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ENVIRONMENTALCOMPLIANCESUMMARY
U.S. DEPARTMENTOF ENERGY'SHANFORD SITE

RICHLAND,WASHINGTON
MAY 1990

This summaryupdatesthe environmentalcompliancestatus and environmental
issues and actions at the Hanford Site from January I throughMay I, 1990.
The summary is in the same format as in the EnvironmentalReport:
I) compliance self-assessment,2) current issues and actions, and
3) environmentalpermits.

I. COMPLIANCESELF-ASSESSMENT

COMPREHENSIVEENVIRONMENTALRESPONSE,COMPENSATION,AND LIABILITYACT (CERCLA)

Through April 1990, no notificationswere required to the National Response
Center under SectionI03(a), the EmergencyRelease Notificationprovisionof
CERCLA.

CLEAN AIR ACT

Subpart H of the Clean Air Act was revised and issued as a final rule
December 15, 1989. lt requi_esthat radionuclideemissionsfrom all point
sources (stacks,vents, pipes, or other release points) be analyzed,measured,
and reported in accordancewith severalnew requirements. All of these
emission points on the Hanford Site became technicallyout of compliancewith
some portion of the detailed measurementrequirementsas of the
March 15, 1990, compliancedeadline. Becauseof the time needed to document
exempt_nns,procureequipment,develop procedures,and train personnel,DOE
requesteda two-yearextensionof the compliancedeadline.

RESOURCE CONSERVATIONAND RECOVERYACT (RCRA)

DangerousWaste Tanks

The DOE is reevaluatingthe dangerouswaste tanks at Hanford againstmore
stringentfederal requirementsadoptedin 1989 by the WashingtonDepartmentof
Ecology (WDOE). Potentialdeficiencies'include lack of certifiedtank
integrityassessmentsand inadequatesecondarycontainmentsystems. On
March 27, 1990, DOE submittedbackgroundinformationto WDOE and began
negotiationsfor corrective action schedulesto be includedin the Tri-Party
Agreement (TPA).

183-H Solar EvaporationBasins

From 1973 to 1980, four sedimentationbasins were used as evaporationponds
for liquid chemical and radioactivewastes from 300 Area fuel fabrication
processes. After evaporation,low-levelmixed wastes remained. The residual
sludges have been removed and are containedin barrels. These have been
stabilizedand stored for future disposal. Although all of the basins have
been decontaminated,some crystallizedsalts remain in one of the basins. The
final closure plan and permit applicationhavebeen prepared.



The basins will be closed by clean closure or by landfillwith an engineered
cover. Cleanup of the four basins near the Columbia River took seven years
and cost $28.6 mil.lion.

EnforcementActions

The WDOE conductedseveral inspectionsthroughApril 1990. No enforcement
actions resulted. All correctiveactions from earlierenforcementactions
have been completed.

Two spills of acid from used batteriesare the only reportable spills through_
April 1990. These spillswere reported to WDOE as required by the state's
DangerousWaste Regulations.

NATIONAL ENVIRONMENTALPOLICY ACT (NEPA)

On January 12, 1990, SecretaryWatkins releasedhis decision that DOE will
prepare a programmaticenvironmentalimpact statement(EIS) to addressthe
activitiesproposed by the EnvironmentalRestorationand Waste Manaqement
Five-YearPlan (DOE/S-O070). This DOE-Headquarters(DOE-HQ)plan describes
DOE's long-term strategyin environmentalrestorationand waste management.
The plan was first issued in August 1989 and will be updated annually. This
programmaticEIS will support future site-specificNEPA documents and
implementationplans for the Hanford Site.

In January 1990, the NaturalResources DefenseCouncil filed a Notice of
Intent to sue DOE, assertingthe restartof the PUREX plant should requirea
supplementalEIS. This Notice of Intentcontends,among other items,that
significantnew informationabout safety and environmentalconcerns must be
considered before restart. The DOE is evaluatingthese assertions.

2. CURRENT ISSUES AND ACTIONS

HANFORD FEDERAL FACILITYAGREEMENTAND CONSENTORDER (TRI-PARTYAGREEMENT)

All parties have approved the annual update to the Tri-PartyAgreement (TPA).
The update is being issued as Volume 2, with the existing Legal Agreement and
Action Plan identifiedas Volume I. The public was given the opportunityto
review and comment on all modifications. A major modificationwas the
incorporationuf land disposal restrictioncomplianceactions into the TPA.
The update also includes30 new interimmilestones.

Hanfordcontinuesto efficientlycompleteactivitiesscheduled in the TPA.
All 10 milestones scheduledthroughApril 1990 have been completedon or ahead
of schedule. The completionof 10 RCRA groundwater monitoringwells achieved
two milestones eight months ahead of schedule, lt must be noted that
substantialbudget commitmentsare needed for successfulimplementationof the
TPA. DOE will continueto work with the regulatoryagencies to ensure
continuedprogress towardsfull cleanup and complianceat Hanford.



ENVIRONMENTALRESTORATIONAND WASTE MANAGEMENT FIVE-YEARPLAN

The site-specificplan for DOE-RichlandOperations (DOE-RL)was released in
April followingDOE-HQ approval. This plan implementsthe DOE-HQ five-year
plan issued in August 1989. The site-specificplan consists of four separate
documents: a vision statement,a general overview,a detailed plan, and a set
of activitydata sheets that provides detailed descriptionsof current and
planned activities. The detailed plan has been distributedto about 300
individualsin the Northwest.

The 25-pageoverviewdocument,which was prepared for a more general audience,
was distributedto about 1,200 individualsin the Northwest. The 90-day
public comment period will last from April 20 to July 19, 1990. Nine public
meetings are being held in Washingtonand Oregon betweenMay 22 and June 14,
1990, to answer questionsand receivecomments.

HANFORDSITE WASTE STORAGETANKS

Concernshave been raised about the potentialof a ferrocyanideexplosionand
hydrogengas accumulationin Hanfordwaste tanks. One issue is that under
certainconditions of chemicalconcentration,moisture,and temperature,
ferrocyanideand nitrates in the single-shelltanks could release heat and
potentiallybecome explosive. The DOE has analyzed the conditions and
concludesthat the probabilityof a ferrocyanideexplosionis low under
currentoperating conditions. Several outside agencieshave studied the issue
and reachedthis same conclusionin their preliminaryreports.

The other issue is that flammablehydrogengases may be trapped beneath the
crust in five double-shelltanks and 18 single-shelltanks. One tank in
particular,I01-SY (a double-shelltank), shows the largest accumulationof
trapped gases_ In the 22 other tanks, the problem is much less. The DOE and
externaloversightgroups have concludedthere is no imminentdanger to the
public from a hydrogen explosion;however, additionalwork is needed to
increaseunderstandingof the hazardsof hydrogen generation.

WestinghouseHanford Company has formed a Waste Tank Safety Team to identify
any hazards associatedwith the waste tanks and implementthe necessary
actionstomitigate those hazards. The DOE is overseeingthis effort. The
EPA, WDOE, State of WashingtonDepartmentof Health, State of Oregon Water
ResourcesDepartment,DefenseNuclear FacilitySafety Board, and Advisory
Committeeon Nuclear FacilitySafety also provideoversight.

UNITED STATES TESTING COMPANY, INC., (UST) SUSPENSION

"TheUST performed all radiochemicalanalysescontained in the Environmental
Report with the exceptionof the penetratingradiationmeasurementswhich were
conductedby PacificNorthwestLaboratory (PNL),and the nonradiological
surfacewater quality analysesconductedby the US GeologicalSurvey.
Oi_April 25, 1990, EPA suspendedUST Inc., from receivingfuture federal
contracts and assistanceawards. The EPA Region 10 in Seattle, Washington,
and EPA Headquartersinitiatedthe action. They alleged that two UST
laboratoriessupportingthe EPA's Superfund programsubmittedunreliable and
falsifieddata, These laboratoriesare in Richland,Washington,and Hoboken,
New Jersey.
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Based on an extensive review of UST, PNL determined that quality problems
occurred in the Hoboken laboratGry, not the Richland laboratory that does the
radiochemical analyses that appear in the Environmental Report. These
problems resulted in PNL's termination of the UST contract on June ], 1990.

More importantly,however, qualitycontrolchecks of data generatedby UST's
Richland laboratoryhave been performedroutinely by PNL. Some of these
comparisonswere made without UST's knowledge. The UST was required by
contract to participatein interlaboratorycomparison programs conductedby
'theEnvironmentalProtectionAgency and DOE's EnvironmentalMeasurements
Laboratory. The results fromtheseprograms, as well as analyticalresults
from samples split with the States of Washington and Oregon,were in all cases
within the range of normal variability. In edditionto the past checks, PNL
is forming an independentpanel to review the reliabilityof past data
generatedby UST.

Based on these comparisons,we have a high level of confidencein the
environmentaldata and the conclusionsreached in the EnvironmentalReport.

242-A EVAPORATOR

The 242-A Evaporatoris used to reduce the volume of dilute waste from the
double-shelltanks. In the past, concentratedwaste was returned to the
double-shelltanks, while the condensate,after treatmentby ion exchange,was
dischargedto a crib. Some constituentsin the tanks are "listed"as
dangerouswastes. Also, an evaluationindicatesthat the condensatestream is
regulatedas a toxic dangerouswaste due to the presence of ammonia. Because
dangerouswaste regulationsprecludedischargeof dangerouswastes into cribs,
dischargewas ceased.

A Liquid EffluentRetentionFacility (LERF) is being installedfor temporarily
storingthe evaporatorcondensate. On March 15, 1990_ WDOE issued a
Determinationof Nonsignificancefor the LERF in accordancewith the State
EnvironmentalPolicyAct. The currentschedule shows operationof the storage
units beginningin December 1990. Permanenttreatmentand disposal systems
are scheduledfor operationin June 1992.

Operationof the 242-A Evaporatoris critical to the cleanup of Hanford
because of double-shelltank space limitations. Inabilityto restartthe
evaporatorwill adversely impact severalTPA milestones.

SUBMARINEREACTORCOMPARTMENTS

The DOE-RL continuesto work with the Departmentof Navy, EPA, and WDOE to
addressmanagementof the submarinereactorcompartmentsdisposed of in the
burial groundsat Hanford. In March, the second phase of cleanup began on the
compartmentsto remove all accessibleinternalpolychlorinatedbiphenyl (PCB)
and ballastlead wastes. The EPA and DOE have signed a Federal Facility

ComplianceAgreementaddressingcomplianceof the compartmentsto the Toxic
SubstancesControlAct and also providingfor continuationof future shipments
to Hanford.



An InterimApproval Request for a chemical landfill permit coveringthe
dispesal of the PCBs remainingin the compartmentswas submittedto EPA on
February 23, 1990. A request is being preparedto waive the liner and
leachate collectionsystem requirementsapplicableto the trench under the
Washington DangerousWaste Regulations. This waiver requestwill be submitted
to WDOE in July 1990.

GROUND WATER MANAGEMENT

Ground water monitoringwells are being drilled at many hazardouswaste sites
around Hanford° The purgewater,water pumped from these wells during well
developmentor sampling,is potentiallycontaminated. Two hundred to several
thousand gallons of water are generatedfrom each weil. Becausepurgewater
has the potentialto containdangerouswaste or contain hazardoussubstances
in concentrationsexceedingpredeterminedhealth-basedrisk levels,a method
for storage and treatmentof the water is needed.

Purgewateris now stored in modular tanks So that new ground water monitoring
wells can be installed,developed, and completedand ground water sampling can
continue. One 1,000,O00-gallonmodular tank is being used and a second is
ready for use.

STORAGE OF SPECIALNUCLEAR MATERIALS

In response to a notice of violationDOE received for the storageof special
nuclear material at the Rocky Flats Plant near Denver, the material now stored
at the PlutoniumFinishingPlant at Hanford is under evaluation. Radioactive
materialscontainingdangerouswaste constituentswill be regulatedunder the
state'sdangerouswaste regulations for storage and disposal if they are
consideredwaste materials. Should the evaluationdetermine a need for state
regulation,it is anticipatedthat TPA milestonescan be negotiatedwhich
establish schedulesfor required correctiveactions.

3. ENVIRONMENTALPERMITS

PREVENTIONOF SIGNIFICANTDETERIORATION(PSDL

The nitrogen oxide emissionsfrom the Hanford Site chemical processing
facilities (PUREXand U03 Plant) are permittedunder the PSD program under the
Clean Air Act. ThroughApril 1990, there were no PSD permit violations.

NATIONAL POLLUTANTDISCHARGEELIMINATIONSYSTEM (NPDES)PERMIT

The NPDES permit regulateseight dischargesto the Columbia River. In
accordancewith the NPDES permit,monthly parameterreportswere sent to EPA

_Im Region 10 and WDOE. Compliancewas achievedwith all permit conditions.
RCRA PERMITTING

The DOE submittedone hazardouswaste facilitypermit applicationand three
closure plans for Hanford Site waste treatment,storage, and disposal
facilitiesto WDOE.
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SUMMARY

This report is a summary of the environmental Environmental standards at Hanford fall into
status of the Hanford Site in 1989. lt includes three categories: 1) those imposed by federal
descriptions of the Site and its mission, the Statutes, regulations, and requirements; 2) those
status of compliance with environmental regu- imposed by state and local statutes, regulations,
lations, planning and activities to accomplish and requirements; and 3) those imposed by

compliance, environmental protection and DOE directives. This summary addresses the
restoration activities, and environmental status of compliance with applicable regula-

monitoring, tions at the Hanford Site. (For detailed com-
pliance informationsee "Compliance Sum-

SITE MISSION mary," Section 2.0.)

From 1945 through the 1960s, Hanford Site Compliance with Environmental
facilities were primarily dedicated to the pro- Regulations
duction of plutonium for national defense and
management of the wastes generated by Clean Air Act--The EPA has ,_stablished
chemical processing operations. Since the National Ambient Air Quality Standards under
1960s, programs at the Hanford Site have the authority of the Clean Air Act. They have

become increasingly diverse. The current also established Prevention of Significant
Hanford Site mission includes defense produc- Deterioration (PSD) regulations. The Hanford

tion, defense waste management, environmen- Site radioactive stacks were registered with the
tal restoration, advanced reactor development, State of Washington Department of Health
and research and development. (WDOH), and a permit has been received.

Radionuclide emissions from DOE facilildes

COMPLIANCE SUMMARY and the disposal of asbestos on the Hanford
Site are also regulated by the Clean Air Act.

A significant environmental compliance event For 1989, the Hanford Site was in compliance
in 1989 was the completion of the Hanford with the applicable regulations of the Clean Air
Federal Facility Agreement and Consent Order, Act.
known as the Tri-Party Agreement. This agree-
ment among the U.S. Environmental Protection Clean Water Act--'I'he Clean Water Act
Agency (EPA), the State of Washington applies to ali nonradioactive discharges to
Department of Ecology (WDOE), and the u.S. navigable surface water. At the Hanford Site,
Department of Energy (DOE) provides plan- the regulations are applied through a National
ning and scheduling for achieving full com- Pollutant Discharge Elimination System permit
pliance with the Resource Conservation and for effluent discharges to the Columbia River.
Recovery Act (RCRA) and for cleaning up There was one reportable deviation from the
inactive waste sites under either Comprehen- permit requirements in 1989.
sive Environmental Response, Compensation,
and Liability Act (CERCLA) or RCRA Safe Drinking Water Act--The EPA National
authority. Interim Primary Drinking Water Regulations of
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the Safe Drinking Water Act and the WDOH Site. In 1989, the Hanford Site was in compli-
regulation regarding public water systems ance with these requirements.
apply to the drinking water supplies at the
Hanford Site. Sanitary water quality surveil- Resource Conservation and Recovery Act of
lance was conducted by the Hanford Environ- 1976 (RCRA)----RCRA establishes regulatory
mental Health Foundation and Pacific North- standards for the generation, transportation,
west Laboratory (PNL). In 1989, with one storage, treatment, and disposal of hazardous
exception, ali water supplies were in compli- waste. Compliance with RCRA requirements
ance with regulatory requirements, is a major regulatory effort. During 1989, 22

underground storage tanks that had been used
Comprehensive Environmental Response, to store either petroleum or noncontaminated
Compensation md Liability Act of 1980 chemical products were removed from the
(CERCLA)/Superfund Amendments and ground and disposed of. The treatment, stor-
Reauthorization Act of 1986 (SARA)--The age, and disposal units were managed under
CERCLA/SARA legislation established a interim status requirements of Washington
program to identify sites from which hazard- State regulations. Schedules for corrective
ous substances have been released into the action were developed for identified deficien-
envi, onment. This program also ensures the cies, and those not corrected at the end of the
cleanup of these sites, evaluates damages to year were incorporated as milestones and target
natural resources, and creates a claims proce- dates under the Tri-Party Agreement. The
dure. Ali DOE sites must comply with appli- Hanford Site was given a dangerous waste
cable sections of CERCLA/SARA. Currently, identification number' by the EPA and WT)OE
the Hanford Site does not fully comply with that encompasses ali treatment, storage, and
CERCLA/SARA; however, the Tri-Party disposal waste-management units on the Site.
Agreement established a schedule for achiev 2
ing full compliance with CERCLA/SARA. Endangered Species Act--A few rare species
Hanford operable units were selected for of native plants and animals are known to occur
remedial investigation/feasibility studies as the on the Hanford Site. The status of these spe-
result of negotiations conducted in establishing cies was reported to the U.S. Fish and Wildlife
plans and schedules for the Tri-Party Agree- Service and the State of Washington as infor-
ment. Ali Tri-Party Agreement milestones mation was available. The Hanford Site has
were achieved, providing compliance with this two permits for wildlife and fish sampling
portion of the CERCLA requirements. In com- issued by the Washington State Department of
pliance with emergency release notification Wildlife and the U.S. Fish and Wildlife
provisions, the National Response Center was Service.
notified of ali reportable incidents.

Toxic Substance Contro! Act (TSCA)--The
Federal Insecticide, Fungicide, and application of TSCA requirements to Hanford
Rodenticide Act (FIFRA)---The FIFRA and involves regulation of polychlorinated biphenyl
the Washington Administrative Code pesticide (PCB). The Hanford Site was in compliance
regulations (WAC 16-228) apply to storage and with regulations for PCBs that are not
use of herbicides and pesticides at the Hanford

iv Summary
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radioactively contaminated. In two instances, ENVIRONMENTAL OCCURRENCES
PCB materials were not in compliance because

of radioactive contamination. Environmental occurrences (spills, leaks, etc,)
of radioactive and nonradioactive chemical

National Environmental Policy Act wastes were reported to DOE by the onsite con-
(NEPA)---NEPA requires that projects with tractors and to other federal and state agencies
potentially significant impacts be carefully as required by law. Occurrence reports, includ-
reviewed and reported to the public in docu- ing event descriptions and corrective actions,
ments such as environmental assessments are available for review in the DOE Richland

(EAs) or environmental impact statements Operations Office (DOE-RL) Public Reading
(EISs). Ali EAs and EISs required by NEPA Room at the Federal Building, Richland,
were prepared for Hanford Site projects. Washington. The occurrences with the greatest

potential for impacting the environment are
National Historic Preservation Act, summarized in this report. (See "Environmen-
Archaeological Resources Protection Act, tal Occurrences," Section 2.6.)
and American Indian Religious Freedom
Act--Compliance with these acts was accom- ENVIRONMENTAL PROGRAMS
plished through a program of 1) reviewing all
proposed land-disturbing projects to assess Environmental programs were conducted at
potential impacts on cultural resources and 2) Hanford to enhance environmental quality, to
periodic inspections of known archaeological improve understanding of the effects of envi-
and historical sites to determine their er-_dition ronmental pollutants from Site operations, and
and the effects of land management policies on to comply with laws and regulations. These
the sites, programs included the following:

OPERATIONAL HIGHLIGHTS Environmental Restoration and Waste

Management--This activity included iden-
The N Reactor has not operated since January tifying and characterizing inactive waste sites.
1987 and is on standby status. Ali fuel ele- More than 1100 inactive waste management
ments have been removed from the reactor units have been identified at Hanford. These

core. The Plutonium Uranium Extraction units have been grouped into four aggregate
(PUREX) Plant operated in December 1989 for areas that are listed on EPA's National
fuel charge stabilization. The Plutonium Priorities List. Of these 1100, 115 facilities are
Finishing Plant operated for a total of 3 months scheduled for decontmrtination and decommis-
in 1989. The Plutonium Recovery Facility did sioning (D&D) and are managed by the
not operate during the year. The Grout Treat- Hanford surplus facilities program. Activities
ment Facility operated from June through July included cleanup of the 183-H Solar Evapora-
to complete processing of sulfur-phosphate tion Basins, D&D of the 201-S Strontium

decontamination waste from the N Reactor. Semiworks, and D&D of several ancillary
The Grout Treatment Facility was placed in facilities in the 100 Areas. Waste management
standby mode. The Fast Flux Test Facility consists of the safe and effective management
(FFTF) achieved a 99.0% efficiency factor of active and standby facilities and the treat-

while operating during 1989. ment, storage, and disposal of radioactive,
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hazardous, and mixed wastes. A plan and approach and compiling historical information
schedule were prepared for discontinuing the that can be used to estimate past radiation
disposal of contaminated liquids into the soil at doses. (See "Environmental Studies and
Hanford. A waste minimization and pollution Programs," Section 3.3,)
prevention awareness program was imple-
mented, The major effort for cleanup at the ENVIRONMENTAL MONITORING
Hanford Site will be the disposal of stored RESULTS
wastes resulting from past production opera- Air--In 1989,the annual average Hanford Site down-
tions. The strategies for di ;posing of these windperimeterconcentrationof 9c'Srwas numericallygreater than the concentrationmeasured at a distant
wastes were described in Final Environmental upwind location,but the difference was net statislt-
Impact Statement; Disposal of Hanford cally significant (at the 5% significancelevel),
Defense High-Level Transuranic and Tank Tritium, _I, uranium, gross alpha, and gross beta
Wastes (DOE 1987a). The Grout Treatment concentrationswere greater at the downwind peri-meter than at a distant upwind location, and the dif-
Facility completed the processing and disposal ferenceswere statisticallysignificant(beyond 5%
of 1 million gallons of nonhazardous radio- significancelevel). The differences in tritium and t29I
active waste from double-shelled tanks. This are likely due to site operations. The differencesin

gross alpha, gross beta, and uraniumare predomt-
was the first time wastes had been moved out natclydue to the effects of natural geograptiicvaria-
of liquid storage and convened into a solid for tions. However,even tliemaximum single perimeter
safe disposal. (See "Environmental Restoration samplefor any radionuclidewas only 0,1% of the
and Waste Management," Section 3.1.) applicableDOE DerivedConcentration Guide (DCG)

(TableB.6, AppendixB), The total dose from air
emissions is compared to Clear Air Act and DOE dose

Environmental Studies---Studies were con- standards in Section4.8, "Potential RadiationDoses
ducted to monitor rare, threatened, or endan- from 1989HanfordOperations." Annual averageNO_

gered species; to monitor species of wildlife concentrationsat ali sampling locationswere less than14%of federal and WashingtonState ambient air
and fish that are valued as commercial, recrea- standards.
tional, or aesthetic resources; and to monitor

those species that can be used as biological Surface Water---The Columbia River was one
indicators of .he presence of toxic and hazard- of the primary environmental exposure path-
ous materials in the environment. The Cultural ways to the public during 1989 as a result of
Resources Project manages the archaeological, past operations at Hanford. Water samples
historical, and cultural resources of the Hanford were collected from the fiver at various loca-

Site '._ a manner consistent with the National tions throughout the year to determine compli-
" Historic Preservation Act, the Archaeological ance with applicable standards. Although

Resources Protection Act, and the American radionuclides associated with Hanford opera-
Indian Religious Freedorn Act. A meteorology tions continued to be routinely identified in
program was maintained to document meteoro- Columbia River water, concentrations remained
logical conditions at Hanford for emergency extremely low at ali locations and were well
response purposes and for use in dose calcula- below applicable standards. Nonradiological
tions. The Hanford Environmental Dose constituents measured in Columbia River water

Reconstruction (HEDR) Project was initiated in were in compliance with applicable water
1988 to develop estimates of the radiation quality standards. Three onsite ponds were
doses people could have received from past sampled to detemaine radionuclide concentra-
operations at Hanford. In 1989, the HEDR tions. Results were similar to those observed in
effort included developing the technical past years. Radionuclide levels in Columbia
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River surface sediments were measured at two sampled, even at the maximum radionuclide
offsite and three onsite locations. Sampling in concentrations measured, was well below
1989, as in previous years, showed slightly ele- applicable standards for radiation dose. (See
vated levels of some radionuclides in sediments "Wildlife Surveillance," Section 4.4.)

behind McNary Dam. (See "Surface Water
Surveillance," Section 4.2.) Soil and Vegetation--Surface soil and range-

land vegetation samples were collected at 28
Food and Farm Products---Alfalfa and a locations during 1989, both on and off the
number of foodstuffs including milk, vegeta- Hanford Site. The purpose of sampling was to
bles, fruits, wine, wheat, beef, chickens, and detect the possible build-up of radionuclides

eggs were collected at several locations sur- from the deposition of airborne effluents
rounding the Hanford Site during 1989. Sam- released from Hanford facilities. Samples were
pies were collected primarily from locations in collected at nonagricultural, relatively undis-
the prevailingly downwind directions (i.e., to turbed sites so that natural deposition and
the south and east of the Site) where airborne build-up processes would be represented. The
effluents from Hanford could be expected to be results provided no indication of trends or
deposited. Samples were also collected in increases in the concentrations of radionuclides
generally upwind directions somewhat distant in the offsite environment that could be attrib-
from the Site to provide information on levels uted to Hanford operations. (See "Soil and
of radioactivity that could be attributed to Vegetation Surveillance," Section 4.5.)
worldwide fallout.

