-2017 31.8 NO 44.5 114 157750 147000 167000 014 <2.25 NO 3.60 314 <0.100 NO NO 414

GW-2018 <25.8 NO 33.3 2/4 37550 36500 38800 0/4 <2.25 NO NO 414 <0.100 NO NO 4/4

GW-2019 <25.8 ND 27.5 3/4 67000 61700 69700 0/4 62.9 30.0 93.1 0/4 <0.100 ND ND 4/4

GW-2020 36.1 NO 58.7 1/3 26400 25300 27600 0/3 < 2.33 NO 3.20 2/3 <0.1 (10 ND ND 3/=

GW-2021 <25.8 ND NO 414 53375 47800 65400 0/4 128 52.3 240 014 <0.100 NO O.100 314

GW-2022 <23.3 ND 28.5 3/4 48550 45700 49800 0/4 92.9 85.0 111 0/4 <0.100 NO 0.030 3/4

m:_uoersljoanne_aser93_gwS3metl.4 A-38
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

__ M_wm_m_ Mmw.m_ Mer_A

Location Avg Avg Avg Avo

GW-2043 < 30.7 62600 S6.2 <0.100

GW-3003 475 136000 3.40 <0.100

GW-3006 < 27.5 NO NO 2/2 48100 47300 48900 0/2 57.3 17.5 97.1 0/2 < 0.100 ND NO 2/2

GW-3008 232 204 259 0/2 137500 129000 14 _r-r-r-r-r-r_O_0/2 < 2.50 NO ND 2/2 1.50 1.30 1.70 0/2

GW-3009 < 32.0 ND NO 2/2 84050 80200 87900 0/2 12_2 10.6 13.8 0/2 <0.100 NO NO 2/2

GW3019 <25.8 NO NO 414 38450 36000 42600 014 123 115 131 014 <0.100 NO NO 4/4

GW-3023 810 735 929 014 72850 65500 85800 014 5.18 3.30 6.50 0/4 <0.100 ND 0.200 3/4

G_; "-_001 <24.0" ND NO 2/2 32000" 31900 32100 0/2 2.35" NO 3.70 1/2 <0.100" NO NO 2f2

GW "-.002 <32.0 ND ND 2/2 29950 28200 31500 OI2 4.95 3.90 6.00 0/2 <0.150 NO NO 2/2

GW _I_O03 <27.5 ND NO 2/2 35100 33200 37000 0/2 <2.50 NO ND 2/2 <0.100 NO NO 2/2

GW-4004 <27.5 ND NO 2/2 28600 27500 29700 0/2 <2.50 NO NO 2/2 <0.100 NO NO 2/2

GW _O5 < 32 .O NO 37 .O 1/2 28550 26800 30300 0/2 2.10 NO 3.20 1/2 < O. 100 ND NO 2/2

GW4006 <24.0" ND 31.7 1/2 21850" 21100 22600 0/2 <2.00" ND ND 2/2 <0.100" NO NO 2/2

GW-4007 < 27.5 NO NO 212 23400 22500 24300 012 32.2 20.5 43.8 012 <0.100 NO NO 2/2

GW _O08 <27.5 NO NO 2/2 31800 31000 32600 0/2 21.6 18.9 24.3 0/2 <0.100 NO ND 2/2

GWA-.009 31.8 NO 46.1 1/2 29850 29400 30300 0/2 <2.50 ND NO 2/2 <0.100 ND NO 2/2

GW_IO 33.0 NO 55°9 1/2 40750 40300 41200 0/2 < 2.50 ND NO 2/2 <0.1OO ND ND 2/2

GW-4011 61.3 51.4 71.1 0/2 44200 44200 -- 0/2 <2.50 NO ND 2/2 <0.100 NID NO 2/2

GW-4012 <32.0 ND 39.9 1/2 34600 34100 35100 0/2 4.25 NO 7.50 1/2 <0.100 NO ND 2/2

m:l,ueem_Hmne_mer93_gw93met1.4 A-40
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

U___-n -.__" u__-n _--3..4 _/Agjl Mercury #g/I

GW_";,OS 27.S I NO I 45.2 1/3 26567 25000 ! 28300 I 0/3 390 366 422 0/3 <0.100 NO NO 3/3

GW-RAVWV 0.160 0.150 --- 0/1

GW-R,I,,';;1 < 20.0 ND ND 2/2 27600 27100 28100 0/2 1380 1330 1430 0/2 <0.100 NO NO 2/2

GW- R",,_;.'2 < 20.0 ND 26.9 1/2 25350 251 O0 25600 0/2 911 637 984 0/2 <0.100 NO NO 2/2

GW-R',,,,%,'V3

GW-RNNV4
,.

m:_users_oanne_oser93_gw93metl.4 A-42
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

,i ,ii ,

IVlol_,p_,___,um,._-,_4 Nickel pOA Pot_ OJgA ,_
• , L , ' _ J

g i i il i ii o

i GW-1002 <20.3 ND 6.90 2/3 < 15.5 NO 19.3 314 4298 41OO 4460 0/4 .<2.00 NIl) 2.80 1/3,,
,,

I
GW-IOO4

, i ,

GW- 1005 <20.3 ND 7.80 2/3 < 15.50 ND ND 4/4 982_ 8360 12200 O!4 <2.00 !_) NO 3/3, , ,.-

GW- 1OO6
.... i , , ,, , , i

GW-I_7 ....

GW- 1008 ,
.

GW-1OO9
I

G_1010 ....

GW-1011

GW-IO12 i |

GW-1013 <40.0 NO ND 111 <16.50 NO ND 2/2 4810 4740 4880 0/2 <2.00 NO NO 1/1
, i ,

GW-1014 < 27.5 ND ND 2/2 < 18.00 ND ND 313 4037 3830 41 40 0/3 <2.00 NO , NO 2/2

GW-1015

GW-1016 , .

GW-lO17 , •

GW-lO18 < IO.S0 NO 7.10 1/2 <16.00 ND NO 3/3 6697 51140 7600 0/3 <2.00 NO 2.00 1/2i

GW-1019 <27.0 NO NO 2/2 <17.3 NO 12.3 2/3 6257 4740 9190 0/3 <2.00 L, NO NO 2/2i , , ".

GW- 1020 -

GW-1021 < 15.00 NO NO 1I1 <20.0 NO NO 2/2 6110 S930 6290 0/2 ,2"20 2.20 -- 011 _

m:_,,r,_me_,,e, sS_cws_,,_.S A-43
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

.,._..-_,-_..._--_,_,_a _H___dA_OA Pota_ium _ Selenium.q.4

L---a*_n-" Xvll _ _ R_-__" Xvg kin Mex Rmio Xvll Min _ Mix Ratio AvE
Mkl Nbm !

G;_.-1022 < IO.SO ND ND 2/2 < 16.00 NO ND 3/3 6380 4940 7310 0/3 <2.00 ND II) 2/2

GW- 1023

GW-1024

GW- 1026
B

GW-1027

GW- 1028 < 15.00 ND ND 1I1 < 20.0 ND ND 2/2 4590 4180 SO00 0/2 <2_0 NO NO 1/1

GW- 1029

GW- 1030

GW-1031

GW-1032 <15.00 ND ND 111 <20.0 ND ND 2/2 4015 3870 4180 0/2 <2.00 ND ND 111

GW- 1033 < 15.00 NO NO 111 < 20.0 ND 22.9 112 6145 5900 6390 0/2 2.qO 2.110 m O/1

GW-1034 < 31.3 NO NO 3/3 < 16.50 NO NO 4/4 2713 2200 3230 0/4 3.63 NO IIJ0 2/3

GW-103S <2.00 NO NO 1/1

GW-1036 <2.00 NO NO 1/1

GW-1037 <2.00 NO NO 1/1

GW-1038 <2.00 NO NO 1/1

GW-1039 < 2.00 NO pal) 111

GW-2001 <30.0 NO NO 2/2 < 16.50 NO NO 2/2 1535 1420 16rao 0/2 <2.00 NO 2.70 1/2

GW-2002 <30.0 NO NO 2/2 < 16.50 NO NO 2/2 7060 4880 9240 0/2 II.IIS 7.50 10.2 0/2
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

GW-2003 <30.0 NO I NO I 2/2 < 16.50 NO NO 2/2 8055 7830 8280 0/2 11.3 10.5 12.1 0/2 j
,

GW-2004 < 20.3 NO 6.20 3/4 < 16.50 ND NO 4/4 1095 882 1310 0/4 < 2.00 NO NO 4/4 j
..

GW-2GO5 < 16.00 NO NO 4/4 < 11.75 NO 12.3 3/4 2668 2200 3120 0/4 < 1.75 NO 3.50 2/4
- 1 ,i

GW-2006 < 24.0 ND ND 5/5 79.O 65.5 92.6 0/5 9224 8280 10400 0/5 < 200 NO 3.20 3/5J

GW-2G07 <43.8 ND ND 4!_ <23.5 ND Nil) 4/4 < 1838 ND 2090 2/4 <2.75 NO NO 4/4,

GW 2008 <28.5 ND ND 414 107 86.9 134 014 2458 1770 3140, OI4 <2.00 , NO It) 4,/4

G_,%'-2009 < 43.8 NO NO 414 <23.5 ND ND 414 2205 NO... 2320 1/4 <2`75 NO, NO 4/4

GW-2010 < 16.00 ND ND 4P-. 46.8 36.8 60.8 014 2785 2610 3040 0/4 < 1.Trjo NO NO 4/4
i

GW-2011 <28.5 NO ND 4/4 <16.50 ND ND 4/4 1538 913 2310 0/4 <2.00 NO 2.90 3/4ii

GW-2012 <28.5 NO ND 414 <16.50 NO ND 414 1715 1450 2420 0/4 <2.00 lid NO 4/4. .ii

GW-2013 <28.5 ! ND ND 4/4 < 16.50 Nil) ND 4/4 2018 1320 2810 0/4 <2.00 NO NO 4/4
,,

GW-20 14 < 20.3 ND ND 4/4 < 15.50 NO ND 4/4 4483 4280 4720 0/4..__...___.__._.._.._.!.<2.00 NO 2.10 3/4
mm...,.,,mim .,...mmmmm ..,m-m-.-mm'mm

GW-2,_315 <28.5 ND ND 4!4 <16.50 ND ND 4/4 2730 2020 3190 0/4 <2.00 NO 2.90 2/4

GW-20 17 < 20.3 < 15.50 2490 < 6.50 i

GVV-2018 <20.3 <15.50 849 2.15 ;

GW-2019 40.1 <15.50 4065 <2`00

GW-2020 < 25.0 < 18.00 2300 3.20

GW-2021 <20.3 < 15.5 1178 <2.00

GW-2022 < 24.3 < 12.75 11H < 1.750
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Con_ued)
i ii

i i i i, ii

Avo
Lo,_!aon Avg _ _ R__,_o Avg I IVlin Max Ratio Avg :III I

i ilia

GW-2023 <20.3 ND 9.90 3/4 < 15.50 NO 10.8 3/4 <761 NO 1790 3/4 <200 NO NO 4/4

GW-2024 <20.3 NO NO 4/4 < 15.50 NO NO 4/4 <761 NO 10110 2/4 <2.00 NO ND 444

GW-2025 < 28.5 NO NO 4/4 < 16.50 ND NIL') 444 1021 892 1250 0/4 <2.00 NO NO 4/4

GW-2026 <20.0" ND 6.10 3/4 < 14.00" ND NO 4/4 <826" II) 1180 2/4 <2.00* NO liD [ 4/4

GW-2027 <20.3 NO 8.00 3/4 < 15.50 NO NO 4/4 11811 683 1560 0/4 <2.00 NO lid 4t4

GW-2028 < 28.5 NO NO 4/4 < 16.50 NO NO 4/4 < 814 NO 1170 2/4 < 2.00 NO NO 4/4

GVV-2029 <20.3 NO NO 4/4 < 15.50 NO 11.5 3/4 1465 1150 1740 0/4 <2.00 NO NO 4/4
i i

GW-2030 < 20.3 NO NO 4/4 < 15.50 NO NO 4/4 3853 3230 4280 0/4 <2.00 NO NO 4/4

GW-2032 < 20.0 NO 36.6 3/4 < 15.00 NO ND 4/4 2848 2260 3610 0/4 4.45 2.30 6.30 0/4i

GW-2033 <20.3 NO ND 4/4 <15.50 ND NO 4/4 3248 2530 3880 0/4 3.13 NO 7.80 2/4

G_N-2034 < 28.5 NO NO 4/4 38.8 NO 55.7 1/4 1965 1630 2230 0/4 < 6.50 NO 3.90 3/4ii

GW-2035 <39.5 NO NO 2/2 < 13.00 NO NO 2/2 <777 NO NO 2/2 <2.00 NO 3JlO 2/3
i

GW-2036 <22.5 ND NO 2/2 < 10.00 NO NO 2/2 816 NO 1180 1/2 <2.00 NO NO

GW-2037 < 39.5 NO ND 2/2 < 13.0 NO 15.7 1/2 4025 4010 4040 0/2 3.57 2.10 5.00 0/3 •

GW-2038 < 39.5 NO ND 2/2 < 13.00 NO NO 2/2 6965 6460 7470 0/2 12.8 NO 15. I 1/3

GW-2039 43.6 NO 67.7 1/2 15.2 NO 24.4 1/2 1170 1150 1190 0/2 11.3 6.50 20.4 0/3

GW-2040 <33.0 NO 41.6 2/3 < 15.0 NO 16.4 2/3 2567 1850 3620 0/3 5.00 2.50 7.10 0/3i

GW-2041 < 39.5 NO NO 2/2 < 13.0 NO 13.6 1/2 3320 2380 4260 0/2 51.4 37.2 64.7 0/3

GW-2042 < 39.5 NO ND 2/2 < 13.00 NO NO 2/2 949 697 1200 0/2 < 2.00 NO 2.50 1/3

m:_._ers_.mm,_m.SSl_S3m_.5 A-46
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

, , 11 111, i11 11 i i ! rIEIIB I ' ' , i 111 II11I|11 , i i, ii 1111,i ,Ulll,,i 1111

Molybdenum _ Nk:keli _ Potamntm_/41Jl Seilaaium/,g4

• I I I I I I i IL_ Xvg IM_ Max Ralio Avg Mi:n Max _ Avg Min _ _ AqqD IWrm _ ,ii ii =.. iii ii i ii l i ii llli i llill I I i ii iii ii ii

GW-2043 <33.0 ND ND 3/3 < 15.0 NO 26.2 2/3 <810 NO 1330 2/3 2.43 NO 3.30 1/3
i ii i

GW-3003 < 30.0 NO NO 2/2 < 16.50 NO NO 2/2 9045 8920 9170 0/2 7.60 4.90 10.3 012
,,, , i

GW-3006 <27.5 NO NO 2/2 <17.50 NO t4D 2/2 1017 NO 1620 1/2 <2.00 NO NO 2/2......,,

GW-3008 < 27.5 ND ND 2/2 < 17.50 NO NO 2/2 2410 2350 2470 0/2 14.6 14.5 14o8 0/2

GW-3009 <30.0 NO NO 2/2 62.0 60.1 63.9 0/2 1710 1320 2100 0/2 3.15 2.30 4.00 0/2i

GW-3019 <20.3 NO NO 4/4 27.0 NO 81.1 3/4 1700 1490 1920 0/4 <2.00 NO NO 4/4i i ,

ir
GW-3023 204 190 224 014 < 15,50 NO NO 4/4 3183 2790 3S_O 0/4 9.0S NO 11.9 1/4i i ' " "

GW-4001 < 13.00" NO NO 2/2 < 13.50" NO NO 2/2 1880" 1770 1990 0/2 <2.00" NO 200 1/2
i ,, , ,

GW-4002 <30.0 NO NO 212 < 16.50 NO NO 212 <763 NO 704 1/2 <2.00 NO NO 2/2
i i i

GW .-a___3 <27.5 NO NO 2/2 < 17.50 NO ND 2/2 1225 1030 1420 0/2 2.15 NO 3.30 1/2

G_ <27.5 NO NO 2/2 < 17.50 NO NO 2/2 1011 992 1030 0/2 2.05 2.00 2.10 0/2i
i

GW-4006 <30.0 NO NO 2/2 <16.50 NO NO 2/2 2165 1870 2660 0/2 <2.00 NO NO 2/2

GW-4006 <13.00" NO NO 2./2 <13.50" NO NO 212 1215" 1030 1400 0/2 <,2.00" NO NO 2/2,, ,

GW- .__10_7 <27.5 NO NO 2/2 <17.50 NO NO 2/2 1930 1740 2120 0/2 2.45 NO 3.90 1/2i iii

GWJnnR < 27.5 NO NO 2/2 < 17.50 NO NO 2/2 < 738 NO 928 I/2 < 2.00 NO NO 2/2i

GW ".00___ <27.5 NO NO 2/2 < 17.50 NO NO 2/2 17725 _ 28r-j(X) 0/2 <2.00 NO 2.20 1/2i

GW _010 <27.5 NO NO 2/2 < 17.50 NO NO 2/2 <738 NO 007 1/2 2.15 NO 3:30 1/2i llll
.... ,

_O11 <27.5 NO _ 212 < 17.50 NO NO 2/2 7205 6B80 7e_rj0 0/2 <2.00 NO 3.00 I/2
. . , i i _l i

GW_012 45.6 ND 71.2 1/2 <16.50 NO NO 2/2 I 44850 21000 68700 0/2 <200 liD NO 2/2
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

.'_---'_-',_--'__-_-,_am,.--_-q _'.l_J___el_-,,,_4 Potasek_ #g/I Seimum
ii

GW._013 <30.0 NO I NO 2/2 < 16.50 NO NO 2/2 5480 5260 5880 0/2 2JlO lid 4.50 1/2i

GW _014 <30.0 NO NO 2/2 <16.50 ND NO 2/2 <763 NO ND 2/2 <2.00 lid NO 2./2

GW_O15 <27.5 NO NO 2/2 <17.50 NO ND 2/2 1335 1330 1340 0/2 <2.00 NO NO 2/2
ii

GW-4016 43.2 20.8 65.6 0/2 <17.5 ND 21.3 1/2 1105 840 1370 0/2 <2.00 NO NO 2/2

GW A-_O17 <27.5 NO NO 2/2 < 17.5 NO 14.2 1/2 1905 1140 2670 0/2 <2.00 lid 2.70 1/2

GW 4016 <27.5 NO NO 2/2 < 17.50 ND Nil) 2/2 2235 1990 2480 0/2 <200 NO NO 2/2

GW-4019 < 27.5 NO NO 2/2 < 17.50 ND ND 2/2 <738 NO NO 2/2 <2.00 NO NO 2/2i

GW-4020 <30.0 NO NO :/'J < 16.50 NO NO 2/2 4005 4000 4010 012 <2.00 NO NO j 2/2

GW-4021 < 40.0" NO lid 111 < 14.00" NO NO 111 2250" 2250 -- O/1 <2.00 e NO NO 1il

GW-40__:P <26.5 NO 34.2 3/4 <16.5 ND 26.7 3/4 1443 1170 1630 0/4 <2.00 NO 2.50 314
i i

GW-4023 < 27.5 NO ND 2/2 < 17.50 NO NO 2/2 797 NO 1180 I/2 2.65 2.40 2.70 0/2,.

GW-FINVV

GW-PWO2 <23.0 ND NO 3/3 < 18.00 NO ND 3/3 4Z30 4270 4430 0/3 <2.00 NO 2.00 2/3

GW-IqM)3 < 2.00 II) NO 111

GW-PW04 _ r

GW-PW05 <2,00 NO NO 111
i

GWPW06 <2.00 NO NO 111

GW-PVV07

GWPV_._sJ
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

_:,con _._.4 Silver pg/I Sodiumpg/I StrontiumpoN

Location Avg J M_. J.----xJnatio Avg J Min J IVlaxlRatio Avg J Min JMaxJnotio Avo j,Jn M--in,'o
GW-1002 < 6.00 ND NO 313 25975 24700 27600 014 363 302 400 0/4

GW-1004

GW-1005 < 6.00 ND ND 313 18800 18200 20400 014 674 606 712 014

GW-1006

GW-IOO7

GW-1008

GW-1009

GW-1010

GW-1011

GW-1012

GW- 1013 < 6.50 ND ND 212 17500 17200 17800 0/2 463 449 477 0/2

GW-1014 < 7.33 NO ND 313 20933 17300 25600 0/3 459 432 489 0/3

GW-1015

GW-1016

GW-1017

GW- 1018 < 6.00 ND ND 2/2 25533 23200 27700 0/3 897 689 1010 0/3

GW-1019 <8.00 NO NO 2/2 13433 13000 14100 0/3 854 753 920 0/3

GW-1020

GW-1021 < 9.00 ND ND 1/1 14950 14200 15700 0/2 972 904 1040 0/2

m:_ueere_joenne_eeer93_gw93motl.6 A-50
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

II ,, "

e;I;
_=:=on H0/I Silver Hg/I Sodium jug/I Strontium HO/I

_mm

GW-2003 < 6.50 NO NO 212 129500 123000 136000 0/2 572 562 581 0/2

GW-2004 4880 4880 --- 011 <6.25 NO NO 414 11950 11100 12500 014 163 148 171 014

GW-2005 < 5.00 NO NO 414 24800 20700 27700 0/4 134 118 144 0/4

GW-2006 < 6.40 ND ND 5/5 101280 93800 1090OO 0/5 214 200 222 0/4

GW- 2007 < 8.OO NO NO 4/4 6193 5850 6510 014 179 145 220 0/4

GW-2008 <7.25 ND ND 4/4 12375 11600 13700 0/4 122 113 131 0/4

GW-2009 < 8.00 ND ND 414 39725 34500 43700 014 141 135 148 014

GW-2010 < 5.00 ND NO 414 49675 42400 54100 0/4 131 121 153 014

GW-2011 <7.25 ND NO 414 7193 6640 7430 014 96.3 91.6 99.5 014

GW-2012 < 7.25 NO ND 414 49625 45000 58700 014 187 178 192 OI4

GW-2013 < 7.25 NO NO 414 89375 85600 91000 0/4 154) 142 162 0/4

GW-20 14 < 6.25 NO NO 4/4 38350 29600 42400 0/4 157 152 162 0/4

GW-2015 < 7.25 NO ND 4/4 28850 28000 29800 OI4 237 231 248 0/4

GW-2017 < 6.25 NO NO 414 38000 36600 38800 0/4 445 421 460 OI4

GW-2018 < 6.25 NO NO 4/4 44150 42300 46000 0/4 280 272 287 0/4

GW-2019 < 6.25 ND NO 4/4 35425 25100 42300 0/4 454 424 467 0/4

GW-2020 < 7.33 NO NO 313 99200 93500 105000 0/3 199 189 205 OI3

GW-2021 < 6.25 ND ND 414 9998 7620 12600 014 142 120 167 014

GW-2022 < 6.00 ND NO 414 6613 6170 6990 0/4 147 1 40 161 0/4

m:_users_joonne_oeer93_gw93metl.6 A-_2
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

,, , r 'r i

$_,'.:con_,_,.4 Silver lag/I Sodium/Jgtl Strontium

i i | ' i i " i i ill '

GW-2043 <6.67 NO ND 3/3 25100 23500 26400 0/3 280 269 299 0/3

GW-3003 <6.50 ND ND 2/2 163000 162000 164000 0/2 574 586 581 0/2

GW-3006 < 7.50 NO NO 2/2 17500 17000 18000 0/2 200 191 209 0/2
,,

GW-3008 < 7.50 NO NO 2/2 209000 193000 225000 0/2 1305 1270 1340 0/2

GW-3009 < 6.50 NO ND 2/2 45200 39000 51400 0/2 336 303 3611 0/2
.

GW-3019 <6.26 NO NO 414 6888 6490 7610 0/4 105 88.5 114 0/4

GW-3023 <6.25 NO ND 4/4 222250 200000 261000! 0/4 608 563 690 0/4

GW-4001 < 5.00" NO NO 2/2 23950" 23600 24300 0/2 86.7" 86.7 -- 011

GW-4OO2 < 6.50 NO NO 2/2 7680 7380 7980 0/2 141 103 179 0/2

GW-4003 <7.50 ND NO 2/2 9365 9020 9710 0/2 111 105 116 0/2

GW-4004 < 7.50 NO NO 2/2 9530 9290 9770 0/2 89.3 83.8 94.6 0/2
, i ! r i ii

GW-4005 < 6.50 NO ND 212 8235 7820 8650 012 157 140 173 0/2

GW-4006 <5.00" NO NO 2/2 7590" 7370 7810 0/2 69.6" 69.5 --- 011

GW-4007 <7.50 NO NO 2/2 23650 23300 24000 0/2 105 106 -- 011

GW-4008 < 7.50 ND NO 2/2 3325 3280 3370 0/2 89.9 88.1 91.6 0/2
[

GW-4009 < 7.50 NO NO 212 19050 14500 23600 0/2 116 111 121 0/2

GW-40 10 < 7.50 NO NO 2/2 13860 13800 13900 0/2 124 122 126 0/2

GW-4011 < 7.50 ND ND 2/2 66750 66500 67000 0/2 373 368 377 012,,, •

GW-40 12 < 6.50 NO NO 2/2 47850 42900 53000 0/2 105 51.9 159 0/2

m:lueere_joanne_aeer931gw93metl. 6 A-54
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TABLE A-3 Geochemical Concen_ra_ons for Groundwater, 1993 (Con_nuedl

m

ow._g __ pq_ , 336, oo._, , ooGW_P.,.,v""v%V

GW-R_,Y;,1 < 9.00 NO NO 2/2 13350 13200 13500 0/2 784 748 | 19 0/2

GW-R ;,_;.'2 <9.00 NO ND 2/2 7830 7690 7970 0/2 542 511 573 0/2

GW- R=.Y;.'3

GW-R_'_s_V.4

m:_usem_joennelmr93_gw93met1.6 A-56
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

Thallium _il Vanadium/jg/l Zinc

location Avg Min Max Ratio Avg Min Max Ratio Avg Min Max Ratio

GW- 1002 < 3.67 ND ND 3/3 21.2 13.2 25.3 0/3 16.9 ND 30.4 1/3

GW- 1OO4 45.8 1/3

GW- 1005 < 3.67 ND ND 3/3 22.1 ND 33.3 113 22.7 NO

GW-IOO6

GW-IO07

GW-IOO8

GW-IO09

GW-1010

GW-1011

GW-1012 NO 111

GW- 1013 <4.00 ND ND 1 I1 21.9 21.9 -- 011 <9.00 NO

GW- 1014 < 4.50 ND ND 212 13.9 NO 24.3 112 6.65 NO 8.80 112

GW-1015

GW-lO16

GW-IO17 6.70 13.9 0/2

GW- 1018 < 2 .O0 NO NO 2/2 11.8 NO 20.1 1/2 10.3

GW- 1019 < 2.00 NO ND 2/2 < 5.00 NO NO 2/2 7.25 6.40 8.10 0/2

GW- 1020 011 < 3.00 NO NO 1 I1

GW-1021 <2.00 ND ND 1I1 14.0 14.0 "-

A-57
m:_tmem_jomme_me_3_gw93mel1-7
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TABLE A-3 GeochemicalConcentrationsfor Groundwater, 1993 (Continued)

GW- 1022 < 2.00 ND ND 2/2 13.3 ND 23.0 112 7.10 5.10 9.10 0/2

GW-1023

GW-1024

GW-1026

GW-1027

GW-1028 < 5.00 ND ND 1I1 10.5 10.5 -- 0/1 27.2 27.2 -- 0/1

GW-1029

GW-IO30

GW-lO31

GW-1032 < 5.00 NO ND 111 19.8 19.8 -- 0/1 7.80 7.80 -- 0/1
i

GW- 1033 < 2.00 NO NO 1I1 < 7.00 NO NO 1I1 16.9 16.9 -- O/1

GW- 1034 < 2.67 NO NO 3/3 16.8 NO 24.8 113 9.56 ND 17.5 1/3

GW-1035

GW-1036

GW-1037

(_W-1038

GW- 1039

GW-2001 <4.00 ND ND 111 9.75 ND 16.0 1/2 <8.50 ND 11.1 1/2

GW-2002 < 4.00 ND ND 111 24.9 24.2 25.6 0/2 < 8.50 ND NO 2/2

m:_ueem1_mne_mm_r931_N93mel1.7 ._L°58
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

' i , , , , ,, , , , ,, rl i , ii ,i

_ V_m_lium/AgA Zinc

L I I III ml ' 1' I ' II i II '11 I I ',IN I I | • I

GW-2003 < 4.00 ND ND 1I1 31.7 28.2 35.2 0/2 < 8.50 ND ND 2/2
, ,

GW- 2004 <3.67 ND 2.00 2/3 14.4 13.3 15.3 0/4 <5.75 Nil) 11 .O 3/4
, ,, , , ,

GW-2005 < 3.67 ND ND 3/3 15.7 12.1 17.4 014 18.1 6.40 31.7 0/4
•

GW-2006 <7.75 NO ND 4/4 11.2 NO 15.6 1/5 13.0 9.20 21.1 0/5

GW-2007 <6.33 ND ND 3/3 < 18.3 ND 14.1 1/4 11.2 NO 18.5 1/4
. . i

GW-2008 < 3.67 NO NO 3/3 10.7 3.20 17.4 _14 23,5 NO 72.9 1/4
i , i |

GW-2009 <6.33 NO ND 3/3 < 18.3 NO 17.7 1/4 16.2 ND 37.3 2/4
, ., i i , , •

GW-2010 <3.87 ND NO 3/3 12.6 10.4 15.0 0/4 7.80 NO 12.9 2/4
.. i , i ,

GW-2011 < 3.67 NO NO 3/3 17.1 ND 23.2 1/4 12.1 ND 22.4 1/4
L , . i i i i i

GW-2012 <3.67 ND NO 3/3 13.6 ND 28.6 2/4 11.1 NO 29.9 2/4
. . . i i i, ,

GW-2013 < 3.67 NO NO 3/3 9.38 ND 20.4 2/4 14. I NO 30.6 114i

GW-2014 <3.67 ND ND 3/3 18.2 11.9 27.6 0/4 16,0 NO 29.2 1/4
i

GW-2015 < 3.25 ND NO 4/4 20.9 14.0 28.7 014 12.1 NO 19.6 1/4

GW-20 17 < 3.67 ND 2.30 2/3 35.1 32.9 38.4 0/4 8,05 ND 14.0 114

GW-2018 <3.67 NO ND 3/3 11.7 NO 20.9 2/4 9.13 NO 15.4 .1/4 I,,i

GW-2019 < 2.67 ND NO 3/3 9.98 NO 18.7 114 8.35 ND 13.1 2/4i , i

GW-2020 < 2.67 NO ND 3/3 19.8 8.70 33.1 0/3 ?2.4 NO 24.8 1/3i i i , " '

GW-2021 < 3.25 ND ND 4/4 12.2 NO 15.9 I/4 ........12.5 NO, 18.3 1/4

GW-20:_ <2.67 NO NO 3/3 13.6 NO 26.0 114 32.4 1.50 72.2 0/4i i i
, |
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

T'-__-,'__-_-_ Va,._e,_____.,m_..._J ZincE

Location Avg _ _ _ m
_ uB_mmm:

GW-2023 < 2.50 NO ND 414 17.6 3.20 30.2 014 7.98 NO 21.9 3/4m,,mm mmmmmm_mm= mmmmmammmm_=

m,m.mmmmmmm _

GW-2024 < 2.50 NO NO 414 14.7 NO 38.5 1/4 7.05 NO 11.7 2/4

GW-2025 < 2.67 NO NO 3/3 10.2 ND 27.1 2/4 <5.7E NO 9.70 2/4

GW-2026 <2.00° ND NO 3/3 8.33 • 5.30 11.5 0/4 12.9 • 8.00 28.2 0/4

_n 4/4 9.10 NO 15.2 1/4 10.6 NO 18.5 1/4GW-2027 <2.50 NO ---

GW-2028 < 3.25 NO NO 4/4 17.0 NO 28.0 114 12.9 II) 34.1 2/4

GW-2029 <3.67 NO NO 3/3 12.7 10.9 15.2 0/4 33.9 NO 50.7 1/4

GW-2030 <2.50 NO NO 414 18.3 11.4 32.9 014 20.9 NO 47.5 1/4

G.t_.-2032 < 200 NO NO 4/4 14.4 NO 19.4 1/4 14,5 NO 21.0 1/4

GW-2033 < 2.50 NO NO 4/4 12.9 9.80 18.8 0/4 16.4 NO 25.2 1/4

GW,-2034 < 3.67 NO NO 3/3 20.4 ND 43.0 1/4 62.8 39.6 131 0/4

GW:2035 <3.00 NO NO 2/2 < 6.00 ND ND 2/2 63.5 9.00 118 0/2

G.t_.2036 < 2.00 NO ND 2/2 5.00 ND 8.50 1/2 19.3 7.10 31.4 0/2

GW-2037 < 3.O0 ND ND 2/2 27.9 ND 54.2 1/2 7.60 NO 10.7 1/2

GW-2038 < 3.00 NO NO 2/2 50.6 NO 99.6 1/2 11.3 10.1 12.4 0/2

GW-2039 < 3.00 NO NO 2/2 19.5 NO 37.5 1/2 19.1 11.9 26.3 0/2

GW-2040 < 2.67 NO NO 3/3 26.5 4.30 57.4 0/3 10.4 NO 14.8 1/3

GW-2041 < 3.00 NO NO 2/2 54.5 3.00 106 0/2 11.7 10.5 , 12.9 0/2

GW-2042 < 3.00 NO NO 2/2 17.7 NO 33.9 1/2 < 6.00 NO 4.20 1/2

m:lummm_)anne%Ner93_gw93metl.7 ,A,-_0
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)
i

•rr-,_-L,,n_--,,_4 Vm_ium_ Z_¢

GW._13 <3.00 _ ND I ND 2/2 23.8 19.O 28.5 0/2 10.9 liD 17.8 1/2

GW A-_914 < 3.00 ND NO 2/2 22.3 19.2 25.3 0/2 <8.50 NO 6.40 1/2

GW-4015 < 4.50 ND ND 2/2 9.95 NO 16.4 1/2 20.6 14.9 26.3 0/2

GW-4016 < 4.50 NO ND 2/2 19.9 ND 36.2 1/2 25.9 22.6 28.1 0/2

GW-4017 < 3.00 NO NO 2/2 10.9 ND 18.2 1/2 30.1 12.0 48.2 0/2

GW-4018 < 3.O0 ND NO 2/2 12.4 12.3 12.5 0/2 10.5 NO 16.5 1/2

GW-4019 <4.50 NO NO 2/2 15.6 10.2 21.0 0/2 6.50 ND 8.50 I/2

GW-4020 < 3.00 ND NO 2/2 18.8 9.50 28.0 0/2 <8.50 NO 10.2 1/2
i |l

GW-4021 < 4.00" NO ND 1I1 35.9" 35.9 -- OI1 9.30" 9.30 -- O/1

GW-4022 < 2.50 NO ND 4/4 11.1 ND 28.3 2/4 38.0 8.80 80.1 0/4i

GW-4023 < 3,00 ND ND 2/2 21.9 20.6 23.2 0/2 12.6 NO 20.7 1/2

GW-FINW

GW-PW02 < 4.00 NO ND 3/3 < 5.67 NO NO 3/3 10.5 6.40 13.6 0/3

GW-PW03

GW-PW04

GW-PWO5

GW-PWO6

GW-PW07

GW-PW08

m:_users_Nmnelmor93_gw93med.7 ,&,-6_
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

Veeadk-- pgA Zmc.mm.amm..m.amm, m mmmmmmmmm,m, "nmmm"mmamm"
TMIli.m _IA ___._.._.___.._ _.____.--

_ _ ,mm,.,mmmmmm.m .,,m.mmmmm"im'm

Avg I_n Mu _Rati° Avg __ Max Ratio Avg _ __MIx
f ill

, GW-I:'WO9 < 3 .O0 ----------NO ND -----------3/3 _-_-- -----------10.2 ND _ 18.1 --.--.-----1/3 _ 36.7 .----.------ ------------20.6 SO.9 .---------Ot3

GW-RAWW .......
_ mammaummm.mam m.mmm,mmmmmm"

GW-RMWl < 3.50 NO NO 2/2 12.0 8.50 15.5 0/2 31.1 27.0 3S-_ 0/2_ _mm.wmmmm.m" _ ..mmwmmnm.m _ _ mmmnunimmm _

GW-RMW2 _< 3.50 .--.---.----NO .________...___.__.......__.._ND 2/2 12.4 10.5 _14.2 --..------O/2 _25"0 21.9 ...---------2ti'O..--------O/2

GW-RMW4 _ _ _



1100WayneAvenue,Suite1100 #_o'*°_._
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TABLE A-4 Nitroaromatic Concentrations for Groundwater, 1993

1,3,5-Trir;_,anz_,-_ _-,,j.4 1,3-Dinitrobenzene #g/I 2,4,6-Tdnitrotoluene/Jg/I ,.

Location ArgOn Ratio Avg Min Max Ratio Avg Ratio

GW- 1002 _ 1269 I 800 1 _C,O OI12 0.639 ND I O.880 1/12 224 150 I 370 0112

GW- 1004 5.19 0.760 10.0 OI12 <O. 133 ND ND 12112 12.2 1.87 27.0 0112

GW- 1005 < 0.089 NO ND 9/9 < O.147 ND ND 9/9 <O. 113 NO NO 9/9

GW- 1006 57.0 32 .O 85.0 OI4 < 0.O90 NO NO 414 10.4 4.60 14.0 0/4

GW- 1007 <0.030 NO NO 212 <0.090 ND ND 212 <0.030 NO ND 2/2

GW- 1OO8 < 0.O30 ND NO 212 < O.090 ND NO 2/2 0.125 O.120 O.130 0/2

GW- 1009 < O.O30 ND NO 3/3 < 0.090 NO NO 313 < 0.030 NO NO 3/3

GW- 1010 <O.030 NO NO 414 < 0.090 NO ND 414 < 0.030 NO NO 4/4

GW- 1011 < 0.030 NO NO 414 < 0.090 NO ND 414 < 0.030 NO ND 4/4

GW- 1012 < 0.030 NO NO 616 < 0.O90 ND NO 616 < 0.030 ND NO 616

GW- 1013 < 0.O30 NO ND 414 < O.090 NO NO 414 <O.O30 NO NO 414

GW- 1014 < O.O30 NO ND 4/4 < 0 .O90 ND NO 4/4 < 0.030 NO ND 414

GW-1015 43.2 15.0 80.0 016 0.242 0.130 0.440 . 016 10.9 7.00 16.0 OI6

GW-1016 3.34 1.50 5.40 0/5 <0.090 NO NO 5/5 0.999 0.550 1.50 0/5

GW-1017 <O.295 NO NO 212 <0.350 NO NO 2/2 <0.405 NO ND 2/2

GW- 1018 <0.207 ND ND 3/3 < 0.263 ND NO 3/3 <0.280 ND NO 3/3

GW-1019 <0.207 NO NO 3/3 <0.263 NO NO 3/3 <0.280 NO NO 3/3

GW- 1020 <0.207 NO ND 3/3 <0.263 ND ND 3/3 <0.280 NO NO 3/3

GW- 1021 < O.295 ND ND 212 < O.350 ND NO 212 < O.405 NO NO 2/2

m:_uoem_joanne_mle193_gw93nitr. 1 A-04
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TABLE A-3 Geochemical Concentrations for Groundwater, 1993 (Continued)

l_==_=:=======m Vanadium ug/! Zinc pgjl
Thallium _gfl _ .....

Location Avg Min Max Ratio Avg Min Max Ratio Avg Min Max Ratio

GW-PW09 < 3.00 NO ND 313 10.2 ND 18.1 113 36.7 20.6 50.9 013

m.,,..m,m.,mm,,m
GW-RAVVVV -.--

GW-RMWI < 3.50 ND ND 212 12 .O 8.50 15.5 012 31. I 27.0 35.2 O12

GW- RMVV2 < 3.50 ND ND 212 12.4 10.5 14.2 012 25.0 21.9 28.0 012

..m....-_--m- _ "--'_'_''m''" _
GW-RIVNV3 -.----------

GW-RMW4

m:_usem_joanne_aserS3_gw93metl-7 A-63
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TABLE A-4 Nitroaromatic Concentrations for Groundwater, 1993 (Continued)

1,3,5-Trinitrobenzene pll/I 1,3-Oinitrobenzene Fg/I 2,4,6-Trinitrotoluene pg/I

Location Avg Min Max Ratio Avg Min Max Ratio Avg Min Max . Ratio

GW- 1022 < 0.207 ND NO 3/3 < 0.263 NO NO 313 < 0.280 NO ND 3/3

GW-1023 <0.295 NO NO 212 <0.350 NO NO 212 <0.405 NO NO 2/2

GW-1024 <0.030 ND, NO 212 <O.090 NO ND 212 <O.030 NO NO __/2

GW- 1026 <0.030 ND ND 7/7 <0.090 NO ND 7/7 < 0.030 NO NO 7/7

GW- 1027 0.341 NO 0.560 1/7 < 0.090 ND NO 7/7 23.4 14.0 52.0 0/7

GW- 1028 < 0.030 NO NO 3/3 <0.090 NO NO 3/3 <0.030 NO NO 3/3

GW- 1029 <0.106 NO 0.073 6/7 <0.163 ND ND 7/7 <0.137 ND NO 7/7

GW-1030 0.155 NO 0.480 4/9 <O.147 NO NO 9/9 2.01 ND 9.50 1/9

GW-1031 <0.163 NO ND 414 <0.218 ND ND 4/4 <0.218 ND NO 4/4

GW- 1032 5.38 I_.0 16.0 113 < 0.090 ND NO 313 16.6 0.760 48.0 0/3

GW-1033 <0.207 NO NO 3/3 <0.263 ND ND 313 <0.280 NO NO 3/3

GW- 1034 < 0.030 NO NO 414 < O.090 ND ND 414 < 0.030 NO ND 4/4

GW-1035 <0.030 NO NO 4/4 <0.090 ND NO 4/4 <0.030 ND ND 4/4

GW- 1036 <0.030 NO ND 5/5 < 0.090 ND ND 5/5 <0.030 NO ND 5/5

GW- 1037 < 0.030 ND NO 5/5 < 0.090 NO NO 5/5 < 0.030 ND NO 5/5
_-" <0.030 ND ND 5/5

GW-lO38 <O.030 NO ND 5/5 <0.090 ND NO 5/5

GW-1039 <0.030 ND NO 5/5 <0.090 NO NO 5/5 <0.030 ND ND 6/5

GW-2001 0.049 0.041 0.064 0/4 <0.090 NO NO 4/4 <0.030 ND ND 4/4

GW-2002 <0.030 NO 0.029 214 <0.090 NO NO 4/4 <0.030 NO ND 4/4

m:_.eers_joanne_uer93_Ow93nitr'l A-65
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TABLE A-4 Nitroaromatic Concentrations for Groundwater, 1993 (Continued)

1,3,5-Tdnitrobenzene #g/I 1,3-Dinitrobenzene pgA 2,4,6-Trinitrotoluene #g/I
II | |

Loc.t_on Av_ I Min Max R._io Av, I M_n I M.. i R'_io Av_
Mn Max .. Retio

i t I ttt t t t
B m II

GW-2003 <O.U30 ND NO 4/4 <O.090 NO NO 4/4 <0.030 NO ND 4/4

GW-2004 <0.O30" NO NO 1I1 <0.090* ND NO 111 <0.030" NO NO 111

GW-2OO5 <O.O30* NO ND 3/3 <O.090" NO ND 3/3 <0.030" ND ND 3/3

GW-2006 11.3 10.0 12.O 0/4 <0.090 ND ND 4/4 <0.030 ND ND 4/4

GW-2OO7 <0.O30 NO NO 212 <0.O90 NO ND 2/2 <0.030 NO ND 2/2

GW-2008 1.03 O.900 1.20 0/4 <0.090 NO 0.064 314 <0.030 NO 0.032 2/4

GW-2009 <0.030 NO NO 4/4 <0.090 NO NO 4/4 <0.030 ND NO 4/4 -

GW-2010 0.220 ND 0.210 114 < O.220 NO NO 414 0.443 ND 0.480 114

GW-2011 0.560 0.520 0.600 0/4 <0.090 ND NO 4/4 0.051 ND O.160 3/4

GW-2012 1.90 1.80 2.00 0/4 <0.090 NO ND 4/4 0.620 0.560 0.720 0/4

GW-2013 1.17 0.850 1.70 013 <0.090 NO NO 3/3 0.079 0.026 O. 170 0/3

GW-2014 3.50 3.00 4.00 0/4 < 0.090 ND 0.091 214 0.041 ND 0.056 1/4

GW-2015 <0.030 NO ND 212 <0.090 ND ND 2/2 <0.030 NO ND 2/2

GW-2017 < 0.030 NO NO 4/4 < 0.O90 ND ND 4/4 < 0.030 NO ND 4/4

GW-2018 < 0.030 ND ND 2/2 < 0.090 ND NO 2/2 < 0.030 NO ND 2/2

GW-2019 <0.030 NO ND 2/2 <0.090 NO NO 2/2 <0.030 NO ND 2/2

GW-2020 <0.030 NO ND 2/2 <0.090 ND NO 2/2 <0.O30 ND ND 2/2

GW-2021 _ <0.030 NO ND 212 <0.090 NO ND 2/2 <0.030 NO NO 2/2

GW-2022 < 0.030" ND ND 1 I1 < 0.090 * ND NO 1! 1 < 0.030 * NO NO 1I1

m:_users_joanne_aser93_gw93nitr. I .A.- 66
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TABLE A-4 Nitroaromatic Concentrations for Groundwater, 1993 (Continued)