Penetrating Radiation---Dose rates from
Low levels of 3H,9°Sr, t_I and 137Cswere found penetrating radiation (gamma rays) were meas-
in a number of foodstuff samples collected dur- ured at numerous locations in 1989 using
ing 1989; however, the concentrations in sam- thermoluminescent dosimeters (TLDs). Pene-
pies collected near the Hanford Site were simi- trating radiation from naturally occurring
lar to those in samples collected away from the sources, including cosmic radiation and natural
Site. Thus, measured values in foodstuffs were radioactive materials in the air and ground, as
not attributed to Hanford effluents. (See "Food well as from worldwide fallout, was recorded
and Farm Product Surveillance," Section 4.2.) by ali dosimeters. Results obtained both on and

off the Site were within statistical variability of
Wildlife--Wildlife sampling was performed in those of the previous 5 years. The observed
areas where the potential exists for wildlife to variability is attributed to variability in natu-
ingest radionuclides. Fish were collected from rail" occurring dose rates from year to year and
the Hanford Reach of the Columbia River. statistical uncertainty in conducting low-level
Analyses provided an indication of the radio- environmental dose measurements. Dose rates
nuclide concentrations in local game fish and near waste storage and handling facilities were
were used to evaluate the potential dose to somewhat higher than natural background
humans from this pathway, Analytical results rates. (See "Penetrating-Radiation Surveil-
were similar to those observed in recent years, lance," Section 4.6.)
Although there are no radionuclide concentra-
tion limits for wildlife, the potential dose to a Effluent Monitoring--Westinghouse Hanford
person who consumed any of the wildlife Company, the prime operating and engineering
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contractor at Hanford, and PNL quantify and of 567 Hanford Site wells were sampled to
document the amounts of radioactive and non- satisfy ground-water monitoring needs.
radioactive liquids, gases, and solids released
to, or disposed of, in the environment from Radiological monitoring results indicated that
Hanford operations. These efforts are pcr., gross alpha, gross beta, 3H, 6°Co, 9°Sr, 99Tc, I29I,

formed to determine the degree of compliance and _r_Csconcentrations in wells in or near
with applicable federal, state, and local regu- operating areas were at levels above the
lations and permits. Monitoring data are also drinking water standards (DWS). Concentra-
used in pollution abatement programs that tions of uranium in the 200-West Area were
assess the effectiveness of effluent treatment above the derived concentration guides. Con-
and control. (See "Effluent Mor, itoring,, centrations of 3H in the 200 Areas and 9°Sr in
Section 4.7.) the 100-N and 200-East Areas were also above

the derived concentration guides. Iodine- 131
Potential Radiation Doses---The potential at_dl°3Ru in ground water remained below
radiation doses to the public from Hanford detectable levels as a result of the N Reactor
operations during 1989 were calculated for the continuing in standby mode. Tritium continued
hypothetical maximally exposed individual and to mow slowly with the general ground-water
for the gene_-alpublic residing within 80 km of flow and discharge to the Columbia River.
the Hanford Site. (See "Potential Radiation '
Doses from 1989 Hanford Operations," Section Certain chemicals regulated by theEPA and the
4.8, for the definition of hypothetical maxi- State of Washington were also present in
mally exposed individual.) Hanford ground water near operating areas.

Nitrate concentrations exceeded the DWS at

The dose to the maximally exposed individual isolated locations in the I00, 200, and 300
from 1989 operations was 0.05 mrem, less than Areas and in several 600 Area locations.
the 0.08 mrem reported for 1988. The potential Chromium concentrations were above the DWS
dose to the local population of 340,000 persons at 100-D, 100-H, and 100-K Areas, and at
from 1989 operations was 1 person-rem, less surrounding areas. Chromium concentrations
than the 5 person-rem reported for 1988. These above the DWS were also found in tiae 200-
values are well below the current DOE radia- East and 200-West Areas. Cyanide was
tion standards of 100 mrem per year for an detected in ground water north of the 200-East
individual. (See "Potential Radiation Doses Area. High concentrations of carbon tetra-
from 1989 Hanford Operations," Section 4.8.) chloride were found in wells in the 200-West

Area. Trichloroethylene concentrations
GROUND-WATER PROTECTION AND exceeded DWS at wells in and near the 100-F

MONITORING PROGRAM Area, 300 Area, and Solid Waste Landfill.

Sampling at monitoring wells near Richland
Radiological and chemical constituents in water supply wells showed that concentrations
ground water were monitored throughout the of regulated ground-water constituents in this
Hanford Site during 1989. During 1989, a total area are below the DWS and in general below

viii Summary



detection levels. (See "Ground-Water Protec-, obtained to eliminate unrealistic reliance on
tion and Monitoring Program," Section 5.0.) only a few results. Newly collzcted data were

compared both with recent results and his-
QUALITY AssuRANCE torical data to ensure that deviations from

previous conditions were identified and
A comprehensive quality assurance (QA) promptly evaluated. Samples at ali locations

program is maintained to ensure the quality of were collected using well-established and
data collected through the surveillance programs, documented procedures to ensure consistency.
Quality assurmace plans were developed for ali Samples were analyzed by documented stan-
surveillance activities that defined appropriate dardanalytical procedures. Data quality was
Controls and documentation required to meet verified by a continuing program of analytical
DOE orders and the American Society of laboratory quality control, participation in
Mechanical Engineers (ASME) NQA-1 QA interlaboratory cross-checks, replicate sampling
program document, and analysis, and exchanging samples with

other laboratories. (See "Quality Assurance,"
In the surface- and ground-water surveillance Section 6.0.)
programs, extensive environmental data were
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NCRP National Council on Radiation RI/FS remedial investigation/feasibility
Protection study

NEPA National Environmental Policy RQ Reportable Quantity
Act

SARA Superfund Amendments and
NERP National Environmental Reauthorization Act

Research Park
SE standard error

NESHAP National Emissions Standards
for Hazardous Air Pollutants SEM standard error of the mean

x×xiv HelpfulInformation



Sl InternationalSystem of Units UST United States Testing Company,
(metric) Inc,

TCE trlchloroethylene VOA volatile organic analyses

TLD thermoluminescent dosimeter WAC Washington Administrative
Code

TO X total organic halogens
WDOE Stateof Washington Departmenti

TSCA Toxic Substances Control Act of Ecology

TSD treatment, storage, or disposal WDOH State of Washington Department
(faeillty) of Health

UO3Plant Uranium Oxide Plant WIPP Waste Isolation Pilot Plant

USGS U.S. Geological Survey

Helpful Information xxxv



ABBREVIATIONS FOR UNITS OF MEASURE

Radioactivity Volume

_! Name _ Name

Ct curie cm 3 cubic centimeter

mCi millicurte (10 .3Ci) L liter
_Ct microcurie (10 .6Ci) mL milliliter (10"3L)
nCi nanocurie (10 .9Ci) m3 cubic meter

pCi ptcocurte (10"l_'Ci) ppmv parts per million volume
fCi femtocurte (l()'ts Ci) ppb parts per billion
aCi attocurie (10"1"Ci)

Bq becquerel

Length Mass

Name _m_o._._ll Name

km kilometer (103 m) g gram
m meter kg kilogram (103 g)
cm centimeter (10 .2m) t,tg microgram (10 .6g)
mm millimeter (10"3m) ng nanogram (10 .9g)

gm micrometer (10 .6m) t metric ton (or tonne; 103 kg)

Area Time

Name _ Nam__._e.e

ha hectare (10,000 m 2) yr year
d day
h hour
min minute
s second
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CONVERSION TABLE

_ To Obtain _ .........By To Obtain

in, 2,54 cm cm 0,394 in,
fl 0,305 m m 3,28 fl
mi 1,61 km km 0,621 mi
lb 0,454 kg kg 2,205 lb
liq qt 0,946 L L 1,057 liq qt
fla 0,093 ma ma 10,76 fta
acres 0,405 ha ha 2,47 acres
mF 2,59 kma km2 0,386 mia
fP 0,028 m s m 3 35,7 fP

nCl/mia 0,386 mCi/kma mCi/km2 2,57 nCl/mi2
dpm 0,450 pCl pCl 2,22 dpm
nCi 1000 pCl pCi 0,001 nCi
pCt/L 10'9 _tCl/mL txCl/mL 109 pCi/L
pCl/m3 10'15 Cl/m3 Cl/m3 1012 pCl/ms
pCi/m_ 10,lz mCl/cms mCl/cms 1012 pCl/ms
mCi/kma 1,0 nCl/ma nCi/m2 i,0 mCl/kma
becquerel 2,7 x I(Y11 curie curie 3,7 x 101° becquerel
gray i00 rad rad 0.01 gray
sievert 100 rem rem 0,01 sievert

ppb 0,001 ppm ppm 1000 ppb
ppm i,0 mg/L mg/L 1,0 ppm
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RADIONUCLIDE NOMENCI,ATURE
p

RadlonuelJdo _._mbol Half.Ltf_

' Tritium 3H 12,3 yr
Carbon-14 tC 5730 yr
Sodium-22 =Na 2,6 yr
Argon..41 '_tAr 1,8 h
Chromium.51 S_Cr 27,7 d

Manganese.54 _Mn 312 d ,
Cobalt-60 C°Co 5,3 yr
Ntckd-63 6_NI 92 yr
/Krypton-85 8SKr 10,7 yr
Strontium.89 89Sr 52 d

Strenttum.90 9°Sr 28,8 yr
Niobium-95 95Nb 36 d
Zirconium-95 9_7-,r 64,0 d

Molybdenum-99 99Mo 66,0 h
Technetium-99 99Tc 212,000 yr
Ruthenium-103 t_Ru 39,4 d
Ruthenium. 106 t°_Ru 367 d
Tin.113 tl3Sn 115 d

Antimony. 125 _Z_Sb 2,7 yr
Iodine-129 t_l 16,000,000 yr

, Iodine-131 tatI 8,0 d

Cesium-134 Z_2s 2,1 yr
Cesium-137 tr_Cs 30,2 yr
Cerium-144 t"Ce 284 d

Promeflltum-147 147pm 2,62 yr
Europium. 152 J_u 12 yr
Europium. 154 t_Eu 16 yr
Europium.155 t_SEu 1,8 yr
Thallium.208 2°8"I"1 3,1 rain
Bismuth.212 2t2Bi 60,6 rain
Lead-212 2t:'Pb 10,6 h
Polonium.212 2t_'o 0,0000003 s
Polonium.216 2_6Po 0,15 s
Radon-220 2_rRn 55,6 s
Uranium Total U or uranium ---

Uranium-234 mU 240,000 yr
Uranium-235 _sU 70,000,000 yr
Uraniuva.236 _U 23,000,000 yr

Uranium-238 _U 4,500,000,000 yr
Plutonium-238 Z_Pu 87.7 yr

Neptunium-239 _qp 2,4 d
Plutonium-239,240 z_,:_°Pu 24,000 yr
Plutonium-241 Utpu 14,4 yr
Americium-241 _tAm 433 yr
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ELEMENTAL AND CHEMICAL CONSTITUENT NOMENCLATURE

Constituent S.y._m'___jl

Aluminuln A1
Ammonia NH_
Ammonium NH_
Antimony Sb
Arsenic As
Barium Ba

BerylUum Be
Bicarbonate HCOf
Boron B
Cadmium Cd
Calcium Ca
Carbon C

Carbonate CO_
CarbonTetrachloride CC14
Chloride Cl"

Chromium (species) Cr_
Chromium (total) Cr
Copper Cu
Fluoride F"
Iron Fe
Lead Pb

Magnesivm Mg
Manganese Mn
Mercury Hg
Nickel Ni
Nitrate NOr
Nitrogen N
Nitrogen Dioxide NOz
Phosphate POff"

Phosphorus P
Potassium K
Selenium Se
Silver Ag
Sodium Na
Strontium Sr

Sulfate SO42
Vanadium V
Zinc Zn

HelpfulInformation xxxtx
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1.0 INTRODUCTION

Various nuclear and non.nuclear activities have been conducted at the Hanford Site since

1943. The most environmentally significant activities have been the production of nuclear
materials for national defense and the associated chemical processing and management of the
waste.

This report is a summary of the environmental status of the Hanford Site in 1989. It includes
a description of the Site and its mission, the status of compliance with environmental regula-
tions, planning and activities to accomplish compliance, environmental protection and
restoration activities, and environmental monitoring.

Environmental monitoring consists of two activities: effluent monitoring and environmental
surveillance. The environmental surveillance program is conducted by Pacific Northwest
Laboratory (PNL), which is operated for the U.S. Department of Energy (DOE) by Battelle
Memorial Institute. The operations and engineering contractor, Westinghouse Hanford
Company, performs effluent monitoring for its facilities. Pacific Northwest Laboratory
performs effluent monitoring of its research activities. The Hanford Environmental Health
Foundation performs surveillance of nonradiological air pollutants and monitors Hanford
drinking water.

REPORT BACKGROUND • Ground-Water Monitoring at the Hanford
Site for Calendar Year (monitoring results for

From1946 through 1957, environmental sur- the onsite subsurface environs; discontinued in
veillance results were recorded in quarterly 1984).
reports. Since 1958, results have been made
publicly available as annual reports (ground- Beginning in 1985, these three reports were
water surveillance reports began in 1956). combined into one document that summarizes
Results through 1984 were published as sepa- ali the data collected during each calendar year.
rate reports under the following rifles: Changes in the title and format of reports since

1988 reflect new guidance contained in DOE
• Environmental Surveillance at Hanford for Order 5400.1. This report also contains infor-
Calendar Year (monitoring results for the off- marion on the compliance status of the Hanford
site environs) Site and environmental protection and restora-

tion activities.

• Environmental Status of the Hanford Site
for Calendar Year (monitoring results for the This report is a single, comprehensive source of
onsite environs; discontinued in 1984) offsite and onsite environmental data collected
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during 1989 and a description of the environ- Metric units are primarily used in the report.
mental activities and compliance status of the As an additional aid in expressing sma!! num-
Hanford Site. The report contains data on bers and variable environmental results, data
Hanford effluents, the surface environment, and are graphed using either linear or logarithmic
ground water. Also included is an assessment (compressed) scales. A more complete account
of the 1989 radiological doses to the hypo- of radionuclides addressed by environmental
thetical maximally exposed individual and the monitoring can be found in Appendix G,
local population. ' Tables G. 1, G.3, and G.5. Gross alpha and

gross beta results are from screening analyses
Radionuclide data are expressed as curies, that measure most alpha- or beta-emitting
microcuries, picocuries, or attocuries. The radionuclides in the sample, without specifying
curie (Ci) is the fundamental unit used to the radionuclide present.
express radioactivity and defines the amount of
a substance present based on its rate of radio- A glossary is presented in Appendix A. Acro-
active disintegration. [A curie is 37 billion nyms are spelled out the first time they are used
nuclear disintegrations per second. A micro- in each section, except commonly used acro-

curie (gCi) is one millionth (11_6) of a curie, nyms, such as DOE and EPA. Applicable stan-
A picocurie (pCi) is one millionth-millionth dards and environmental permits are described
(10_2) of a curie. An attocurie (aCi) is one in Appendix B. Environmental surveillance
millionth-millionth-millionth (10 18)of a curie.] data for 1989 are listed in Appendix C. Infor-
Environmental monitoring results often involve mation in Appendix C is intended for readers
extremely small numbers that are best expressed with a scientific interest or for those who wish
as picocuries or attocuries, to evaluate the results in more detail. Those

interested in reviewing the raw data can do so
Concentrations of chemicals in water are at the Department of Energy-Richland Opera-
expressed as the mass of the chemical or solute tions' Public Reading Room at the Federal
per liter of solution. Because chemical concen- Building, Richland, Washington. Sample anal-
trations in ground water and surface water are ysis procedures are described in Appendix D.
often very low, they are expressed in micro- Methods used for data analysis are summarized
grams per liter (_g/L) or, occasionally, milli- in Appendix E. Methods used for dose calcu-
grams per liter (mg/L). The concentration of lation in 1989 are discussed in Appendix F.

nitrogen dioxide (NO2) in air is expressed in Appendix G contains the 1989 Hanford effluent
units of parts per million (ppm). This is the data.

volume of NO2 per volume of air (v/v).
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1.1 SITE MISSION

The Hanford Site was acquired by the federal for approximately 1 year for environmental
government in 1943 for the construction and upgrades. The Plutonium Finishing Plant
operation of facilities to produce plutonium for (PFP) operates to process plutonium scrap.
the atomic weapons program during World The 300 Area fuel fabrication facilities are not
War II. For over 20 years, Hanford Site facili- operating.
ties were dedicated primarily to the productkm
of plutonium for national defense and manage- • Defense Waste Management: Management
ment of the wastes generated by chemical of radioactive waste, hazardous waste, mixed
processing operations. In later years, programs waste, and sanitary waste.
at the Hanford Site have become increasingly
diverse, involving research and development ° Environmental Restoration: Restoration of
for advanced reactors, renewable energy tech- approximately 1100 inactive waste sites and
nologies, waste disposal technologies, and about 100 surplus facilities.
cleanup of contamination from past practices.

° Advanced Reactor Development: Manage-
The current Hanford Site mission includes: ment of the Fast Flux Test Facility (FFTF) test

reactor and the SP-1t30 Space Reactor Program.
o Defimse Production: N Reactor is currently
not operating, and the fuel has been removed. ° Research and Development: Research and
The Plutonium Uranium Extraction (PUREX) development in basic energy sciences, health

Plant is to complete an in-process production and environmental sciences, and magnetic
run in early 1990 and will then be shut down fusion.
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1.2 MAJOR ACTIVITIES

Four major DOE operating areas exist at the • Battelle Memorial Institute--responsible for
Hanford Site [i.e., 100, 200, 300, and 400 operating PNL for DOE, including research and
Areas (Figure 1.1)]. The 100 Areas include development in the physical, chemical, life, and
facilities for the N Reactor and the eight deacti- environmental sciences; producing advanced

vated production reactors along the Columbia methods of nuclear waste management; and
River. The reactor fuel reprocessing plant conducting environmental monitoring at the
(PUREX), PFP, and waste management facil- Site
ities are on a plateau about 11.3 km from the
river, in the 200 Areas. The 300 Area, just ° Kaiser Engineers Hanford Company-,
north of the city of Richland, contains the reac- responsible for providing architectural, con-
tor fuel fabrication facilities and research and struction, and engineering services
development laboratories. The FFTF is located
in the 400 Area, approximately 8.8 km north- ° Hanford Environmental Health Foundation--
west of the 300 Area. responsible for providing occupational

medicine and environmental health support
Privately owned facilities located within the services
Hanford Site include the Washington Public
Power Supply System (Supply System) • Boeing Computer Services Richland--
Hanford Generating Project, adjacent to responsible for providing computer operations
N Reactor, the Supply System power reactor and support services.
(WNP-2) and office buildings, and a low-level
radioactive-waste burial site operated by U.S. The 1989 operating history for the major
Ecology on the 200 Area Plateau. The facilities is summarized below:
Advanced Nuclear Fuel Corporation fuel
fabrication facility is immediately adjacent to • The N Reactor has not operated since
the southern boundary of the Hanford Site. January 7, 1987, and has been placed on

standby status. All fuel elements have been
Major DOE contractors at Hanford in 1989 removed from its core. The major piping sys-
were: terns will be purged with dehumidified air to

prevent corrosion and sealed to keep moist air
• Westinghouse Hanford Company--respon- out. This procedure will help preserve the
sible for operating the Hanford Engineering restart capability of the plant should it be
Development Laboratory, including the FFTF needed for another nuclear materials production

test reactor; maintaining N Reactor and its fuel mission. The irradiated fuel elements stored in
fabrication facilities; reprocessing fuel and the 100-N fuel storagebasin were transferred to

managing waste; conducting effluent monitor- the 100-K East and -K West fuel storage
ing; decommissioning old facilities; and pro- basins. Support operations at the 300 Area fuel
viding Site support services, such as security, fabrication facilities were also on standby
fire protection, central stores, and electrical status,
power distribution
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• In the PUREX Plant, only one fuel-charge • The 242-A Evaporator, which is used to
stabilization run was done, in December 1989, treat dilute waste from the double-shell tanks,
The inventory of N Reactor fuel elements is operated from January 1 to April 4, 1989. The
being stored underwater in the two 100-K Area facility is now in standby, awaiting construc-
fuel storage basins pending a decision on tion of a retention facility for condensate
whether to process more of these elements at discharge.
the PUREX facility.