1,3,5-Tfinitrobenzone pg/I 1,3-Dinitrobenzene/_g/I 2,4,6-Trinitrotoluene

Location Avg Kin Max Ratio Avg Min Max Ratio Avg Min Max Ratio

GW-2023 <0.030 ND NO 212 <0.090 NO ND 212 <0.O30 ND NO 2/2

GW-2024 < 0.030 NO NO 212 <O.O90 NO NO 212 <O.030 NO ND 2/2

GW-2025 <O.030 ND ND 212 <0.090 NO NO 212 <0.030 ND NO 2/2

GW-2026 <0.030 NO NO 212 <O:O90 NO ND 2/2 <O.O30 ND NO 212

GW-2027 <0.O30 NO ND 212 <O.O90 NO ND 2/2 <0.O30 NO ND 212

GW-2028 < 0.030 ND ND 2/2 < 0.090 NO ND 212 < 0.030 NO NO 212

GW-2029 <0.030* ND NO _. 1I1 <0.090" NO NO 1 I1 <0.030" NO NO 1I1

GW-2030 9.33 9.00 9.50 0/3 <0.090 NO NO 3/3 13.3 12.0 14.0 0/3

GW-2032 4.23 4.00 4.50 014 <0.090 ND NO 414 7.75 7.00 8.50 OI4

GW-2033 3.53 0.230 7.20 OI4 < 0.090 ND NO 414 0.724 0.084 1.40 014

GW-2034 < 0.030 NO NO 414 < 0.090 NO ND 4/4 < 0.030 ND NO 414

GW-2035 < 0.030 NO NO 5/5 < 0.O90 NO NO 5/5 < 0.030 ND ND 5/5

GW-2036 < 0.284 NO ND 5/5 < O.134 ND NO 5/5 <0.284 NO ND 5/5

GW-2037 0.202 O.170 0.230 0/5 < 0.090 ND NO 5/5 <0.030 NO NO 5/5

GW-2038 0.228 O.190 O.260 0/5 <O.O90 NO ND 5/5 <0.030 NO NO 5/5

GW,2039 <0.030 NO ND 5/5 <0.090 NO NO 5/5 <0.030 NO ND 5/5

GW-2040 < 0.030 NO NO 5/5 < 0.090 NO NO 5/5 <O.O30 NO NO 5/5

GW-2041 <O.030 ND ND 5/5 <O.090 NO NO 5/5 <0.O30 NO NO 5/5

GW-2042 < O.030 ND NO 5/5 < O.O90 NO ND 5/5 < 0.030 NO ND 5/5

m:_uoersXjoanne_mzer93_gw93nitr- 1 'tdtk'-6'7
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TABLE A-4 Nitoaromatic Concentrations for Groundwater, 1993 (Continued)

1,3,5-Trin;;i_,i,-_one pg/1 1,3-Oinitrobenzene MO/I 2,4,6-Trinitrotoluene/ag/I

GW-2043 < 0.030 ND 0.019 3/5 < 0.090 ND ND 5/5 < 0.030 ND NO 5/5 _

GW-3003 <0.O30 NO NO 212 <0.090 NO NO 212 <0.O30 ND NO 212

GW-3006 <0.030 NO NO 212 <0.090 NO ND 212 <0.030 NO NO 212

GW-3008 <0.030 ND ND 3/3 <0.090 NO NO 3/3 <0.030 NO NO 3/3

GW-3009 0.243 O. 150 0.400 0/3 < 0.090 NO NO 3/3 < 0.030 ND NO 3/3

GW-3019 < 0.030 NO NO 212 < 0.090 NO ND 2/2 < O.030 NO ND 2/2

GW-3023 < 0.030 NO NO 414 < 0.090 ND NO 4/4 0.050 NO 0.096 2/4

GW-4OO1 64.6" 54.O 75.0 014 <0.090" NO NO 414 2.00* 1.80 2.40 014

GW-4OO2 O. 198 0.072 0.490 0/4 < 0.090 ND ND 4/4 1.14 0.600 2.00 014

GW-4003 <0.O30 NO NO 212 <0.090 NO ND 2/2 <O.O30 NO ND 2/2
i

GW 4004 < 0.030 ND NO 2/2 < 0.090 ND NO 212 < O.030 ND NO 212

GW-4005 <0.030 NO NO 212 <0.090 NO NO 212 <0.030 NO NO 212

GW-400 6 14.2 9.91 19.0 OI4 <0.218 NO NO 414 <0.218 NO NO 4/4

GW-4007 < 0.O30 NO ND 2/2 < O.090 NO ND 2/2 < 0.O30 NO ND 2/2

GW-4008 <O.O30 NO NO 212 <O.O90 NO NO 2/2 <0.O30 ND ND 2/2

GW-4009 < 0.030 ND NO 2/2 < 0.090 NO ND 212 < 0.030 ND ND 2/2

GW-4010 < O.O30 NO NO 212 < 0.090 NO NO 212 < 0.030 NO NO 2/2

GW-4011 <0.030 NO NO 2/2 <0.090 NO ND 2/2 <0.030 NO ND 2/2

GW-4012 < 0.030 NO NO 212 < 0.090 NO NO 212 <0.030 NO NO i 212,,
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TABLE A-4 Nitroaromatic Concentrations for Groundwater, 1993 (Continued)

1,3,5-Trinitrobenzene pg/I ,3-Dinitrobe. _ene/_g/I _ 2,4,6-Trinitrotoluene pg/I

Location Avg Min Max Ratio Avg Min Max Ratio Avg Min Max Rotio

GW-4013 37.5 32.0 50.0 014 < 0.090 .-.--------ND _ND 414 0.050 0.038 0,059 014

GW-40 14 0.580 0.560 0.600 012 <0.090 _NO NO 212 0.032 0.026 0.038 0/2

GW-4015 1.70 1.20 2.20 0/2 < O.O90 -----------NO _-.---.----NO 2/2 <0.030 NO NO 212

GW-4016 < 0.030 NO NO 2/2 < O.090 -..-.--.--.-_NO ND 2/2 < O.030 NO NO 2/2

GW-4017 < 0.030 NO NO 212 < O.O90 ...-.------ ---.---------------------_ND NO 212 < 0.030 NO NO 2/2

GW-4018 < 0.030 NO NO 2/2 < O.090 _ND _.------.---ND 2/2 < 0,030 NO NO 2/2

GWo4019 < 0.030 ND NO 2/2 < 0.090 __.------NO NO 2/2 < 0.030 NO NO 2/2

GW-4020 < O.O30 NO NO 2/2 < O.090 ._.__._.._._ ___.....______.___..__NOND 212 < 0.030 ND NO 212

GW-4021 < 0.030 • NO ND 111 < O.O90 - .--.--..----- .---------_-------------ND ND 1/1 < 0.030 • NO NO 1 I1

GW-4022 < 0.030 ND NO 212 _ ._.._._...__ _._.._...__.__._.._.___<O.090 NO ND 2/2 < 0.030 NO NO 212

GW-4023 O. 120 O,120 --- OI2 _< O .O90 ...----.-.--.- -------------------------NO NO 2/2 < 0.030 NO ND 2/2

GW-FINW < 0.030 NO NO 313 < 0.090 .._...._._..._._...._._._NO NO 313 < 0.030 ND NO 313

GW-PW02 < 0.030 NO ND 414 < 0.090 ------------NO NO _4/4 < O.O30 ND NO 4/4

GW-PWO3 < O.030 ND ND 4/4 < 0 .og0 ND .--------.----ND 4/4 < 0.030 ND ND 414

GW-PW04 <0.030 ND ND 2/2 <0.090 NO _NO .----.-----.2/2 <0.030 ND ND 2/2

GW-PWO5 < O.O30 NO ND 414 < O.090 _._.._.__ _...._._.__.__.._.__NO NO 414 < 0.030 NO NO 414

GW-PWO6 < O.O30 ND NO 2/2 < 0.090 .-...--.---- _NO NO _.--.-.----212 < 0.030 ND NO 2/2

GW-PW07 < O.030 NO NO 2/2 < O.O90 .--..--.-.-_..---------_ND NO _2/2 < 0.030 ND ND 2/2

GW-PWO8 < O.030 NO NO 212 < O.090 _NO NO _2/2 < 0.030 NO NO 2/2
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051994

TABLE A-4 Nitroaromatic Concentrations for Groundwater, 1993 (Continued)

l_3,5-Trir, it_o-_---_-_z_r-_ _-,g,.4 1,3-Dinitrobenzene #g/I 2,4,6-Trinitrotoluene pg/I

GW-PWO9 < 0.030 ND NO 414 < 0.090 NO ND 4/4 < 0.030 NO NO 4/4

GW- RA_,;;',_ < O.O30 ND ND 4/4 < 0.090 ND ND 414 < 0.030 NO NO 414

GW-R ,_,.";#1 < 0.030 ND NO 2/2 < 0.090 ND ND 2/2 < 0.030 NO NO 2/2

GW-R;.,",'V2 < 0.030 NO ND 2/2 < 0.090 NO ND 2/2 < 0.030 NO NO 2/2

GW- R._.:;,'3 < 0.030 NO ND 212 < 0.090 NO NO 2/2 < 0.030 NO NO 2/2

GW-RMW4 <0.030 NO NO 2/2 <0.090 NO NO 2/2 <0.030 NO ND 2/2

m:XunrsXjoanneXuer93Xgw93nitr.1 A-'70
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TABLE A-4 Nitroaromatic Concentrations for Groundwater, 1993 (Continued)

2,4-Dinitrotoluene .ugA 2,6-Dinitrotoluene #gA Nitfobenzene #g/l •

Location Avg Min Max Ratio Avg Min Max Ratio Avg Min Max Ratio
i

GW- 1OO2 0.262 NO 0.360 1112 40.0 18.0 111 0112 <0.121 NO NO 12112

GW- 1004 2.17 0.190 4.60 0112 3.33 0.320 5.80 0112 <0.121 NO NO 12112

GW- 1005 0.099 NO 0.110 1/9 0.229 0.012 1.91 0/9 <O.151 NO NO 9/9

GW- 1006 O.173 O. 120 0.220 014 1.45 1.20 1.90 014 < 0.030 ND ND 414

GW- 1007 <0.030 NO ND 212 0.012 NO 0.018 112 <0.030 NO NO 2/2

GW-1008 <0.030 NO ND 212 0.053 0.048 0.057 012 <0.030 ND NO 212

GW- 1OO9 < 0.O30 NO ND 313 < 0.010 NO NO 3/3 <0.030 NO NO 3/3

GW-1010 <0.030 NO NO 414 <0.010 NO ND 414 <0.030 NO NO 414

GW- 1011 < O.O30 NO NO 414 < 0.010 ND ND 414 < 0.030 NO NO 414

GW- 1012 < 0.030 NO NO 616 < 0.010 ND ND 616 < 0.030 ND NO 6/6

GW-1013 <0.030 NO NO 414 <0.O10 NO NO 414 <0.O30 ND ND 414

GW- 1014 <O.030 NO 0.023 314 < 0.010 ND 0.005 314 < 0.030 ND NO 414

GW-1015 0.062 0.046 0.083 016 0.395 0.280 0.530 016 <0.030 ND ND 616

GW-1016 <0.030 ND NO 5/5 0.071 0.053 0.092 0/5 <0.030 ND NO 5/5

GW- 1017 < 0.315 NO ND 212 < 0.280 NO NO 212 < 0.580 ND ND 2/2

GW-lO18 <0.220 ND ND 3/3 <0.190 ND ND 313 <0.397 NO ND 313

GW- 1019 < 0.220 NO NO 3/3 < O. 190 NO ND 313 < 0.397 NO ND 3/3

GW-1020 <0.220 NO NO 313 <0.190 NO NO 313 <0.397 ND ND 3/3

GW- 1021 < 0.315 NO NO 212 < 0.280 NO NO 212 < 0.580 NO ND 212

rn:_userz_joanne_Ner93_gw93nitr'2 A-'7 |
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TABLE A-4 Nitroaromatic Concentrationsfor Groundwater, 1993 (Continued)

|l

2,4-Oinitrot__.-ene/ug/I 2,6-Dinitrotoluene pg/I Nitrobenzene pg/I

GW-1022 <0.220 NO NO 3/3 <0.190 ND NO 3/3 <0.397 ND ND 3/3

GW- 1023 < 0.315 ND NO 212 < 0.280 NO ND 212 < 0.580 NO NO 2/2

GW-lO24 <0.O30 ND NO 212 <0.010 ND ND 212 <0.030 NO ND 212

GW- 1026 < 0.O30 NO ND 7/7 < 0.010 ND NO 7/7 < 0.030 NO NO 7/7

GW- 1027 7.63 1.60 26.0 0/7 4.24 2.90 7.20 0/7 <0.030 ND NO 7/7

GW- 1028 < 0.030 NO NO 3/3 < 0.010 ND NO 3/3 <0.030 NO ND 3/3
i

GW-1029 <0.110 NO NO 7/7 <0.087 NO NO 7/7 <0.186 NO NO 7/7

GW- 1030 O.134 NO O. 170 1/9 0.447 ND 1.20 1/9 <0.161 NO ND 9/9

GW- 1031 <0.170 NO NO 4/4 < O. 145 ND ND 4/4 <0.303 ND ND 4/4

GW-1032 10.2 0.280 30.0 0/3 3.26 O.130 9.40 0/3 <O.O30 ND ND 3/3

GW-1033 <0.220 NO ND 3/3 0.193 NO 0.570 2/3 <0.397 ND ND 3/3i

GW- 1034 < O.030 ND NO 4/4 < 0.O 10 NO NO 414 < 0.030 NO NO 414

GW- 1035 < 0.030 NO NO 414 < 0.010 ND NO 4/4 <0.030 NO ND 4/4

GW- 1038 < 0.030 NO ND 5/5 < 0.010 NO NO 5/5 < 0.030 NO ND 5/5

GW-lO37 <0.030 NO NO 5/5 <0.010 NO NO 5/5 <0.030 NO ND 513

GW- 1038 < 0.030 NO NO 5/5 < 0.010 NO NO 5/5 <0.030 ND NO 5/5

GW- 1039 <0.030 NO NO 5/5 < 0.010 ND NO 5/5 <0.030 NO ND 5/5

GW-2001 O. 113 O. 100 O. 130 OI4 0.056 0.053 0.061 0/4 <0.O30 NO NO 414

GW-2002 0.067 0.051 0.078 014 0.410 0.250 O.510 014 <0.030 NO NO 414

m:lusere_joanneINer93_gw93nitr.2 ,_-72
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TABLE A-4 Nitroaromatic Concentrations for Groundwater, 1993 (Continued)

2,4-Oinitrotoluene/_0/I 2,6-OinitrotohJene pg/I Nitrobenzene pgjl

Location Avg Min Max Refio Avg Min Max Ratio Avo Min Max Ratio

GW-2003 0.178 0.140 0.200 014 0.713 0.410 1.10 014 <0.030 NO NO 4/4

GW-2004 <0.030" NO ND 111 <0.010" NO NO 111 <0.030" NO NO 111

GW-2005 0.072" 0.059 0.084 0/3 0.098" 0.073 0.110 0/3 <0.030" NO ND 3/3

GW- 2006 O. 165 O.150 O.180 014 1.85 1.60 2.10 O!4 0.042 0.039 0.045 0/4

GW-2007 <0.030 NO NO 212 <O.010 ND NO 2/2 <0.030 ND NO 212

GW-2008 0.089 0.080 0.094 014 0.770 0.740 0.800 014 <0.030 ND NO 414

GW-2009 0.067 0.057 0.076 0/4 0.190 O. 120 0.250 014 <0.030 NO NO 414

GW-2OIO <O.173 NO 0.100 114 0.520 0.420 0.610 014 • <0.305 NO NO 414

GW-2011 0.108 0.100 0.110 014 1.60 1.30 1.80 014 <0.030 NO 0.033 114

GW-2012 0.100 0.087 0.120 014 1.08 0.720 1.40 OI4 <0.030 NO NO 414

GW-2013 0.390 0.180 0.730 0/3 1.20 1.10 1.40 0/3 < 0.030 ND ND 3/3

GW-2014 O. 173 O. 160 0.200 014 0.563 0.410 0.780 014 < 0.030 NO NO 414

GW-2015 < O.030 NO ND 2/2 < 0 .O1t3 NO NO 212 < 0.030 ND ND 212

GW-2017 < 0.030 ND NO 414 < 0.010 ND NO 414 < 0.030 NO ND 414

GW-2018 < 0.030 ND ND 212 < 0.010 NO NO 212 < 0.030 NO ND 212

GW-2019 < 0.030 ND ND 212 < 0.010 NO NO 212 < 0.030 NO NO 212

GW-2020 0.060 0.036 0.083 0/2 <0.010 ND NO 212 <0.030 ND NO 212

GW-2021 <0.030 ND ND 212 <0.010 NO NO 212 <0.030 NO NO 212

GW-2022 <0.030" NO ND 111 <0°010" NO ND 111 <0.030" NO ND 111

m:_,ueero_oenne_aser93_gw93nitr'2 A-73
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TABLE A-4 Nitroaromatic Concentrations for Groundwater, 1993 (Continued)

u

2,4-Dinitro__nh._,_nepg/I 2,6-DinitTOtOluenepg/I NitrobenzenepO/I

PAn Mex B_o
i

GW-2023 <0.030 NO NO 212 <0.O10 NO NO 2/2 <0.030 NO NO 2/2

GW-2024 <0.030 NO NO 2/2 <0.010 ND NO 2/2 <0.030 NO NO 2/2,,,

GW-2025 <0.030 NO NO 2/2 <0.010 NO NO 2/2 < 0.030 ND NO 2/2

GW-2026 <0.030 NO NO 2/2 < 0.010 NO NO 2/2 <0.030 NO NO 2/2

GW-2027 <O.O30 ND ND 2/2 < O.O10 NO NO 2/2 <O.O30 NO NO 2/2

GW-2028 <0.030 ND NO 2/2 <0.010 NO NO 2/2 <0.030 NO NO 2/2i

GW-2029 <0.030" ND NO 111 <0.010" NO NO 1/1 <0.030" NO ND 111
i

GW-2030 O.150 O.120 O.170 0/3 4.00 3.20 5.00 0/3 <0.030 NO ND 3/3

GW-2032 0.120 0.110 0.140 0/4 3.50 3.20 4.00 0/4 <0.030 NO ND 4/4

GW-2033 O.178 O.100 0.280 0/4 2.28 0.720 3.20 004 <0.030 NO NO 4/4

GW-2034 <O.O30 ND NO 4/4 <0.010 NO NO 414 < 0.030 NO NO 4/41

GW-2035 <0.030 ND NO 5/5 < 0.010 NO NO 5/5 <0.030 ND NO 5/5

GW-2036 <0.086 ND NO 5/5 <0.070 NO NO 5/5 <0.086 ND NO 5/5

GW-2037 0.632 0.560 0.750 0/5 O.150 O.140 O.160 0/5 < 0.120 NO 0.038 4/5

GW-2038 1.68 1.50 1.80 0/5 0.320 0.280 0.350 0/5 0.070 0.063 0.077 0/5

GW-2039 <O.O30 NO NO 5/5 <0.010 NO NO 5/5 <0.030 NO NO 5/5

GW-2040 <0.030 ND NO 5/5 < 0.010 ND NO 5/5 < 0.030 NO NO _f._

GW-2041 <O.O30 ND NO 5/5 <O.O10 NO ND 5/5 0.043 NO 0.057 1/5

GW-2042 <0.030 NO NO 5/5 <O.010 NO ND 5/5 <0.030 ND NO 5/5
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TABLE A-4 Nitroaromatic Concentrations for Groundwater, 1993 (Continued)

2,4-Oinitmtoluene pg/I 2,6-Dinitrotoluene pg/I Nitrobenzone pg/I

Location Avg Min Max Ratio Avg Min Max Reti_ Avg Min Max Ratio

GWo2043 0.061 0.042 0.080 0/5 <O.010 ND ND 5/5 <O.030 NO ND 5/5

GW-3OO3 < O.O30 O.O20 O.O34 OI2 O.O49 0.037 0.061 0/2 < 0.030 NO ND 212

GW-3006 < 0.030 NO NO 212 < O.010 ND NO 212 <O.030 NO NO 212

GW-3008 O. 130 O.130 -- 0/3 0.347 0.340 0.360 0/3 <0.030 NO 0.O17 2/3

GW-3009 O.190 O.170 0.220 OI3 0.O94 O.O51 O.150 O1_ <O.O30 ND ND 3/3

GW-3019 < O.O30 NO NO 212 < 0.010 ND NO 212 <O.030 NO NO 212

GW-3023 6.00 5.00 6.50 OI4 5.28 4.40 6.10 014 <0.030 NO NO 4/4

GW-4001 1.43 ° 0.800 2.20 0/4 3.38* 3.20 3.60 014 <0.030" NO 0.026 314

GW-4002 0.063 0.022 O. 120 OI4 0.388 O.260 O.550 0/4 <O.O30 NO NO 4/4

GW-4OO3 < O.O30 NO NO 212 <0.010 NO NO 2/2 <O.030 NO NO 212

GW-4OO4 <O.030 NO ND 212 < O.O10 NO NO 212 <O.O30 NO NO 2/2

GW-4005 <0.O30 NO NO 212 <O.O10 NO NO 212 <0.O30 ND NO 2/2

GW-4006 < 0.170 NO O.099 114 2.85 2.OO 3.50 0/4 <0.303 NO ND 414

GW-4007 < 0.030 NO NO 212 < 0.O10 NO NO 212 <O.030 NO NO 2/2

GW-4008 <O.O30 ND NO 212 <0.O10 NO ND 212 <O.O30 ND ND 212

GW-4OO9 < 0.030 ND NO 212 < O.010 NO NO 2/2 <0.030 ND ND 212

GW-4OIO <O.030 ND NO 2/2 < 0.010 NO ND 2/2 <O.030 NO ND 212

GW-4011 < 0.030 NO NO 212 < 0.010 ND ND 212 <0.030 NO ND 2/2

GW-4012 <O.030 ND ND 212 <0.O10 ND ND 212 <O.O30 ND NO 212

A-75
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TABLE A-4 Nitroaromatic Concentrations for Groundwater, 1993 (Continued)

2,4-Div,;;_utol,_;_-_ pg/I 2,6-Dinitrotoiuene pg/I • Nitrobenzene pg/I

Location Avg Kin Max Ratio _ Max Min Max Ratio

GW-4013 0.064 0.060 0.070 OI4 0.780 1 0.540 1.30 0/4 <0.030 ND NO 414

GW-4014 <0.030 NO ND 2/2 0.071 0.053 0.089 0/2 <0.030 ND ND 2/2

GW-40 15 0.057 0.045 0.069 0/2 0.310 0.260 0.360 0/2 <0.030 fllD NO 2/2

GW-40 16 < 0.030 ND NO 2/2 <0.010 NO ND 2/2 <0.030 NO NO 2/2

GW-4017 < 0.030 ND ND 2/2 < 0.010 NO NO 2/2 <0.030 NO ND 2/2

GW-4018 <O.030 NO ND 212 <0.010 NO NO 2/2 <0.030 ND NO 2/2

GW-40 19 <O.030 ND NO 2/2 <0.010 ND ND 2/2 <0.030 NO NO 2/2

GW-4020 <0.030 ND NO 2/2 <0.010 NO NO 212 <0.030 NO NO 2/2

GVV._O21 < O.030 • ND NO 111 < O.O 1O" ND ND 111 < O.O30" ND NO 111
i

GW 4JO22 < 0.030 NO NO 212 < 0.010 NO NO 2/2 < 0.030 NO ND 2/2

GVV 4SO23 0.067 0.061 0.072 0/2 0.038 0.035 O.041 0/2 <0.030 ND NO 2/2

GW-F;NW < 0.030 ND NO 313 < O.010 NO NO 3/3 <0.030 NO ND 3/3
|

GW- Pv'v,'O2 < 0.030 NO NO 414 < 0.O 10 ND NO 414 < 0.030 NO ND 4/4

GW-PV_03 < 0.030 ND NO 414 <O.O10 ND NO 4/4 < 0.O30 NO NO 4/4 J

GW-P;,,'04 <0.030 NO NO 2/2 < 0.010 NO ND 2/2 < 0.O30 NO NO 2/2

GW-PWO5 <O.030 NO ND 414 < 0.010 NO ND 4/4 <0.030 ND NO 414

GW- P;,,'06 < 0.030 ND ND 2/2 < O.010 ND NO 2/2 < 0.030 NO NO 2/2

GW- P;,,','07 < 0.030 ND ND 2/2 < 0.010 NO ND 2/2 < 0.030 NO ND 2/2

GW-P;,,'38 <0.030 NO NO 2/2 <O.010 NO NO 212 <0.O30 ND ND 2/2
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TABLE A-5 Radiological Concentrations for Groundwater, 1993