• The FFTF achieved a record 99.0% effi-

• At the PFP, the Remote Mechanical-C Line ciency factor while oPerating during 1989. The
operated for a total of 3 months in 1989. The test reactor also operated at a capacity factor of
Plutonium Recovery Facility did not operate 47.6% and an availability factor of 49.7%.
during the year. Several research and laboratory facilities

operated to support FFTF and other Hanford
• The Grout Treatment Facility operated from activities.
June through July in 1989 to complete the proc-
essing of the N Reactor phosphate/sulfur decon-
tamination waste. Following this 1-million-gallon
run, the facili_ was placed in standby mode
until additional facilities are constructed.
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1.3 SITE DESCRIPTION

The Hanford Site is located in a rural region of remains unimpounded. The width of the river

southeastern Washington State and occupies an varies from approximately 300 m to 1000 m
area of about 1450 km _. The Site (Figure 1.1) within the Hanford Site,
lies about 320 km northeast of Portland,

Oregon, 2'70 km southeast of Seattle, Flows in the Hanford Reach fluctuate signifi-
Washington, and 200 km southwest of cantly because of the relatively small storage
Spoktme, Washington. capacities and the operational practices of

upstream dams. Flow rate of the Columbia
SURFACE CHARACTERISTICS OF THE River through the Site is regulated primarily by
SITE Priest Rapids Dam. Typical daily flows range

from 1000 cubic meters per second (m3/s) to
The semiarid land on which the Hanford Site is 7000 m3/s, with peak spring runoff flows of up
located has a sparse coveting of desert shrubs to 12,600 m3/s. The minimum regulated flow is
and drought-resistant grasses. The most l(gO0m3/s. Typical annual average flows at
broadly distributed type of vegetation on the Priest Rapids Dam are 2800 m3/s to 3400 m3/s.
Site is the sagebrush/cheatgrass/bluegrass com- Monthly mean flows typically peak from April
munity. Most abundant of the mammals is the through June and are lowest from September
Great Basin pocket mouse. Of the big-game through October.
animals, the mule deer is most widely found,
while the cottont_fil rabbit is the most abundant The temperature of the Co!,:mbia River varies
small-game animal, Coyotes are also plentiful, seasonally. Minimum tempe_.tures are
The bald eagle is a regulm _winter visitor to the observed during January and February, and
area along the Columbia River. maximum temperatures typically occur during

August and September. Mean monthly tem-
The Columbia River, which originates in the peratures for the fiver range from approxi-
mountains of eastern British Columbia, mately 3°C to about 20°C over a year. Solar
Canada, flows through the northern edge of the radiation, water storage management practices
Hanford Site and forms part of the Site's at upstream dams, and water flow rate dictate,
eastern boundary. The fiver drains a total area to a large extent, the thermal characteristics of
of approximately 70,800 km2 enroute to the the Columbia River along the Hanford Reach.
Pacific Ocean. Flow of the Columbia River is

regulated by 11 dams within the United States, The Columbia River has been developed
7 up.,,ream and 4 downstream of the Site. extensively for hydroelectric power, flood con-
Priest Rapids is the nearest dam upstream of trol, navigation, irrigation, and municipal and
the Site, and McNary is the nearest dam down- industrial water supplies. In addition, the
stream. The Hanford Reach of the Columbia Hanford Reach is used for a variety of recrea-
River extends from Priest Rapids Dam to the tional activities, including fishing, hunting,
head of Lake Wallula (created by McNary boating, water skiing, and swimming. The
Dam) near Richland and is the last stretch of State of Washington has classified the stretch
the Columbia River above Bonneville Dam that
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of the Columbia River from the Washington- slope of the Rattlesnake Hills along the south-
Oregon border to Grand Coulee Dam (which western boundary of the Site ts designated as
includes the t-lanford Reach) as Class A (Excel- the Arid Lands Ecology Reserve and is used for
lent) and has established water quality criteria ecological research by DOE, The Site is also
and water use guidelines for this class designa- designated a National Environmental Research
tion, Other surface water on the Site consists Park,

of West Lake (a small, natur',d pond), Rattle-
snake Springs, Dry Creek, and a number of More detail oil Site characteristics and activi-
ditches and artificial ponds created for routine ties is available in the Hanford defense waste
disposal of waste water, environmental impact statement (DOE 1987a),

Hanford's climate is dry and mild; the area DEMOGRAPItY
receives approximately 16 cm of precipitation
annually (see Section 3.3). About 40% of the The most recent data on the population sur-
total precipitation occurs during November, rounding the Hanford Site are from the 1980
December, and January; only 10% falls in July, census (Sommer et al, 1981). The population
August, and September, Approximately 45% in the area surrounding the Site is rural, with
of all precipitation from December through the exception of the area near the southeast
February is snow. The average minimum and boundary where the cities of Kennewick,
maximum temperatures in July are 16°C and Pasco, and Richland are located, Sommer et al,
32°C, For January, the average n_inimum and described the population around the Site rela-
maximum temperatures are -6°C and 3°C, tive to reference points at major Hanford facil-

ities. The 200 Areas meteorological tower is a
Monthly average wind speeds range from about reference point used that is approximately in
15 krn_ in summer to 10 km/h in winter (see the center of the Site. The total population out
Section 3.3). The prevailing regional winds are to a distance of 50 miles (80 km) from the
from the northwest, with occasional cold-air meteorological tower was 340,943 in 1980,
drainage into valleys and strong crosswinds. The number of people in this area who resided
The region is a typical desert basin, where fre- in incorporated cities was 210,999. The great-
quent strong temperature inversions occur at est population density was in the southeast
night and break during the day, resulting in sector, 20 to 30 miles (32 to 48 km) from the
unstable and turbulent wind conditions, meteorological tower, which had a density of

899.1 persons per square mile.
Land surrounding the Hanford Site i,,_used
primarily for agriculture and livestock grazing. SUBSURFACE CHARACTERISTICS OF
Agricultural lands are tbund north and east of THE SITE
the Columbia River and south of the Yakima

River. These areas contain orchards, vineyards, The DOE operations on the Site have resulted
and fields of alfalfa, wheat, and vegetables, in the production of large volumes of waste
The Hanford Site north of the Columbia River water that historically have been discharged to
contains both a state wildlife management area the ground through cribs, ditches, and ponds.
and a federal wildlife refuge. The northeast These discharges have greatly influenced
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ground-water flow and contaminant movement Geologic and hydrologic properties of the sub-
in the unconfined aquifer beneath the Site. surface, including the stratigraphy and physical
Discharge of waste water to the ground at and chemical properties of the host rock, influ-
Hanford began in the mid-1940s and reached a once the movement of liquid effluents, The
peak in 1955. After 1955, discharge to cribs geology and hydrology beneath the Site and the
declined because of improved treatmentof physical nature of liquid effluent movement are
waste streams and deactivation of various described iramore detail in the following
facilities (Graham et al. 1981), Since restart of sections.
the PUREX Plant and related facilities in late

1983,discharge of PUREX.related effluents Geology
has resumed.

The Hanford Site lies within the Pasco Basin,
Subsurface structures, such as cribs, were one of many topographic and structural basins
primarily used for the disposal of water con- within the Columbia Plateau, Principal geo-
taining radioactive wastes; surface ponds and logic units beneath the Hanford Site include, in
ditches were primarily used for disposal of ascending order, the Columbia River Basalt
uncontaminated cooling water (Graham et al, Group, the Ringold Formation, and a series of
1981). A crib is an undcrground structure deposits informally referred to as the Hanford
designed to receive liquid waste and allow it to formation. These units are covered locally by a
percolate into the ground directly or through a few meters or less of recent alluvial or wind-
connected tile field. Sanitary wastes were dis- blown deposits. Older geologic units have
charged to the ground via tile fields, Most been deformed into a series of roughly east-
liquid disposal occurred in the Separations west trending folds. The stratigraphie and
Areas, which include the 200-East and 200. structural relationships between these units are
West Areas (Figure 1.1). Approximately displayed in Figure 1.2.
1,7 billion L of liquid effluent in the 200 Areas
were disposed to the ground during 1989, Emplacement of Columbia River basalt flows,
including process cooling water and water con.. which ended in the Pasco Basin approximately
taining low-level radioactive and hazardous 8.5 million years ago, was followed by a period
wastes. This disposal to the ground is a of river and lake sedimentation, These depos-
decrease from the 28 billion L d.;scharged its, which belong to the Ringold Formation,
during 1988, which was erroneously reported contain a wide range of sediment types, with
as 2.42 billion L in the 1988 report (Jaquish beds ranging from weakly cemented coarse
and Bryce 1989). Approximately 1.3 billion L sandy gravel to compacted silt and clay. The
of liquid effluent in the 100 N Area were dis- Hanford formation was deposited later as a
posed to liquid-waste disposal facilities and the result of giant floods associated with the sud-
sanitary sewer. Additional amounts of process den draining of glacier-dammed lakes located
and sanitary waste water were disposed of in northeast of the Columbia Plateau. Cataclys-
the 100 and 300 Areas. Discharges of process mic floods occurred several times over the last
and sanitary waste water to the ground in the million years (Bjornstad and Fecht 1989).
400 Area were minimal. Within the Pasco Basin, the Hanford formation
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FIGURE 1.2. Geologic Cross Section of the Site (modified from Tallman et al, 1979)

consists of mostly com'se gravel and sand, and aquifers, where ground water is under greater
overlies the eroded surface of the Ringold For- pressure than that of the atmosphere, are found
mation, but in places the Hanford formation primarily within the Columbia River basalts.
directly overlies basalt, Near the 200-West In general, the unconfined or water-table aqut-

Area, the Ringold and Hanford formations are fer is located in the Ringold Formation and
separated by a well-developed buried soil (Plio- glaciofluvial sediments, as well as some more
Pleistocene unit) and fine-grained wind depos- recent alluvial sediments in areas adjacent to
its (early "Palouse" soil) (Last et al, 1989), the Columbia River (Gephart et al, 1979). This

relatively shallow aquifer has been affected by
tlydrology waste-water disposal at Hanford more than

have the confined aquifers (Graham et al.
Both confined and unconfined aquifers are
present beneath the Site. The confined

_
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1981), Therefore, the unconfined aquifer is the contribute recharge to the ground water iriareas
most thoroughly monitored aquifer beneath the where soils are coarse textured and bare of
Site. vegetation.

The unconfinedaquifer is bounded below by Large-scale artificial recharge occurs from off-
either the basalt surface or, in places, the rela- site agricultural irrigation and liquid-waste dis-
tively impervious clays and silts of the Ringold posal in the operating areas. Recharge from
Formation. The water table defines the upl_r irrigation in the Cold Creek Valley enters the
boundary of the unconfined aquifer. Laterally, Hanford Site as ground-water flow across the
the unconfined aquifer is bounded by the basalt western boundary, Artificial recharge from
ridges that surround the basin and by the waste-water disposal occurs principally in tile
Yakima and Columbia rivers, The basalt ridges 200 Areas. Recharge to the ground water from
have a low permeability and act as a barrier to facilities in the 200 Areas (including B Pond
lateral flow of ground water (Oephart et al. and the various cribs and trenches in the 200
1979) where they rim above the water table. Areas) is estimated to add ten times as great an
The saturated thickness of the unconfined aqui- annual volume of water to the unconfined aqui,.
fer is greater than 61 m in _me areas of the fer as is contributed by natural inflow to the
Hanford Site and pinches out along the flanks area from precipitation and irrigation waters to
of the basalt ridges, Depth from the ground the west (Graham et al. 1981).
surface to the water table ranges from less than
0.3 m near the Columbia River to over 106 m The operational discharge of water has cTeated
in the center of the Site. Elevation of the water ground-water mounds near each of the major
table above mean sea level for June 1989 is waste-water disposal facilities in the 200 Areas,
shown in Figure i.3. These mounds have altered the aquifer's local

flow pattern, which is generally from the
Recharge to the unconfined aquifer originates recharge areas in the west to the discharge
from several sources (Graham et al. 1981). areas (primarily the Columbia River) in the
Natural recharge occurs from precipitation at east, Water levels in the unconfined aquifer
higher elevations and runoff from intermittent have changed continually during Site opera-
streams, such as Cold Creek and Dry Creek to tions because of variations in the volume of
the west, The Yakima River recharges the waste water discharged, Consequently, the
unconfined aquifer as it flows along the south- movement of ground water and its associated
west boundary of the Hanford Site. The constituents has also changed with time.
Columbia River recharges the unconfined
aquifer during high stages when river water is Ground-water mounding also occurs in the 100
transferred to the aquifer along the river bank. and 300 Areas. Ground-water mounding in
The unconfined aquifer receives little, if any, these areas is not as significant as in the 200
recharge from precipitation directly on vege- Areas because of differences in discharge vol-
tated areas of the Hanford Site because of a umes and subsurface geology. In the 100 and
high rate of evapotranspiration fromnative soil 300 Areas, water levels are also greatly influ-
and vegetation. However, studies described by enced by fiver stage.
Gee (1987) suggest that precipitation may
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Liquid Effluent Movement These constituents move through the soil
column at v_ing rates and eventually enter

As significant quantities of liquid effluents are the ground water. Subsequently, the more
discharged to the ground at Hanford facilities, soluble constituents move downgradient in the
these effluents percolate downward through the same direction as and at a rate nearly equal to
unsaturated zone to the water table. As efflu- the flow of ground water. When the liquid

ents move through the unsaturated zone, effluents reach the ground water, their con-
adsorption onto soil particles, chemical precipi- eentrations are reduced by dilution. As these
tation, and ion exchange attenuate or delay the constituents move with the ground water, radio-
movement of some radionuclides, such as 9°Sr, nuclide and chemical concentrations ace further
trTCs,and _'z4°Pu. Other ions, such as nitrate reduced by spreading (dispersion), and radio-

(NO3"),and radionuclides, such as 3H, 99'rc, and nuclide concentrations are reduced by radio-
_zgI,are not as readily retained by the soil. active decay.
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2.0 COMPLIANCE SUMMARY

The DOE Order 5400.1, "General Environmental Protection Program," defines the man-
datory environmental standards that are in effect at DOE operations. These environmental
standards fall into three categories: 1) those imposed by federal statutes, regulations, and
requirements, 2) those imposed by state and local statutes, regulations, and requirements
applicable to DOE, and 3) those imposed by DOE directives. This compliance summary
section addresses those standards that are significant for Hanford Site environmental
compliance.

Several federal, state, and local agencies are responsible for enforcing environmental
regulations at the Hanford Site. The DOE, itself, through its directives to field offices and
compliance audits, is the initiating organization. Principal among other agencies are the
EPA, the State of Washington Department of Ecology (WDOE), the State of Washington
Department of Health (WDOH), and the Benton-Franklin-Walla Walla Counties Air
Pollution Control Authority. These agencies issue permits, review compliance reports,
participate in joint monitoring programs, inspect facilities and operations, and oversee
compliance with applicable regulation&

The EPA develops, promulgates, and enforces environmental protection regulations and
technology-based standards as directed by statutes passed by the U.S. Congress. In some
instances, the EPA has delegated regulatory authority to WDOE when the State of Washing-
ton program meets or exceeds the EPA's requirements. Where regulatory authority is not
delegated, EPA Region 10 is responsible for reviewing and evaluating compliance with the
EPA regulations as they pertain to the Hanford Site.

The May 15, 1989, signing of the Hanford Federal Facility Agreement and Consent Order
(Tri_Party Agreement) by the DOE, EPA, and WDOE was one of the most significant
environmental compliance accomplishments of the year. The Tri.Party Agreement estab-
lishes schedules for achieving compliance with requirements for hazardous waste manage-
ment facilities and provides the framework for the cleanup of Hanford over the next 30 years.

Although progress has been made toward achieving full regulatory compliance at the
Hanford Site, much remains to be done. Ongoing self-assessments of the compliance status
and implementation of the Tri-Party Agreement continue to identify environmental issues.
These issues are being discussed openly with the regulatory agencies to ensure that compli-
ance with ali environmental regulations will be attained.
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2.1 COMPLIANCE SELF-ASSESSMENT

CLEAN AIR ACT nitrogen from the Plutonium Uranium Extrac-

tion (PUREX) and Uranium Oxide (UO3)
The purposes of the Clean Air Act are to pro- plants. Significant increases in emissions from
tect public health and welfare by safeguarding the Hanford Site of any Clean Air Act regu-
air quality, to bring dirty air into compliance, lated pollutant also require agency review of
and to protect clean air from degradation. The potential impacts to regional air quality and any
provisions of the act are implemented by EPA, additional limits that may be necessary in the
WDOH, WDOE, and local air authorities. PSD permit. To date, no additional limits have

been added.

Under authority of the Clean Air Act, the EPA
has established National Ambient Air Quality On April 28, 1989, ali Hanford Site radioactive
Standards at 40 CFR 50 to protect public health stacks were registered with the WDOH Office
and welfare from ambient (criteria) pollutants of Radiation Protection. Under authority of the
(oxides of nitrogen and sulfur, carbon monox- Clean Air Act, Washington Administrative
ide, lead, ozone, and particulates). For clean Code (WAC) 402-80 requires such registration
air areas, EPA has established the Prevention for issuance of a radioactive air emissions per-

of Significant Deterioration (PSD) program at mit by the State. The State has issued its first
40 CFR 51 to protect air quality while allow- permit to the DOE-Richland Operations Office
inga margin for future growth. The EPA has (RL) for the Hanford Site.
approved the State of Washington's implemen-
tation plan for regulating these standards. During 1989, the Hanford Site air emissions

remained below ali regulatory limits concern-
The EPA has retained regulatory authority for ing radioactive and other regulated pollutants.

• subparts of the National Emissions Standards Routine reporting of air emissions is provided
for Hazardous Air Pollutants that pertain to to each air quality agency in compliance with
Hanford activities. These standards are requirements.
designed to protect the public from particu-
larly dangerous pollutants (arsenic, asbestos, Asbestos
beryllium, mercury, radionuclides, and vinyl
chloride). Approximately 1400 facilities on the Hanford

Site have asbestos-containing material. Asbes-
The local air authority, the Benton-Franklin- tos construction materials were widely used
Walla Walla Counties Air Pollution Control during the 1940s through 1950s, when many of
Authority, enforces General Regulation 80-7. the Site's facilities were constructed.
This regulation pertains to detrimental effects,
fugitive dust, incineration products, odor, opac- All contractors have programs for the control of
ity, and sulfur oxide emissions, asbestos-containing material. Primarily, these

programs are to provide a safe environment for
The Hanford Site operates under a PSD permit workers. Activities include the removal and
issued by the EPA in 1980. The permit pro- disposal of previously released or damaged
rides specific limits for emissions of oxides of asbestos, as well as asbestos removal from
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structures being demolished. During 1989, The water supplies are monitored for the con-
1006 m3 of asbestos were removed and dis- taminants indicated in the regulations and the

posed in the Hanford Site Central Landfill. rules and regulations of the WDOH regarding
public water systems. In 1989, with one excep-

CLEAN WATER ACT tion, ali water supplies were in compliance with
the requirements of the applicable regulations.

The Clean Water Act applies to ali nonradio- The one exception concerns the requirement for
active discharges to navigable surface waters, the correct number of certified operators. An
At the Hanford Site, the regulations are applied agreement with the WDOH allows for use of
through a National Pollutant Discharge Elimi- noncertified operators as long as they are under
nation System (NPDES) permit for effluent dis- constant supervision of certified operators.
charges to the Columbia River. The permit
holder is DOE-RL; however, Westinghouse COMPREHENSIVE ENVIRONMENTAL
Hanford Company and PNL are responsible for RESPONSE, COMPENSATION AND
operating and monitoring their respective dis- LIABILITY ACT OF 1980/SUPERFUND
charges from eight outfalls in compliance with AMENDMENTS AND REAUTHORIZA.
the NPDES permit. The permit was issued in TION ACT OF 1986 (CERCLA/SARA)
1981 and is being renegotiated with EPA at this
time. For details of this permit, see "Environ- The CERCLA/SARA legislation established a
mental Permits," Section 2.3. program to identify sites from which releases of

hazardous substances into the environment

There was only one reportable occurrence, in might occur or have occurred, to ensure that
December 1989, in which a 300 Area discharge such sites are cleaned up by responsible parties
sample exceeded the settleable solids parame- or the government, to evaluate damages to
ter. The Hanford Site is in substantive compli- natural resources, and to create a claims pro-
ance of the discharge limits, cedure for parties who have cleaned up sites or

spent money to restore natural resources.
SAFE DRINKING WATER ACT Hanford must comply with applicable sections

of CERCLA/SARA.

The National Interim ilh'imary Drinking Water
Regulations of the Safe Drinking Water Act The CERCLA/SARA legislation requires that
apply to the drinking water supplies at the specific procedures be implemented to assess
Hanford Site. Sample analysis required to meet inactive waste sites for the release of hazard-
sanitary water.quality standards is conducted as ous substances. The evaluation procedure is
a joint effort by the Hanford Environmental divided into three tiers of activity: preliminary
Health Foundation and PNL. This analysis assessments, remedial investigations and feasi-
monitors the quality of the drinking water on bility studies (RI/FS), and remedial action(s).
the Hanford Site and evaluates compliance with Congress has delegated enforcement authority
applicable regulations. There are 15 individual to the EPA to establish procedure manuals to
drinking water systems on the Site. Ten of the conduct the three-tiered assessment. The EPA
systems use Columbia River water as a raw procedures are the evaluation standards with
water source, four systems use ground water, which the Hanford Site must comply.
and one system uses a combination of the two.
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The preliminary assessments conducted for the Community Development, local county
Hanford Site revealed that there are approxi- emergency management committees, and the
mately 1100 known individual waste sites local fire department. The Hanford Toxic
where hazardous substances may have been Chemical Release Inventory (DOE 1989b) was
disposed in an environmentally unsound man- issued to EPA and WDOE on July 1, 1989.
ner. These 1100 sites have been grouped into
78 operable units, which have been further Under Section 103(a), the Emergency Release
grouped into 4 aggregate areas using iden- Notification provision of CERCLA, releases
tifiable geographic boundaries on the Hanford exceeding reportable quantity limits for regu-

Site. The four aggregate areas have been listed lated chemicals must beappropriately reported.
on the National Priorities List. The following four notifications, as required,

were made to the National Response Center
Hanford is actively pui'suing the RI/FS process during CY 1989:
at selected operable units on the Site. The
selection of the operable units currently under • Approximately 29 kg of uranium were
investigation is a result of negotiations con- released to two cribs and one pond between
ducted in establishing the plan and schedule May 22 and July 12, 1989. This amount was
contained in the Action Plan of the Tri-Party above the reportable quantity of 0,45 kg per
Agreement. Ali milestones established for day.
1989 were achieved. Therefore, the Hanford

Site was in compliance with these CERCLA/ ° On May 10, 1989, an estimated 0.9 to 5.4
SARA requirements, kg of hydrazine were discharged to the 1325-N

Liquid Waste Disposal Facility in the 100-N
Also, within the SARA, Title III provides for a Area. This release exceeded the CERCLA
free-standing law, which is known as the Emer- reportable quantity of 0.45 kg per day.
gency Planning and Community Right-to-
Know Act of 1986, The purpose of Title III is ° On August 8, 1989, an estimated 0.6 kg of
to provide the public with information on the hydrazine were discharged to the 1325-N Liq-
hazardous chemicals in their community and to uid Waste Disposal Facility, again exceeding
establish emergency planning and notification the reportable quantity limit.
procedures to protect the public in the event of
a release of hazardous chemicals. • Releases of dissolved ammonia that

excee:ted CERCLA and WAC 173-303 limits

Field representatives throughout the Hanford were reported to the National Response Center
Site were ',.rainedon the regulatory requirements after the fact.
of the SARA Title III community-right-to-
know reporting and on supplying information Note: These four releases, which required
to the newly developed Hazardous Material reporting to the National Response Conter, are
Inventory Database. The Hanford Tier Two summarized in "Environmental Occurrences,"
Emergency and Hazardous Chemical Inventory Section 2.6.
(DOE 1989a) was issued on March 1, 1989, to
the State of Washington Department of



The Hanford Site was in comPliance with the requirements of the State's regulations. Approx-
reporting and notification requirements con- imately one third of the units will be closed
tained in the SARA, Title III Emergency Plan- under RCRA interim status; applications for
ning and Community Right-to-Know Act of RCRA's Part B operating permits will be made
1986. for those units remaining.

FEDERAL INSECTICIDE, FUNGICIDE, During 1989, 22 underground storage tanks
AND RODENTICIDE ACT (FIFRA) used to store either petroleum or noncontam-

inated chemical products were removed from
Herbicides and pesticides are used on the the ground and disposed of. This work was
Hanford Site to control revegetation growth on performed in accordance with 40 CFR 280 and
waste sites. The FIFRA and WAC 16-228 40 CFR 281. These regulations are required by

apply to storage and use of herbicides and pes- RCRA Subtitle I. In addition to removing the
ticides at the Hanford Site. Herbicides and 22 tanks, 11 other tanks were also inspected

pesticides are applied by personnel licensed by and tested for integrity. Notification of leaking
the State of Washington as commercial pesti- tanks was made to WDOE.
cide operators. The Hanford Site is in compli-
ance with FIFRA and WAC 16-228 regulations Compliance with RCRA requirements has
pertaining to application of pesticides, become the major regulatory effort. Examples

of compliance issues include the following:
RESOURCE CONSERVATION AND inconsistencies between RCRA requirements
RECOVERY ACT OF 1976 (RCRA) associated with the management of mixed

waste and as-low-as-reasonably-achievable

The RCRA establishes regulatory standards for (ALARA) prohibitions promulgated by the
the generation, transportation, storage, treat- Atomic Energy Act, management of special
ment, and disposal of hazardous waste. The nuclear material scrap as RCRA-regulated

= WDOE has been authorized by EPA to imple- waste, storage of liquid mixed waste in under-
ment RCRA in the State of Washington. While ground tanks that do not meet underground

the State of Washington's Dangerous Waste storage tank requirements, and onsite storage
Regulations (WAC 173-303) must follow the activities in violation of the land disposal
RCRA requirements, the State's regulations are restriction rule.
consistently more stringent.

From 1987 to 1989, self-assessments were

The Hanford Site has identified more than completed at each interim-status treatment,
50 treatment, storage, and disposal units that storage, and disposal unit to ensure that KCRA
must be permitted or closed in accordance interim-status requirements were being met.
with RCRA and WAC 173-303. Some of the Corrective action schedules were developed for
treatment, storage, and disposal units contain identified deficiencies. Those deficiencies not
numerous individual components (e.g., the corrected at the end of the year were incorpo-
single-shell tank treatment, storage, and dis- rated as Tri-Party Agreement-enforceable mile-
posal unit includes 149 separate tanks). The stones and target dates. One exception is that
treatment, storage, and disposal units are being corrective actions for dangerous waste tanks
operated under interim-status compliance are still to be negotiated.
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The RCRA corrective action requirements fbr Decommissioned submarine reactor compart-
inactive waste sites are being complied with ments, shipped by the U,S. Navy to Hanford for
under the Tri-Party Agreement. In many cases, burial, were found to contain PCB-contaminated
it is not clear whether CERCLA or RCRA, or sound-dampening and electrical wiring. The
both, requirements are applicable for site reme- U.S. Navy is removing most of the contami-
diation, The Tri-Party Agreement 'allows a nated material from those already at Hanford
determination of the required cleanup actions and newly decommissioned compartments,
and the responsible regulatory agency. However, sufficient residual PCBs remain to

cause the disposal trench to be regulated by
ENDANGERED SPECIES ACT EPA. A Memorandum of Agreement between

EPA and DOE will form the basis for compli-
A few rare species of native plants and animals ance, Waivers from chemical waste landfill
are known to occur on the Hanford Site. Some requirements for PCBs (and lead) in the com-
of these are listed by the U.S. Fish and Wildlife partments are required, or it will be necessary
Service as endangered or threatened (federally to reconstruct the disposal trench for hazardous
listed). Others are listed by the State of Wash- waste disposal.
ington as endangered, threatened, or sensitive
species. The status of the bald eagle and ferru- The Hanford Site is currently in compliance
ginous hawk is reported each year to various with regulations for nonradioactive PCBs.
regulating agencies. The status of other species Instances exist at Hanford in which PCB mate-
is reported as information becomes available, rials are not in compliance due to radioactive

contamination. Hydraulic oils from processing
TOXIC SUBSTANCE CONTROL ACT facilities contaminated with small quantities of

plutonium are being stored until an acceptable
The application of Toxic Substance Control treatment and disposal process is identified.
Act requirements to Hanford essentially The EPA is periodically notified of this con-
involves regulation of polychlorinated biphenyl tinued practice.
(PCB). Federal regulations for use, storage,
and disposal of PCBs are found in 40 CFR 761. NATIONAL ENVIRONMENTAL POLICY
State of Washington dangerous waste regu- ACT (NEPA)
lations for managing PCB waste are listed in

WAC 173-303. The NEPA requires that projects with poten--I

tially significant impacts are carefully reviewed
Varyingly concentrated PCBs are found in and reported to the public in documents, such
electrical equipment throughout the Site. Ali as environmental assessments or environmental

transformers have been characterized, and ali impact statements. The NEPA documents are
large capacitors containing PCBs have been prepared and reviewed according to the pro-
identified. Many PCB (>500-ppm) transform- cedures in DOE Order 5440.1C, "National
ers and large capacitors have been replaced or Environmental Policy Act," and DOE-RL
retrofilled, and a risk assessment has been com- Order DOE-RL 5440.1A, ',Implementation of
pleted for ali remaining transformers to aid in National Environmental Policy Act."
removal of the PCBs.
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The DOE complies with the requirements of A self-assessment of NEPA application to
NEPA by implementing the Council on Envi- Hanford activities has established that ali major
ronmental Quality regulations. Regulations projects are in compliance, but NEPA require-
covering DOE's NEPA activities are found in ments have not been consistently applied to
10 CFR 1021 and 40 CFR 1022. The DOE small projects.
NEPA guidelines are in 52 FR 47662,
December 15, 1987. TIlE NATIONAL HISTORIC PRESERVA-

TION ACT, THE ARCHAEOLOGICAL

Preparation of the environmental impact state- RESOURCES PROTECTION ACT, AND
ment, Decommissioning the Eight Shutdown TI-IE AMERICAN INDIAN RELIGIOUS
Production Reactors Located at the Hanford FREEDOM ACT
Site, Richland, Washington (DOE 1989e),
began in FY 1985. This document addresses Cultural resources on the Hanford Site are sub-
the decommissioning alternatives for the eight ject to the provisions of the National Historic
surplus production reactors in the 100 Areas. Preservation Act, the Archaeological Resources
The alternatives being considered include no Protection Act, and the American Indian Relig-
action, immediate one-piece removal, safe ious Freedom Act. Compliance with the appli-
storage followed by deferred dismantlement, cable regulations is accomplished through an
and in situ (in-piace) decommissioning. The active monitoring program that includes
draft environmental impact statement was 1) review of ali proposed land-disturbing proj-
released to the public for a 90-day review that ects to assess potential impacts on cultural
ended July 28, 1989; preparation of the final is resources and 2) periodic inspections of known
in progress, archaeological and historical sites to determine

their condition and the effects of land manage-
One environmental assessment for Hanford, ment policies on the sites. The 1989 program
SP-lO0 Ground System Test Site (DOE 1988c), activities are described in "Environmental
was issued in September 1989. Permits," Section 2.3.

HanfordSiteEnvironmentalReportfor CalendarYear 1989 2.7



2.2 CURRENT ISSUES AND ACTIONS

COMPLIANCE AGREEMENT AND The five specific areas of involvement defined
PUBLIC INVOLVEMENT by the Tri-P',u'ty Agreement include

Tri-Party Agreement 1, identifying treatment, storage, and disposal
units that require permits and establishing sched-

The Hanford Federal Facility Agreement and ules to comply with interim- and final-status
Consent Order (Tri-Party Agreemen t) is an requirements; as applicable, RCRA Part B applt-
agreement among the EPA Region 10, WDOE, cations will be completed, closures accom-
and DOE for achieving full compliance with plished, and post-closure care implemented
CERCLA/SARA and RCRA. The Tri..Party
Agreement 1) defines and ranks RCRA and 2. identifying interim action alternatives appro-
CERCLA cleanup commitments with the priate to implement final RCRA corrective and
regulatory agencies, 2) establishes responsibil- CERCLA remedial actions
ities and integrates complex and overlapping

regulations, 3) provides a basis for obtaining 3. establishing requirements for performing
funding for cleanup, and 4) reflects a concerted investigations to determine the nature and
effort to achieve full regulatory compliance and extent of threats to public health or the envi-
cleanup, with enforceable milestones, in an ronment caused by releases and for studies to
aggressive but achievable manner. The Tri- identify, evaluate, and select alternatives for
Party Agreement was established with consid- controlling possible release
erable input from the public, and any changes
are made only after consideration of public 4. identifying the nature, objective, and sched-
review and comment. The agreement and quar- ule of response actions for cleanup of hazard-
terly progress reports are made available at the ous materials
DOE-RL Public Reading Room in Richland,
Washington, and at information repositories in 5. implementing the selected interim and final
Seattle and Spokane, Washington, and RCRA corrective and CERCLA remedial
Portland, Oregon. actions.

The Tri-Party Agreement consists of two parts, The Action Plan, through enforceable mile-
a legal agreement and an Action Plan. The stones, establishes a plan and schedule for
legal agreement establishes jurisdictions, bringing the Hanford Site into compliance with
authorities, and other legal determinations applicable requirements of RCRA and ali reme-
among the parties. The Action Plan imple., dial action requirements of CERCLA. During
ments the Tri-Party Agreement by defining 1989, the first 30 milestones were met as
how the parties will work together, describing scheduled, Included. in these milestones were

=_ the processes and procedures to be followed, the following activities:
defining the units to be addressed, and sched-
uling the work.
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• submittedthree RCRA permit applications Region 10 to lay out plans for community rela-
and threeclosure plans for Hanford treatment, tions and public involvement that will be con-
storage,and disposal facilities dueted in conjunction with the Tri-PartyAgree-

ment, The plan is requiredas part of CERCLA,
• submitted seven CERCLA PINS or RCRA The plan was issued in August 1989, following
facility investigation/corrective measuresstudy a public comment period, Changes to the com-
(RFI/CMS) work plans for inactive waste sites munity relationplan were also developed dur-

ing 1989 and were submitted for public com-
. stabilized three single-shell waste storage ment. These changes updated information
tanks contained in the plan and will be approved by

the threeparties during 1990.
• obtained 15 core samples from 2 single-
shell waste storage tanks for analysis The goal of the community relations plan is to

provide the public with timely and accurate
• completed design of an expanded labora- information about cleanup, permitting, and
tory for high-level radioactive mixed waste closure activities at the Hanford Site, To meet
sample analysis this goal, DOE, WDOE, and EPA have been

conducting activities to inform and involve
• completed a project to upgrade the PUREX citizens of the Northwest in the hazardous
demineralizer regeneration neutralization waste management activities at Hanford, Spe-
system cific meetingdates are announced about 3 weeks

in advance through the Hanford Update news-
. completed assessments of ali facilities letter,which is mailed to more than 1200 people.
operating under interim status for compliance These dates are also announced in news
with RCRA and WAC 173-303 interim-status releases and paid newspaper advertisements,
requirements, and established enforceable mile-
stones for meeting interim-status requirements OTHER ENVIRONMENTAL ISSUES
of RCRA

Alternatives to Disposal to Soil Column
• installed29 RCRAground-watermonitor-

ing wells. Disposal of contaminated liquid effluents to the
soil column is being phased out according to a

Negotiations are currently under way to amend plan and schedule developed in 1987 and
the Tri-Party Agreement by adding compliance revised in succeeding years based on altered
agreements for extended storage of land dis.- missions, changing regulatory positions, and
posal restricted waste and compliance sched- experience gained, Replacement technologies
ules for dangerous waste tanks, are being developed and include several new

facilities for liquid waste treatment and
Community Relations Plan disposal.

A community relations plan was developed and Presented below is a summary of activities and
negotiated among DOE, WDOE, and EPA changes that have occurred as reported in the
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Annual Status Report for the Plan and Schedule Nation flied it Notice of Intent to petition the
to Discontinue Disposal of Contaminated Llq. NRC to amend 10 CFR 50 to add htnguttge
uid into the Soll Column at the Ha_ord Site clttrlfytng that ali Hanford double-shell tank
(Mtllikln 1989): wastes are htgh.,level waste, unless the DOE

could demonstrate on a tank-by-tank bttsts thttt
, completed the PUREX Plant chemical they are not,
sewer demtneralizer regeneration neutralization
system POTENTIAL FOR FERROCYANIDE

EXPLOSION IN UNDERGROUND

• completed the PUREX Plant process con- WASTE TANKS
densate final neutralization system and the
diversion record pH monitor During October 1989, a concern was raised that

the ferrocyantde nitrate, which was added to 22
. completed various engineering and design of the 149 single-shell tanks in the 1950s as
docun'tents for all Phase I and Phase li streams, part of a waste-volume reduction program, natty

pose an explosion hazard. Under certain con-
U,S. NUCLEAR REGULATORY dttton_ of chemical concentration, moisture,
COMMISSION (NRC) DETERMINATION and temperature, ferrocyantde and nitrates in
TItAT GROUTED WASTE IS LOW- the tanks may undergo exothermtc reactions
LEVEL WASTE and potentially become explosive. The ferro-

cyanide nitrate issue has been discussed before
In the spring of 1988, the NRC raised the con- (e.g., the Oregonian story "N-Waste tanks pose
cern that some of the double-shell tank waste to threat of blast" reported on July 2, 1986, and
be grouted might be high-level waste and, there- DOE 1987a).
fore, would be under their licensing jurisdic-
tion. Their concern centered on the high-level The WDOE sent a preliminary team to l-lanford
waste definition of 10 CFR 50 Appendix F, on October 17, 1989, to investigate this issue.
which is a source-based definition rather than a They concluded that no immediate explosive
concentration- or risk-based definition. Subse- potential exists, but they did make the follow-
quently, the NRC agreed with DOE that grout ing preliminary recommendations:
is low-level waste and not high-level waste
because the waste qualified as "incidental • repair or replace temperature probes in ali
waste" (i.e., while some of the waste may have tanks containing ferro,:yanide nitrate
originated as a high-level waste source, it had
been treated and primarily reflected chemicals • conduct additional tests to determine the
used in the process that were contaminated with conditions necessary for a reaction of ferrocya-
only small residual amounts of radionuclide,0, nide nitrate

The State of Washington expressed concern * as,,;ess the feasibility of tank chemical reac-
about the mantrer in which NRC made the deci- tion detection meth(xls

sion and the level of public participation.
Hence in December 1989, the states of Wash-

ington and Oregon and the Yakima Indian
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, conduct detailed reviews of the effects of (i,e,, mixed waste) were not considered during
organic materials decomposition, thepotential statutory development and pro_nulgatlonof
for gas pocket generation, and associated pres. earlier land disposal restrictions for solvents,
sure and temperatureIncreases, dtoxtns, and other RCRA-ltsted wastes, Thts

has created a situation in which the short-term

On October 23, 1989, Governor Booth Gttrdner statutory dates for wastes covered by land dis-
directed WDOE and the WDOH to conduct an posal restrictions conflict wtth the realities of
In-depth independent Investigation of the long-term development of treatment capacity
explosive potential of single-shell tanks, "r'his for DOE mixed waste,
investigation wtUcontinue during 1990,

The major land disposal restriction compliance
LAND DISPOSAL RESTRICTIONS Issue for mixed waste is prohibition on storage

of restflctedwaste, A large majorityof Hanford's
Land dispostd of hazardous wastes that are con.. mixed waste Is stored in tanks and containers
sidered by the EPA to be harmful to human awatting treatment technology development
health and the environment is prohibited by and subsequent treatment, Storage for this pur-
RCRA, The land disposal restrictions also pro- pose does not appear to be allowed by RCRA
htbtt storage of restricted hazardous waste land disposal restrictions, A revision to the Tri-
unless such storage is to accumulate sufficient Party Agreement is being negotiated with EPA
quantities of the waste to facilitate proper treat- and WDOE to incorporate land disposal
ment, recovery, or disposal, compliance actions for mixed waste,

Until 1987, all radioactive wastes were exempt
from RCRA requirements; therefore, radio-
active wastes that contained hazardous waste
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2.3 ENVIRONMENTAL PERMrrs

PREVENTION OF SIGNIFICANT be necessary to protect air quality will t_ writ-
I)ETEIIIORATION (PSD) PEIIMIT ten into the existing PSI) permit,

Section1I0oftheCleanAirActIsimple- TheWDOH DivisionofRadiationl:'rotectlon

mented in part through the PSD rules addressed regulatory controls for radioactive air emissions
irt 40 CFR 52, The PSD regulations were orig- arc provided in Section 116 of the Clean Air
inally implemented by EPA on August 7, 1980, Act, The WAC 402-80 requires registration
to ensure that air quality does not significantly with the WDOH of all radioactive air emission
deteriorate, while maintaining a margin for point sources, All stacks that arc routinely

future inciustrtal growth, The WDOE operates monitored for radionuclide releases have been
,,i_ , tunder an EPA-approved State Implementation registered with the WDOI-t and on August 15

Plan to administer and enforce the PSI) require- 1989, the WDOH issued its first radioactive
ments, The WAC 173-403-80, as in effect on source registration permit {FF-01) to DOE-RE,
July 1, 1988, provides the state PSD regulations The permit is issued for a 2-year period of
and adopts the requirements specified in 40 limited radioactive air emissions from Hanford
CFR 52,21, operations, A total of 130 stacks are currently

registered with the WDOH and are operated
The Hanford Site PSD permit (PSD-X80-14) under the permit,
was issued by the EPA on September 30, 1980,
with no specified expiration date for the permit. NATIONAL POLLUTANT DISCHARGE
The permit provides specific mass emission ELIMINATION SYSTEM (NPDES)
limits for oxtdes of nitrogen fl'om the PUREX PERMIT

and UO3 plants. The PSD regulations also
require review and preconstrucflon approval of An NPDES permit for the Hanford Site
any significant new or increased emissions of (WA-0(X)374-3) governs discharges to the
pollutants regulated under the Clean Air Act, Columbia River, This permit is required by
One condition of such approval is dernonstra- the Clean Water Act, The permit was issued
tion that best available control technology will December 7, 1981, expired December 31,
be utilized for significant pollutants, 1985, und is currently being renegotiated,

Until a new permit is issued, conditions of the
REGISTRATION Of,' RADIOACTIIVE AIR expired permit remain in effect,
EMISSION STACKS

The NPDES permit specifies discharge points
Because the Hanford Site is considered as one (of which there are eight), effluent limitations,
"major source" of air emissions under terms and monitoring requirements, Above-limit
of the PSD regulations, all proposed new or conditions are detected by a routine sampling
increased air en'fissions on Site must be tracked and analysis program for each of the eight
and summed to determine if a significant discharge points, Sampling requirements
increase in emissions will occur and trigger the include temperature, flow, pH, free awdlable
requirement for PSD review und approval, chlorine, total suspended solids, otl and grease,
Any additional limits determined by WDOE to iron, ammonia, and chromium, The results of
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sampling are reported to EPA Region 10 and two of its major (_ontraotors(50 by Westtng-
WDOE on a monthly basis, house Hanford Comparty and 8 by PNL),

Approxhnately one,third of these units will be
The eight septtratedischarge points tneluded in t_losed;the remaining will be permitted for
tile Hanford Site NPDES permit are au follows: operation, The plan, approach, and st_l_edule

for meettng RCRA requirements for trelttment,
()03 181-KE Inlet screen backwash storage, and disposal waste management units

(100-K Area) operating at the Hanford Site are outltned tn the
004 1908-Koutfall (1()0-KArea) Actton Plan of the Tri.Party Agreement,
005 Tank farm storage water overflow

(100-N Area) Because ali treatment, storage, and dtsposal
006 182-N butldtng drain (100-N Area) waste management units cannot be permitted
(.)07 181-N inlet screen backwash (100- simultaneously, WDOE and the EPA will issue

N Area) the tntttal permit for less than the entire facility,
009 Raw water return (100-N Area) Each operating unit wtll be added as a major
013 PNL fish laboratory facility (300 modification to the permtt as documentation iu

Area) completed in accordance wtth the Action Phm
N-Springs A nonpoint source along the schedule, The initial permit for the Hanford

Columbta River bank emanating Site has not been issued but ts expected by
from the 1301.,Nand 1325-Ncribs December 1990,

(100-N Area)
WILDLIFE COLLECTION PERMITS

RESOURCE CONSERVATION AND

RECOVERY ACT (RCRA) PERMIT The Hanford Site has three permits for wildlife
and fish sampling, Scientific study or col.

The Hanford Site has been assigned a single lection permits 131 and 101 have been issued
dangerous waste permit identification number to PNL and Westinghouse Hanford Company,
by the EPA and WDOE, This Identification respectively, by Washington State Department
number (WA7890008967) encompasses ali of Wildlife for the collection of wildllfe,
treatment, storage, and disposal waste manage- including fish for environmental monitoring
meat units on the Hanford Site, The 58 treat- purposes, A federal fish and wildlife permit
ment, storage, and disposal units on the No. 671877 has been issued to PNl..,by the U,S,
Hanford Site are co-operated by DOE.RL and Fish and Wildlife Department,
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2.4 U.S, DEPARTMENT OF ENERGY DIRECTIVES

RADIATION PROTECTION STANDARDS radionuclide and chemical limits are described
in Tables B.2 and B.3, Appendix B.