Ae_r_u,"r.-227 pCi/I Gross Alpha pCiA Gross Beta pCin Radium-226 pCi/I

Location Avg _ Ratio Avg Min _ Avg Min Max Ratio Avg Min _ Ratio

GW-IOO2 _ <2.00 1.10 _--- _ 0/1 8.60 8.60 011 <0.300 0.300 --- 011

GW-1004 4200 4200 --- 011 1120 1120 -- 011 <0.300 0.300 --- 011

GW-IOO5 1220 1220 -- OI1 410 410 -- 011 <0.300 NO NO 011

GW- 1006 2500 2500 --- 011 770 770 -- 011 0.400 0.400 -- 0/1

GW- 1007 680 680 --- 0/1 230 230 -- 011 0.500 0.500 -- 011f ii

GW-IOO8 2600 2600 --- 011 1050 1050 -- 011 <0.300 NO NO 011

GW- 1009 14.0 14.0 --- 011 7.90 7.90 -- 011 1.20 1.20 -- 011

GW-IO10 < 2.000 ND NO OI1 7.80 7.80 -- 011 <0.300 0.300 --- 011

GW- 1011 7.30 7.30 --- 011 15.0 15.0 -- OI1 <0.300 NO NO 011

GW-1012 27.0 27.0 --- OI1 15.0 15.0 --- OI1 0.500 0.5400 -- 011

GW-1013 510 510 --- 0/1 220 220 -- OI1 0.900 0.900 --- 011

GW-lO14 610 610 --- 0/1 260 260 -- 011 <0.300 O.100 -- 0/1

GW- 1015 690 690 --- 011 200 200 -- 011 1.30 1.30 -- 011

GW- 1016 270 270 -- OI1 120 120 --- 011 0.600 0.600 --- 011

GW- 1017 < 2.00 2.00 --- OI1 1_.O 13.O --- OI1 0.700 0.700 --- 011

GWOI018 5.90 5.90 --- 011 9.60 S_.60 --- 011 0.500 0.500 --- 011

GW-I019 46.O 46.0 --- O11 13.0 13.0 --- 011 0.600 0.600 --- O11

GW- IO20 2.20 2.20 --- 011 i <4.00 3.90 -- 011 0.400 0.400 --- 011

GW-I021 6.50 6.50 i "'" 0i_ J_ 7.10 7.10 --- 011 0,400 0.400 o-- 011

m:lusers_joanne_aur93_gw93rad. 1 A-,7_
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

A_i;,_:._-,-227 pCi/! Gr_--"Alpha pCi/I GrossBetapCifl Radium226 pCitl

GW-2003 <29.8 NO NO 1I1 27.8 27.8 --- 011 <0.800 O.100 -- 011

GW-2004

GW-2005

GW-2006

GW-2007

GW-2OO8

GW-2009

GW-2010

GW-2011

GW-2012 i

GW-2013

GW-2014

GW-2015 < 2.00 I. 30 --- 011 4.10 4. I 0 -- 011 < 0.300 ND ND 011

GW-2017

GW-2018 < 2.000 ND ND 011 4.30 4.30 -- 011 1.30 1.30 -- 011

GW-2019

GW-2020 6.70 6.70 -- 011 4.80 4.80 -- 011 <0.300 NO NO 011

GW-2021 2.10 2.10 --- 011 <4.00 3.00 --- 011 <0.300 ND NO 011

GW-20_ 2.10 2.10 --- 011 <4.00 3.50 --- 011 <0.300 NO ND 011
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

Ac,_,-_n-?27 pCi/I GrossAlpha pCijl GrossBeta pCi/I Redkwn-226pCi/I

Loca_n __ Avg_ _ _ _ :::m_m:::Min Max Ratio Avg Min _____ Ritio Avg _

<2.00 ND ND 111 <4.00 ND NO 111 <0.300 ND NO !111GW-2043
l _

GW-3O03 1_.0 1_.0 --- 0,1 36.0 38.0 -_ 0,1 4_0.300 0-100 -- i 0'_

GW-3006 < 2.00 NO NO 1I1 < 4.00 1.80 -- 011 0.500 0.500 --- 011

GW-3008 < 2.00 NO NO 1I1 70.0 70.0 -- 011 1.00 1.00 -- 011

GW-3009 80.0 80.0 -- 011 32.0 32.0 -- 011 4.90 4.90 -- 011

GW-3019 < 2.000 0.300 --- 0/I < 4.00 3.90 -- 011 0.600 0.600 -- 0/1

GW-3023 3.00 3.00 -- 011 33.0 33.0 -- 011 <0.300 ND NO 011

GW A.001

GIINa-,O02

GW ._'F__3

GW A_,004

GW _)05

GW 4006

GW-4007

GW _008

GW-4009

GW A-_IO < 2.000 0.500 --- 011 < 4.00 1.20 --- 011 < 0.300 0.200 -- 011

GW_4011 8.20 8.20 --- 011 14.0 14.0 --- 011 <0.300 0.100 --- 011

GW A-.O12
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

Actinimn-?27 _-,___.4 GrossAlpha pCiR GrossBeta pCUI Radium-226 I_R

l_,___ Avg ..u__n _ RMio Avg Min IVlax R__io Avg lain Max Ra_o Avg Min Mira RaJo

GW-PWO9 2.77 NO 5.30 114 6.00 4.60 8.80 0/3 <0.300 O.100 _ O/1

GWRAWW < 2.03 NO 4.17 1/4 4.73 3.50 5.60 0/3 0.600 0.600 -- 011

GW-RMW1 < 2.00 ND 2.60 0/2 6.65 6.30 7.00 0/2 2.80 2.00 -- 0/1i

GW-RMW2 2.40 0.400 4.40 0/2 5.00 4.50 5.50 0/2 0.700 0.700 -- OI1

GW-RMW3 <2.00 1.40 2.20 0/2 10.5 8.90 12.0 0/2 0.600 0.600 -- 0/1

GW-RMW4 <2.00 NO 2.10 0/2 <4.00 1.80 4.10 0/2 <0.300 ND NO OI1
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

Ill I I I IIII II I I II Ill _lllll II _1 I Illllll I I

R_s._-n-228 _-,_-_!.;4 Thc.rkm_228 pCi/I Thmkmt-230 pCi,q _232 pCi,q .. ,

.......... I I I i
iii iiii ii illll im i illl ill illl i ii i i iii illl i ill ii ii i i i ill illlll ii iiilU

GW- 1002 < 1 ._000 O._-r_O -- 011 <0.400 ND ND 0/1 <0.400 0.100 -- 0/1 <0.400 NO NO 0/1
ii

GW- 1004 < 1.000 O._C_0 -- 0/1 0.500 O.S00 --- 011 1.30 1.30 -- 0/1 <0.400 0.100 _ 0/1

GW- 100S < 1._000 0.700 -- 011 <0.400 NO NO 011 <0.400 NO ND 0/1 <0.400 NO NO 011
i i i | ii

GW- 1006 < 1.000 0.700 -- 0/1 <0.400 NO NO 011 <0.400 NO NO 0/1 <0.400 NO NO 0/1
,, i| ,

G._.- 1007 < 1 ._nO0__ 0__200 -- 011 <0.400 NO NO 0/1 <0.400 ND NO 0/1 <0.400 ND NO 0/1

GW-1008 < 1.000 0.100 -- 011 <0.400 NO NO 0/1 <0.400 0.200 -- 0/1 <0.400 NO NO 0/1
, ii ,, . i

GW- 1009 < 1.000 NO NO 011 <0.400 NO NO 011 0.700 0.700 -- 011 <0.400 NO NO 0/1ii , .., .

GW- 1010 < 1.___ 0.100 -- 0/1 <0.400 NO NO 011 <0.400 NO NO 0/1 <0.400 NO NO Oll
i i, , i H ,, i ii

G._'_ I011 < 1.000 0.100 -- 0/1 <0.400 ND ND 0/1 <0.400 NO NO 0/1 <0.400 NO NO 0/1

GW-1012 < 1.000 NO ND 0/1 <0.400 NO ND 011 <0.400 NO NO 011 <0.400 NO NO 0/1

G._'_ 1013 < 1.000 0.400 --- 0/1 <0.400 NO NO 0/1 0.600 0.60G _ 0/1 <0.400 NO ND 0/1i , i i....

GW- 1014 < 1 ._r.__ 0.300 -- 011 <0.400 NO NO 011 <0.400 NO NO O/1 <0.400 NO NO 0/1,

GW- 1015 < 1.000 0._600_ -- 011 <0.400 ND NO 011 <0.400 NO NO 0/1 <0.400 NO NO ,0/1i t i

GW- I016 < 1 ._30__ O._-_J -- 011 < 0.400 NO NO 0/1 1.60 1.60 -- 011 <0.400 NO NO 0ll

GW-1017 1.60 1.60 -- 0/1 <0.400 NO ND 011 0.600 0.600 --- 0/1 <0.400 NO NO 0/1
i

GW- 1018 < 1 ._000 0.__300 -- 0/1 <0. --a00 NO NO 0/1 0.800ll, 0--_ , -- _1 (Ol_ _ _ I 0/1

GW- 1019 1.90 1.90 -- 0/1 <0.400 NO NO 0/1 0.800 0.800 -- 0/1 <0.400, NO NO 0/1,,
_ i i, , I

GW- 1020 < 1.000 0.-_- _ 011 < 0.400 NO ND 0/1 < 0.400 NO NO 0/1 <0.400 NO NO 0/!i i ,, ii i

GW- 1021 2.10 2.10 _ 0/1 <0.400 0.100 -- 0/1 <0.400 0.400 -- 0/1 <0.400 NO NO 0/1
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

P.---J__-_--;-,-_$pCi/I _228 pCi,'l _230 pCi/I _232 pCi,q

- !!,_,,_h_tv,1 Avg .,_._ u_ R__"_ Avg Min Max Ratio Avg Mfn Max Ralk) Avg Min _ .. Rallo
|

! GW-IO:_:_ < 1.000 0.400 -- 011 <0.400 ND NO . 011 0.504) 0.500 --- Oil <0.400 0.300 -- 011

GW- 1023 < 1.00 1.00 -- 0/1 < 0.400 NO ND OI 1 2.00 2.00 -- 011 <0.400 NO NO 0/1

GW- 1024 < 1.000 NO ND OI1 <0.400 ND NO Oll 0.800 0.800 -- 011 <0.400 0.100 -- 011

GW- 1026 < 1.000 0.600 -- 011 < 0.400 ND NO 11! < 0.400 NO NO 181 < 0.400 NO NO 1 I1i

GW- 1027 < 1.000 NO NO 1I1 <0.400 NO NO 1I1 <0.400 ND NO 1I1 <0.400 NO NO I I1

GW-1028 <1.220 0.450 -- 011 <0.9S0 0.130 -- 011 <0.950 0.220 -- 0/1 <0.950 ND NO 111i

GW-1029 < 1.000 0.900 -- 011 <0.400 NO NO 011 O.SO0 O.SOO -- 011 <0.400 NO NO 011I

GW- 1030 < 1.000 NO NO 011 <0.400 NO NO OI1 <0.400 NO NO 011 <0.400 NO NO 011i,

GW- 1031 < ! .000 0.800 -- O/l <0.400 ND ND 01; <0.400 0.300 0/1 <0.400 NO NO 011

GW-1032 < 1.000 0.200 -- 011 <0.400 ND ND OI1 1.80 1.80 -- O/1 <0.400 NO NO 011
i

GW- 1033 < 1 .O00 0.700 -- 011 <0.400 NO ND 011 <0.400 NO NO 011 <0.400 NO NO 011-

GW- 1034 < 1.220 NO NO 1I1 <0.950 NO NO 1/1 <0.950 NO ND !/1 < 0.gS0 NO ND !/1

GW-1035 < 1.000 0.600 -- 011 <0.400 ND ND 011 <0.400 NO ND 011 <0.400 NO NO 011
,

GW-1038 <1.000 ND ND 1/1 <0.400 ND NO 111 <0.400 NO NO 111 <0.400 NO NO 111

GW- 1037 < 1.000 0.800 --- 011 <0.400 NO NO 011 <0.400 NO NO 011 <0.400 NO NO OII
ii

GW-lO38 < 1.000 0.500 -- 011 <0.400 ND ND 011 <0.400 0.200 -- 011 <0.400 NO NO 011
i

GW-1039 2.40 2.40 -- 011 <0.400 NO NO 011 <0.400 NO ND 011 <0.400 NO NO 0/1

GW-2001 < 1.370 0.110 _ 011 <0.950 NO NO 111 <0.950 NO NO 111 <0.gso NO ND 111i.

GW-2002 < 1.200 NO NO 1 I1 <0.950 NO NO 1I1 <0.950 ND NO 1 I1 <0.950 NO NO 1 I1
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

Redkam-228 pCt/I Thorium-228 pCi4 Thorium-230 pCill Tho_m _232 pCi/I

Location Avg Avg Avg Avo

GW-2023

GW-2024

GW-2025

GW-2026

GW2027

GW-2028 < 1.000 NO NO 011 <0.400 NO NO 011 <0.400 NO NO 011 <0.400 NO NO 011

GW-2029

GW-2030

GW-2032

GW-2033
i

GW-2034

GW-2035 < 1.0OO 0.300 --- 011 <0.400 ND NO 111 3.50 3.50 --- 011 <0.400 ND ND 1I1

GW-2036 < 1.000 0.200 --- 011 <0.400 NO ND 1/1 <0.400 0.200 -- 011 <0.400 NO NO 111

GW-2037 < 1.000 O._600 -- OI1 <0.400 NO NO 1I1 <0.400 O.100 --- 011 <0.400 ND ND 1/1

GW-20$S

GW-2039 < 1.000 0.400 -- 011 <0.400 NO NO 1I1 <0.400 NO NO 111 <0.400 NO NO 1I1

GW-2040 < 1.000 0.500 -- 011 <0. --aOO NO NO 111 <0.400 0.100 -- 011 <0.400 ND NO 111

GW-2041 < 1._000 0.700 _ OI1 <O..-aOO NO ND 1I1 0.500 0.500 -- 011 <0.400 NO NO 1ili,

GW-2042 < 1._000 NO ND 1II <0.._aO0 O.100 -- OI1 <0.400 0.300 --- 011 <0.400 NO NO 1I1

m:_uems_en_oqrg$_gwgSrad.2 A-88
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

, II I 'n , I,,m ,,,, , "' ' "'

R_-____'___,m-228pCi/I _228 pCiJ _230 pCi/I _232 pCi/I /

RiCo IMi. Miix Rmio
Localion Avg Min _ R__io" A_II Min ! Max R_rio Avg Mln Avg

ii II ml I I I d I i III !1 III II I

GW-2043 < 1.000 NO NO 1I1 <0.400 NO NO 1I1 0.700 0.700 -- 011 <0.400 0.400 -- 011

GW-3003 < 1.OO ! .O0 -- Oll <0.400 ND ND 011 <0.400 ND ND 011 <0.400 141) NO 011

GW-3006 < 1.000 ND NO 111 <0.400 NO NO 111 <0.400 0.300 -- 011 <0.400 0.200 -- 011

GW-3008 < 1.000 ND ND 111 <0.400 NO NO 1I1 <0.400 NO NO 1I1 <0.400 ND ND 1I1, ,, , , |i

GW-3009 < 1.000 O.._r-_'J -- OI1 <0.400 NO NO 011 <0.400 ND NO 011 <0.400 ND NO Oll
L.

GW-3019 1.10 1.10 -- 011 <0.400 ND ND 011 <0.400 NO NO 011 <0.400 NO NO OI1
i i

GW-3023 < 1.000 NO ND 011 0.800 0.800 -- 011 0.900 0.900 -- 011 <0.400 0.100 _ ,011
.

GIN A-.O01

GW-_IO02 ..... ,

GW_OO3 ....... -, ,

GW-_IO04
, i

G._. _05 ............

GW-4006 ,,

G_.-_EX)7 ...... ....

G".'.'_008

G?;-4009 .

G_._. #.O10 < 1.000 0.200 _ 0_1 <0.400 ND ND 111 <0.400 0.100 -- 011 <0.400 ND NO 111

GWA-.O11 < 1.000 0.100 -- 011 <0.400 NO NO 111 0.900 0.900 -- 011 <0.400 NO NO 111

GW A-_.O12
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TABLE A-5 RadiologicalConcentrationsfor Groundwater, 1993 (Continued)

Radium-228 pCi/I Thorium-228 pCi/I Thorium-230 pCill Thorium-232 pCi/I

Location Avg Avg Avg Aq

GW-4013

GW-4015

G,_: "-.O16

G;'.' "-.O17

GW-4018

G_,_.-_O19

GW "-.O20

GW-4021

GW-4022

GW-#O23

GW-,-'I,_,%'," < 1.0OO NO ND OI1 <0.400 ND ND OI1 <0.400 O.100 -- 011 <0.400 ND ND 011

G,_. PW02 < 1.000 ND NO 011 <0.400 0.100 --- 011 0.500 0.500 --- 011 <0.400 NO ND OI1

GW-_';-,_3 < 1.O00 NO NO OI1 <0.400 NO NO 011 <0.400 NO NO OI1 <0.400 ND NO OI1

GW:_'#v_)4 < 1.000 0.700 --- 011 <0.400 NO NO 011 <0.400 0.100 -- OI1 <0.400 NO ND 011

GW-_';,iO5 < 1.000 NO NO 011 <0.400 NO NO OI1 <0.400 NO NO Oll <0.400 ND ND 011,,

G_,-,,-,';,,'36 < 1.000 NO NO O!1 <0.400 NO NO 011 4.50 4.50 -- 011 <0.400 NO NO 011

GW-P';,,'07 1.50 1.50 -- OI1 <0.400 NO NO 011 <0.400 NO ND 011 <0.400 NO NO 011

G;'.'-_'#,_8 1.30 1.30 _ OI1 <0.400 NO NO 011 <0.400 NO NO 011 <0.400 NO NO _ OI1

m:_ueers_oonnelmer93_gwgared.2 _-90
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

Radium-228 pCi/I Thorium-228 pCi/! Thorium-230 pCiR Thorium-232 pCi/I

Location Avg Min Max I Ratio Avg Ratio Avg Max Ratio Avg _ Max.. Rotio

GW-PWO9 < 1.OO 1 .OO -- 011 <0.400 NO NO 011 <0.400 --- OI1 <0.400 NO OI1

< 1.1_O 0.200 --- 011 <0.400 _NO _ 011 <0.400 .--.------NO _ND 0/1 <0.400 _ND ND 011---------- ND NO OI1

GW-RMWl < 1.000 0.200 --" 011 <0.400 -.------NO _NO 011 <0.400 ..----.--.ND ..----.----NO 011 <0.400 ..--.--..--ND NO 011
mim,,mm,.,mm mmm,..mmm

< 1.000 ND ND 011 <0.400 NO ND OI1 <0.400 NO NO 011 <0.400---------- '----'-'-" 011

GW-RMW3 < 1.0OO 0.800 -- 011 <0.400 .--.----ND _ND 011 <0.400 -.------...ND .-..----.ND 011 <0.400 0.200

G_R_4 < 1.1_ _D 0/1 <0.400 _ NO 011 <0.400 0.100 --- 011 <0.400 NO _ O/1

P.-91
m:_u___,_J3_3rmd.2
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

U_,-,_n, Totd pCiA Uranium-234 pCifl Uranium-235 pCiA Uranium-238 pCifl

Location Avg _nmmnmnmnmnmnmnmnmn__Ratio Avg Min Max Ratio Avg Min Ratio Avg klax

GW-IO02 2.66 2.00 I 3.50 0/10

GW- 1004 4503 ??00 8600 0/12

GW-1005 1526 1300 2200 0/12

GW- 1006 2788 2400 3300 0/4

GW- 1007 338 50.0 680 0/4

GW-IOO8 3063 2650 3300 0/4

GW- 1009 8.77 5.40 14.0 0/3

GW-1010 0.300 NO 0.500 1/4

GW-IO11 7.50 3.30 13.O 0/4

GW- 1012 3.33 2.70 4.20 0/6 2.90 2.90 --- 0/1 < 0.400 NO ND 0/1 1.20 1.20 -- 0/1

GW-1013 633 470 780 0/4

GW-1014 770 560 1000 014

GW- 1015 615 220 920 0/6

GW-1016 347 230 520 0/6

GW-1017 <0.200 NO ND 2/2

GW-lO18 0.300 NO 0.700 2/3

GW-1019 <0.200 ND 0.400 2/3

GW- 1020 1.53 ND 3.80 1/3
|l

GW-1021 <0.200 NO ND 2/2

m:_uoers_oenne_eoef93_gw93rad.3 ._-02
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

Urankem,Total pCi/I Uranium-234 pCi/I Uranium-235 pCi/I Uremium-238pCi/I

Location Avg Avg Avg Avg
|

GW-2003 1.98 1.30 2.60 014 _ --------------------mm.,..m.mm..m.,mm,m-,m--
mmmmmm.mm..m .,m....,mmm-,mm m'm"mmmm'

GW-2004 0.800 0.700 | .00 014 ._.,...--- ..--....-----
.. ,m.m,mmm,..m _ _ ,.m,.m,,mmmm

GW-2005 0.625 0.500 0.800 014

GW-2,._ 6 0.725 0.500 1.00 014

GW-2007 1.07 0.900 1.30 0/3

GW-2008 0.825 0.500 1.30 OI4

GW-2009 2.00 1.80 2.40 0/3

GW-2010 1.10 0.800 1.40 014

GW-2011 0.600 0.500 0.700 014

GW-2012 0.825 0.700 1.00 0/4

GW-2013 0.900 0.700 1.00 0/4

GW-2014 0.800 0.500 1.10 0/4

GW-2015 1.78 1.50 1.90 0/4

G_,'_,-2017 9.28 8.80 10.O 0/4

GW-2018 1.70 1.50 2.00 0/4

GW-2019 2.53 1.80 3.00 0/4

GW-2020 1.97 1.70 2.20 0/3

GW-2021 1.25 1.00 1.60 014

GW-2077 0.550 NO 0.900 114
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

Uro__'__-n,Total pCi/I Uraniurn-234 pCi/I Uram_235 pCi/I . Urmnitmt-238 pCiel

I I 1i i ! i I I I iLocation AVID Man Mm, Ratio Avg Min Max Ratio Avg Min Max Ratio AvID Min Max Ratio
......... ; - " _ ..... ; i i i J ii i' i i 'I ii ii i

GW-2023 2.35 2.10 2.60 014

GW-2024 <0.200 ND 0.200 2/4 ,i ,

GW-2025 0.975 0.500 1.40 014
,, , ,

GW-2026 1.28 0.800 2.10 0/4 ..........

GW-2027 0.750 0.400 0.900 0/4

GW-2028 1.28 1 .OO 1.60 0/4 .....,,......

GW-2029 2.08 1.80 2.50 014

GW-2030 9.80 8.80 11.0 014
, ,,

GW-2032 3.53 3.30 3.80 0/4 ......

GlIN-2033 0.800 O.500 1.00 OI4 ......

G._V 2034 5.28 4.40 7.30 014 ........., ,

GW-2035 0.740 NO 1.40 1/5 ......

GW-2036 O.9-aO 0.700 1.40 0/5 .....

GY'_2037 1.20 1.00 1.40 0/15

GW-2038 1.42 1.20 1.60 0/5 ....

G_.".-2039 2.88 2.70 3.10 0/5 ,

GW-2040 2.10 1.60 2.60 0/5,

GW-2041 5.54 4.70 6.90 0/5
.I

GW-2042 2.34 2.10 2.60 0/5

m-___s_ws3_.3 A-95
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

Uranim_ Total I_-_ Uranium-234 pC//I Uranium-235 pCi/I tkankm_238 pCiR
| g

Max RINk)
i

GW-20_-_ 1.70 1.SO 2.00 0/5

GW-3003 19.3 14.0 24.0 0/4

GW-3OO6 0.550 O_00 0.900 0/2

GW-3008 3.13 3.10 3.20 0/3

GW-3009 28.0 1.10 54.0 0/3

GW-3019 2.15 1.80 2.50 014

GW-3023 8.53 8.30 8.80 0/4

GW-4001 0.500 0.500 -- 0/2

GW-4002 1.00 1.00 -- 0/2

GVV-4003 1.10 1.00 1.20 0/2

GW-4OO4 1.95 1.20 2.70 0/2

GW-4005 1.43 1.20 1.70 0/4

GW-4006 0.600 0.500 0.700 0/2

GW-4007 1.75 1.70 1.80 0/2

GW-4008 1.30 1.00 1.60 012

GW-4009 2.50 1.80 3.40 012

GW-4OIO 3.25 2.90 3.60 0/2

GW-4011 5.15 4.70 5.60 0/2

GW-4012 2.90 2.30 3.50 0/2

m:_users_oarme_eerg3_gw93rad.3 .A_-96
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

,F' ,, , | , ,, , . ,, ,, ,, , ........

Uranium. Total pCi_ Uran_m-234 pCi/I UranUm-235 pCi)l Uranium-238 pCiR

, i 'l i i ' ii i ' ' ' ' i ' ,ll i i'l i ' r

GW-4013 0.850 0.700 1.OO 0/2
,, , , ,, , , i , ,

GW-4014 <0.200 ND ND 2/2 --, , , ,

GW-4015 0.550 0.500 0.600 0/2
, , , , , , •

GW-4016 3.20 2.90 3.50 012

GW-4017 1.15 0.700 1.60 0/2

GW-4018 0.400 NO 0.700 112

GW-4019 1.45 1.40 1.50 0/2 , ,,,

GW-4020 13.2 9.70 16.0 0/4 ...... , , ,, L
,

GW-4021 3.20" 2.70 3.60 0/3

GW-40___2 4.93 3.60 6.10 0/4

GW-4023 0.650 0.300 1.00 0/2
. L ''

GW-FINW <0.543 ND 1.20 3/7 ,,....

GW-PW02 <0.520 ND 0.300 3/5 ,

GW-PW03 <0.520 NO 0.500 3/5 .....
,

GW-PW04 <0.200 NO NO 2/2

GW-PW05 <0.520 NO 0.600 L. 3/5

GW-PW06 <0.200 NO NO 2/2 ,,

GW-PW07 <0.200 ND NO 2/2 .......
,,

GW-PW08 <0.200 NO 0.300 1/2

m:_.mm_mne_mer93_gwS3md.3 A-97
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TABLE A-5 Radiological Concentrations for Groundwater, 1993 (Continued)

U;----_-_, To;_ pCiA Ura__'_,_-234 I)C_ Uramm_235 pC:JR Unmim_238 pCUI

Lemation _ Max Ratio Avg k_____ RalJo Avll

GW-F';.q)9 <0.520 | ND | 0.300 I 3/5

G,";- RA_,_;',' <0.543 ND 0.400 1/7

GW-R _,_;'1 0.700 0.400 1.00 0/2

G.uVR...._NV2 5.20 4.40 6.00 0/2

GW-RMW3 0.750 ND 1.40 1/2

GW-RMW4 1.05 0.900 1.20 0/2
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Table A-6 Anion Concentrations for Groundwater, 1993

IF III II II 11 1 I I J I I I I I I II Ill Ill IlII IIll

Bromidem4_ Ch_ride n_,4 _ m_l
, , ,, r ,, , , ,, , m' ,

I III I IIII 1 I IIll ]l II Ill III Ill I' , i III Ill II III I Ilrll_ I I II!

NP-OO01

NP-_2
L , , , , , i ,

NP-O003
• , . , ,, . . i, iL i,

NP_
,, ,,,, ,, , ,

NP-O005
, , . , ,, . , n|., , |, i I

NP-EPQ1 <0.100 NO NO 111 65.8 23.5 226 0/20 <0.105 DiD NO 20/20
,. , ,, .. , ] i , ,, . ,

NP-EPQ2 163 2 ! .7 232 0/7 <0.3 ! 4 ND 0.704 6,'7

NP-EPS1 89.8 50.3 166 0/7 1.04 0.480 1.90 t 0/7, , , , , i i , i

NP-EPS2 107 72.3 309 0i23 0.545 NO 2.SO 3/23

NP-TSAB
iii I
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Table A-6 Anion Concentrations for Groundwater, 1993 (Continued)

i

Nitr:.__.u r_.a Niuite-N toga Sulfete m0A

Locatkm Avg Ratio Min Avg Min Idm( Ratio
mmmmu _ _ _ __m

_."_-O00_1 0.261 NO 0.720 2/4

NP-O002 0.642 ND 1.60 1112

NP-O003 2.23 NO 13.0 1112

NP-0004 0.320 0.074 0.530 0/4

NP-OOOS 0.210 NO 0.660 1I12

NP-EPQ1 0.117 NO 0.586 15/20 <0.010 NO NO 111 141 44.1 2ro6 0/7

NP-EPQ2 O.100 NO 0.650 6/7 159 61.8 302 0/7

NP-EPSl 1.34 0.490 2.83 0/7 166 104 248 0/7

NP-EPS2 . 1.S7 NO 7.9S 1/23 164 11S 236 0/11

NP-TSAB 1.87 0.267 8.00 0/9
,
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TABLE A-8 Miscellaneous Parameter Concentrations for NPDES, 1993 (Co.e...d)

Cyanide UG/L Nitrogen, Total Kjeldahlmg/I Oil & Greue mg/I Phoephof_m m_l

Location Avg Avg Avg Avg

NP-O001

NP-O002

NP-0003

NP-OOO4

NP-O005

&jim., -0006

:'_:'-EP_I <7.14 NO NO 7/7 O.199 0.199 -- OI1 50.7 ND 147 2/3 0.423 0.423

NP-EPn: < 5.00 ND ND 7/7 < 5.00 ND ND 1I1

_;_'-Er_1 < 5.00 ND ND 7/7 < 5.00 ND ND 2/2

NP-EPS2 < 5.00 ND ND 11 II 1 < 5.00 ND ND 3/3

NP-TSAB < 5.00

m:_um_m_mr93_np93mis© A- 104



TABLEA-9 NitroaromaticConcentrationsfor NPDES, 1993

2,4-Dinitrotoluene/41/I
2,4,6-Trinitrotoluene pg/I

Location Avg Min Max Ratio Avg Min Max Ratio
_ _ _ _ __ m_:mmlmmmmmlmm

ND ND 7/7 < O.O19 ND NO 2OI20NP-EPQ1 <0.260

NP-EPQ2 <O.260 ND ND 7/7 < O.O 19 ND ND 7/7

NP-EPS 1 <0.260 ND NO 7/7 < 0.019 ND ND 7/7

NP-EPS2 < 2.83 ND NO 10110 <0.882 ND NO 22/22

m:_uum1_oanne_me_3_np93nitr A- 105
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TABLE A- 10 Radiological Concentrations for NPDES, 1993

Actinium-227 pCi/I Gross Alpha pCi/I Gross Beta pCi/I Polonium-210 pCi/I

Location Avg Avg Avg Avll

NP-OOO1 1080 • 186 •

NP-O002 265" 56.3"

NP-0003 683 165

NP-C_Q4 13-4° 6:??0

NP-O005 344 6.30 2820 0112 50.3 5.50 258 0112

NP-EPQ1 5.21 NO 12.0 1/7 8.34 5.70 11.0 0/7

NP-EPO_ < 9.30 NO ND 1 I1 2.79 NO 6.50 1/7 7.51 3.90 14.0 0/7 < 1.000 0.300 -- 011

_;_'-EPS1 2.46 1.10 4.00 0/7 7.52 5.30 14.0 0/7

;',"-EPS2 2.87 NO 5.00 1II O 7.82 4.45 12.0 0110

NP-TSAB 2.15 4.79

m:_users_F_rte_ml_3_p93rad. 1 -_" | 06
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TABLE A-10 Radiological Concentrations for NPDES, 1993 (Continued)

• A-IO"/
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TABLE A-10 Radiological Concentrations for NPDES, 1993 (Continued)

i

Thomm_230 p___'m _232 I)O,1 Uranium, Total pC_

i

NP-O001 980 * S30 1380 O_

269" 76.0 847 0/12
NP-000__2

NP-O003 689 126 1640 0/13

NP-OOO4 8.60 e 7.34 11.0 0/3

NP-O00S 267 7.62 1900 0/12

NP-EPQ1 0.694 NO 3.14 3/7 <0.386 NO 0.060 4/7 0.846 NO 8.40 14/20

NP-EPQ2 <0.400 NO 0.900 1/7 <O.400 NO NO 7/7 1.91 NO 6.40 2/7

NP-EPS1 <0.376 NO 0.300 1/7 <0.374 NO 0.400 5/7 0.630 0.300 1.40 0/7

NP-EPS2 0.689 NO 3.90 2/10 <0.371 ND NO 9110 <0.353 NO 1.00 4/22

NP-TSAB 1.76 0.246 7.40 0/9

m:V,..,._,,,,,,V.e,S3_..,pS3-,d.1 A- 108
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TABLE A-11 Uranium Concentrations in Sediment for NPDES, 1993

i i i i , H, ,,, ,,IIIII , I Ill,,Ill , Hl,IH,I IIIIIILI I IllII

Uranium,Total pCi/g,,, i ii i i ii rl i ii i i imll, |1 ii iii HI ii i

Looltion Avg Min Mix Ratio
ii i I il RIi I I l i I I ill I I I llll II I llllllllll II

SD-4090 1.15 0.700 1.60 012
i i i i , i i ii i,, ,, i i i iii ,i

SD-4091 1.t_5 1.EO 1.60 OI2
, , i, iiiiii i i i I i i II ii iiii i i i ii 1 ii

m:\ua|ers\joanne\ner93 _ed93rad ilL- ] 09
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TABLE A-12 Anion Concentrations for Springs, 1993

Location Avll Min Max Ratio Avg Min Max Rack) Avg Mbt Mam Ratio

SP-5201 <0.380 ND NO 2/2 6.4S 6.70 7.20 0/2 0.153 0.100 0.200 0/3

SP-5_503 <0.380 NO NO 2/2 8.90 4.60 13.2 0/2 0,857 0.200 2.00 0/3

SP-5304 <0.380 NO NO 2/2 4.30 3. IO 5.50 0/2 0.687 0.590 0.750 0/3
J

SP-6501 <0.3gO ND NO 414 6.40 4.60 7.70 0/4 5.04 0.530 12.1 0/6

SP-6306 <0.380 NO ND 414 9.32 7.79 11.0 0/4 2.29 ND 11.3 1/6

iii

Nitrite-N mg,1 Sulfate n_R

Location Avg Min Max Avg Min Idox Ratio
_ mma_mmmm_i a _mmu_mmmm8 mmmm_i8 _ iuimUmmlmm

SP-5201 < 0.055 ND NO 2/2 31.0 23.9 35.8 0/3

SP-5303 < 0.055 NO NO 2/2 37.8 33.7 41.7 0/3

SP-5304 < 0.055 ND ND 2/2 31.0 28.8 34.0 0/3

SP-6301 <0.070 ND NO 3/3 24.7 12_ 31.2 0/6

SP-6306 < 0.088 NO NO 4/4 14.9 6.00 26.2 0/6
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TABLE A- 13 Metal Concentrations for Springs, 1993

Antimony pg/! _ Amer_c _IR,m.mmmmmm,mm .,.,mmmm_mmmm', mm_mmm'mwm'm"m

Aluminum _gJ
_ _ _ mm,,.m,,_.m _ _ ..__,m.,...,,.,,.i. ,mm_,mmmm _Min Max Ratio Avg Min Max Ratio

Location Avg Min Max Ral_o Avg _

SP-5201 < 31.0 NO 15.8 1/2 < 33.0 ND NO 2/2 < 2.00 NO NO 2/2
_ .m.m.i,mm.m mmm-m -'m _ _ "m'm'''_'m'm "m'm'mm_k_mm'm mmm'_'m _ _ mm'mm'mm"m 'm'm'mm'm_'m"

SP-5303 57.3 NO 90.5 1/2 < 33.O NO ND 2/2 < 2.00 ND ND 2/2
_ m..m...m...mmm _ -m'm"m ira" _ ''mm'm'm'm'''m" _ _ _ _ _ mmm'mmmm_

SP-5304 < 31.0 NO 29.2 1/2 < 33.0 NO NO 212 < 2.00 ND ND 2/2
__ mm.m.m.,mmmi, mBmm.iMmmmm mmm"mm'mmm _ "m"m'm'mmmm" mmum_mmmmm _ _ _ mmm'mmmm'm" '_mmm'mmmmm

SP-6301 < 46.8 ND NO 4/4 < 46.3 NO ND 3/3 < 2.00 NO ND 4/4
_ "mwm'm_m_m _ nm'mm'_mHmm _ mm.mmmm_i mm,mmmm_m _ _ _ .mmn_mmmm_m _NO ND 414 4.02 ND IO.2 2/4

SP-6306 < 29.8 ND 50.6 < 36.0

Balm pgA _ --_'_-- "--------'--
m,mNmmmnmm ,,,m_mmm_m

Min Max Ratio Avg Min Max Ralio
Location Avg Min Max Ratio Avg

NO 212 < 3.50 ND ND 2/2
SP-5201 109 105 112 0/2 < 1.0OO NO

_ mmmmmmm,mm mmmmmmmm_ _ _ _ .m,mm_m mm_,,mmmm'm _ _

SP-5303 122 111 _32 012 < 1.000 NO ND 212 < 3 _50 NO NO 212mm,mmm.,mmm, m__i_ "m'"mm'm'mm mm_,m_m..m.mmmmmm" _ mm.m,,.mmmm_ mmm.mmmmmm "m'mmmmmm"

_ _ _ <3.50 ND ND 2/2

SP-5304 95.9 89.8 102 0/2 < 1.000 NO NO 2/2
_ .,mmm,,mi,,mu m mmmm''m _ _mi_" '''_m'mm'm'"m''m'm'm'm'm "m'"'--"" ___ _"mm'mm

SP-6301 92.5 62.O 121 0/4 < 1.000 ND ND 3/3 < 5.00 ND ND 3/3
_ _ mm,m,mmmmmm ,m_,mmm _ _ m'm_mmm mmmmm'm"mmim _ _ _ mmnmA_m'm'm _

SP-6306 219 66.6 440 OI4 < 1.000 NO NO 414 < 3.25 NO NO 4/4

A-Ill
m:_uoo_anno1_om93_p 9sm4d
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TABLE A-13 Metal Concentrations for Springs, 1993 (Continued)

A_MJ _ _ _ Avll Min _ Rmio
Loc41lion _ _ _ _ ammm_ ___

SP-5201 75750 63--a00 I 88100 I 0/2 <4.50 NO NO 2/2 <6.00 ND NO 2/2

SP-5303 88250 88200 _m__nO 0/2 < 4.50 NO ND 2/2 < 6.00 NO NO 2/2

SP-5304 82850 71000 94700 0/2 < 4.50 NO NO 2/2 < 6.00 NO NO 2/2

SP-6301 3==25 32400 52300 0/4 < 6.00 ND 10.2 3/4 < 7.33 NO NO 3/3

SP-6306 37450 27900 53000 014 < 4.50 NO ND 414 < 6.60 NO 9.60 2/4

rv rr-

L_,___'__ Avg Min IVlm( Ratio Avg Min Max Ratio Avg Min M_ Ratio

SP-5201 < 5.00 NO NO 2/2 13.2 NO 22.9 1/2 < 2.00 NO NO 2/2

SP-_;'F__3 < 6.00 NO 4.10 1/2 51.4 14.2 88.6 0/2 < 2.00 NO NO 2J2

SP-5__'F_I • 6.00 NO ND 2/2 12.8 ND 22.1 1/2 • 2.00 NO NO 2/2

SP-6301 • 6.67 NO NO 3/3 35.7 19.7 67.2 0/4 • 2.00 NO NO 4/4

SP-__'_6 • 5.25 lid 3.89 3/4 1931 13.0 5050 0/4 • 2.00 NO NO 444

m:_jeors_oauobeerS3_Jl)93motJ A- 112
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TABLE A-13 Metal Concentrations for Springs, 1993 (Continued)

Iv_gnesk_/Jg_ ---------btlmm mA _ ---------- ----------'--
_m_,=mmm.mmii m=m,mmm..m.,=m.m ,.mmmm,mmmm _ m,,..,,m.,mm,m.m- __

Min Max Ratio Avg Min _ Ratio
Location Avg Min Max Ratio Avg mm_ummm _

i_=m:aimlai m_umm:mm:m _ _ _ _

SP-5201 < 23.5 ND NO 2/2 15250 11000 19500 0/2 2.35 Nil) 3.70 1/2
_ _'mm_mmm _ '_m_mm" _ .m,m,,,i.m,,,.,m,.m mmm_m.mmm, m'mm'm'm' _ _ mm,mBmn.m_m_

SP-5303 <23.5 NO NO 2/2 15650 13500 17800 0/2 11.0 6.50 15.5 0/2
__ mmlmmmmmm mmm,mmmm.m_ m"m"m"i'mm _ mm'm"mm"m'm mmmmmm"m_ mm_'mm_'m_ _ m'mmm'mmm' mimm"mmm" nmmmm'm'mmm

SP-5304 < 23.5 ND NO 212 12450 10200 14700 0/2 < 2.00 NO NO 2/2
_ mm.nm,mmmm mmmmmmm-m" '""mm'm''" _ mi'i'"m'mm _ "m"m'm'i'mi _ mmmmmm,.mm mmmm,,.'m'mml ummm..,mmlm

SP-6301 <30.0 NO NO 4/4 6223 6910 11400 0/4 248 NO 984 1/4
mm__i _ _ .,mm,,mm.m.mu _ _ _ ..m..m,.m.,.m.am. _ mmmmmmmm.mm , im.m,,m,.mmmm mmlm,immmmm

SP.6306 < 25.5 NO NO 4/4 8218 5480 11800 0/4 3508 2.90 9800 0/4

_::mmmamm m:kd/4#1

mmm.,mmqmm- .mm,.mm.mm,m,mm .m,,,m,m.mmim," __ m"mmm"m'm"mmmm_m'_m _ Im'mmmm"m"m _ mmmmmmmmmm

Min Mm( Ratio Avll Mm _
Location Avg Min Max Ratio Avg

SP-5201 <0.100 NO NO 2/2 < 22.5 NO NO 2/2 < 10.00 ND NO 2/2
_ ,m,,mammmmmm mmmmm,,mmm_, ..mmlimlm"mm __'nm m"m*"mm'mm"m "mmm'mm'm'm" mm"mm"mmm _ mmnmm'mmm_ mmmm'mmmsnl ,mmmmmm,lmm

SP-5303 < O. 100 ND NO 2/2 < 22.5 NO 11.9 1/2 < 10.00 NO 9.20 1/2
_mnmmm _m_m mmmmmmmm, m'm m'mmmmm'm 'mmm'mm'm'm'm'" _ mi'_mum'm'mm'_ _mim'mm i'mm_'mmm" _ _ _mm_mmmm .mm_mamm,mmmm

SP-5304 <0.100 NO ND 2/2 < 22.5 NO 6.30 1/2 < I0.00 NO NO 2/2
_ _ mm,mmmmimm mm,,,mm,mmm, mmimm'immm _ mmmm,m,m_mm ,Mmm.mmimmmm _ _ mmmimm_mmm mmmmmmmmm mmmmmmmmml

SP-6301 <0.100 NO NO 3/3 <39.3 ND NO 3/3 < 14.25 NO NO 4/4,,..,,....,,m..m..m. _ mmmmm'mmm"m 'mmmm'mmimm 'm''_m'm'm" _ "mmmm'm'mm- mmmmmmmm" mmmmlm_mlmm"

_ "--'---'-- _ <12.25 NO 8.20

SP-6306 < O. 100 ND NO 4/4 < 18.0 ND 8.00 3/4

m:_NnneV,o,SS_pSam,d A- 113
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TABLE A- 13 Metal Concentrations for Springs, 1993 (Continued)

mi

Location Avg Mm Max Ratio Avg Min Ms:( Ratio AvE Min Mm(

SP-S2¢T 2475 2160 2790 0/2 < 2.00 liD 3.00 1/2 < 5.00 liD ,NO 2/2

SP-S_'sm¢_3 3:_ 25_'30_ 3910 0/2 < 2.00 ND NO 2/2 < 6.00 NO NO 2/2iii

SP-K___':¢4 1_800_ 1620 1980 0/2 <2.00 NO NO 2/2 <$.00 NO NO 2/2ii

SP-6_4u_t_1 2618 9=_10 3140 0/4 <2.00 NO 2.10 2/3 <6.67 ND NO 3/3

SP-6306 2613 2110 2980 0/4 <2.00 NO NO 4/4 <4.76 NO NO 4/4

r

Sodm.mp_,m St,o,,_.m_,,_ Thm,mAm_wa ,

Location AvE Min _ Ratio AvE Min Mm _ AvE llRmmm DAm

SP-620 1 7795 6710 6880 0/2 112 99.0 124 O_2 <2.00 lid NO 2/2
i

SP-5303 10700 9700 11700 0/2 153 144 162 0/2 < 2.00 NO NO 2/2

SP-5304 6250 6540 6960 0/2 96.9 63.6 114 0/2 < 2.00 NO NO 2/2

SP-6301 8435 6640 12000 0/4 102 87.1 128 0/4 < 2.67 NO NO 3/3
i r

SP-6306 9640 7260 13200 0/4 113 74.8 1311 0/4 <2.50 NO NO 4/4



O52O94

TABLE A- 13 Metal Concentrationsfor Springs, 1993 (Continued)

v,mxr.,m_ ZincA.Wl ___

Location Avo Min Max Ratio Avg Min MIx RaJo
_ mlemamsmmml mmI_elmma _ _ _ mmlmgmm0/2

SP-S201 10.6 NO 19.7 1/2 9.90 8.70 11.I

SP-5303 13.8 ND 26.0 1/2 13.3 11.6 lra.o 0/2
m.m,.,e,mm,,,,m,,mm _ _ _

SP-S304 12.9 ND 24.2 1/2 10.1 9.40 10.8 0/2
......m,.,,.m,mm.m. "'m"m'"m"mam _ _ _ mm,.emm.mmm _ _

SP-6301 < 5.00 ND 4.70 2/3 10.7 5.80 15.8 0/3

SP-6306 8.88 NO 21.0 2/4 1 | .6 NO 26.2 2/4
_llm_=mmmm _ _:=_lm:_=mw_ msmmmmllmml mmammmme mmmmmlmmml



i
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TABLE A-14 Alkalinity, Phosphorous, and SilicaConcentrationsfor Springs, 1993

_:"-;-,,;;V _,i,'l .Pho____horousrng/I Silicm,DiesolvedmgJ

Location Avg Min Max Ratio Avg Max Ratio Avg Min Max Rm_lo

SP-5201 230 160 280 0/3 0.088 NO O.150 1/2 10.8 8.30 13.2 0/2

SP-5303 207 160 240 0/3 O.150 0.140 0.160 012 11.2 11.0 11.3 012

SP-5304 233 190 280 0/3 0.088 NO 0.150 1/2 12.7 12.6 12.7 0/2

5P-6301 107 70.0 130 0/6 O.143 0.040 0.230 0/4 11.72 6.09 11.4 0/4

SP-6306 110 100 120 016 0.061 ND 0.100 1/4 11.9 10.2 16.5 014II

m:_usm_joenne_Ner93_epS3miec ,A.- | | 6
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TABLE A- 15 Nitroaromatic Concentrations for Springs, 1993

1,3-Dinitrobenzene pO/I 2,4,6-Tdnitmtokmne/41/I .---------
1,3,5-Tu_itmbenzene pg/I ...........