Operations at the Hanford Site are controlled to
conform to various federal and state standards DOE ORDER 5400.1, GENERAL

and permits. Radiological releases are regu- ENVIRONMENTAL PROTECTION
lated by DOE orders pursuant to the Atomic PROGRAM
Energy Act, the Clean Air Act, and the Safe
Drinking Water Act. The DOE Order 5400.1, "General Environ-

mental Protection Program," directs ali DOE

In 1985, DOE issued revised radiation protec- sites to comply with applicab!e environmental
tion standards that incorporate a system for regulations. The order became effective
evaluating and controlling radiation exposures November 9. 1988_and combines several

. to members of the public in uncontrolled areas, predecessor orders into a single document for
The revisions are based on recommendations of environmental compliance. The order provides
the International Commission on Radiation direction for the effluent monitoring program,

Protection (ICRP 1977, 1979-1982). (.) The environmental surveillance, ground-water
standards limit the whole-body dose equi-'alent monitoring, waste minimization, occurrence
to members of the public to 100 mrem/yr for reporting, quality assurance, independent ver-
prolonged exposures and to 500 mrem/yr for ification, and compliance and program report-
occasional noncontinuous exposure (not to ing. DOE Order 5400.1 also provides guidance
exceed 5 consecutive years). This standard on the preparation of the Site environmental
limits the dose equivalent to 25 mrem/yr whole report, submission of A-106 pollution abate-
body dose and 75 mrem/yr to any organ for air ment reports, long-range environmental protec-
pathways, in compliance with 40 CFR 61.92 tion plans, ground-water protection plans, and
Subpart H (EPA 1988e). waste minimization/pollution prevention

awareness plans. The Hanford Site complied

The National Interim Primary Drinking Water with requirements of the order in calendar year
Regulations of the Safe Drinking Water Act (CY) 1989.
and the WDOH regulations have limits for

" radionuclides and chemicals in drinking water. DOE ORDER 5820.2A, RADIOACTIVE
For manmade r::.dionuclides, the dose limit WASTE MANAGEMENT

from drinking water is 4 mrem/yr to the whole
body or any internal organ. The details of the A DOE Order 5820.2A, "Radioactive Waste

Management," establishes policies and guide-
lines for managing radioactive waste and con-
taminated facilities. Many of the requirements

(a) These revisions are contained in a DOE are similarly contained in DOE Order 5400.1,
guidance memoranclum, "Radiation Standards such as effluent monitorirlg and waste minimi-
for Protection of the Public in the Vicinity of zation programs. The DOE-RL has imple-
DOE Facilities," Revision 1, September 3, mented the DOE Order 5820.2A for the Haa-

_. 1985 (see Table B.5, Appendix B). ford Site, as described it. Implementation Plan
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for Hanford Site Compliance with U.S. Depart- 5820.2A will take several years to accomplish.
ment of Energy Order 58202A (DOE 1989d). For example, the requirement to dispose of
The Hanford Site iS in compliance with most of retrievable high-level waste cannot be fully
the provisions of the order; full compliance implemented until a national repository is con-
with the provisions contained in DOE Order strutted to receive high-level waste.
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2.5 ENVIRONMENTAL AUDITS

FACILITY COMPLIANCE NOTICES OF VIOLATION
ASSESSMENTS

Three Notices of Violation were issued by
Beginning in 1987, Hanford implemented an WDOE conceding treatment, storage, and
aggressive self-assessment program for dan- disposal facilities. Corrective actions required
gerous waste management facilities. Self- by these Notices of Violation were all com-
assessments were performed from mid-1987 pleted in 1989.

through mid-1989 for permitted dangerous

waste facilities and all major operating facili- • A WDOE inspection of B Pond and the
ties with significant environmental effluents, nonradioactive dangerous waste landfill on

April 10 and 1I, 1989, resulted in a Notice of
During 1989, 11 major operating facilities were Violation. The notice cited a lack of security
assessed to evaluate compliance with environ- and warning signs around B Pond, a 7.6 m
mental requirements. In addition, all signifi- breach in the security fence surrounding the
cant interim-status waste management units nonradioactive dangerous waste landfill, and
have now been assessed for compliance with questioned the stability of the wooden pier over
RCRA requirements. By the end of !989, 65% the 216-A-29 ditch.
of the findings of these audits had been cor-

rected. The remaining findings have been ° A WDOE inspection of the 183-H Solar
included as enforceable milestones for the Tri- Evaporation Basins and th,; S-10 pond and
Party Agreement. ditch on June 12, 1989, resulted in a second

Notice of Violation. The notice cited lack of

U.S. ENVIRONMENTAL PROTECTION security around the S-10 pond and ditch and
AGENCY INSPECTION two corroded and potentially leaking drums

containing mixed waste located at the 183-H
The EPA Region 10 conducted the annual Solar Evaporation Basins.
inspection for compliance with hazardous

wasteregulations from August 28 through 31, • A WDOE inspection of the 216-A-29 ditch,
1989. The EPA has been conducting these 216-B pond, and the Central Waste Landfill
annual inspections since 1985. The 1989 Complex on June 20, 1989, also resulted in a
inspection was the most successful inspection Notice of Violation. The notice cited lack of

to date, with no findings (significant violations) security and need to construct a chain fence
noted and only a dozen observations (minor with warning signs around the 216-A-29 ditch;
violations, such as faded labeling of waste con- lack of radiation warning signs near the 216-

: tainers). Corrective actions for all but two of A-29 ditch and 216-B pond facilities; and
the observations were completed in 1989, and 10 wac.te dvJms at the Central Waste Landfill

actions were under way to correct the remain.. Complex that had exceeded the 90-day accu-
ing two. mulation period.
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2.6 ENVIRONMENTAL OCCURRENCES

Onsite and offsite environmental occurrences effect. Although the events were reported
(spills, leaks, etc.) of radioactive effluent mate- promptly when it was realized that a viola-
rials during 1989 were reported to DOE by tion had occurred, reporting to the National
onsite contractors. Environmental occurrences Response Center is mandatory at the time of
of nonradioactive chemical wastes were reported occurrence. These events went unreported,
to other federal and state agencies as required by initially, because the uranium releases were ali
law. The specific agencies notified depended within control limits established in Westing-
on the type, amount, and location of t:_eindi- house Hanford Company procedures, and
vidual occurrences. Generally, effluents were DOE-RL and Hanford contractor personnel

Aispersed naturally, stabilized in existing waste were unaware of the cancelled DOE standards
disposal sites, or controlled and cleaned up. In until September 1989.
some cases, particularly where the contami-
nants may have reached the ground water, the During routine start-up testing of the E-H4
environmental impact is under continuing concentrator at PUREX, in late May 1989, a
observation and evaluation. Occurrence reports, steam tube bundle failed. The resulting high
including event descriptions and corrective beta-gamma radiation readings caused the
actions, are available for review in the DOE- steam condensate discharge, normally directed
RL Public Reading Room at the Federal Build- to the steam condensate discharge crib, to auto-
ing, Richland, Washington. The 1989 occur- matically divert to the PUREX retention basin.
rences with the greatest potential environmental A Subsequent leak test of the tube bundle reac-
impacts are summarized below, tivated the alarm, confirming the existence of a

leak. The resultant accumulation of 29 kg
URANIUM RELEASE (WHC-UO-89-653- (63.2 lb) of uranium inthe cribs and retention
PUREX-II) basin [21.5 kg (47.4 lb) from the initial leak

and 7.53 kg (16.4 lb) from the test] was within
The DOE environmental radiation protection documented Westinghouse Hanford Company
standards were inadvertently cancelled on guidelines and transferred to B Pond in early
January 1, 1989, when the DOE order (5480.1B) July 1989. The total amount of uranium
containing these standards was revised. This released over a 22-day period exceeded the
cancellation resulted in the loss of the federally CERCLA limit of 0.45 kg (1.0 lb) per day.
permitted environmental release exemption
under CERCLA. Regulations in CERCLA HYDRAZINE RELEASE (WHC-UO-89-
restrict the discharge of unregulated radio- 026-100N-01)
nuclides to less than 0.45 kg (1.0 lb) per day.
The DOE exemption was reinstated on July 20, On May l 0, 1989, in an attempt to maintain
1989; however, a review of Hanford releases water quality standards, extra hydrazine was
on November 3, 1989, revealed that uranium added to the N Reactor coolant. This caused an
discharge violations had occurred in late May excess of unreacted hydrazine in the effluent
when the CERCLA exemption was not in
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discharged to the 1325-N Liquid Waste Dis- the total uranium loss approximated 12.1 kg
posal Facility. Calculations, based on effluent (26,7 lb). Because the uranium concentration
flow rates and sample analyses, indicated the was low arid the pH of the water was near 3.5,
CERCLA reportable quantity for hydrazine no state, federal, or Westinghouse Hanford
[0.45 kg (1.0 lb) per day] had been exceeded. Company operating contractor regulations were
The hydrazine released was estimated to range violated. Planned action includes testing the
between 0.9 and 5.4 kg (2.0 and 11.9 lb). As a sump for leakage, repairing the water-level
result, the discharge of effluent and injection of alarm system, and resealing the sump walls and
hydrazine were reduced. Monitoring of hydra- floor, if necessary.
zine in the discharge continued.

AMMONIA DISCHARGES AT THE 241-

ItYDRAZINE RELEASE AT 100-N (WHC- AW TANK FARM AND 242-A EVAPO-
UO-90-042-100N-03) RATOR (WHC-UO-89-043-TF-06)

Approximately 0.59 kg (1.3 lb) of hydrazine Under CERCLA section 103(f), notification of
were discharged to the 1325-N Liquid Waste the National Response Center is llot required
Disposal Facility on August 8, 1989. This for routine releases of hazardous substances in
exceeded the CERCLA reportable quantity of above-reportable quantities if the release is
0.45 kg (1:0 lb) per day. This release occurred continuous, stable in quantity and rate, and
when the concentration of hydrazine in the initial and annual summary notifications of the
graphite shield cooling system was found to be continuous releases are made. Such notifica-
inadequate for impeding corrosion and the tions have been made for some Hanford Site
amount of hydrazine injected into the system chemical processing and waste management
was increased. The injection pump was allowed facilities. Additional notifications are required
to operate for a longer time and at a higher if there is any statistically significant increase
pumping rate than normal. Effluent samples in the quantity of hazardous substance being
taken while the pump was still running showed released.
elevated hydrazine levels. When the pump was
shut down, hydrazine discharge levels returned During 1989, the discharge from the 242-A
to normal. Evaporator was reassessed and found to contain

anmaonia, not ammonium hydroxideas the EPA
RELEASE OF CONTAMINATED WATER had been notified. As a result, in August 1989,

A'r THE UO3 PLANT (WHC-UO-89-048- notifications were made that above-reportable
PUREX-10) quantities of ammonia had been released from

the 242-A Evaporator approximately 161 times
During early September 1989, an estimated between January 1, 1988, through August 24,
16,730 L (4420 gal) of uranium-contaminated 1989. Twenty of these releases exceeded the
water leaked from a concrete sump (C Cell) at Washington State dangerous waste criteria. In

the UO 3Plant imo the surrounding soil. Based August 1989, notification was also made about
on the volume released and a water concentra- four statistically significant releases of ammonia
tion of 0.7 g of uranium per liter (0.01 lb/gal), from the 241-AW Tank Farm Exhaust during
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1988. There were no statistically significant ammonia species in discharges and prompt
releases of ammonia from tank farms during analysis of ammonia releases. Additionally, at
1989. the 242-A Evaporator, treatment processes and

operating procedures will be changed to main-
Plans for limiting such releases in the future tain ammonia discharges below Washington
include developing procedures for identifying Administrative Code 173_303 limits.
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3.0 ENVIRONMENTAL PROGRAM INFORMATION

It is DOE policy to conduct its operations in an environmentally safe manner and to comply
with the letter and spirit of applicable environmental standards. At Hanford, a variety of
environmental activities are performed to comply with laws and regulations, to enhance
environmental quality, and to monitor the impact of environmental pollutants from Site
operations.

The environmental management activities described here are discussed in the Environmental
Restoration and Waste Management Five.Year Plan (DOE 1989c). The environmental surveil-
lance activities include a description of the scope, design, and activities of the programs
covering Hanford surface- and ground.water surveillance. The environmental studies and

programs include those relating to wildlife resources, cultural resources, meteorology and
climatology, and Hanford dose reconstruction.
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3.1 ENVIRONMENTAL RESTORATION AND WASTE MANAGEMENT

The cornerstone and framework for DOE's long-term strategy in environmental restoration
and waste management at Hanford is the DOE.Iteadquarters (HQ) Environmental Restora-
tion and Waste Management Five-Year Plan (DOE 1989c), This annually updated document
consists of a DOE-HQ plan and a itanford Site specific plan. Originally released in August
1989 for a 90-day public comment period, the document is now being revised and will be

reissued in May 1990.

ENVIRONMENTAL RESTORATION units have been further grouped into four
aggregate areas using identifiable geographic

The environmental restoration program has boundaries on the Hanford Site (100, 200, 300,
been established, as mandated by Congress in and 1100 Areas). The four aggregate areas
1988, to remediate inactive waste sites, to have been listed on EPA's National Priorities

decontaminate and decommission surplus facil- List. In addition to the 78 operable units, four
ities, and to provide for technology develop- special operable units have been created to
ment and demonstration. The Hanford Site has characterize and remediate the ground water
established three major programs for imple- under the Hanford Site.
menting these actions, which are fully defined
in Environmental Restoration and Waste Operable units form the basis for planning,
Management Five-Year Plan (DOE 1989c). scheduling, budgeting, and establishing the

working order for some of the environmental
Environmental Restoration Remedial Action restoration milestones for the Tri-Party Agree-

ment. The DOE is actively pursuing the rcn-m-
The environmental restoration remedial action dial investigation/feasibility study process at
program was established to comply with regu- selected operable units on the Site. These
lations for characterization and cleanup of include units in ali four aggregate areas. The
inactive waste sites. The program specifically units in the 1100 Area have been given high
includes identification and characterization of priority because of their proximity to drinking
inactive sites, remedial design and cleanup water sources for the city of Richland.
action, and postclosure activities of inactive
radioactive, chemically hazardous, and mixed The environmental restoration remedial action

waste sites, program will support development of optimal
waste retrieval and in-piace disposal technolo-

The Hanford Site has identified over 1100 gies for the several types of single-sheU tank
inactive waste management units. These have wastes. These efforts will include the removal
been grouped into 78 operable units, based on and analysis of at least 177 core samples from
common characteristics of individual sites, the wastes, a very complex and expensive
similarity of waste disposal practices, and process.
amenability to remediation. The 78 operable
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Environmental Restoration Decontami- Environmental Restoration Technology
nation and Decommissioning Development and Demonstration

Many DOE-owned facilities at the Hanford Site Much of the funding for developing and demon-
that were used for nuclear materials production stratingenvironmental restoration technology is
have been retired from service and declared sur- provided by the Hazardous Waste Remedial

plus, The Hanford surplus facilities program Action Program _ZWRAP), which is man-
provides for managing these facilities for the aged by the DOE-Oak Ridge Operations
DOE. The program provides for surveillance Office. Other funding sources provide for the
and maintenance, as well as eventual decon- remainder of the effort.
tamination and decommissioning (D&D), of
these facilities. Enwironmental restoration technology develop-

ment and demonstration programs are divided
There are currently 115 separate facilities man- into two main categories: 1) HAZWRAP and
aged through the program, consisting of large 2) technology development and demonstration.
concrete and cement block structures used to The HAZWRAP for the Hanford Site consists

house chemical separations processes, nuclear of three categories of projects. The projects
production reactors, underground effluent water that will be active during FY 1989-1995
systems and storage tanks, and ancillary build- include 1) demonstration projects, 2) research
ings. Included are the eight graphite-moderated and development projects, and 3) a hexone tank
plutonium production reactors constructed waste treatment project.
between 1943 and 1955. The reactors have

now been shut down for approximately The HAZWRAP demonstration projects
20 years, include a waste acid pilot plant demonstration,

an in situ vitrification demonstration for con-

The activities currently under way include the taminated soil sites and underground storage
183-H Solar Evaporation Basins cleanup in tanks, a biological treatment demonstration on
accordance with the interim closure plan; D&D one ground-water stream, a study on the move-
of the 201-C Strontium Semiworks; D&D of ment of and what happens to polychlorinated
several 100 Areas ancillary facilities; and prep- biphenyls during in situ vitrification, and a
aa'ation of the final environmental impact state- demonstration of in situ heating.
ment (EIS) based on the draft EIS, Decommis-
sioning the Eight Shutdown Production Reactors The HAZWRAP research and development
l_cated at the Hanford Site, Richland, projects include organic waste destruction by in
Washington (DOE 1989e). The draft EIS, which situ heating, waste acid detoxification and
has been released for public review, discusses reclamation, in situ electrochemical oxidation
various methods for their decommissioning, of hazardous waste, catalytic destruction of

hazardous organics in aqueous wastes, biodeg-
Decommissioning of the current inventory of radation of hazardous waste using white rot
surplus facilities is scheduled to be completed fungi, development of biological treatments,
in approximately 30 years at an estimated total biodehalogenatior, of contaminated aquifers,
cost of $600 million, and in situ biological treatment of ground

water.
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The HAZWRAP hexone tank waste treatment The major effort for cleanup of the Hanford
project will demonstrate technology to treat Site will be the disposal of the stored wastes
mixed waste (primarily hexone, paraffin hydro- resulting from past production operations, The
carbons, tributyl phosphate) stored in two strategies for handling and disposing of these
underground waste tanks and to dispose of any wastes, as well as newly generated wastes,
residues, were established through the National Environ-

mental Policy Act process, The resulttn[;
WASTE MANAGEMENT Record of Decision r_ommends implementing

preferred alternatives, described by the Final
Waste management consists of the safe and Environmental Impact Statement, Disposal of
effective management of active and standby Hanford Defense High-Level, Transuranic and
facilities and the treatment, storage, and dis- Tank Wastes (DOE 1987a).
posal of radioactive, hazardous, and mixed
waste. These activities require implementing The preferred alternatives recommend disposal
plansthat provide for ali active treatment, of double-shell tank waste, retrievably stored

storage, and disposal facil'ities to attain and and newly generated transurantc waste, and
maintain compliance with regulations that will encapsulated cesium and strontium waste:
allow the facilities to be permitted as required
by the Resource Conservation and Recovery * Double-shell tank waste will be separated
Act (RCRA); some of the actions to fulfill this into three fractions: high-level waste, transu-
requirement are described below as corrective ranic waste, and low-level waste. The 28
activities. An important effort is to minimize double-shell tanks store 64.35 million L of
the generation of waste and to provide safe radioactive liquid and slurry, much of which
storage for any newly generated wastes, has been transferred and concentrated from

single-shell tanks. The high-level waste and
The four Site contractors have integrated waste transuranic waste will be processed into a solid,
minimization and pollution prevention aware- vitrified material similar to glass and disposed
hess programs into a single, coordinated initia- of in a repository. The low-level waste will be
tive. This initiative is being implemented mixed with a cement-like material and allowed
through awareness, training, and procurement tOharden in near-surface concrete vaults.
programs appropriate to each contractor's mis-
sion and needs. These programs are being • Solid transuranic waste that has been stored
given top management support and are being since 1970 will be sorted and packaged in the
coordinated by special task forces by the two proposed Waste Receiving and Processing
largest contractors, Facility for shipment to the Waste Isolation

Pilot Plant (WIPP) in New Mexico.
A plan and schedule have been prepared and
implemented to discontinue the disposal of • Cesium and strontium capsules will con-

contaminated liquids into the soil at the tinue to be stored for eventual disposal in a
Hanford Site. Best available technology is repository. There are 1576 cesium capsules
being developed to treat the effluent streams, and 640 strontium capsules. The cesium and

3.4 Section3.1- EnvironmentalRestorationandWasteManagement



strontium were removed from single-shell tank Waste Receiving and Processing Facility
wastes to reduce heat generation,

The Waste Receiving and Processing Factltty is
For single-shell tank waste, transurantc- planned for Inspecting, assaying, and treating
contaminated sotl sites, and pre-1970 buried, radioactive solid waste to produce both it trans-
suspect transuranic-contaminated solid waste, uranic waste component for shipment to the
the recommended strategy is to continue dis. WIPP and a low-level waste component for
posal technology development and evaluation disposal on tile Site, Construction of the Waste
before making a disposal decision, Wastes will Receiving and Processing Factltty will occur in
continue to be stored tn a manner that protects two phases, with the advanced conceptual
the environment and human health, Storage design of Module I scheduled for completion tn
will continue until treatment and disposal faeil- 1990, The conceptual design of Module II is
ities are constructed and treatment processes also in progress and is scheduled to be com-
are hnplemented, The required new facilities pleted in 1990,
that have been or are being constructed are
described below, Hanford Waste Vitrification Plant

Grout Treatment Facility The Hanford Waste Vitrification Plant will be
constructed to treat much of the waste cu_ently

The Grout Treatment Facility consists of a dry stored in double-shell tanks. The Hanford
materials facility, a grout mtxing and pumping Waste Vitrification Plant may also be required
facility, and underground grout disposal facili- to eventually treat the wastes that are retrieved
ties. For disposal, liquid waste is combined from the single-shell tanks.
with dry materials, such as cement, fly ash, and
blast f,_,'naceslag, to produce a grout slurry that The preliminary design of the Hanford Waste
is pumped into large underground disposal Vitrification Plant is over half complete, and
vaults where the slun7 solidifies, detailed design wi_l start in 1990. Construction

is scheduled to commence in July 1991 and to
On July 11, 1989, the Grout Treatment Facility be completed in 1998, The high-level waste
completed processing and disposal of an initial fraction resulting from the pretreatment of the
3.785 million L of nonhazardous radioactive stored wastes would be immobilized into boro-
waste from Hanford's double-shell tanks. For silicate glass and stored at the Hanford Waste
the first time in the Hanford Site's 46-year Vitrification Plant until a repository is ready to
history, tank wastes have been moved out of receive this waste. 'Iaaelow-level waste frac-
liquid storage and converted into a solid for tions would be solidified as a cement-based
environmentally safe disposal. In addition to grout and disposed of in near-surface, precor|-
the 3.785 million L of nonhazardous, low-level strutted, lined concrete vaults,
waste processed between August 30, 1988, and
July 11, 1989, approximately 162.76 million L
of mixed waste will be processed for disposal
between 1991 and 2013.

HanfordSiteEnvironmentalReportforCalendarYe.ar1989 3.5



CORRECi'IVE ACTIVITIES Currently, them arc no known Clean Water Act
violations; therefore, them art no corrective

Corrective activities consist of spex_iflcactivi- activities in the water category.
ties either required by statutory/regulatory envi-
ronmental rexluimmcnts or required to fulfill Solid waste management activities am more
compliance agreements with federal, state, or extensive than those for air and water. Obtain-
local regulatory bodies, or both, These activi, ing RCRA operating permits for treatment,
ties are required to ensure regulatory compli- storage, and disposal facilities is a major activ-
ance for active facilities at the Hanford Site. ity. The Hanford Site has been assigned one
Environmental corrective activities can be RCRA permit number, however, the permit
divided into three major categories: air, water, will have approximately 60 parts (one pcr
and solid waste, treatment, storage, or disposal facility). Cur-

_ntly, the Hanford Site treatment, storage, and
Corrective activities for the air category include disposal facilities are under interim status, and
assessment and upgrade of building exhaust air the final p_'_Lit is not expected to be granted
sampling systems to ensure compliance with until 1995. Corrective activities include
the DOE requirements for gaseous effluent construction of mixed-waste storage and
management. Air emission permits are in place disposal facilities, removal of polychlorinated
for ali existing facilities; however', new permits biphenyls, installation of liquid effluent moni-
may be required for several new projects and tors, and development of methods for disposing
facility modifications mid for the additional 87 of purge water from ground-water monitoring
stack effluents expected to be included in the wells.
state regulations not yet in piace.
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3.2 ENVIRONMENTAL SURVEILLANCE AT HANFORD

Environmental surveillance at the Hanford Site and annual reporting of results are conducted
in accordance with guidance from DOE Orders 5480.1B, 5484.1, and 5400,1. lt is DOE policy
to conduct its operations in an environmentally safe manner and to comply with the letter
and spirit of applicable environmental statutes, regulations, and standards. The DOE orders
require that each site conduct surveillance by means of measurement and calculation of the
effects of site operations on the environment and public health, Thi_ section describes the
Hanford environmental surveillance programs.

q

SCOPE . monitt,,' to determine potential build-up of
long-lived radionuclides in uncontrolled areas

The scope of environmental surveillance (i,e,, off the Site)
encompasses ali potential effluents, including
chemical and radioactive materials. Survetl- . provide information to regulatory agencies
lance activities are selected to be responsive to and the public on the assessment of environ-
both routine and potential releases of effluents mental impacts. The impacts were assessed by
according to the severity of possible impact on environmental surveill".nceand dose calcula-
the environment or public health. Activities tions.
also provide a feedback ,_ystemto evaluate the
adequacy and effectiveness of containment and CRITERIA
effluent control systems. The DOE and appro-
priate facility managers are notified if off- The criteria for environmental surveillance are
standardconditionsor adverse trends are de- derived from requirements set forth in applica..
tected in the environment near operating areas, ble federal, state, and local regulations; DOE

orders; and recommendations given in the
OBJECTIVES monitoring guide published for use at DOE

sites (Corley et al. 1981). These criteria have
Objectives of the program for 1989 were to: been applied through investigating the radionu-

clides contributing the most dose, greatest num-
* assess impacts from Hanford Site opera- ber of exposure pathways, and highest exposure
tions to the offsite public during 1989 and rates. Experience gained from environmental
identify noteworthy changes in the radiological surveillance activities conducted at Hanford for i

and chemical status of the environment over 45 years has also provided significant sup-
port for program planning and data evaluation,

. verify that in-plant controls for the contain-
ment of radioactive and nonradioactive mate- The primary pathways available for movement
rials within controlled areas (i.e., on the Site) of radioactive materials and chemicals from
were adequate
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Hanford Site operations to the public are the detectable concentrations of critical radio-
atmosphere, surface water, and ground water, nuclides in air, Water, and food were estab-

Figure 3.1 illustrates these potential routes and lished and appear in T_,.,ie D.1, Appendix D.
the possible exposure pathways to humans. Minimum detectable concentrations for other
The significance of each pathway is determined types of samples are also listed.
from data and models that estimate the amount

of radioactive material potentially available to SURVEILLANCE DESIGN
be transported 'along each pathway add the sig-
nificance of this _,:_terial in comparison to stan- Environmental surveillance at Hanford is

" dards. To ensure that radiological analyses of designed irl response to specific characteris-
samples are sufficiently sensitive, minimum tics of the Site and its operating facilities.