_ _ m_mmmmmmmm ammmmmmm'm

Location Avg Min Max Ratio Avg Min Max Ratio Avg Min Max Ratio

< 0.090 NO NO 212 76.0 32.0 120 0/2m.mm,mmmmmmmm _ mmm_mmmmmmSP-5201 6.85 4.50 9.20 0/2
_ ...m..mmimmm. ,m.mm..,mmmmm' _ _ _ _ _

SP-5303 0.160 0.120 0.200 0/2 <0.090 NO NO 2/2 15.0 9.00 21 .O 0/2
__ ,mm,mm.mm..m--,m __,..mm,.m,,.mmm __ ma..mmm...,,mmm. ,.Im.m.m.m''mm _ .mm.mmm,.mmmmm _

SP-5304 0.063 0.045 0.080 0/2 <0.090 NO NO 2/2 1.27 0.630 1.90 0/2mm.m.......,.mm _.m.,mm.,_m.,m _ "mm"--"m'mm" "m"mi"mm'mm _ _mmm'mmmm "mmm'mmmmmm mmmlm'_ammm
_ _ m,mm..m.m.,.mmm

<0.030 NO 0.043 314 <0.090 ND NO 4/4 0.092 NO 0.220 114
SP-6301" ....._ _ mmmmm.mm _ _ ....m.,m..,,.mm-- _

SP-6306 <0.030 NO 0.029 4/5 <0.090 ND ND 5/5 0.052 NO 0.200 4/_

Mtrobemene
2,4-Oinitrotoluene #gJ 2,6-Dinitrotoluene pg/I m.m....m,,.,m...m.m _ mm.mmm_s,mm ,mmmmmmmmm mlmememmm

__ m,.m,.m,.m.mmm _ ......,m..,.,,.,.,.m mm,,m..,.,m.,,em

Avg Min Max Ratio Av9 Min Max Ratio
Location Avg Min Max Ratio

_i_m_nl _ _ _

SP-5201 0.121 O.O41 0.200 0/2 1.03 0.760 1.30 0/2 <0.030 ND ND 2/2
mmmm, m..mm _ _ _ _ .m,mm,m....mmm _ _ _ .mmmmmmmmw

SP-5303 0.087 0.064 0.110 0/2 0.101 0.071 0.130 0/2 <0.030 NO ND 2/2
_ _ mmmmmmmmmmm .mm,,m'm'm'm'm" "'''mm""'' _ _ ''m'm'm'mm'm'mm .mm,.m,.,_mmm _ _ _ mmmmmmm_.mm

SP-5304 0.080 0.064 0.095 0/2 0.093 0.065 0.1 20 0/2 <0.030 NO NO 2/2
_ _ mmm,mmm.m.,mm _ ,m.mmmmmmmmm _ 'm'"m"m''lmm m'mmm"m'm_ _ _ mmmm'mmmu "m'm'mm'mmmmm m'mmmmmmmmm

SP-6301 0.031 NO 0.068 214 O.141 ND O.260 114 <O.O30 ND ND 4/4
_ _m_iu _ ..m,.mm,m.mm,.m ..,,m....m..mm.m-- _ mmmmmmimmm m_mm,.,m_m "mm:mm"m'mm _ m,,mmnmmmm .m,m._mmm.mm mmmmm'mm

SP-6306 <0.030 NO 0.033 3/5 0_076 NO 0.360 4/5 <0.030 NO ND 5/5

m:_u,qo, m,_..-ss_s,ct, A- I I7



052094

TABLE A-16 Radiological Concentrations for Springs, 1993

Gross Alpha pCiJ GroseBeto pCi/I Radium-226 pCi/I Radium-228 pCi/I

Location Avg Avg Avo Avo

SP-5201 < 2.00 4.50 <0.300 < 1.000

SP-5303 130 38.0 0.700 < 1.000

SP-5304 110 110 --- 0/1 32.0 32.0 -- 011 <0.300 0.200 -- 011 < 1.000 0.100 ,-- 011

SP-6301 42.0 38.0 46.0 0/2 17.5 16.0 19.O 0/2 <0.300 0.100 0.300 0/2 < 1.000 ND O.100 1/2

SP-6308 4.55 2.80 6.30 0/2 <4.00 3.10 4.50 0/2 <0.300 NO 0.100 1/2 <1.000 Nil) NO 2/2

Thomwn-_:_20pCiA _230 pCiA ThmAm_232 pCiA UroNum, Total pCiAI

SP-5201 <0.400 NO ND 1I1 <0.400 0.300 --- 011 <0.400 ND ND 1I1 0.775 0.300 1.30

SP-5303 <0.400 ND ND 1I1 1.20 1.20 --- OI1 <0.400 NO NO 111 105 67.0 140

SP.5304 <0.400 NO NO 1I1 <0.400 NO NO 1I1 <0.400 NO NO 1I1 81.3 40.0 120

SP-6301 <0.400 NO NO 2/2 <0.400 NO ND 2/2 <0.400 NO NO 2/2 32.7 6.30 50.0

SP-6306 <0.400 NO NO 2/2 <0.400 O.100 0.300 0/2 <O.400 ND NO 2/2 12.5 2.70 38.0.
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TABLE A-17 Anion Concentrationsfor Surface Water, 1993

_ , , li i ii i i, Ililil li li ................ i II ,,,ll l, "• II

Nltrate-N MG/L Sulfate MO/L
..... ,,= ,| ii iiiii i iiii i ii i ii i mill I, ,, ,,, II1|

Looation Avg Min Max Ratio Avg Min Mix Ratio................ , ...........

$W- 1001 0.140 O.140 --- 011 25.7 25.7 -- OI1
.... = i i ,l iii lib i ii

8W-lO02 <0.100 ND ND 111 37.0 37.0 -- OI1_, = ,. i _ i _ i i,. ill i

SW- 1003 <0.100 NO ND 1/1 43.2 43.2 --- 011
., =l i

SW- 1004 O,130 O.130 --- 011 32.1 82.1 -- OI1
............. , . i i i .....

SW- 1005 0.110 O.110 --- 011 42.9 42.9 --- 011
II I I II II IWB i i lib I

SW-lOO7 <0,100 ND ND 111 34.1 34.1 --- OI1
. ,,, , Ill I I Iml I

SW- I O08 0.120 ND 0.400 416 122 51.1 199 0/6
, ii , ill ii ill ill ill i i Hi IHI I

SW- 1008 <0.100 ND ND 111 34.3 34.3 --- 0/1
, ii ill ill i i i ill, ii

SW-1010 <O.100 ND ND 111 38.5 38.6 --- 011
i, i ii ii i Hi,i i i i i i

SW- 1011 2.30 2.30 --- 0/1 61.3 51.3 --- 0/1
, , , , , ii iJl i i i, ii

SW- 1012 1.70 1.70 --- 011 66.6 65.6 --- 011
..... = i ill | i i i l i, ,, | , ,

SW-1013 1.70 1.70 --- 0/1 54,2 64.2 --- 011
i i ii i J i Bill I III II I . i Ilia IIII I

$W- 1014 0. 680 0.680 --- OI1 29.1 29.1 -- 011

SW-2001 0.710 0.520 0.900 0/2 20.8 18,2 23.3 012
i ii m l i i ii ii i i

SW-2002 0.335 0.240 0.430 0/2 56.9 50.2 83,5 0/2
i Im lib Illl I B IIIIBII I1[ I

SW-2003 1.23 0.060 2.40 012 12.3 10.4 14.2 012
ii i ii i i ill ill i ii i ,i i ii i i ii i

SW-2004 0,885 0.370 1.40 OI2 18.2 13.4 22.9 012
ill ii i = i |l i i i i ill= i,

5W-2005 0.316 O.130 0.500 012 23.0 19.3 26.9 0/2
H i H

SW-2OO7 0.540 0,400 0.580 012 24.9 20.4 29.3 0/2

SW-2010 0.247 ND 0.900 5/13 101 67.3 135 0/2
..... ,, _ i _ ii | . i i= _. ,,.,| .

SW-2011 0.939 ND 4,50 1I13 64.7 32.8 76.5 0/2

SW-2012 0.750 O.780 --- 011 12.6 12.6 -- 011

SW-2016 0.730 0.580 0.790 0/2 22.2 18.5 25.9 0/2

SW-3001 843 126 1980 OI14 310 277 342 012
_ i i i= HI_ ,,

5W-3002 80.5 ND 224 1I14 470 322 617 0/2

SW-3003 701 9.32 1770 0119 420 361 488 012

SW-:JOO4 20.7 10,2 120 0119 73.2 73.1 73.3 012

m:_u.ers_joenn._,laer93_ew83ion, A- | | 9
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TABLE A- 18 Metal Concentrations for Surface Water. 1993

A_:_ • _ __P-._..'_..m/JgA _ #gA C_emium"r_

Min Ratio Avg Min

!S'.'_.-1001 <2.00 ND ND 1/1 86.3 86.3 -- OI1
ii

SW- 1002 < 2.00 ND ND 1 I1 97.0 97.0 --- 011

SW- 1003 < 2.00 NO NO 111 108 108 --- Oll t

SW- 1004 <2.00 ND ND 111 170 170 -- 011

SWo 1005 <2.00 ND NO 111 102 102 -*- 011

SW- 1007 <2.00 NO NO 111 103 103 -- 011

SW- 1008 3.50 3.60 -- 011 31.5 31.5 -- OI1

SW-1009 <2.00 NO NO 111 105 105 -- 011

SW-1010 <2.00 NO NO 111 104 104 --- 011

SVV-1011 <2.00 ND NO 111 104 104 --- 011
I

SVV-1012 <2.00 ND NO 111 95.5 95.5 --- OI1

SW-1013 <2.00 NO ND 111 104 104 -- 011

SW-1014 <2.00 NO NO 111 85.1 85.1 -- 011

SW-2001 <2.00 NO NO 111 73.6 73.6 -- 011

SW-2007 <2.00 NO NO 111 72.3 72.3 --- 011

SW-2010 <2.00 NO ND 111

SW-2011 <2.00 NO NO 111

SW-2016 < 2.00 ND NO 1I1 87.3 87.3 -- 011

SW-3004 9.50 9.E0 -- 011 < 5.00 NO NO 1I1 < 10.00 NO NO 111

m:_..m_m._..,ss_wgsm., &- 120
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TABLE A-18 Metal Concentrations for Surface Water, 1993 (Continued)

L.+mm_ MmW_ _ Me,c.rv

Localk)n Avg Min Max Ratio Avg Min Max Ratio Avg PAin Max R_

SW-IO01

SW-1002

SW-lO03

SW- 1004

SW-1005

SW-1007

SW-1008

SW- 1009

SW-1010

SW-1011

SW-1012

SW-I013

SW-1014

SW-2001

SW-2007 <0.100 NO NO 1/1

SW-2010 <20.3 ND 34.6 5/10
<0.100 ND ND 1/1

SW-2011 <21.6 ND 27.0 8/11

SW-2016
11.0 11.0 --- 0/1

SW-3004

m:_..,.qo.,m_**,ss --m*-"_._a • A- 121
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TABLE A-19 Alkalinity, Asbestos, TPH, and TSS Concentrations for Surface Water, 1993
'l i i i

.A.__alS/nity(togA| ..... AebNtos (tram/I) Total,Potmleum Hydrocarbons(rag/I} , Total SuopendedSolids(moA)

i I i I - i - R_
ii

, i T i II I I lii '-' I IIII II IN II II I il

SW-1001 120 120 -- 011
pl

SW- 1002 175 175 -- 011 z

SW- 1003 170 170 -- 011 rr i

S_N-1004 120 120 _ 011 ii []

SW- IOOS 190 190 -- 011
p,, i

SW- 1007 170 170 -- 011

SW-1008 170 110 240 0/6

SW- 1009 170 170 -- 011
, i ii

SW-1010 185 185 -- 011 -

SW-1011 135 135 --- 011
i

$1N-1012 135 135 -- 011

SW-1013 136 135 -- 011
i

SW-1014 165 165 -- 011
..

SW-2001 111 62.0 160 0/2 i

SW-2002 124 97.0 150 0/2 ,

SW-2003 167 64.0 270 0/2

SW-2004 70.0 64.0 76.0 0/2
, i i i i

r

SW-2005 38.0 1.00 7S.0 0/2
ii

SW-2007 128 116 140 0/2 |





TABLE A-20 Nitroaromatic Concentrations in Surface Water, 1993

1,3,S-TK_ln,,,a,,,,-,-*_ ,,,,a 1,3-1Dk',itml)e_enm.ug/I 2.,4,6-T"miWotokm_/qkq

Lo___ Avg _ _ RMio Avg Min 114o( Ratio Avg IIIRm Max

$W- 1001 <0.030 NO ND 111 <0.090 NO NO 111 0.032 0.032 _ OI1

SW- 1002 <0.030 NO ND 1I1 <0.090 NO NO 1I1 <0.030 NO NO 1/1

SW- 1003 <0.030 ND NO 1I1 <0.090 NO NO 1I1 <0.030 NO NO 1/1

SW-1004 <0.030 NO NO 111 <0.090 NO NO 111 <0.030 NO NO II1

SW- 1005 <0.030 ND NO 111 < 0.090 NO ND 1I1 <0.030 NO NO 1/1

SW- 1007 <0.030 ND NO 111 <O.O90 NO NO 111 <0.030 NO NO 1/1

$W- 1008 1.3S ND 5.80 2/8 <0.177 ND NO 6/6 SO.I 1.30 1SO 0/8

SW- lOOS <0.030 ND ND 111 < 0.090 NO NO 111 <0.030 NO NO 111

SW-IO10 <0.030 NO NO 1/1 <0,090 NO NO 111 <0.030 NO NO 1/1

SW- 1011 <0.030 NO NO 1I1 <0.090 NO ND 1/1 <0.030 NO NO 1/1

SW-1012 <0.030 NO NO 1I1 <0.090 ND ND 111 <0.030 NO NO 111

SW-1013 <0.030 NO NO 111 <0.090 NO NO 111 <0.030 NO NO 1/1

SW-1014 <0.030 _ NO 111 <0.090 NO NO 111 <0.030 NO NO 111

SW-3(X) 1 <0.030 NO ND 1I1 <0.090 ND ND 1I1 <0.030 ND NO 1/1

SW-3OO2 <0.030 ND NO 111 <O.O90 liD ND 111 <0.030 NO NO 111

SW-3003 <0.030 ND NO 1I1 <0.090 NO NO 111 <0.O30 NO NO 1/1

SW-3004 <0.030 ND NO 111 <0.090 ND NO 111 <0.030 NO NO 111
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TABLE A-20 Nitroaromatic Concentrationsin Surface Water, 1993 (Continued)

2.4-__ _ 2.S-[X,_rotok.,n*_ NiUd_'sm*

Loclltion Avg Min MIx Rotm Avg Min Max _ Avll Min Mix RiIlio

SW-1001 < 0.030 NO NO 1I1 0.026 0.026 -- 0/1 <0.030 NO RID 111mmmmmmml

SW- 1002 <0.030 NO NO 1/1 O.011 0.011 -- 011 <0.030 ND NO 1/1

SW- 1003 <0.030 NO ND 111 <0.010 NO NO 1I1 <0.030 ND NO 1/1.mmmmmmm.m

SW-1OO4 <0.030 ND NO 1/1 <O.010 NO NO 1I1 <0.030 NO NO 1/1mmwm,vmemmmm,

SW-1005 <0.030 NO NO 111 <0.O10 ND NO 1/1 <0.030 flID NO 111

SW- 1007 <0.030 NO NO 1I1 <O.010 NO NO 1I1 <0.030 141) NO 111

SW*1008 4.44 flID 14.0 1/6 0.996 NO 1.80 1/6 <0.213 liD ND 6/6
mmmmmmm

SW-1009 <0.030 ND NO 1I1 <0.010 NO 141) 1/1 <0.030 ND NO 1/1

S_F 1010 <0.030 NO NO 1I1 <O.O10 NO NO 1I1 <0.030 NO ND 1/1mmmmmmmemmm

SW- 1011 <0.030 ND NO 1I1 <0.010 NO NO 1I1 <0.030 NO NO 111
mm,m_m,,,mum-

SW-1012 <0.030 NO NO 111 <0.010 ND NO 111 <0.030 ND NO 111mmlm,mm.memmm

SW-1013 <0.030 NO NO 1I1 <0.010 NO NO 1/1 <0.030 NO NO 111

SW-1014 <0.030 NO NO 1/1 <0.010 NO NO 111 <0.030 NO NO 1/1.mm.m..m,mmm.

SW-3001 <0.030 NO NO 111 <0.010 NO NO 1I1 <0.030 NO NO 1/1mm,mmmmmmm

SW-3002 <0.030 NO NO 1I1 <0.010 NO NO 1/1 <0.030 NO NO 1/1.mmmm,mmmm

SW-3003 <0.030 NO NO 111 <0.O10 NO NO 1/1 <0.030 NO NO 1/1

SW-3004 <0.025 NO NO 2/2 <O.010 NO NO 1I1 <0.030 NO NO 1/1
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TABLE A-21 RadiologicalConcentrations in Surface Water, 1993

A_--___,__--'_r227_"CJ-.4 G_r,_,__.A_. pCi/I Gfoes Beta pCiA Rldium-225 pC_
i

Localion IViin Mim Ratio Avg _ Max Raeio Avg Min Max _ Avil Mill _____ _ m _ ___ __ _ m

SW- i _nO_1 < 2.000 NO NO 0/1 10.0 10.0 -- 0/1 <0.300 0.200 -- 0/1

SW-1002 3.40 3.40 -- 0/1 <4.00 3.90 -- 0/1 1.10 1.10 -- 0/1ii

SW-1003 87.0 87.0 -- 0/1 48.0 48.0 _ 011 1.50 1.S0 --- 0/1i,

SiN.l_rj04_ 81.0 81.0 -- 0/1 33.0 33.0 -- 0/1 0.900 0.900 -- 0/1

SW-1005 58.0 58.0 -- 0/1 39.0 39.0 -- L 0/1 0.700 0,700 -- 0/1

SW-1007 39.0 39,0 -- 0/1 21.0 21.0 -- 0/1 1.30 1.30 -- 0/1

SW-100___ 3132 240 6900 0/6 1151 93.0 2880 0/6 0.817 II) 1,EO 2/8
i ii i

SW.100___ 26.0 26.0 -- 0/1 17.0 17.0 ii -- 0/1 0.700 0.700 -- 0/1

SW._lClO 53.0 53.0 -- 0/1 32.0 32.0 -- 0/1 0,000 O.e00 -- 0/1
i i

SW-1011 13.0 1.10 64.0 0/29 20.4 8.40 100 0/29 1.07 ND 4.74 3/29i

-_..-1012 15.4 7.80 21.0 0/5 20.0 17.0 25.0 0/5 1.38 0.700 2.30 0/5

1013 6_0 6.20 -- 0/1 20.0 20.0 -- 0/1 0.700 0.700 -- 0/1

SW. 1014 < 2.000 ND NO 0/1 < 4.00 3.60 -- 0/1 0.400 0.400 _ 0/1i

1015 8.19 NO 30.0 2/52 12.0 2.00 39.0 0/52 0.727 NO 2.70 7/51

SW...2001 2.10 2.10 -- 0/1 4.70 4.70 -- 0/1 1.20 1.20 -- 011i iii

_'_,___200__2 21.0 21.0 -- 0/1 12.0 ,, 12.0 -- 0/1 0.500 0.500 -- 011

SW-_2003 < 25.0 NO NO I I1 9 .00 9.00 -- 0/1 4.90 4.90 -- O/1 <0.300 NO NO 1I1i

$W-2004 <__21;.0 NO NO 1/1 7.60 7.60 -- 011 5.10 5.10 -- 0/1 <0.300 NO. NO 111 J

SW-2005 <25.0 NO NO 111 17.0 17.0 -- 0/1 6.90 6.90 -- 0/1 <0.300 NO NO 1/1
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TABLE A-21 Radiological Concentrations in Surface Water, 1993 (Con_)

I I I

, p_-._.__._.___pc_ , p.._io_;_.2pcue , _2zs pcij . ..
Ave _ Mix R_ Ave Pain _ _ Ave _ _i

SW-IO01 < | .000 0.400 -- 0/1 <0.400 ND II) 0/1
i i l i, i i | ii

SW-1002 < 1.000 ND NO 011 <0.400 Nit) ND 0/1ii

SW-1003 < 1.000 0.200 -- 0/1 <0.400 NO NO 0/1

SW- 1004 < 1.000 NO NO 011 <0.400 NO NO 0/1
. i ,,i i ill i

SW- 1005 < 1.000 0.200 --- 0/1 <0.400 NO NO 0/1
.... . ii

SW- 1007 < 1.000 0.400 -- 011 <0.400 NO NO_ 0/1
i ii i ii ii ii

SW- 1008 < 1.000 ND 0.600 1/6 <0.400 NO NO 6/6
,ill i i i ill ii . ii

SW- 1000 < 1.000 NO NO 011 <0.400 NO NO 0/1
, i ,IH iiii i

1010 < 1.000 NO NO 011 <0.400 NO NO 0/I
i i i ill i i

SW- 1011 <0.902 NO 2.00 6/29 <4.24 ND (HI.6 7/29
i i i|11, i

_N- 1012 < ! .1_0 NO 0.5(:10 1/5 0.860 0.400 1.30 0/5
,,, ,, i m •

_. 1013 • 1 ._ NO NO 011 1.1_ 1._ -- 0/1
i , i H ii

SMF1014 < 1.000 NO NO 011 <0.400 II) II) 011
i , , i , i

SW-1015 <0.882 NO 2.10 12/51 <0.344 NO 2.00 28/S2

SW-2001 1.10 1,10 --- 011 <0.400 NO NO 1/1
i | i i i

$_-_02 < 1 ._ 0.200 -- 0/1 <0.400 NO NO 1/1

SW-2003 < 1.000 0.300 1 -" 0/I .... <0.400 0.!00 -_- 0/1

SW-_04 < #.000 0200 -- 0/1 <0.4O0 ND NO 1/1
HI " |

SW-2OOS < 1.000 NO NO 1I1 <0.400 ND NO 1/1
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TABLE A-21 Radiol(_ical Concentrations in Surface Water, 1993 (Continued)