I_ II_,ll,.Jlt_12_ ..).I. /-llllliU,,,y I_.llUI(.I.LIUII JI._AIJUDUI_.,, • (At, IAY_'_J.]O
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Operating facilities have effluent control stratified sampling approach to monitor these
systems to reduce the amounts of materials pathways. Samples are collected and radiation
released to the environment and systems to is measured according to three surveillance
measure the quantities of effluents that are zones that extend away from main 0nsite
released. The history of effluent releases from operating areas to the offsite envi! ons.
each facility and the known,biological effects
of exposure are used to determine what should The first zone extends from operating facilities
be monitored. Environmental surveillance to the Site perimeter. Air monitoring stations
consists of collecting and analyzing samples surround each operating area because air trans-
and measuring penetrating radiation. Selected port is a potentially critical pathway for rapid
ground-water and surface-water samples are transport of radioactive materials off the Site.
also analyzed for hazardous chemical constit- Ground water is sampled from wells located
uents. Surveillance at Hanford is designed to near operating areas and along potential trans-
meet the objectives of determining the environ- .port pathways, In addition to air and water
mental and public health impacts of H_fford surveillance, samples of soil, native vegetation,
operations and is not intended to provide a and wildlife are collected and radiation is meas-
detailed radiological and chemical characteriza- ured to determine the effectiveness of effluent

tion of the Site or the surrounding area. The controls and to ascertain any build-up of radio-
surveillance design takes into account the fact active materials from long-term operations.
that releases from Hanford are low and are con- Onsite road and railroad rights-of-way and
stantly monitored. Calculations based on effiu- retired waste disposal areas are also monitored.
ent data show the expected concentrations off
the Hanford Site to be low and, for most radio- The second surveillance zone consists of a

nuclides, to be below the level that can be series of sampling stations positioned around
detected by monitoring. Past monitoring data the Site perimeter. Data from these stations
show that the concentrations of radionuclides in document the levels of radioactivity near the
environmental samples are detectable on Site Site boundary. Ground-water monitoring wells
near operating facilities and decrease with dis- are located on Site and near the Site boundary.
tance. At the Site perimeter and beyond, con- Both hazardous chemical and radiological con-
centrations decrease to levels at which only a centrations are measured in ground-water
few radionuclides are detectable (see "Environ- samples. Agriculture is an important industry
mental Monitoring Information," Section 4.0). near the Site; therefore, milk, crops, soil, and

native vegetation are monitored to detect any
Environmental surveillance provides i,vestiga- influence from Hanford on locally produced
tions of environmental pathways that may con- food and farm products. The Columbia River
tribute to radiation exposure of the public. Path- is included in the second zone. River water is
ways are derived from previous studies and monitored upstream of the Site and at Richland,
observations of radionuclide movement Washington, where it is used for public drink-

- through _e environment and food chains, ing water. Water pumped from the Columbia
Environmental and food-chain pathways are River for irrigation is also monitored. Water
monitored from near the facilities releasing quality surveillance is performed by the U.S,
effluents to the location of offsite residents. Geological Survey (USGS) at Priest Rapids
The surveillance design _t Hanford uses a Dam and Richland.
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The third surveillance zone consists of nearby vicinity and include the local population's
and distant community locations within an dietary habits and recreational use of the
80-km radius of the Site. Surveillance at Columbia River. These models simulate the

communities provides an assurance to the pub- movement of radioactive materials through the
lic that ttanford effluents are monitored and environment and food pathways and estimate
radionuclide concentrations at populated areas the resulting radiation dose (see "Potential
are recorded. Distant locations arealso rnoni- Radiation Doses from 1989 Hanford Opera-

tored to provide data to compare with data tions," Section 4.8). In addition, the dose from
collected from the Site perimeter and onsite the air pathway was also calculated for regu-
locations, latory compliance purposes with the AIRDOS-

EPA and RADRISK models as specified in 40
Concentrations of radionuclides in environ- CFR 61.

mental media are measured at background loca-
tions as a basis of comparison with onsite, PROGRAM DESCRIPTION
perimeter, and community locations. Back-
ground locations are selected that are consid- . Environmental surveillance provides for the
ered unaffected by Hanford effluents. The measurement and interpretation of the impact
background station for the Columbia River is of Hanford operations on the public and the
at Priest Rapids Dam, which is approximately onsite and offsite environment. Numerous
8 km upstream of the I!anford Site boundary. :amples were collected and analyzed according
For other surface media, the background station to a predefined plan. Measured concentrations
is at Yakima, Washington, which is approxi- of radioactive materials were compared to
mately 50 km upwind of the Hanford Site applicable standards, concentration guides,
boundary, natural levels of radiation, and results obtained

by other monitoring organizations. The pro-
The potential radiation doses received by the gram was designed to examine significant
public are coIculated from environmental exposure pathways, including direct radiation
surveillance data when Hanford-related radio- exposure from operating facilities. Radiologi-
nuclide concentrations are measurable. How- cal impacts, based on environmental surveil-
ever, data from the offsite environs and com- lance or effluent monitoring and modeling, are
munities near the Site at most locations do not expressed in terms of radiation dose.
indicate a measurable effect from Hanford

operations. The sources of radionuclides are Table 3.1 summarizes the geographic disu'ibu-
Hanford operations, worldwide fallout from tion of sample types and measurement loca-
past nuclear tests, fuel reprocessing at other tions. Schedules, records, and data are
locations, and natural sources, maintained in a computer system. In addition,

unscheduled surveiilances were conducted in

For dose estimates when the concentrations response to specific needs.
were too low to be detected by surveillance,

" potential radiation doses to the public were Laboratory analyses of samples for radioactiv-
calculated using data trom effluent measure- ity and chemicals were cor,ducted by United
ments and computer models. The computer States Testing Company, Inc. (US'I'), Richland,_

models are specific to the Hanford Site and Washington. Analyses of environmental
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TABLE 3.1. Routine Environmental Sample Types and Measurement l.x_cations

Sample Locations
Total Nearby Distant

Number On Site Perimeter Communities Communities

Air 53 24 14 9 6
Ground Water 567 567
Columbia River 4 2 2

Irrigation Water 1 1
Drinking Water 14 9 5I'_
Columbia River Sediments 5 3 1 1
Ponds 3 3
Foodstuffs 8 5 1 2
Wildlife 17 14 3

Soil & Vegetation 38 15 14 3 6
Dose Rate 88 34 390'7 9 6

Waste Site Surveys 73 73
Railroad/Roadway Surveys 17 17
Shoreline Surveys 27 27

: Aerial Survey 1 1

(a) Includes four offsite water supplies.
(b) Includes locations in and along the Columbia River.

dosimeters for penetrating radiation were per- Foundation, and UST. Water quality, tempera-

formed by PNL. Ground-water sample analy- ture, and flow rates for the Columbia River

ses were performed by PNL's analytical labo- were determined by the USGS. Quality assur-
ratofies, Hanford Environmental Health ance was an integral part of the program.
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3.3 ENVIRONMENTAL STUDIES AND PROGRAMS

WILDLIFE RESOURCES lo,ooo " ,
j

g 8ooo
The objective of the Wildlife Resources Project

is to monitor rare, threatened, or endangered :_ 6000
species; to monitor species of wildlife and fish m'_ 4000

that are valued as commercial, recreational, or _ 2000
aesthetic resources; and to monitor those spe- 0
cies that can be used as biological indicators of 1945 1955 1965 1975 1985
'toxic and ,hazardousmaterials in the biotic Year

environment. FIGURE 3.2. Counts of Chinook S',flmon

SpawningRedds in the Hanford Reach of the
The Columbia River as Fish and Wildlife Columbia River, 1947 Through 1989
ltabitat

flight surveys since 1961. The counts of bald
One fish and two species of birds are regularly eagles were lower than the previous four years
monitored in the Hanford Reach. These are the (Figure 3.3). Salmon redd counts were as high
Chinook salmon (Onchorhnchus tscha-

as the previous years, indicating that an impor-
wytscha), the bald eagle (Haliaeetus leu- tant food resource was available to eagles.
cocephalus), and the Canada goose (Branta There were no apparent increases in human
canadensis). The same survey methodologies activities along the shoreline of the Hanford
have been practiced by the same observers for Reach that could diminish the use of shoreline
the past 20 years. Trends in population counts trees as eagle perches. This suggests to us that
are likely not due to changes in methodology or the observed diminishment of eagles is due to
changing personnel. The number of individual, offsite rather than onsite factors.
active spawning sites (redds) has been counted
by aerial flight surveys each autumn since the

1940s. In recent years, the number of salmon _ _
redds (shallow basins in fiver gravels scraped _3

, Iii

by adult salmon) has dramatically increased '5 40

(Figure 3.2). The increase is attributable to the ._ 30

coordinated efforts of various federal and state E=20
agencies, Indian tribes, and others dedicated to z

maintaining Columbia River salmon runs. _. 100
1960 1970 1980 1990

The bald eagle is listed as a threatened species Y_ar
in the State of Washington by the UoS. Fish and
Wildlife Service and the Washington State FIGURE 3.3. Maximum Numbers of Bald
Department of Wildlife. Bald eagles have Eagles Seen Along the Hanford Reach of the
historically spent winter months along the Columbia River During Aerial Flights in Fall
Hanford Reach and have been counted by aerial and Winter Months, 1961 Through 1989
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The Great Basin Canada goose is highly valued nests of Canada geese on several islands in the
as a recreational and an aesthetic resource. Columbia River both upstream and downstream
Canada geese have historically nested on the of the Hanford reactor areas. The purpose of
sparsely vegetated islands in the Hanford the collection was to determine if enhanced
Reach of the Columbia River The/:'lumb_r of levels of 9°Sr could be detected in eggshells.

goose nests on these islands h_'l_t_,_encounted Low levels of 9°Sr were measured in ali samples
each year since 1953 by seaI_:,tfi_1t,each island collected from islands in the Columbia River
on foot during the spring nesting season (Figure and from background stations. The measured
3.4). Over this period, the nesting population concentrations were in the range of 1 pCi/g of
has varied from year to year, but numbers have dry eggshell. Samples from Plow Island near
tended to increase since the mid-1970s when Ringold Springs have had the highest concen-

populations were the lowest on record. In the trations with an average of 1.3 pCi/g from 1986
1950s and 1960s, the islands upstream from to 1989 (see Table C. 1). The potential sources
Ringold had more nests; however, in the 1970s of 9°Srin the eggshells are worldwide fallout,
and 1980s, the islands downstream have wild plants growing along the shoreline where
received most of the nests. The shift in island ground water seeps into the Columbia River,
use is attributed to persistent coyote (Canis and plants irrigated with Columbia River water.
latrans') intrusion to the upriver islands. Ali concentrations are too low to expect delete-

rious effects to the health or reproductive
Strontium.90 in Canada Goose Eggshells success of wild geese.

Because eggshells are rich in calcium, they can Sagebrush/Grass Vegetation on the Hanford
be useful biological indicators of radioactive Site as Wildlife Habitat
strontium since strontium is chemically similar
to calcium. Fragments of newly hatched egg- The elk (Cervus elaphus) and three species of
shells were collected in 1986-1989 from the hawks, ferruginous hawk (Buteo regalis),

Swainson's hawk (B. swainsoni), and red-tailed
hawk (B. jamaicensis), are surveyed on the

400 Hanford Site. Elk first appeared in 1972,
t,O

a, probably as transients " om Cascade Mountain

300 herds. By 1977, the elk had established a
breeding i:,,,pulation on the Arid Lands Ecoiogy

E (ALE) Reserve, a protec,ted portion of the

z 200 - Hanford Site used fox' ecological research. In
the absence of huntitr_gand p.redators and

_- 100 competition for the grz_sse.'-:,and other forage
1950 1960 1970 1980 1990 plants by domestic livestock, the herd rapidly

Year increased. Elk from the ALE Reserve easily

FIGURE 3.4. Number of Canada Goose crossed the fences built to exclude livestock
Nests Established on Islands in the Hanford and damaged crops on private property adja-

Reach of the Columbia River, 1953 Through cent to the reserve. To reduce crop damage, an
1989 autumn hunting season was established by the
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40 [" _ Swalnson's iWashington State Department of Wildlife on ._
the private lands bordering the reserve. Elk are

t:L RedTailed I
counted by direct viewing from low-flying _'_30 ]- _ Forruglnous ] -" I
fixed-wing aircraft before and after the annual _' 20
hunting season (Figure 3.5). Elk fitted with

radiotransmitters are used as an aid to locate _10 0
elk herds for counting, Hunting appears to

have slowed the growth of the herd. 1970 1975 1980 1985 1990
Year

Hawk populations have diminished in eastern
Washington due to the loss of suitable nest sites FIGURE 3.6. Counts of Nesting Pairs of
and foraging habitats attributed to agricultural Red-.Tailed, Swainson's, and Ferruginous
land uses. Hawks are counted by locating Hawks on the Hanford Site
active nests on trees, artificial structures, or

cliffs using either aerial or ground surveys.
Federally Listed Candidate Species

In recent years, the number of nesting ferrugi- Two aquatic invertebrate species that inhabitnous hawks, a species with a very low popula-
tion in Washington State and listed as threat- the Hanford Reach of the Columbia River are

ened by the Washington State Department of federally listed as candidate species for listing
Wildlife, has increased (Figure 3.6). The as threatened or endangered. These are the
increase is attributed to the hawks' acceptance Great Columbia River Spire Snail (Fluminicola
of Hanford Site electrical transmission line columbiana) and the Giant Columbia River

towers as nesting sites. Limpet (Fisherola nuttalli). As candidate
species, they are not protected by law; how-
ever, the U.S. Fish and Wildlife Service moni-
tors construction activities in the Columbia

River Basin where candidate species are known
or expected to occur. Searches for snails and120-- -- - - .... -

, limpets were performed in 1989 and revealed100 *Post-Calving , ,

80 "Post-Hunting * ,, that theoe species occur in the Hanford Reach,-, a " = " of the Columbia River as well as several of the
E= 60 " river's tributaries. Activities conducted on the

z 40 " Hanford Site at the present time are probablyin n
20 ,, , = not detrimental to the continued existence of

0 =-' J- , _ ' -_'---' - the snail or limpet.19"74 1978 1£82 1986 1990

Year CULTURAL RESOURCES

FIGURE 3.5. Number of Elk Counted on the

,_ Hanford Site by Aerial Surveillance During the Since 1987, the Cultural Resources Project
Post-Calving Period, August Through Septem- has been providing support for managing the
ber, and the Post-Hunting Period, December archaeological, historical, and cultural
Through January resources of the Hanford Site in a manner

)1
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consistent with the National Historic Preser- protection policies. Monitoring results are used
vation Act of 1966. the Archaeological in planning for cultural resource site manage-
Resources Protection Act of !979, and the ment and protection. Following procedures
American Indian Religious Freedom Act of established in the Hanford Cultural Resources
1978, Management Plan, staff monitored the condi-

tion of 40 sites, including 6 cemeteries, 15
A major task of the Cultural Resources Project properties listed on the National Register of
_ )89 was completion and publication of the Historic Places (National Register), and 19 sites
Hanford Cultural Resources Management Plan that have not been listed. Five conclusions
(Chatters 1989). This plan outlines the statu- were drawn from observations made during the
tory basis for cultural resources management, first year's monitoring' 1) Cemetery sites are
presents in detail the policies and procedures to subject only to natural erosive processes, with
be followed by DOE-RL to comply with these the exception of Site 45BN157b, which was
statutes, and sets priorities for cultural resource still being looted to a small degree by surface
managemer_t activities, collectors and people digging for relics. 2) With

the exception of a fire lane cut across National
The highest priority task is to conduct cultural Register Site 45BN149, DOE-RL is having
resource reviews, pursuant to Section 106 of little direct impact on sites within the Hanford
the National Historic Preservation Act, tbr each Site security fence. 3) The absence of surface
proposed ground-disturbing or building altera- artifacts typically of interest to collectors indi-
tion/demolition project on the Hanford Site. cares that there has been collection of artifacts

During the year, Hanford contractors requested from the surface. 4) Areas outside the security
108 Section 106 reviews. Twenty-four of these fence, particularly those areas near roads and
requests required archaeological surveys. The boat launches, are being impacted by relic
surveys covered over 150 ha and resulted in the hunters, who have been doing minor digging
discovery of 10 prehistoric archaeological sites into intact portions of some sites. 5) Livestock
and 3 historic archaeological sites. Projects are damaging archaeological sites in Franklin
were relocated to avoid any potential impact to County by causing increased erosion.
two sites in the vicinity of the Hanford Solid
Waste Landfill and the 300 Area. The remain- The third priority set by the Hanford Cultural

ing sites, located on the Saddle Mountains and Resources Management Plan, following guide-
between the Hanford Townsite and 200-West lines for compliance with the Archaeological
Area, have not yet been evaluated. The most Resources Protection Act, is to establish a cura-
interesting discoveries are the remains of a tion system for artifacts and associated recerds.
Bison kill and butchering site in an ancient The first step is to ascertain the location of col-
dune, and a series of hunting blinds high on the lections, which was the task set for FY 1989.
Saddle Mountains. Collections were found to be curated by the

University of Idaho and the Mid-Columbia
The second priority task is a monitoring pro- Archaeological Society. Current curators of
gram, designed to determine the condition of these collections have agreed to cooperate with
cultural resources and the adequacy of DOE- PNL in assessing curation needs for these
RL's cultural resource management and materials.
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The fourth priority task is evaluation of cultural on and near mountain slopes contained a vari-
resources for possible nomination to the ety of prehistoric and historic archaeological
National Register, Evaluation procedures were sites and isolated artifacts, Results of tasks
conducted tbr three properties during 1989. conductM in 1989 have been used to refine
Two of these, the Hanford B Reactor and the procedures and develop plans for cultural
Gable Mountain/Gable Butte Cultural District, resource management activities in 1990,
are _lieved to be eligible, Nomination docu-
ments have been prepared and subtnitted to the METEOROLOGY ANl) CLIMATOLOGY
Washington State Historic Preservation Officer OF THE ItANFORD AREA

for review. Evaluation is under way for the
Wahluke Archaeological District, a group of The Meteorological and Climatological Serv-
sites previously nominated to the National ices l_'oject provides meteorological and cii-
Register but rejected for lack of information, matological data and operational forecasts in
Sites in the proposed district were inspected, support of the following Site activities: 1)
and five were found to be potentially eligible emergency response, 2) atmospheric dispersion
for the National Register. Test excavations, modeling and dose calculations, and 3) routine
which are required for archaeological evalua- Site operations. ,
tions, were conducted at the Wahluke Site with

assistance from Central Washington University. Like the three previous years, 1989 was
The Wahluke Site was found to contain a pit- warmer than normal, The average temperature
house village dating back to at least 700 A,D. of 12.2°C was 0.4" above normal (11.8°C).
and a campsite that may date between 2000 and The warmest years on record were 1934 and
4000 B.C. Data analysis is not yet complete, 1958, which averaged 13,4°C; the coldest was
but preliminary findings show strong indica- 1985, which averaged only 9.8°C. Six months
lions of scientific significance for this site, during 1989 were at least 0.3°C above normal,

4 months were at least 0.3°C below normal,

The fifth task is public education. The educa- and 2 months departed from normal by less
°Ction program, which was planned in late 1988, than 0.3 . January had the greatest positive

consists of targeting elementary andmiddle departure (+3,9°C), and Februmy had the
school students, secondary school students, and greatest negative (-5.8°C).
the general public. During 1989, the program
included lectures to schools and public organi- Precipitation for 1989 totaled 17,5 cre, 111% of
zations, normal (15.8 cna). Calendar year snowfall

totaled 55,2 cre, compared to a normal of
The lowest priority task is the archaeological 34,8 cre. Most snowfall (43,2 cre) was

survey of areas of the Hanford Site that are not recorded during February.
targeted for development, a reqt irement of
Section 110 of the National Historic Preser- The 1988-89 winter season (December 1988,

vation Act. In 1989, 16 survey plots of a January and February 1989) was colder than
1/6-square-mile area were located in stabilized nomaal, averaging 0.1°C (0,9°C below normal).
dunes and in a variety of environments near a The coldest temperature was -20,6°C on
mountainous area. Plots in stabilized dunes February 5. Winter season snowfall totaled
contained no cultural resources, whereas plots
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60,4 tin (normal is 34,8 cm). The first meas- HANFORD ENVIRONMENTAL DOSE
urable snow fell on December 18, 1988, and RECONSTRUCTION PROJECT
the last fall on March 5,

The objective of the Hanford Environmental
The spring rnonths (March, April, and May) Dose Reconstruction Project is to develop estt.
avervged 12,2°C, 0,7°C above normal (11,5°C), mates of the radiation doses that people could
representing the fifth consecutive above.normal have received from Hanford operations, The

spring, The spring months were much wetter study, which began irl 1988, was prompted by
than normal, with 7,6 cm of precipitation concern about potential healsh effects to the
recorded, 227% of normal for those months public from more than 45 years of nuclear
(3,4 cre), Spring snowfall totaled 7,9 cre, operations at Hanford, An independent Technt-
which was above the spring normal of 2,3 cre, cal Steering Panel directs the dose reconstruc-

tion effort, which is conducted by Battelle staff
The average temperature of 23,1 °C for summer at PNL,
1989 (June, July, and August) was normal
(23.1°C). Sumlnertime precipitation totaled In 1989, researchers implemented Phase I of
0.7 cre, only 31% of normal (2,3 cre). the dose reconstruction work, Phase I is

devoted to developing a feasible technical
Fall 1989 (September, October, and November) approach and compiling historical information
was wanner than normal, averaging 12.9°C, that can be used to estimate past radiation
1.3°C above normal (11.6°C), and the seventh doses.

warmest on record. Fall precipitation totaled
3.8 cre, 95% of normal (3,9 cna). No snow was Phase I focuses on a limited geographical area
recorded during the period (normal is 3.6 cm in and time period. Airborne radionuclides
Noverriber). released from 1944 through 1947 and water-

borne releases from 1964 through 1966 are

The maximtlm wind grist during 1989 was _ing investigated to determine the resulting
93 km/la on January 16. The average annual doses to people who lived in a 10-county area
wind speed of 10.0 km/h was below the annual surrounding the Hanford Site. The stretch of
normal of 12,4 km/h. the Columbia River being studied in Ptaase I

runs from Priest Rapids Dam south to McNary
Table 3.2 presents additional _atistics for 1989. Dam.
Table C.2, Appendix C, pro' ,a_s monthly
climatological data from the ttanford Meteorol- An integrated computer model, made of indi-
ogy Station tbr 1989, Table C.3, Appendix C, vidual submodels that simulate radionuclide
provides a temperature summary of monthly transport through various environmental path-
and annual temperatures from the Hanford Te- ways, was developed to calculate doses.
lemetry Network, and Figure 3,7 shows wi_d U_certainties in the input data are propagated
roses.
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TABLE 3.2, Meteorology Statistics for 1989

i

Category__ 1989 Normal

Days with maximum ternperatures _ 32,2°C 45 52
Days with maximum temperatures _ 37,8°C 4 13
Days with minimum temperatures _ 0°C 98 112
Days with minimum temperatures _- 17,8°C 4 3
Days with thunderstorms 10 11
Days with fog (visibility <9,6 km) 62 42
Days with dense fog (visibility _ 400 m) 27 24
Days with peak wind gusts >64 km/h 23 26

k

throughout the model, resulting in distributions air, water, vegetation, and foods; and demo-
of doses rather than point estimates, graphic, agricultural, and food consumption

patterns that may have affected people's expo-
To develop data for the submodels, researchers sures to radionuclides,
compiled and reconstructed several types of
historical information: amounts and types of After completion and testing of the dose esti-
radionuclides emitted from Hanford facilities; mation model, preliminary doses for the
pathways of radionuclides transported through Phase I area and time periods will be available,
the environment; radionl_clide concentrationS in with complete results reported in 1993.

i
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FIGURE 3.7. Hanford Telemetry Network Wind Roses for 1989c,I

(a) Wind rose arrows indicate direction from which wind blows. Length of arrow is proportional
to frequency of occurrence from a particular direction.
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4.0 ENVIRONMENTAL MONITORING INFORMATION

4,1 AIR SURVEILLANCE

Transport of atmospheric releases of radioactive and nonradioactive materials from l lanford
to the surrounding regioi_ represents a direct pathway for htlman exposure. Radioactive
materials in air were sampled continuously oil the Site, at the Site perimeter_ and in nearby
and distant comlnunitles at 53 locations, Particulates filtered from tile air at ali locations

were analyzed for radionuclides. Air was sampled and analyzed for selected gaseous radl(mu.
elides at key locations. Nitrogen dioxide (NO 2) was salnpled at tllree locations on Site. ('1

Several radionuclides released at Hanford are also found worldwide from two other sources:

those that are naturally occurring alld those resulting from nuclear weapons testing fallout.
The influence of Hanford emissions on local radionuclide levels is indicated by the difference
between concentrations measured at a distant upwind location within the region and concen.
trations measured close to the Site.