• m i mm

_230 pCiA Thorium-232 pCiA Uranium,Totd pCiA -

I iLocation Avg i i
I II

SW-lO01 1.10 1.10 -- OI1 <0.400 0.200 -- OI1 0.983 ND 2.60 1/6

SW-1002 <0.400 0.300 -- 011 <0.400 NO NO 011 0.950 0.500 1.80 0/6

SW- 1003 0.500 0.500 -- 011 <0.400 0.400 -- OI1 51.7 4.10 150 0/6

SW-1OO4 <0.400 0.100 --- OI1 <0.400 0.200 -- Oll 723 25.0 4000 016

SW- 1005 0.500 0.500 --- 011 < 0.400 NO NO 011 37.0 2.90 91.0 0/6

SW- 1007 <0.400 NO NO OI1 < 0.400 NO NO 011 19.1 2.80 38.0 0/7

SW-1008 2.49 0.700 4.40 0/6 <0.400 ND 0.500 316 3867 350 9000 0/8

SW-1009 0.500 0.500 -- 011 _.0.400 NO NO 011 17.2 3.90 27.0 0/5

SW- 1010 1.10 1.10 -- 011 <0.400 ND NO 011 43.3 19.0 65.0 0/4

SW- 1011 4.11 NO 83.8 1/29 <4.09 ND 69.7 5129 4.01 ND 9.90 1/31

SW- 1012 1.48 0.700 2.50 0/5 1.02 0.400 1.70 0/5 5.09 2.70 8.30 0/9

SW- 1013 1.60 1.60 -- 011 0.500 0.500 -- OI1 3.62 2.70 4.90 0/5

SW-1014 3.10 3.10 -- 011 <0.400 NO NO 011 0.950 0.400 1.80 0/4

SW- 1015 0.944 ND 4.30 9/52 <0.355 NO 0.850 23/52 2.68 ND 11.0 5/52

SW-2001 1.30 1.30 --- OI1 <0.400 NO NO 1I1 3.95 1.80 10.0 0/4

SW-2002 <0.400 0.400 --- 011 <0.400 NO NO 1I1 79.8 19.0 130 014

SW-2003 <0.400 0.400 --- 011 <0.400 ND NO 1I1 9.30 6.70 12.0 OI4

SW-2004 0.500 0.500 -- 011 <0.400 NO NO 111 10.2 6.00 16.0 0/4

SW-2005 0.700 0.700 -- 011 < 0.400 NO NO 1I1 26.5 19.0 36.0 OI4
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TABLE A-21 Radiological Concentrations in Surface Water, 1993 (Continued)

Uranium, Total pCbl
Thodum-230 pCi/I Thorium-232 pCi/I

Location Avg Min Marx Ratio Avg Min Max Ratio _Avg Min Max Ra_

SW-2007 <0.400 0.400 I _--- 011 <0.400 ND NO 111 .-.---1.15 0.500 1.80 014mmmm.m,m

SW-2010 <0.400 O.100] -- 011 <0.400 ND ND 111 .-------1971 214 5100 0115
"-"" -011 357 116 1040 0115

SW-2011 <0.400 NO NO 111 <0.400 0.100 --- ....--.--,,.....m.m

SW-2012 0.900 0.900 -.-.----"" 011 <0.400 NO NO 1I1 .-.-.---9"20 9.50 9.90 012

SW-2016 O.900 0.800 --- 011 <0.400 NO NO 111 ..--.--2"09 1.60 2.50 0/4------- OQ

SW-3001 14.0 14.0 --- 011 1.10 1.10 --- 011 ..----.120 120_.....--

SW-3002 13.0 13.0 --- 011 2.00 2.00 -- OI1 ..-----905 610 1200 012

SW-3003 1.10 1.10 --- 011 <0.400 ND NO 1!1 .------475 430 520 012,,.I.II-,,.--

SW-3004 <0.400 011 <0.400 ND ND 1I1 _1677 1600 1800 0/3 !

A-131
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TABLE A-21 Radiological Concentrations in Surface Water, 1993 (Continued)

Uranium-234 pC,in Uranium-235 pCi/I Uranimn-238 pCbl

Min I May Ratio Avg Min Max Ratio Avg Min Max RatioLocation Avg

SW-lO01

SW-1002

SW-1OO3

SW- 1004

SW-IOO5

SW-1007

SW- 1008

SW-1009

SW-1010

SW-1011

SW-1012

SW-1013

SW-1014

SW-1015

SW-2001 1.60 1.60 --- 011 <0.400 NO NO 1I1 1.20 1.20 -- 011

SW-2002

SW-2003

SW-2004

SW-2005
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APPENDIX B
Assumptionsand Scenariosfor Dose Calculations
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A. Dose from the chemical plant/mffinatepits to a maximallyexposed individual.

1. Inhalation"

a. Airborneparticulate: Statisticalanalysis of gross alpharesults indicatedthatfour
stations were different than backgroundlevels. One of the stations is used to
monitorairborneconcentrationsat the WSSRAPadministrationbuildingandtwo of
these stations were located on the northernand western perimeters of the site
boundary. The final station is located near the August A. Busch Memorial
ConservationArea headquartersbuildingand was used to evaluatethe dose from
the chemical plant/raffmatepits to a hypotheticalmaximally exposed individual.
While accessible to a member of the public, the perimeter and administration
building locations do not have airborneconcentrationsthat when combined with
realisticexposure times which would provide a dose greaterthan the calculation
provided for the Busch Memorial Conservation Area. The net gross alpha
concentrationat the Busch Memorial Conservation Area was 2.2E-16 pCi/ml or
2.2E-7 pCi/m3 andwas assumedto be naturaluranium. An exposure timeof 132.5
hours (see ingestion pathwaybelow) was also used in the dose estimate.

CEDE(inhalation) ffi net airborneparticulate concentrationx exposure

time x breathing rate x dose conversion factor
¢DCF_)

= 2.2D7 pCi/m3 x 132.5 hr x 0.96 m3/hr x

1.32E-1 mrem/pCi

- 3.69E-6 mrem

b. Radon Gas: No contributionto the estimated EDE for the hypotheticalindividual
was calculatedfor radongas. Based on the statisticalanalysis of the datacollected,
there is no reasonto suspectat the 95 % confidence level that the measuredresults
from any of the monitoringlocations were greaterthanbackground.

2. Externalgammapathway: Externalgamma radiation: no contributionto the estimated

EDE for the hypotheticalindividualwas calculatedfor externalgammaradiation. Based
on the statisticalanalysis of the data collected, there is no reason to su_t at the 95 %
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confidence level that the measured results from any of the monitoringlocations were

greater,thanbackground.

3. Ingestion pathway: Lakesthatreceiveeffluent from the chemicalplant/raff'mat__,itsare
used in order to determine the estimated effective dose equivalent to a maximally

exposed individualvia ingestion of fish, water, andsedimentobtainedfrom these lakes.

On average, fishing at the Busch ConservationArea requires3.5 hours per visit
(P,ef.21). Assume that the maximally exposed individualvisited the lakes for the

purposeof fishing25 times duringthe year. The ratioof fish caughtto hours spent
fishing is estimatedat 0.40, while the ratioof fish kept is estimatedat 0.5. Thus
on an annualbasis, the maximally exposed individualwould keep 12.3 fish from the
lakes. Assume that the edible portion of fish has an average mass of 200 g. Thus
the annual consumption rate of 6.5 g/day provides a good estimate of the
consumption rate for fish caught from the three affected lakes for the hypothetical
individual.

Boating at the Busch Memorial Conservation Area requiresmore hours per visit
than any other activity;therefore, boatingwas assumed to he the activity in which
the maximallyexposed individualparticipatedfor the water and sedimentingestion
scenarios. Assume the averagetime spentby themaximally exposed individualper
boating trip is 4.5 hours, and the hypotheticalindividual visits the area for the
purpose of boating 10 times in a year. Assume 25% of the time is devoted to
swimming duringeach visit. Thus, 11.25 hours is spent swimming in the lakes.

a. Fish: Assume a 6.5 g/day fresh water fish consumption rate from Lake 36 at
the Busch MemorialConservationArea and a 0.009 pCi/g (0.0003 Bq/g) total
uraniumcontent in fish of all lakes receiving runoff from the Weldon Spring
site.

b. Water: Assume a 0.05 l/hour swimming ingestion ratefor the 11.25 hours for
a total annualconsumptionof 0.56 liters. The water is assumed to have a total
uraniumconcentrationof 130 pCi uranium/l,as detected in Lake 36, which is
the highest uraniumconcentrationsof all lakes receiving runoff from the site.

m:lueer,_joanne_aie_3_appendix.b B-2
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c. Sediment: Assume a 200 mg/day ingestionrate for the 11.25 hours for a total
: of 94 mg of sediment. The sediment is assumed to have a total uranium

concentrationof 110 pCi unmium/g sediment, as detected in Lake 34, which
is the highesturaniumconcentrationof all lakes receivingrunofffrom the site.

CEDE (ingestion) -- annualfish consumptionx uraniumconcentrationx
uranium DCF + annual water consumption x
uraniumconcentrationx uraniumDCF + snnual

sediment ingestion x uranium concentration x
uraniumDCFl

ffi 6.5 g/day x 365 day/year x 0.009 pCi/g x
2.83E-4 mrem/pCi + 0.56 l/year x 130 pCi/I x
2.83E-4 mrem/pCi + 0.094 g/year x 110 pCi/g x
2.83E-4 mrem/pCi

= 0.03 mrem (0.0003 mSv)

The toud estimated committed effective dose equivalent to the maximally exposed
individual at the chemical plant/raft'matepits area is 0.03 mrem (0.0003 mSv).

B. Dose from the Weldon SpringQuarryto a maximallyexposed individual.

1. Inhalationpathway: .

a. Airborne radioactiveparticulate: Not applicable since there is no reason to
suspectatthe 95_ confidencelevel thatairborneradioactiveparticulatedata are

greaterthan backgroundconcentrations.

b. RadonGas: Assume the concentrationat Missouri State Route94 is equal to
the measured net concentrationat RD-1002 of 1.3 pCi/l. Assume an annual
exposure time of 50 hours (Section 4.2.2).

Radon concentrations are often expressed in units of working levels (WL)
where I WL = 100 pCi/l for Rn-222. Radonexposure is often expressed in
terms of working level month (WLM) which correspondsto an exposure of
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1 WL duringthe referenceworkingperiodof I month(i.e. 2000 workinghours

.. per 12 months or 170 hours). Assume a working level ratiofor Rn-222 of 50%
and a dose conversion factor of i rem/WLM (Ref. 27).

CEDE(inhalation) = net radonconcentrationx exposuretime x working
level ratio x dose conversion factor x working
month dose conversion factor1.

= 1.3 pCi/l x 50 hours x 0.50 x 1 WIJI00 pCi/I x
1.00 rem/WLM x 1 working month/170 hours x
1000 mrem/rem

--- 1.9 mrem

2. Externalgamma pathway: Not applicablebecause there is no reason to suspect at
the 95 % confidence level that external gamma radiation results at the quarry

monitoringlocations are greaterthan background.

3. Ingestion pathway: Because the quarryis controlledby a 2.4 m (8 ft) high fence,

fishing, swimming, and drinking water at the quarry do not constitute re_stic
scenarios.

The total estimated committed effective dose equivalent to a maximally exposed

individual at the quarryis 1.91 mrem (0.0191 mSv).

C. Dose from the vicinity propertiesto a maximallyexposed individual.

1. Inhalation pathway: Statistical analysis of airborne particulate and radon
concentrationsindicatethat there is no reasonto suspectat the95 % confidence level

any contributionsvia these pathways.

2. External gammapathway: Not applicablesince there is no reasonto su_ at the
95% confidence level that external gamma radiation data are greater than
background.

3. Ingestion pathway: A slough located adjacent to the quarry contains uranium
contaminated sediments and was used to determine estimated effective dose
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equivalentto a hypotheticalindividualvia ingestionof fish. Ingestionof water or
sedimentswas not assumed due to the stagnantcondition of the water.

Fish: Assume a 6.5 g/day fresh water fish consumptionrate0tt.ef.23) from the
slough. Assume the averageuraniumconcentrationin fish collectedfrom
the slough of 0.002 pCi/g.

CEDE ffi Fish consumptionx uraniumconcentrationx DCFI

= 6.5 g/day x 365 d/yr x 0.002 pCi/g x 2.83E-04 mrem/pCi

ffi 0.0013 mrem (0.000013 rosy)

The total estimated committed effective dose equivalent for the maximally exposed
individualat the Little Femme Osage Slough is 0.0013 mrem(0.000013 mSv).

D. Collective PopulationDose Estimate

Exmmure Points - Exposure points are locations where members of the public are

potentially being exposed to above-backgroundconcentrationsof (1) airborneradioactive

particulates,(2) radongas concentrations,(3) externalgammaradiation,or (4) radionuclides
in food or water. All three pathways are addressed for the collective population dose

estimate. Exposure to above-backgroundradionuclideconcentrationsin food or water is
addressedonly for users of the BuschConservationArea, a recreationalareaadjacentto the

chemical plant/raffmatepits area. Threeof the lakes on this prope_y receive runoff from

the site andare used by the general publicfor fishingand boating purposes. None of these
bodies of water are used as drinkingwater sources.

Exposure points, by defmition, mustbe locatedwhere there is potentialfor public exposure
as a result of activities performedat the site or from materialsstored at the site. If there

is no reason to suspect that environmental monitoring results are different from the

appropriatebackgroundmonitoring results, then the area surroundingthe environmental
monitoringstationcannotbe consideredan exposure point; therefore, the populationnear
the station, as well as the populationbeyond the station, is not included in the collective
populationdose estimate.
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Theonly areawhere there was reasonto suspectthatenvironmentalmonitoringresultscould
be differentthan the appropriatebacklpoundmonitoringresultswas at thequarryperimeter.
This was true only for radonconcentrations. The only potentialreceptorsnearthe quarry
perimeter are people using the Katy Trail, a recreationalhikingand bikingtrail locatedon
state-owned land south of the quarry. However, track etch detectors placed at the tr_
indicate that there was no reasonto suspect at the 95• confidence level thatconcentrations

exceeded background. As a result, no collective dose was calculatedfor the populationthat
frequentsthe Katy Trail.

The Katy Trail was chosen as the only publicexposure pointnear the quarrybecauseat all
environmental monitoring locations near the quarry(i.e., AP-4011, and P-,D-4006),there

was no reason to suspect at the 95 % confidence level that the monitoring results were

differentfrom the backgroundmonitoring results.
I

The only area where there was reason to suspect that a significantamount of the general
populationcould consume fish, water, and sedimentsfrom waters thatreceive runoff from
the site was at the Busch Memorial ConservationArea. The only potentialrece_ors in that
area are the people who actually use the Busch Memorial Conservation property for
recreationalpurposes. Three of the lakes at the area (i.e., Lakes 34, 35, and 36) receive

runoff from the Weidon Springsite and are utilized for fishing and boatingactivities. The

Missouri Departmentof Conservationrecently conducteda year long survey to determine
the numberof visitors to the area, the types of activities in which users participate,and the
amount of time allocated for these activities.

Fishing at the Busch Conservation Area averaged 3.5 hoursper visit for the approximately
160,000 visits to the area for that purpose (assuming a time-spentto fish-caught ratioof
0.4 fish/hour and a 0.50 ratioof fish caught to fish kept for a total of 112,000 persons).
Assuming that one person keeps one fish, the populationof concern would be 112,000
persons. For the waterand sediment ingestion scenarios, boatingis the activityassumed to
provide the potentialfor incidentalwaterand sedimentingestion. An estimated5,985 visits
were madefor the purposeof boatingwithan average of 4.5 hoursper visit. Assuming that
each visit constitutesone individual, the total populationwould be 5,985 persons. Eachof
these ingestion scenarios is furtheraddressedin calculationsone, two, and three.
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Although _ta from threeradontracketch stationsat theperim,eter of the raft'matepitswere
found to be statisticallygreaterthanbacklrround,it is not realisticto calculatea population
dose basedon the concentrationsthatwere measured. The annualaverages for the stations
were less than 0.1 pCi/I treater than the annualaverage of the backgroundstations. In
addition,at all off-site monitorin8 stationsin the vicinity of the chemicalplant/raffip-_tepits
there was no reason to suspect at the 95% confidence level that any of the stationswere

treater than backgTound. As a result, no dose was calculated for the population that
_'requentsthe Busch MemorialConservationArea.

The only on-site location where statisticalmalysis of gross alpha results from airborne
particulatesampleswas greaterthan hacklPoundwas at the Busch MemorialConservation
Area. AlthoughN'ESHAPsmonitoringresultsindicatednoabovebackgroundconcentrations
of uranium or other isotope that would have orginated from the chemical plant area, the
above backgroundmeasurementswill be assumedto haveoriginatedfromthe chemicalplant
until it can be shown to be otherwise.

1. Population dose estimate due to ingestion of fish obtainedat the Busch Memorial
ConservationArea.

a. Assumingthateach person of the 112,000 populationconsumes one fish and that
the edible portion of a fish has a mass of 200 g, the average consumption rate
specificto the affected populationis 0.55 g/person/day.

b. Using thetotaluraniumfish contentof 0.017 pCi/g obtainedfrom samplescollected
in Lake 36 and the population specific consumption rate derived from Missouri
Departmentof Conservationdata, the estimatedpopulationdose is:

PopulationDose Estimate (fish ingestion) ffi consumption rate x total uranium
concentrationin fish x exposure time x dose

conversationfactor_l) x persons

I Uranium dose conversion factor (DCF) was the greater of the two DCFs reported for each uranium isotope
(U-234 and U-238) in Table 2.2 of Eckerman et al. (Ref. 21)
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_. = 0.$$ _L x 0.017 _- x 365 day x 2.83E-4 mren,
day #

1 rcm
x 112,000 persons x ......

i,000 mrm
= 0.1 person-rein

2. Population dose estimate due to incidental ingestion of water at the Busch
Conservationlakes.

a. Assume that each person of the 5985 populationmakesone boatingvisit on an
annual basis and 25 • of the visit is spent swimming (I. 125 hours/visit).

b. Using the total uraniumsurfacewater contentof 51 pCi/Iobtainedfrom Lake 36
and an ingestion rate of 0.05 l/hour (P.,ef.23) the estimatedpopulationdose is

Population Dose l_timate (water ingestion) = ingestion ratex total uranium
concentrationin surfacewater

x exposure time x dose
conversation factor(1) x

persons

l _ x 1.125 hr x 2.83£-4 mrem
•, 0.05 _r x 51 ! pCi

1 rein
i

x 5985 persons x 1,000 mrem
= 0.016 person rein

3. Populationdose estimate due to ingestion of sediments at the Busch lakes.

a. Assume thateach I_rson of the 5,985 populationmakes one boating visit on an
annualbasis and 25 f6 of the visit is spent swimming (1.125 hours/visit).

b. Using the total uraniumsedimentcontentcf 110pCi/g obtainedfrom Lake34 and

an ingestionrate of 200 rag/day, the estimatedpopulationdose is:
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PopulationDose]Estimate(sedimentingestion) = ingestionratex totaluranium
concentrationin sedimentx

" exposure time x dose
conversionfactorO)xpersons

200 _ x ......I 8 x It0 _i x 1.i25/u, x I day x 2.83E-4 mrem" 7,4hr pCi
day 1,000m8 g I veto

x5,9s5personsx 1,0oomrem
.0.0017person-veto

4. Population dose estimatedue to inhalationof airborneparticulate.

a. Assume a population of 5,985 persons visit the areafor the purposeof boating
and each person spends4.5 hours per visit.

b. Assume a populationof 160,000 persons visit the areafor the purposeof fishing
and each person spends3.5 hours fishing.

c. Assume an airborneconcentrationof 2.2E-7 pCi/m3.

CEDE (inhalation) = net airborneconcentrationx exposure time for
boatingx breathingrate x dose conversion factor
(DCFl) x boating population + net airborne
concentration x exposure time for fishing x

breathingrate x dose conversion factor 03_F l) x
fishing population.

= 2.2E-7 l_i/m 3 x 4.5 hr x 0.96 m3/hr x
1.32E-1 mrem/l_i x I rem/1,000 mrem x

5985 person + 2.2E-7 pCi/m3 x 3.5 hour x
0.96 m3/hr x 1.32 E-I mrem/pCi x
1 rein/1000 mrem x 160,000 person

= 1.56E-5 person-rem
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The total estimated populationdose for all potentialexposure pathwaysfor calendaryear 1993
is 0.12 person-ram.

1i. U-238, U-235, and U-234 Release Estimates

To estimate U-738, U-235, and U-234 total airbornereleases from the chemical plant,
the above backgroundN11SILAPsconcentrationswere incorporatedinto a box model.
The above backgroundU-238, U-235, and U-234 measurementsresultedfrom building
dismantlement/demolitionactivities conductedduring1993. Because these fugitive dust
sources had continuouslychanging source terms, emission rat_s,emission locationsand
area size, dependent on the work in progress as well as various other variables, an
accuratedeterminationof the contributionsfromeach of the sourcesis impossible. Thus
a simple box model was used to estimate total releases from all activities. The box
model assumes that the airbornecontaminantsare dispersedhomogeneously within the
modeled volume of air. The selected length for the model was 366 m (400 yd); for
height 15.2 m (16.7 yd); and the value for averagewind speed was 4.5 m/s (I0 mph).
The average net concentrationof 1.3411-16_Ci/ml, the highestabove backgroundtotal
uranium NF.3HAPs concentrationmeasuredat AP-2005, was also used in the release
estimate. NESI-IAPsfilters were analyzed for total uraniumand to estimate isotopic
releases naturaluraniumratios were assumed. A simplified box model is justified for
calculatingthe airborne particulaterelease since the activity released is low as indicated
by calculation results.

Box Model: length = 366 m (400 yd), height = 15.2 m (16.7 yd), averagewind speed
-- 4.5 m/s (I0 mph), seconds per year = 3.16E7 seconds.

Release total - length x height x wind speed x airborneconcentration x seconds/year
-- 1.05711-3Ci total uranium

U-238 - 1.0611-3Ci x 0.4862 CU-238naturaluraniumratio) = 5.14E-4 Ci

U-235 - 1.0611-3Ci x 0.0227 CU-235naturaluraniumratio) - 2.4011-5Ci

U-234 : 1.0611-3Ci x 0.4911 CU-234naturaluraniumratio) : 5.1911-4Ci
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F. RadonRelease Estimate

To estimate airborne radon progeny concentrations at the Katy Trail, t,_ above-
backgroundradonresultsmeasuredat the WSQ perimeterwere incorporatedinto a box
model. A box model predicts the radon release rate in pCi/y by multiplying the
measurednet airborneor radonconcentrationby the assumed box model parametersfor
length, height, and average annualwind speed. The box model assumes thatairborne
contaminantsare dispersed homogeneously within the modeled volume of air. The
selected value for model length is 122 m (134 yd); for height it is 3 m (3.3 yd); and the
value for averageannual wind speed is 4.5 m/s (10 mi/hour). The model length value
correspondsto the length of themajorcontaminatedareawithinthe quarry. A simplified
box model is justified for calculatingthe airborneradonrelease rate since the effective
dose equivalentand populationdoses are low as indicatedby the calculationresults.