In 1989, the annual average Hanford Site downwind perimeter concentration of 9°Srwas numerl.
tally greater than the concentration measured at a distant upwind location, but the difference
was not statistically significant (at the 5% significance level). 1_rittum,_291,uranium, gross alpha,

and gross beta concentrations were greater ai the downwind perimeter than at a distant upwind
location, and the differences were statistically significant (beyond 5 % significance level). The
differences in the tritium and t2_lare likely due to site operations. The differences in gross alplm,

gross beta, anti uranium are predomtnutely due to the effects of natural geographic variations.
Howeve,', even the maximum single perimeter sample for any radionuclide was only 0.1% of the

applicable DOE Derived Concentratlon Guide (DCG) (Table B.6, Appendix B). The total dose
from air emissions is compared to Clear Air Act and DOE dose standards in Section 4.8, "Poten-
tial Radiation Doses from 1989 Hanford Operations," Annual average NOz concentrations at ali
sampling locations were less than 14% of federal and Washington State ambient air standards.

7

SAMPLE COLI,ECTION AND ANALYSIS the Hanford Site were located primarily around
major operating areas to measure maxiaattm

Radioactivity in air was sampled by tt network concentrations from Site operations. Site
of continuotlsly operating samplers at 24 loca- perimeter samplers were located on ali sides,
tions on the Hanford Site, 14 near the Site with emphasis in the prevailing downwind
perimeter, 9 in nearby communities, and 6 in directions to ttae soutta and east of the Site to
relatively distant communities (see Figure 4.1 measure concentrations at the boundaries,

and Table C.4, Appendix C). Air samplers on Continuous samplers located in Benton City,

(a) Nitrogen dioxide satnpling and analyses were performed by the Hanford Environmental
Health Foundation.
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FIGURE 4.1. Air Sampling Locations (see Table C.4, Appendix C, for location key)

Connell, Eltopia, Kennew_ck, Mattawa, communities. Yakima is a distant upwind loca-

Othello, Pasco, Prosser, and Richland provided tion and provides reference regional background

air concentrations in the nearest population concentrations.

centers. Samplers at McNary Dam and in the

distant communities of Moses Lake, Sunnyside, Samples were collected according to a schedule

Walla Walla, Washtucna, and Yakima provided established before each monitoring year (Bisping

data from essentially unaffected distant 1989). The distribution of air samples by types
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is summarized in Table 4.1. Airborne dust was For most radionuclides, the amount present in

sampled at each of these locations for 2 weeks the atmosphere that could have been collected

by continuously drawing air at a flow rate of on a panicle filter by continuously samplipg for

2.6 m3,/h through a 5-cm-diameter high- 2 weeks was too small to be measured with the

efficiency, glass fiber filter. The filters were accuracy desired. Because the accuracy of

collected every 2 weeks, field surveyed for sample analysis is increased when the sample

gross radioactivity to detect any unusual occur- contains more material, two biweekly samples

rences, held for 7 days, and then analyzed for were combined into monthly composite sam-

gross beta radioactivity in a laboratory. The pies for each location. The monthly com-

holding period was necessary to allow for the posites for a few nearby locations were then

decay of short-lived, naturally occurring radio- combined to form a geographical composite.

nuclides that would otherwise obscure detec- (The 27 geographical composites used in 1989

tion of the lower levels of longer-lived radio- are listed in Table C.4, Appendix C.) Each

nuclides potentially present from Hanford monthly geographical composite was analyzed

emissions. Gross radioactivity measurements for 53 gamma-emitting radionuclides (listed on

provide a current indication of changes in envi- page D.1, Appendix D), then combined into

ronmental trends that could warrant special quarterly composites and analyzed for stron-

attention. In addition, filters from selected tium and plutonium. Selectedquarterly com-

locations were analyzed for gross alpha radio- posites were analyzed for uranium isotopes.

activity in a similar manner for the same

purpose.

TABLE 4.1. A.h"Sampling Locations (see Table C.4, Appendix C, for location key)

Particulates('_ Gases
Gross Gross 89Sr,9°Sr Gamma

Locations Beta Alpha z-_u,Z_9._°Pu Scan Uranium _31I°') .....129I 3H _4C 85Kr

Numbers of Locations Sampled

On Site 24 20 10/'23 10/23 8/17 7/21 1 6 3 2 3

Perimeter 14 10 6/13 6/13 2/4 5/14 2 8.... tc) 4 ---

Nearby
Communities 9 2 5/9 519 --- 219 --- 1 --- 3 ---

Distant
Communities 6 2 4/6 4/6 2/2 2/6 1 2 2 2 ---

(a) Number of location-composited samples/total number of individual locations contained in the composites. For
example, 10/23 indicates 10 composite groups that are made up of 23 individual locations, or between 2 and 3
individual locations per composite on the average. The individual locations making up composite groups are
listed in Table C.4, Appendix C, and shown in Figure 4.1.

(b) Number of locations analyzed routinely/number of locations sampled routinely. (See "Sample Collection and
Analysis," in this section.)

(c) None.
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Gaseous _31Iwas sampled by drawing a of air was collected over 4-week sampling
2.6-m3/h air flow (5.2 m3/h at a few locations) periods throughout the year for analysis.
through a 6.3-cm-diameter by 2.5-cm-dee p car-
tridge containing activated charcoal. These Three locations were sampled by the Hanford
cartridges were downstream of the particle Environmental Health Foundation to assess
filter at each air sampling station. Charcoal nitrogen oxide concentrations. Nitrogen oxides
cartridges were exchanged biweekly and ana- are primarily released by the PUREX Plant.

lyzed for 13_I.Sampling was performed near Sample locations are depicted in Figure 4.2 and
operating facilities to maximize the potential identified in Table C.5, Appendix C. The
for detecting a chronic loss of control, and at sampling was performed in accordance with
distributed distant locations to determine con- EPA "Designated Equivalent Method EQN-
centrations at points of potential public expo- 1277-028" (EPA 1977). The sampling unit
sure. Cartridges from additional locations were consisted of a bubbler assembly operated to
exchanged monthly to maintain fi'esh adsorp- collect 24-hour integrated samples.
tion media, but were analyzed only if 13_Iwas
identified in one of the routinely analyzed sam- RESULTS

, ples or if there was any other indication of an
effluent release that could result in a detectable Onsite, major operating areas, perimeter, and
concentration. ' nearby and distant community maximum,

minimum, and average annual concentrations
Iodine-129 was sampled using the same tech-
nique; however, a petroleum-based charcoal
was used becau_ of its lower background
concentration. Samples were collected monthly .a/ 'N

and combined to form quarterly composite , o _ 4 8 8 MJ_,
samples for each of the four sample locations, ii h-, :..0 4 8 Kllorrleterll

I

Atmospheric wa_er vapor was collected for 3H
analysis by continuously passing air through i
cartridges of silica gel at a flow rate of

0.014 m3/h for 4 weeks. The moisture was _"i

removed from the silica gel and analyzed. The
Hanford

silica gel cartridges were exchanged every Hi_efO
4 weeks. Atmospheric carbon dioxide was

Boundary __ [ /
collected by continuously passing air through a ,_ _ _.-___
soda-lime collection medium for 8 weeks at a Benton Pasco

flow rate of 0.028 m3/h. The trapped carbon City Kennewic_
dioxide was then analyzed for _4Ccontent and
the atmosphericconcentration calculated.

=

Samplesof air were collected for s_Ka"analysis
using a small pump that continuously filled a FIGURE 4.2. 1989 Nitrogen Dioxide Sam-
collection bag at a low flow rate. About 0.3 m 3 piing Ix)cations
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for gross beta, gross alpha, and specific Measurements of "SKrhave historically been an
detectable radionuclides are summarized in indicator of PUREX Plant plume behavior.

Table C.6, Appendix C. Fifty-three radionu- With the resumPtion of PUREX Plant opera-
clides were analyzed in the monthly composite tions in late 1983, ambient air concentrations of
gamma energy analyses (see page D.1, Appen- 8SKrat most sampling locations increased
dix D), but none of Hanford originwere con- above preoperational levels of about 19 pCi/m 3
sistently detectable. (Sula and Price 1983). Because of nuclear

operations worldwide, global background has
Gross beta levels for 1989, as shown in Fig- been increasing annually but appears to be
ure 4.3, peaked during winter, repeating a leveling off and hasbeen reported to be
pattern of natural annual radioactivity fluctua- between 25 and 26 pCi/m 3during the last
tions. As shown in Table C.6, Appendix C, 3 years at the EPA network in Nevada (EPA
gross beta and gross alpha levels were about 1989a). The local background in 1989 was
the same on the Site, at the Site perimeter, and 20 pCi/m 3for the distant communities in
in nearby and distant communities, indicating Table C.6, Appendix C. This value represents
that the observed levels were predominantly a a decrease from recent years and may represent
result of natural sources and worldwide fallout, a shift from decreased PUREX Plant opera-
An exception is an indication that elevated tions, an analytical shift, or a combination of
uranium levels in the 300 Area are being the two. Concentrations on Site and at the Site
reflected in the gross alpha measurements, perimeter have fluctuated annually primarily in

1.0 _
, Distant Stadons

o Perimeter Stations o

ta tj ._ o o __ta

(.9 r
t,- 0
._0C

0.01-

Lu Chernobyl" " Atmospheric

° INuclear Test

0,001 ,,,,11pll_,l,,,.,_,,I,,10L_,,_tu,,I,,J,lJ,l,.l,,,,,_,,,,_h ..... ,,,,,I,,,,,,,,_,,h, ,,, .... li,t_,,,,,,,l,,,,,,,,,,,I,,,_,,,i,,,
1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

FIGURE 4.3. Monthly Average Gross Beta Radioactivity in Airborne Particulate Samples,
1979 Through 1989
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_r

response to changing operating levels (Fig- Oerived ConcentrationGuide 9 pCilm3

ure 4.4). Concentrations in 1989 were low on ta 200-East Composite (Localtons5-7,
Figure 4. I)

the Site and at the perimeter because the m SE Perimeter&Tri-CitiesComposite

PUREX Plant was operated for only a few (Locations28-31,41.43,Figure 4.1)
I DistantComposite (Locations 48-53,

weeks during the year. The perimeter azmual 0,010 Figure4.1)
[] Beaverton,OR (Feely et al. 1985, 1988)

average SSKrconcentration was 18 [+1 ('>]pCi/m 3 ._ [] NewYork, NY(Feelyet al. 1985, 1988)
compared to the DCG of 60,000 pCi/m 3. _£

, .4 90Sr

Strontium-90 in air (Table C.6, Appendix C, _= 0,0Ol
and Figure 4.5) on the Site, at the perimeter,
and in nearby and distant communities was

very low and generally not detectable. Fig- 0.00Ol __ _ /

ure 4.5 shows the variation from 1984 to 1989

for the 200-East Area sample composite, for a

sample composite made up of samples from _
stations along the southeast perimeter of the 0.00oo1 _ _ _z_
Site and the Tri-Cities, and for a sample com- 1984 1985 1986 1987 1988 1989
posite from distant communities. Also shown

FIGURE 4.5. Annual Average Stron-
tium-90 (9°Sr) Air Concentrations in the

Derived Concentration Guide 85Kr
60,000 pCi/m3 Hanford Environs Compared to Other U.S.

10000 [] 200-EastSE (Location T, Figure4.1) Locations, 1984 Through 1989 (NA: New
[] Perimeter (Locations 26-28, 33,Figure 4.1) York and Beaverton data not available after

B Distant (Locations 52, 53, Figure 4.1) 1985, ND: nondetectable)

10o0 are measurements for 1984 and 1985 at two
other U.S. locations in northern latitudes (New
York, New York, and Beaverton, Oregon)

_, reported by the DOE Environmental Measure-

_ ments Laboratory (EML) as part of its interna-
tional fallout monitoring program (Feely et al.
1985, 1988). The EML discontinued 9°Sr

10 analyses at the end of 1985. Most of the
1984 1985 1986 1987 1988 1989 in,ease noted in Figure 4.5 for the 200-East

Area composite sample in 1985 was the result
FIGURE 4.4. Annual Average Krypton-85 of an inadvertent airborne release from a liquid-
(SSK.r)Air Concentrations at Selected Loca- waste diversion box in the C Tank Farm that

tions, 1984 Through 1989 occurred in January (Price 1986). The annual
average Site perimeter concentration in 1989

(a) Annual average values are expressed as was 0.000005 (5.-0.0(0)014)pCi/m 3. The appli-
the average + two standard errors of the mean cable DCG is 9 pCi/m 3.
(2 SEM). Statistically, there is a 95% probabil-
ity that the true average is within +_2SEM of Quarterly air sampling for _29Ibegan in July
the measured average. 1984. Iodine-129 was sampled on Site

4.6 Section 4. I - Air Surveillance



immediately downwind of the PUREX Plant DerivedConcentrationGuide
200,000 pCi/m 3 3tt

(200-East SE location), at two downwind 10 g:::] 200-East (Ltx.ation 7, Figure 4.1)
perimeter locations, and at a distant background [] 100-D(Location 3, Figure 4.1)
location (Yakima) in 1989. (Because of the B Fir Road (Location 28, Figure 4.1)

low levels of 129I,concentrations are reported in 8 [] Richland(Location 42, Figure 4.1)

aCi/m 3 rather than pCi/m 3. One aCi/m 3= m._ [] Distant (Locations 52, 53, Figure 4.1)

0.000001 pCi/m3.) Concentrations at the _l,,.r6

perimeter were larger than those observed at ._
Yakima (Figure 4.6). The average onsite and _ 4
perimeter concentrations decreased signifi- _ 1_1
cantly from 1988 to 1989 in response to _

decreased operations. The annual average _agI 2 _ _ _
concentration at the perimeter was 2.5 ('20.7)
aCi/m 3 compared to the DCG of 70,000,000 0
aCi/m 3 (70 pCi/m3). 1984 1985 1986 1987 1988 1989

Average 3H concentrations measured at the FIGURE 4.7. Annual Average Tritium (3H)
Site perimeter and at distant locations were Air Concentrations in the Hanford Environs,
similar (Table C.6, Appendix C). Figure 4.7 1984 Through 1989
traces the annual trend of 3H concentration for

two onsite and two downwind perimeter loca- location. However, there appears to be little or
tions, and the average for two distant commu- no effect by the time the plume reaches the
nity locations. The PUREX Plant was restarted downwind perimeter. The annual average
in late 1983, with a measurable effect on air 3H perimeter concentration of 3H in air in 1989
concentrations at the 200-East SE sampling was 0.91 (:LO.16) pCi/m 3 compared to the pro-

posed DCG of 200,000 pCi/m 3.
Derived Concentration Guide 70,000,000 aCi/rn3

[] 200-East SE (Location 7, Figure 4.1) Air concentrations of 239'24°pu in 198,9were sim-
[] Perimeter (Locations 27, 30,

10000 Figure4,1) ilar tO those measured in 1988 and generally
[] Background (Location 53, Figure 4.1)

not detectable except near the 200-West Area.

m._ 1000 -- -'1 129I The annual averages of all onsite, major oper-
| --, afing area, perimeter, and near and distant

100 l I

._ community samples are shown in Table C.6,= i Appendix C. The 1989 perimeter annual con-

10 _ centration was 0.2 (_+0.2)aCi/m 3compared toc_ the DCG of 20,000 aCi/m 3.
1

The most recent regional data for 239'2'*°Pu

0.1 _ reported by the EPA for Seattle, Spokane, and
1984 1985 1986 1987 1988 1989 Portland for 1984 through 1989 (EPA 1984a

through 1989) are compared in Figure 4.8 with
FIGURE 4.6. Annual Average Iodine-129 measurements at the Hanford southeast perim-
(129I)Air Concentrations in the Hanford Envi- eter and Tri-Cities composite locations. A
rons, 1984 Through 1989

HanfordSiteEnvironmentalReportforCalendarYear 1989 4.7



Derived Concentration Guide 20,000 aCi/m 3 _erived Concentration Guide 100,000 aCi/m 3

113(I [] SE Perimeter and Tri-Cities El 300 Area Composite (l.ocations 14-16,
Composite (Locations 28-31,41.-43, Figure 4.1)
Figure 4.1) [] 100 Area Composite (L(x:ations 1-4,

[] Spokane (EPA) Figure4,1)

B Seattle/Olympia (EPA) 10000 [] SI;.Perimeter Composite (l..ocations 28-31,
[] Portland (EPA) 239,240 Pu Figure 4.1)

10 _ [] Distant Composite (Locations 52-53,

Seattle/Olympia (EPA) 234,235,238 U

'!1_ , .__ 1000100J_] Spokane (F-.PA)

01 101
1984 1985 1986 1987 1988 1989

FIGURE 4.8, Annual Average Plutonium- 1, _ _
239, 240 (2392"4°pu) Air Concentrations in the 1984 1985 1986 1987 1988 1989
Northwest and Hanford Environs, 1_,64

FIGURE 4.9. Annual Average Uranium
Through 1989 (NA: EPA data for 1988 and

(2_U, 235U,and 238U)Air Concentrations in the
1989 were not available, ND: nondetectable) Northwest and Hanford Environs, 1984

Through 1989 (NA: EPA data for 1988 and
decrease in air concentrations in 1986 followed 1989 were not yet available)
the installation of additional source controls at

the PUREX Plant in late 1985. generally below detectable levels both on and
off the Hanford Site. The results obtained for

Uranium concentrations (234U,235U,and 23gU)in 1989 are included in Table C.6, Appendix C.
airborne particulate matter in 1989 were higher .Even the maximum individual measurements
at the perimeter than at the distant communities for these nuclides were a small fraction of their
(Table C.6, Appendix C) as well as being ele- DCGs.
vated relative to values typical of Seattle/
Olympia and Spokane as reported by EPA. The comparisons of radionuclide concentra-
This increase is due to wind resuspension of tions discussed in the previous paragraphs are
soil in and around the 300 Area as reflected in based on measured numerical results without

the 300 Area air concentrations shown in Fig- taking into account the uncertainty in the data
ure 4.9. The 1989 annual average concentra- or their averages. However, a statistical analy-
tion in the southeast perimeter composite (map sis of variance (Snedecor and Cochran 1980)
locations 25-28, Figure 4.1) was 78 (+42) aCi/ was conducted to take such uncertainty into
m3 compared to the DCG of 100,000 aCi/m 3. account when evaluating the effect of Hanford

operations on the environment. A comparison
Ruthenium-106, t3tI, and _3";Cswere rou- was made between regional background con-
finely monitored through gamma energy analy- centrations represented by measurements at

ses of the monthly composite sample and were Yakima, and the average at the downwind
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perimeter of the Hanford Site. The 1989 aver- Nitrogen dioxide data collected in 1989 (Table
age Hanford Site downwind perimeter concen- C.5, Appendix C) indicate that the highest
'"ation of 9°Srwas detectable and higher than annual average (<0.007 _+0.0012 ppm) observed
background, but the difference was not statisti- at three sampling locations (Figure 4.2) was
cally significant (5% significance level). Down- below the applicable federal and Washington
wind concentrations of 3H, _zgI,uranium, gross State annual average ambient air standard for

alpha, and gross beta were higher than back- NOs, which is 0.05 ppm.
ground, and the differences were statistically
significant (beyond the 5% significance level).
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4.2 SURFACE-WATER SURVEILLANCE

The Columbia River was one of the primary environmental exposure pathways to the publi_
during 1989 as a result of operations at Hanford. Radiological and nonradiological contami-
nants entered the river along the Hanford Raach as direct effluent discharges and through
the seepage of contaminated ground water. Water samples were collected from tile river at
Various locations (Figure 4.10) throughout the year to determine compliance with applicable
standards.

Although radionuclides associated witl_ Hanford Operations continued to be routinely identi-
fied in Columbia River water during the year, concentrations remained extremely low at ali
locations and were well below applicable standards. Nonradiologicai water quality constitu.
ents measure_ in Columbia River water during 1989 were also in compliance with applicable
standards. ,

Three onsite ponds were sampled to determine radionuclide concentrations. These ponds are
accessible to migratory waterfowl and other animals. As a result, a potential biological path.
way exists for the removal and dispersal of contaminants that may be in the ponds. Concen.
trations of radionuclides in water collected from these ponds during 1989 were similar to
those observed during past years.

Radionuclide levels in Columbia River surface sediments were measured at five offsite loca-

tions during 1989. Samples were collected from behind McNary and Priest Rapids Dams and
from three Columbia River shoreline sloughs along the Hanford Site. Previous sampling ilas
shown that slightly elevated levels of some radionuclides exist in surface sediments behind
McNary Dam as a result of Hanford operations.

Offsite water, used for irrigation and/or drinking water, was sampled to determine radionu-
clide concei_trations in water used by the nearby public. Elevated gross alpha and gross beta
concentrations, attributed to naturally occurring uranium, were observed at some locations.
Average radionuclide concentrations in offsite water during 1989 were within applicable
drinking water limits.