The net annualaverage radonconcentrationat the WSQ is 0.24 pCi/l and is calculated
by averaging the results from stations RD-1002 through RD-1009 less the average
backgroundresult of 0.10 pCi/l.

Box Model: length = 122 m (134 yd), height = 3 m (3.3 yd), average wind speed 0t)
= 4.5 m/s (10 mi/hour), seconds per year = 3.16E7 seconds.

Release rate = length x height x tt x net annual average radon concentration x
seconds/year = 12.5 Ci/y.
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Office of Computingand NetworkingServices

UNIVERSITY OF MIssOURI-ST. LOUIS $0ol Nlturll BridgeRoICI"St. Louis. Missouri 63121-4499

Telephone: (314) SS3-60_
. Fax:D14)S_t-6007

_ November 24, 1993

Ms. Julie M. Reitinger
MX-Ferguson Company
7295 Highway 94 South
St. Charles, MO 63304

Dear Ms. RoAtb_ger,

Following is that data you requested.:

Estimated

Counties 1990 1991

Missouri:

St. Louis (city) 396,685 392,160
St. Louis County 993,529 997,067
Franklin 80,603 82,130
Jefferson 171,380 174,663
St. Charles 212,907 218,997 -.
Lincoln 28,892 29,903
Warren 19,534 20,201

Ill_ois:

Madison 249,238 " 249,000
St. Clair 262,852 264,100
Clinton 33,944 33,700
Monroe 22,422 21,900
Jersey 20,539 20,600

1990 St. Louis MSA 2,444,099 2,454,317

1993 defined 2,492,525 2,504,421
"St. Louis MSA

O_eC:lu|t ODl_O_unJtYmStiTutiOr_



• .°. ..

/ ._"_ "._"2_.."."."
•"-,t,,'_SWJ_:;p_.._._• •:'.

I t " ",r_,7_,J_.'.-.,_._._..."." ." ' =.,z'_._[_.. ,_' _.-"..• 'J" " .. ,,,,,._"_."_P_'Ls_.;--:.:'_ ".
/ .'-.',,-'-Id,j_'._.-_;"_".."

/ :_...__,._:,_-_,_..
., ' '"_-':T_.'_.-

.- .,,_.._.:_ _,.. _..,

- _. .:,_,_" _t,,--.--..,.
June 1992 the Office of Manag_,m_,_t and Budget redefined ": .": ::_..

•:, _-:.'.:,_'":

Metropolitan areas, Warren and Lincoln counties in Missouri were:_ ..;:._..-,-,.-..;.added to the St. Louis MSA, ' ""' .....
• . _... . ; _,"._'-

_.-_&'_.:_.._-_.
• .,;. . ,

...._-_;_,.."..'..:,.';.:,.
Following are data for selected cities: .._,,_,,,..•.:..._, _. ,_'_';_..- ...

......._._,_.-._: - .• ,.., "?, ,.._. ,

•. '-', ;,: "_".r._:,
• ..:,t,_._,-,._..::...Revised 1990 " :,:.'.-I?...

Cities 1990 Census

: _,_'.. _.,:;,,_,..Cottleville 2,936 453 . :..-,,..:--...-
New Mel],e . .481 206 '_":7'""z_'X
O'Fallon 18,698 17,427 ""_'.,'*.,_._!:_:77

;'_ _',, •

St. Charles City 54,555 50,634 ":!:-.::-_:,!_.,_
St. Peters 45,779 40,660 :;-="-":;":;: . ._..¢,,: -

.. •..'__
Weldon Spring 1,470 1,034 ....._.,._:_-.
Weldon Spring Heights 75 97 ,':_d,...:;:_::.._
Went zvi]]e 5,140 4,640 ..: _.'-"'::_"_::
Lake St. Louis 7,400 7,536 ..:'__._:_.__¢_
Dardenne Prairie 1,769 735 _" "

In early spring there will be populati6n estimates for cities, and then '--.-i;¢,}_
., ,, ,..

estimates about every two years, along with county estimates. •-.--.:.!.;,....,..,....,,_.'._

•
• "_.._:

If you have any questions call me at 553-6035 :"'_".'• . __._'..•_/.,-'
. ...

. , , '

.....,._..:

Since.rely, ..

L_da C. Mc.Daniel
Public Data Information Specialist



•"°":':i_:._ MISSOURI DEPARTMENT OF Mel Camohan

'_.___ Coleen Ktvlahan, M,D., M.S.P.H.Director

P.O. Box570. Jefferson City, MO 65102-0570 • 314.751-b400 • FAX 314-751-6010

February 24, 1994

Mr. Steve McCracken
7295 Highway94 South
St.Charles,MO 63304

Dear Mr. McCracken:

The MissouriDepartmentof Healthhas been involvedin a surveillance
systemdevisedto monitorthe Departmentof Energyin itscleanup of the Weldon
SpringChemicalPlantSite from1988to the present. This systeminvolvesthe
samplingof selectedarea wellsforanalyteswhosepresencewould be indicative
of contaminationfromthe site.

Since beginningthissystem,we'veobservedno significantchangesinthe
levelsof anyof the substancesforwhichthe sampleswere analyzed. Also,there
is no indicationthatcontaminantsfromthe siteare affectingthe wells.

Thisinformationis beingsentto youperthe requestof Mr. Jim Meierof

MK Ferguson. /_,_

• o'

/-_." DarylW. RobertsChief

_!_t_,. Bureauof EnvironmentalEpidemiology
DWR:SAC
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MORRISONKNUDSENCORPORATION Report of TelecotMK-FERGUSONGROUP

To: _L,.\_'_.. ;"_"/"¢1(.,,t'("" Incoming:_._ Outgoing:_.... WP#:..._.._
]:tom:L..',a6_ _@ f . ]::).te:!/-f--93 Ti_=:/'y:;-"
Conversation With:

-- i

and:.,, _,, Phone:
of: - '........ i

• i i I

I
• I I1

S_mmary of Conversation:

i

-- ii

IH
i

HI
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.i

Action of Follow-UpFRecommendations:
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i
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MORRISON KNUDSEN CORPORATION Report of TeleconMK-FERGUSONGROUP

To: ..1 _--- T.,,,.. .... - Incoming: .._. Outgoing: _ WP#: . _.
From: ..th,, St-emoT. ...... Date: l_/_a/q_ Time: nRsni -- t t i iw

Conversation With:

Bill Livers Phone: 441-8471
.u i i. t t i. i.i iH t i

of: Hiehwav maintenance Devsrt_ent .....

and: Math. S4--a,.,_,re .... Phone" L 314-441-8086 x2702 ......

of: .....

Subject: _,,-_.r nf employees at the highway maintenance

Summaryof Conversation:
_'h.,-. ,,,-,, ,,_ne, f.I,1 _-4m,, am.nl,,_y_P._ a,a" t-h_ at'.t'_ hl_h_a.y depnt'l_m_nt malntenanee

shop adjacent,to the Weldon Spring Chemical Plant. ,,

i i H.., ii i l,. , ii i

ii innunl ,,,,,,,, nl InIn puunl

in inlll ! ii EllA

INNNII nil I

II I I ININ II II nlII Ill II

Nil _ IINUlI mull

mini I u n i n i I i nunn --

nu i i nlnun lunl nlnl n'ln

In' i i in i ii iii in NI

ill ,m "

m i u u i ,,i ,n i ,ill ,

i
i ,, nmn u n,i tnl __ innnt i

Jl Hi I i

nut t tt.t i t a t tit t t

In II Ilmlmll n I IIII --

nnnl I • I mn

I II II I I I II -

Action of Follow-Up/Recommendations:

Yearly update for_Inclusion, in _he #_n_al s£te environmental report .... _
___ __

CC: 10q"4 A_F.R _'4)_

mnll I nn I IIn nun

........ By"
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DXST_I|UTION LIST

aONGR_SSXON_Y,Z

The Honorable Christopher S. Bond
U.S. Senate
SR-293 Russell Senate Office Building
Washington, D.C. 20510-2503

The Honorable John Danforth (letters & newsletters only}
U.S. Senate

SR-249 Russell Senate Office Building
Washington, D.C. 20510-2502

The Honorable Harold L. Volkmer

U.S. House of Representatives
2409 Rayburn House Office Building
Washington, D.C. 20515-2509

The Honorable James M. Talent

U.S. House of Representatives
1022 Longworth House Office Building
Washington, D.C. 20515-2502

The Honorable Willlam L. Clay
U.S. House of Representatives
2306 Rayburn House Office Building
Washington, D.C. 20515-2501

The Honorable Richard A. Gephardt
1432 Longworth
House Office Building
Washington, D.C. 20515

Ms. Catherine Moore

Office Manager
U.S. Senator Christopher S. Bond
8000 Maryland Avenue
Suite 1050

St. Louis, Missouri 63105

Ms. Karla Roeber
District Administrator
U.S. Senator John Danforth

8000 Maryland Avenue
Suite 440
St. Louis, Missouri 63105

Mr. Rod Slppel
Administrative Assistant

U.S. Representative Gephardt
9959 Gravols

St. Louis, Missouri 63123



Ms. Pearlie Evans
District Assistant

U.S. Repreientative William L. Clay
6197 Delmar
St. Louis, Missouri 63112

Mr. Lee Viorel
District Administrator

U.S. Representative Harold L. Volkmer
370 Federal Building
Hannibal, Me 63401

Ms. Molly McCombs
District Director

U.S. Representative James M. Talent
555 No. New Belles Road
Suite 315

St. Louis, Me 63141

Ms. Barbara Cooper
Community Affairs Director
U.S. Representative James M. Talent
820 S. Main Street
Suite 206

St. Charles, Me 63301

STATE KND LOCkL ELECTED OFFICIALS:

The Honorable Me1 Carnahan, Governor
State of Missouri

216 State Capltol Buildlng
P.O. Box 720

Jefferson City, Me 65102

The Honorable Fred Dyer
R-2nd District
Missouri State Senator
1025 Sherbrooke
St. Charles, Missouri 63303

The Honorable Steve Ehlmann
R-23rd District
Missouri State Senator
820 South Main
Suite 302

St. Charles, Missouri 63301

The Honorable Harriet Brown (January to mid May)
Rm 105J
House Post-Offlce

State Capltol Building
Jefferson City, Me 65101-6806



The Honorable Harriet Brown (mid May to December]
P.O. Box 840
Wentzville, NO 63385

The Honorable William Luetkenhaus
D-12th District
Missouri House of Representatives
742 Hancock Road
Wentzville, Missouri 6338S

The Honorable Joseph Ortwerth
R-17th District

Missouri House of Representatives
4140 Old Mill Parkway
St. Peters, Missouri 63376

The Honorable Ted House
D-1Sth District

Missouri House of Representatives
3077 Winding River Drive
St. Charles, Missouri 63303

The Honorable Cindy Ostmann
R-14th District

Missouri House of Representatives
445 Knaust Road
St. Peters, Missouri 63376

The Honorable Rich Chrlsmer
R-16th District

Missouri House of Representatives
25 Barkwood Trails

St. Peters, Missouri 63376

The Honorable Charles Gross
R-18th District

3019 Westborough Court
St. Charles, Missouri 63301

The Honorable Eugene Schwendemann
County Executive
St. Charles County Courthouse
118 North Second Street
St. Charles, Missouri 63301

The Honorable Bob Fisher

County Council
St. Charles County Courthouse
118 North Second Street
St. Charles. Missouri 63301

',_,i_lily ........... ,
i , ff _l J i ;



The Honorable Shirley Slsco
County Council
St. CharleJ County Courthouse
118 North Second Street
St. Charles, Missouri 63301

The Honorable Linda A. Brown
County Council
St. Charles County Courthouse
118 North Second Street
St. Charles, Missouri 63301

The Honorable Harold Kohrs
County Council
St. Charles County Courthouse
1!8 North Second Street
St. Charles, Missouri 63301

The Honorabl_ John C. Hanneke
County Council
St. Charles County Courthouse
118 North Second Street
St. Charles, Missouri 63301

The Honorable Thomas McGovern
County Council
St. Charles County Courthouse
118 North Second Stret
St. Charles, Missouri 63301

The Honorable Carl L. Bearden
County Council
St. Charles County Courthouse
118 North Second Street
St. Charles, Missouri 63301

Mr. Lee Brotherton
Administration Buildlng, 9th Floor
41 South Central
Clayton, Missouri 63105

The Honorable Edward W. Hajek, Jr.
Mayor, City of Lake St. Louis
1000 Lake St. Louis Boulevard Suite 16
Lake St. Louis, Missouri 63367

The Honorable Ed Griesenauer
Mayor, City of O'Fallon
138 South Main Street
O'Fallon, Missouri 63366



The Honorable Grace Nichols

Mayor, City of St. Charles
St. Charles City Hall
200 North Second Street
St. Charles, Missouri 63301

The Honorable Freeman Bosley Jr.
Mayor, City of St. Louis
City Hall, Room 200
Market and Tucker Streets
St. Louis, Missouri 63103

The Honorable Thomas W. Brown

Mayor, City of St. Peters
Post Office Box 9
St. Peters, Missouri 63376

The Honorable Stephen Kochanskl
Mayor, City of Cottleville
P.O. Box 387
Cottleville, Missouri 63338

The Honorable Anita Foelsch

Mayor, City of Weldon Spring
5499 Bourbeuse Common
St. Charles, Missouri 63304

Mr. William Schultejans
Chairman of the Board of Trustees

Town of Weldon Spring Heights
9 Weldon Spring Heights
St. Charles, Missouri 63304-5623

The Honorable Lee Barton

Mayor, City of Wentzville
Post Office Box 308
Wentzville, Missouri 63385

YBDBRkT., OFPZCZ._L8:

Mr. William Rice
Acting Administrator

U.S. Environmental Protection Agency
Region VII
726 Minnesota Avenue
Kansas City, Kansas 66101

Mr. Robert Mothy
Superfund Branch
U.S. Environmental Protection Agency
Region VII
726 Minnesota Avenue

Kansas City, Kansas 66101
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Mr. Dan Wall (4 copies)
Superfund Branch
U.S. Environmental Protection Agency
Region VII
726 Minnesota Avenue

Kansas City, Kansas 66101

Ms. Denise Jordan-Izaguirre
Sr. Reglonal Representative
ATSDR c/o EPA
Region VII
726 Minnesota Avenue
Kansas City, Kansas 66101

Mr. Steve Iverson, Project Manager
Program and Project Management Division
U.S. Army Corps of Enginee's
Kansas City District
601 East 12th Street
Kansas City, Missouri 64106
ATTN: CEMRK-ED-MD

Mr. Mike Green

Engineering Division
U.S. Army Corps of Engineers
Kansas City District
601 East 12th Street

Kansas City, Missouri 64106
ATTN: CEMRK-ED-GH

Mr. Karl J. Daubel
Environmental Coordinator

Weldon Spring Training Area
7301 Highway 94 South
St. Charles, Missouri 63304

STATE AND LOCAL OFFICIALS:

Mr. David A. Shorr
Director, Missouri Department of Natural Resources
Post Office Box 176

Jefferson City, Missouri 65102

Mr. Robert Geller (5 copies)
Missouri Department of Natural Resources
Post Office Box 176

Jefferson City, Missouri 65102

Mr. William Dieffenbach

Asst. Planning Division Chief
Missouri Department of Conservation
Post Office Box 180

Jefferson City, Missouri 65102-0180



Mr. Larry Erickson
Division of Environmental Quality
Missouri Department of Natural Resources
Post Office Box 176

Jefferson City, Missouri 65102

Mr. Roy Grimes, Manager
August A. Busch Memorial Wildlife Area
Route 2, Box 223
St. Charles, Missouri 63304

Mr. Gary Novinger
Fish and Wildlife Research Center
Missouri Department of Conservation
1110 College Avenue
Columbia, Missouri 65201

Mr. Lynn Bultman
Vice President
Missouri Cities Water Co.
1290 Motherhead Rd.
P.O. Box 390

Cottleville, Missouri 63338-0390

Mr. Roger Dunajcik
Environmental Sanitarian

St. Charles County Health Department
305 N. Kingshighway
St. Charles, Missouri 63301

Mr. Thomas Aaron

St. Charles County Water Department
1635 South Highway 94
Defiance, Missouri 63341

Mr. Terry Gloriod
Vice President for Production

St. Louis County Water Department
535 North New Ballas Road
St. Louis, Missouri 63141

Mr. Dave Visintainer

City of St. Louis Water Division
Chain of Rocks Plant
10450 Riverview Drive
St. Louis, Missouri 63137

Mr. Ken Hogan
City of St. Louis Water Division
Howard Bend Plant
14769 Olive

Chesterfield, Missouri 63017



DOE HFJ_DQUARTERS_

Mr. Steve Wyatt
U.S. Department of Energy
Post Office Box 2001

Oak Ridge, Tennessee 37831-8052

Mr. James J. Fiore, Director
Office of Eastern Area Programs
U.S. Department of Energy
Division of Envlronmental Restoration
104 Trevlon II Building
12800 Middlebrook Road

Germantown, Maryland 20874

Mr. Jim Wagoner, EM-41 (5 copies)
Decontamination & Decommissionsing
Division

Eastern Area Programs Division
U.S. Department of Energy
19901 Germantown Road

Germantown, Maryland 20874

Mr. Kenneth Dural1, EH-232
Air, Water and Radiation Division
U.S. Department of Energy
1000 Independence Avenue
Washington, D.C. 20585-0002

Juliet Berling, EH-222
Environmental Protection Specialist
U.S. Department of Energy
1000 Independence Avenue, SW
Washington, D.C. 20585

DOE-ORO:

Mr. Peter J. Gross, SE-31 (3 copies)
Director of Envlronmental Protection Division
Oak Ridge Field Office
U.S. Department of Energy
Post Office Box 2001

Oak Ridge, Tennessee 37831-8738

Mr. Wayne Hibbits SE-30

Deputy Assistant Manager for Environmental Safety and Quallty
Oak Ridge Operations
U.S. Department of Energy
Post Office Box 2001
Oak Ridge, Tennessee 37831-8730



| i

Mr. Grover Smithwick M2

Deputy Manager
Oak Ridge Field Office
U.S. Department of Energy
Post Office Box 2001

Oak Ridge, Tennessee 37831-8738

Mr. R.R. Nelson SE-30

Assistant Manager for Environmental Safety and Quality
Oak Ridge Field Office
U.S. Department of Energy
Post Office Box 2001

Oak Ridge, Tennessee 37831-8738

Mr. J.C. Hall EO-20

Assistant Manager for Enriching Operations
Oak Ridge Field Office
U.S. Department of Energy
Post Office Box 2001
Oak Ridge, Tennessee 37831-8738

ORAUz

Mr. J.D. Berger
Oak Ridge Associated Universities
230 Warehouse Road

Building 1916-T2
Oak Ridge, Tennessee 37830

MEDIA_

Mr. Jim Mueller
St. Charles Journal
340 North Main Street
St. Charles, Missouri 63301

Ms. Judith Vandewater
St. Charles Post
123 North Main Street
St. Charles, Missouri 63301

Mr. Tom Uhlenbrock

Environmental Reporter
St. Loui_ Post-Dispatch
900 North Tucker Boulevard
St. Louis, Missouri 63101

Mr. Evan Forrester
KMOV-TV, Channel 4
One Memorlal Drive
St. Louis, Missouri 63102



Mr. William H. Allen
Science Writer
St. Louis Post Dispatch
900 N. Tucker Blvd.
St. Louis, Missouri 63101

LZBRARZES:

Kisker Road Branch
St. Charles City/County Library
1000 Kisker Road
St. Charles, Missouri 63303

Spencer Road Branch
St. Charles City/County Library
425 Spencer Road
St. Peters, Missouri 63376

Kathryn M. Linneman Branch
St. Charles City/County Library
2323 Elm Street
St. Charles, Missouri 63301

SCHOOLS:

Francis Howell School District
Consultant
Mr. Donald J. McQueen
Shannon & Wilson Inc.
11500 Olive Blvd. Suite 3276

St. Louis, Missouri 63141

Mr. Robert Shoewe, Principal
Francis Howell High School
7001 Highway 94 South
St. Charles, Missouri 63304

Dr. John Oldani

Superintendent
Francis Howell School District
7025 Highway 94 South
St. Charles, Missouri 63304

Mr. Dan Brown

Deputy Superintendent
Francis Howell School District
7025 Highway 94 South
St. Charles, Missouri 63304



OTHER:

Ms. Martha Gill
7 Weldon Spring Heights
St. Charles, Missouri 63304-5623

Ms. Margaret Culver
City of Weldon Spring
Board of Alderman
202 Wolfrum Road

St. Charles, Missouri 63304

Administrative Record (2 copies)
MK-Ferguson Company
7295 Highway 94 South
St. Charles, Missouri 63304

Ms. Meredith Hunter
25_ Cedar Groves
St. Charles, Missouri 63303

Dr. Michael Garvey
208 Pitman Road
St. Charles, Missouri 63303

Ms. Bobble Judge
812 Saratoga Heights Drive
St. Charles, Missouri 63304

Distribution (2 copies)
Office of Scientific and Technical Information

U.S. Department of Energy
Post Office Box 62

Oak Ridge, Tennessee 37830

Mr. Park Owen (2 copies)
Martin-Marietta Energy Systems, Inc.
K-25 Site
Post Office Box 2008
Building K-1210, MS-7256
Oak Ridge, Tennessee 37831-7256

Mr. Stanley M. Remington
Consultlng Hydrologist
919 Broadmoor Lane

St. Charles, Missouri 63301

Mr. Robert M. Wester, President
R.M. Wester and Associates, Inc.
215 Indacom Drive

St. Peters, Missouri 63376



Ms. Kay Drey
515 West Point Avenue

University/City, Missouri 63130

Bill Ferdinand

Quivra Mining Co.
6305 Waterford Boulevard
Suite 325

Oklahoma City, OK 73118

Mr. Mark Lusk
ASI

477 North Shoup Ave.
Suite 107
Idaho Falls, ID 83402

Dr. Margaret MacDonell (4 copies)
EID Division

Argonne National Laboratory
9700 South Cass Avenue, Building 900
Argonne, IL 60439

Ms. Jody Lally
Boston University School of Public Health
Environmental Health Dept.
Talbot 3C
80 East Concord

Boston, MA 02118

Ms. Alicia Taylor
FERMCO
P.O. Box 398704
MS-19

Cincinnati, Ohio 45030

SCCAHW •

Mr. Kenneth Gronewald
804 Birdie Hills Road
St. Peters, Missouri 63376

Mr. John Soucy, M.D.
SCCAHW

4 Weldon Spring Heights
St. Charles, Missouri 63304

Ms. Mary Halllday
3655 Highway D
Defiance, Missouri 63341

Mr. George Farhner
892 California Trail

St. Charles, Missouri 63304



Mr. Jerry Branbander
Columbia Field Office
U.S. Fish and Wildlife Service

608 E. Cherry Street
Room 207
Columbia, MO 65201

Mr. Conn Roden
111 S Meramec
2nd Floor

Clayton, MO 63105

Mr. Dale Schrelber
46 Broadvlew Dr.

St. Louis, MO 63105

Ms. Gwen Hobbs

9 Spencer Trail
St. Peters, MO 63376
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