COLUMBIA RIVER swimming. Water from the Columbia River

downstream of Hanford is also used for crop
Tl_e Columbia River is used as a source of irrigation.
drinking water at onsite facilities and at com-

munities located downstream of Hanford. In Pollutants, both radiological and nenradiologi-
addition, the fiver near the Hanford Site is used cal, are known to enter the river along the
for a variety of recreational activities, including Hanford Site. In addition to direct discharges
hunting, fishing, boating, water skiing, and of liquid effluents from Hanford facilities,
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FIGURE 4.10. Onsite Pond, Columbia River, and Offsite Water Sampling Locations in 1989

contaminants in ground water from past dis- The State of Washington has classified the
charges to the ground are known to seep into stretch of the Columbia River from Grand
the river (McCormack and Carlile 1984). Coulee Dam to the Washington-Oregon border,
Effluents from each direct discharge point are which includes the Hanford Reach, as Class A

routinely monitored and reported by the (Excellent). Water quality criteria and water
responsible operating contractor, and are sum- use guidelines have been established in con-
marized in "Effluent Monitoring," Section 4.7, junction with this designation. Water quality
and in Appendix G. Direct discharges are criteria are presented irl Table B.1, Appen-
identified and regulated for nonradiological dixB. The State of Washington and EPA
constituents under the National Pollutant Dis- drinking water standards (DWS) used in eval-

charge Elimination System (NPDES). The uating radionuclide concentrations in Columbia
NPDES-permitted discharges at Hartford and River water are provided in Table B.2, Appen-
the regulated parameters are listed in Table B.7, dix B.
Appendix B,
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Sample Collection and Analysis approximately midstream within the dam and
collects water from the reservoir behind the

Samples of Columbia River water were col- dam, The Vernita Bridge sampling location is
lected throughout 1989 at the locations shoWn approximately 6 km upstream of the 100-B
in Figure 4.10. Samples were collected Area, Samples are collected from the Benton
upstream of Hanford facilities at Priest Rapids County shoreline near the bridge for analysis of
Dam and near the Vemita Bridge to provide nonradiological constituents.
background data from locations unaffected by
Site operations. Samples were collected from The 300 Area water intake is near the southern
the 300 Area water intake and the Richland boundary of the Site at the point of withdrawal
Pumphouse to identify any increase in con- for the 300 Area sanitary water supply. This is
taminant concentrations at these locations from a source of onsite drinking water and provides
Hanford operations. The Richland Pumphouse a valuable historical database for certain con-
is the first downstream point of fiver water stituents, as it has been in existence since the
withdrawal for a public drinking water supply, early days of Hanford. Concentrations

observed here are influenced by seepage of
Radiological analyses on water samples local ground water, know,_ to contain elevated
included gross alpha, gross beta, gamma scan, levels of 3H and uranium (see "Ground-Water
3H, 89Sr,90Sr,99Tc,129I,239'24°pu, and isotopic Protection and Monitoring Program," Sec-
uranium. Gross alpha and gross beta measure- tion 5.0).
ments provided a general indication of the

radioactive contamination. Gamma scans pro- The Richland Pumphouse is located approxi-
vided the ability to detect numerous specific mately 3 km downstream of the Site boundary
radionuclides (listed on page D.1, Appen- and about 5 km downstream of the most down-
dix D), most of which were not found in meas- stream effluent discharge. The water sampling
urable quantities in the Columbia River. Spe- intake is located with the city of Richland
cific radiochemical analyses and, in some drinking water supply intake on the Benton
cases, special sampling techniques were used to County shoreline, approximately 9 m into the
determine the concentrations of3H, g9Sr,9°Sr, fiver. Historical environmental monitoring
99Tc,t_I, _34U,235U,23sU,and 239_Pu in fiver reports indicate this to be the drinking water
water during the year. Radionuclides of inter- supply having the maximum radionuclide con-
est were selected based on their importance in centrations downstream of Hanford (Corley
determining water quality, verifying effluent 1970, 1973; Corley and Woolridge 1969;
control and effluent monitoring systems, and Fisher and Wilson 1970; Foster 1966; Foster
determining compliance with applicable stan- and Wilson 1964, 1965; Honstead 1967). Past
dards. The half-lives of specific radionuclides sampling transects near this location indicated
were considered in determining sampling and the distribution of gross beta activity to be
analysis frequencies: slightly elevated near the Benton County shore-

line (Soldat 1962). A special task to evaluate
Priest Rapids Dam is located approximately the relationship between concentrations

1 8 km upstream of the Site boundary and 20 km observed at the Richland Pumphouse and aver-
upstream of the 100-B Area. The water sam- age fiver concentrations was initiated during
pier at Priest Rapids Dam is positioned 1987. Field sampling was completed during
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1989, and results willbe reported in FY 1990 Continuous sampling systems were located at
in a separate topical report, Priest Rapids Dam, 300 Area water intake, and

the Richland Pumphouse. A special, continu-
Two types of water sampling systems were ously flowing system was used to separate
used to collect radiological samples: 1) a com- radionuclides from the river water before anal-
posite system that collected a fixed volume of ysis. A large volume of water was required to
water at set intervals at each location during allow the extremely small concentrations of

each sample period and 2) a specially designed these radionuclides to be detected. River water
system that continuously collected waterborne was pumped through the collection system at a
radionuclides from the fiver on a series of til- rate of approximately 50 mL/rain, resulting in a
ters and ion-exchange resins, total sample volume of about 1000 L during

each 2-week sampling period. Suspended par-
Composite sampling systems were operated _tt ticulates greater than 0.45 t.tm diameter were
Priest Rapids Dam, 300 Area water intake, and removed on a series of filters, and soluble radi-
the Richland Pumphouse. The composite sam- onuclides, except 3H, were collected on a
piers at Priest Rapids Dam and the Richland mixed-bed, ion-exchange resin column. The
Pumphouse consisted of timer-activated units filters and ion-exchange resin were changed
that periodically collected water from a con- every 2 weeks and analyzed for gamma-
tinuously flowing substream of Columbia River emitting radionuclides (see Appendix D). The
water into a 10-L container. The sample filters and resin from each location were then
sequence included a pre- andpost-sample composited on a quarterly basis for analyses of
purge of the sample lines to preclude cross con- 129I,z_gPu,and 239'24°pu.

tamination between consecutive aliquots. The
cycle was repeated throughout the 1-week Monthly grab samples of Columbia River water
sample period at Priest Rapids Dam and the were collected from shoreline sites near the
Richland Pumphouse, such that approximately Vernita Bridge and near the Richland Pump-
55 mL of water were collected every hour. The house for analyses of various nonradiological
10-L sample container was changed every water quality parameters. Special care was
week, and the sample was taken to the labora- taken to obtain water from a flowing portion of
tory, where water from each location was com- the river, avoiding stagnant backwater areas.
posited over a 4-week period, resulting in a Surface debris and bottom sediment were also

total sarnple size of approximately 40 L. The avoided during the sampling process by collect-
system at the 300 Area was similar, except that ing the samples from approximately mid-depth.
water samples were collected approximately Samples were delivered to the laboratory,
every 4 hours, removed monthly, and com- where processing was initiated promptly to
posited for quarterly analysis. Gross alpha, ensure ._lmple integrity. Water quality analyses

gross beta, gamma scan, 3H, SgSr,9°Sr,99Tc,2v'U, performed during 1989 included pH, NOr, total
23su, and 23sUanalyses were performed on these coliform and fecal coliform bacteria, and

samples. In addition, weekly alph/i and beta biological oxygen demand. Ali of these param-
analyses were performed on an aliquot of the eters are indicators of the quality of Columbia
composite sample from the Richland River water.
Pumphouse.
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In addition to monitoring conducted by PNL,
water quality measurements were also per- 0 2 4 6 8M_os
formed by the U.S. Geological Survey (USGS) 0 4 8K,omt_

at Vernita Bridge and Richland. The USGS s_out_h
samples were collected every 2 months at

HardordSlough
Vernita Bridge and quarterly at Richland. Dam |
Analyses for numerous physical, biological, q0 [] • Sampling

and chemical constituents were performed at Location

the USGS laboratory in Denver, Colorado. In

addition to sampling, the USGS provided con- Boundary

tinuousriver temperatu:em¢_nitoring,both West

upstream of the Site and at Richland, and pro- Graodview ta_q_a"k_ Benl°n
vided flow rate measurements at Priest Rapids ,,Q_--,¢_ K_neky
Dam. _,,,4x'_.ro_.er

Kennewick

Samples of Columbia River sediment were
collected during 1989 at locations shown in
Figure 4.11. Offsite samples were collected
upstream of the Hanford Site behind Priest '
Rapids Dam and below the Site at Richland and

behind McNary Dam. Samples were collected FIGURE 4.11. Columbia River Sediment
from sloughs at White Bluffs, 100-F Area, and Sampling Sites During 1989
Hanford Townsite. Samples were obtained
from approximately 15 cm of the top sediment
material using a dredge sampler. Analyses of generally below detection levels and thus were
the sediment samples included gamma scans, omitted from most ef the tables. Radionuclides
9°Sr,235U, 238U, 238pu,and 2392A°Pu. consistently measurable in river water during

1989 were 3H,9°Sr, 99Tc, 129I,234U,23sU,238U,and
Results 239'24°Pu.Most of these radionuclides exist in

worldwide fallout, as well as in effluents ft'ore

Results of the radiological analyses of Colum- Hanford facilities. In addition, 3H and uranium
bia River water samples collected at Priest occur naturally in the environment.
Rapids Dam, 300 Area, and the Richland
Pumphouse during 1989 are summarized in Significant results are discussed and illustrated
Tables C.7, C.8, and C.9, Appendix C, respec- in the following paragraphs, with comparisons

tively. Tables C.7 through C.9 list radionu- to previous years provided. Statistical analyses
elides for which detectable concentrations were of the differences between radionuclide con-

observed during the year. Levels throughout centrations at Priest Rapids Dam and the Rich-
the year were extremely low, essentially unde- land Pumphouse provide an indication of the
tectable without the use of special sampling influence, if any, of Hanford operations on the
techniques and analytical procedures. Concen- city of Richland drinking water source. Annual
trations of 9SNb,9SZr,a°6Ru,134Cs,and 238pu, average radionuclide concentrations are also
reported in previous annual reports, were compared to applicable State of Washington

2

" 4.14 Section4.2 - Surface-WaterSur-,,eillance



and EPA DWS. Ali radionuclide concenlra- 3 ] [] Priest Rapids Dar, Gross Beta

tions during 1989 were below the state and ] m Richland Pumphovse
EPA DWS (see Tables C.7 through C.9,

Appendix C). _ 2 ---.

Gross alpha and gross beta measurements are o_
useful indicators of the general radiological

quality of the river and provide an early indica- _ 1 __ _

tion of changes in the levels of radioactive rS
contamination. The 1989 average gross alpha
and gross beta concentrations in Columbia
River water at I-MestRapids Dam, 300 Area, 0
and the Richland Pumphouse were below the 1984 1985 1986 1987 1988 1989

applicable DWS of 15 and 50 pCi/L, respec- FIGURE 4.13. Annual Average Gross Beta
tively. Figures 4.12 and 4.13 illustrate the Concentrations in Columbia River Water, 1984
annual average gross alpha and gross beta Through 1989
concentrations, respectively, at Priest Rapids
Dam and the Richland Pumphouse during the
past 6 years. The 1989 gross beta concentra- increases were very small and generally within
tions were slightly higher than those of 1987 the range of uncertainties associated with the

and 1988 but were consistent with levels seen annual averages. As in 1988, gross alpha
between 1984 and 1986. Gross alpha con- concentrations in 1.989were slightly higher at
centrations at both locations increased slightly Priest Rapids Dam than at the Richland
in 1989. The cause of the slight increase in Pumphouse. Statistical analyses (i.e., paired
gross alpha and gross beta concentrations sample comparison and t-test of differences) of
during 1989 has not been determined. The gross alpha and gross beta concentrations at

Priest Rapids Dam and the Richland Pump-

1.0 [] Priest Rapids Dam Gross Alpha house indicated the differences were not sig-
gi Richland Pumphouse nificant (5% significance level) (Snedecor and

0.8 -- Cochran 1980).

0.6 Annual average 3H concentrations at Priest
Rapids Dam and the Richland Pumphouse

P= during 1989 were 63 and 129 pCi/L, respec-
0.4 tively. Figure 4.14 compares the annual aver-

_ age 3H concentrations at Priest Rapids Dam and

0.2 I _ the Richland Pumphouse from 1984 through
1989. Tritium concentrations in Columbia

0.0 River water during 1989 were similar to those
1984 1985 1986 1987 1988 1989 during recent years. Figure 4.15 provides a

FIGURE 4.12. Annual Average Gross Alpha comparison of monthly 3H concentrations in
Concentrations in Columbia River Water, 1984 fiver water during 1989, showing that concen-
Through 1989 trations at the Richland Pumphouse were
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200 the fiver were effla]ent releases from N Reactor

r-I Priest Rapids Dam 3H and ground-water seepage into the river along
[] Richland Pumphouse

the Site (see "Effluent Monitoring," Section

._ 4,7, and "Ground-Water Protection and Moni-
toting Program," Section 5.0). Ali 3H concen-

a trations were at least a factor of 100 below the

,_ 10o State of Washington and EPA DWS of 20,000
pCi/L.

O

u

Annual average 9°Srconcentrations at Priest
Rapids Dam and the Richland Pumphouse

0 during 1989 were 0.08 and 0.07 pCi/L, respec-
1984 1985 1986 1987 1988 1989 tively. Figure 4.16 shows the annual average

9°Srconcentrations at these locations from 1984

FIGURE 4.14. Annual Average Tritium (3H) through 1989. Although the Richland Pump-
Concentrations in Columbia River Water, 1984 house annual average concentrations were
Through 1989 generally higher than those at Priest Rapids

Dam, the differences since 1984 were slight,
200 ......... - especially when the uncertainty associated with

ali the averages was considered. Figure 4.17
shows monthly 9°Sr concentrations during ther't

150 -'--' [ : year at both locations. The difference between

_ L_l_d_j_ the 9°Srconcentrations throughout the year at
=" these locations was not significant at the 5%
.o_

100-" significance level. The primary source ofg°Sr
t-
O
O ",,I

o ,. s "X.f " '..s _. 0.)
<-9 50 rl Priest Rapids Dam 90Sr

----. Richland Pumphouso maRichlandPumphouse
" " ' Priest Rapids Dam

J ! I ,t I. | I I 1 I •

0 j F M A M J J A S O N D b_ 0.2

1989

° FIGURE 4.15. Monthly Tritium (3H)Con-
centrations in Columbia River Water During _ 0.]
1989

continually higher during the year than those at 0.0
Priest Rapids Dam. The difference between the

1984 1985 1986 1987 1988 1989
3H concentrations at Priest Rapids Dam and the

Richland Pumphouse was significant (paired FIGURE 4.16. Annual Average Strontiurn-90
sample comparison, t-test of differences, 5% (9°Sr) Concentrations in Columbia River Water,

_ significance level). Tritium sources entering 1984 Through 1989
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0,7

0,12 " "i [] Priest Rapids Dam Uranium

'_ 0 9°Sr 0.6 [] Richland Pumphouse
0.1 .,,, ,ml I"

0.08 ._ _ ' ! ._ 0.5=.- ,.|
'._ L)
m 0.06 ¢=" 0.4

= ._0.04 0.3
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o - - - PriestRapidsDam _ o.2
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FIGURE 4.17. Monthly Strontium-90 (9°Sr) 1984 1985 1986 1987 1988 1989

Concentrations in Columbia River Water FIGURE 4.18. Annual Average Uranium
During 1989 Concentrations in Columbia River Water, 1984

Through 1989

entering the Columbia River has been the
100-N Area Liquid Waste Disposal Facilities,
which are known to discharge to the river via 0.6 .... -

ground-waterseepage. Strontium-90 concen- _ ------] ,_., ,...._ r_
trations in Columbia River water during 1989 ' 0.5_. .! L_.. ,_ _.r
remained below the State of Washington and 0.41 _"-' _ -O L.|

EPA DWS of 8 pCi/L. '_-. 0'31 Uranium I [
"" 0.2 llAnnual average uranium concentrations in _ ---- RichlandPumphouse

1989 were slightly higher in river water at _ 0.1 - - - Priest Rapids Dam
Priest Rapids Dam than at the Richland Pump- 0 ' ' ' '-J _ ' ' _ ' '
house (Figure 4.18). The difference in annual J F M A M J J A S O N D
averages (0.02 pCi/L) is small and within the 1989
level of uncertainty associated with the means.

FIGURE 4.19. Monthly Uranium Concentra-
Monthly values were higher at the Richland

tions in Columbia River Water During 1989
Pumphouse during the first half of 1989 and
higherat Priest Rapids Dam during the last half
of 1989 (Figure 4,19). There was no consis- Program," Section 5.0) and has been detected at
tently measurable contribution to Columbia elevated levels in riverbank springs in this area
River water uranium concentrations at the (McCormack and Carlile 1984). Ali uranium

Richland Pumphouse attributable to Hanford concentrations were below those that would
operations. Differences during the year were result in doses exceeding the State of
not statistically significant (5% significance Washington and EPA DWS of 4 mrerrdyear.
level). Although there is no direct discharge of
uranium to the river, uranium is present in the As in past years, _29Icon_;entrations, while
ground water beneath the 300 Area (see extremely low, continue to be significantly
"Ground-Water Protection and Monitoring higher (5% significance level) at the 300 Area
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water intake and the Richland Pumphouse than 1000

at Priest Rapids Dam. Average 1"t9Iconcentra- ----" Priest Rapids Dam
tions in river water collected at Priest Rapids ------ Richland Pumphouse
Dam, 300 Area, and the Richland Pumphouse
during 1989 were 5.3, 166, and 118 aCi/L, _ L

respectively. Iodine-129 in the river down- _ 100 - ! [stream of Hanford is attributable to the flow of
contaminated ground water from the uncon- o_

fined aquifer into the river (McCormack and
Carlile 1984). Ground water beneath the '_

Hanford Site is contaminated as a result of past _ 10
|iDliiimmg ,di po al p actic Fig 4 20 pro ides """" 'waste s s r es. ure . v o ,--=---L,...,.

the annual average 129Iconcentrations from o
1984 through 1989. Differences during 1989
among the Priest Rapids Dam, 300 Area, and 1 I I
the Richland Pumphouse concentrations were 1st 2nd 3rd 4th
similar to the differences in past years. Fig-

ure 4.21 illustrates quarterly 1"291concentrations FIGURE 4.21. Quarterly Iodine-".29 (1291)
at Priest Rapids Dam and the Richland Pump- Concentrations in Columbia River Water
house. As for other radionuclides, 129Iconcen-

trations in Columbia River water during 1989 During 1989
were extremely low, at least a factor of 3800

below the State of Washington and EPA DWS During 1989, C°Co,S9Sr,1311,and 137Cs were not
of 1 pCi/L, consistently found in measurable quantities in

the Columbia River at Priest Rapids Dam,
the 300 Area water intake, or the Richland1000 '

Pumphouse. Small quantities of C°Coand t37Cs

[] Priest Rapids Dam 129I[] 300Area were discharged to the Columbia River during
[] Richland Pumphouse 1989 (see Appendix G). No production sources

100 of SgSrorlmI exist following the shutdown of
N Reactor. Highest concentrations of 239'24°pu

were found at th "+,300 Area water intake, but'¢.._

'= levels at ali locations were extremely low. Ali

i 10. coCo, S9Sr, 131I, 137Cs, and 239_°p11concentrations
during the year were below the State of
Washington and EPA DWS (see Tables C.7,
C.8, and C.9, Appendix C).

1

1984 1985 1986 1987 1988 1989 Analytical results for sediment samples col-

FIGURE 4.20. Annual Average Iodine-129 lected from the Columbia River during 1989
are presented in Table C.10, Appendix C. Sur-

(129I)Concentrations in Columbia River Water, face sediments behind McNary Dam are known
1984 Through 1989
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to contain low levels of radionuclides of 10

Hanford origin (Robertson and Fix1977; 8 _ El _ _]_ [_ [_
Beasley et al. 1981). In 1989, radionuclide

levels in surface sediments behind McNary _ 6

Dam were generally higher then levels found in _ 4 Standard = 6.5 to 8.5 [] Vernita Bfldge '
samples collected behind Priest Rapids Dam _ [] Richland

and in Hanford Site sloughs. However, con- 2

centrations of t°_Ruwere highest in sediments
from White Bluffs and Hanford sloughs, and 0
23sUlevels were highest in Priest Rapids Dam 1984 1985 1986 1987 1988 1989
sediments. Most results for samples collected
from behind Priest Rapids Dam and from 15

Standard = 8 Minimum [] Vemita Bridge

Hanford slough locations were similar. How- _ I Richland
ever, 6°Coconcentrations were consistently
higher in the slough areas. _ 10

Nonradiological water quality data compiled by _ 5. ,

PNL and the USGS during 1989 are summa-
rized in Table C. I 1, Appendix C. A number of

parameters have no regulatory limits. These 0 1984 1985 1986 1987 1988 1989
parameters are, however, useful as indicators of
water quality. The PNL and USGS results, 4

Standard = Background + II_ Vemita BridgeRichlandwhen duplicated, were in agreement and were 5rcrtJ
comparable to levels in recent years. In _ 3

general, applicable standards for Class A- _

designatedwaterweremet. Therewasno _ 2 I _ I _ _

indication during 1989 of any significant
deterioration of the water quality along this _ 1
stretch of the Columbia River resulting from

Hanford operations. Potential sources of pol- 0
lutants not associated with Hanford include 1984 1985 1986 1987 1988 1989

irrigation return water and seepage associated 30_

with extensive irrigation practices north and ! Standard = 100/100 mL lm[]RichlandVernitaBridge
east of, the Columbia River.

_._ 20.

Figure 4.22 shows Vernita Bridge and Richland _

results for the period1984 through1989 for !,_ 10. i F_ I V_ ]

several water quality parameters with respect to
the applicable standards. The pH measure-
ments above and below the Site were in close 0.

agreement and were within the acceptable 1,984 1985 1986 1987 1988 1989
range for Class A waters, with the exception of FIGURE 4.22. Columbia River Water

one measurement at each location. Turbidity, Quality Measurements, 1984 Through 1989
median fecal coliform, and dissolved oxygen
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concentrations during 1989 were in compliance 20 ....
with Class A requ2 ,'ements at both locations as
well.

m I

15-
The annual average flow rate of the Columbia o
River was 2815 m3/s during 1989, similar to °
1988 and slightly lower than recent years. The _=
monthly average flow rates at Priest Rapids _ 10
Dam are shown in Figure 4.23. The peak E
monthly average flow occurred during May _-
(4475 m3/s), and the lowest average monthly 5
flow occurred during August (1897 m3/s). ----.-Richland
Daily average flow rates varied from 340 to .... Priest Rapids

5466 m3/s during 1989. 0
d FMA MJ JAS OND

Average monthly Columbia River water tem- 1989
peratures at Priest Rapids Dam and the Rich-
land Pumphouse are shown in Figure 4.24. The FIGURE 4.24. Monthly Average Tempera-
major source of heat to the Columbia River in tures in the Columbia River Water During 1989
the Hanford Reach is solar radiation (Dauble
et al. 1987). River temperatures and the differ- the Richland Pumphouse than at Priest Rapids
ences between Priest Rapids Dam and the Dam from April through June 1989. Cooler
Richland Pumphouse temperatures during monthly average temperatures were observed at
1989, in the absence of reactor operations, were the Richland Pumphouse from January through
similar to those in the past (Price 1986). March and during October. Average tempera-
Monthly average temperatures were higher at tures were essentially the same at both loca-

tions in July, August, September, November,
and December.

' ONSITE PONDS
•--'- 200-
O

"_ 150" "]_ LI1-3 -4500 Three onsite ponds (see Figure 4.10) located

near operating areas were sampled periodically
-3000 ,,,_ during 1989. B Pond, located nem' the 200-_o 100

,7" East Area, was excavated in the mid-1950s for

50 -1500 disposal of process cooling water and other.>_

rr 0 -' ............ 0 liquid wastes occasionally containing low
J F M A M J J A S 0 N D levels of radionuclides. West Lake, located

1989 north of the 200-East Area, is recharged from
, the ground water (Gephart et al. 1976). This

FIGURE 4.23. Monthly Average Flow Rates pond has not received direct effluent discharges
of the Columbia River During 1989 (measured from Site facilities. The Fast Flux Test Facility
at Priest Rapids Dam) (FFTF) Pond, located near the 400 Area, was
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excavated in 1978 for the disposal of cooling 2.0_ o,,,, ^1_,_,

water from various facilities in the 400 Area. _ 1.6

Westinghouse Hanford Company is responsible 1,2
for monitoring effluents discharged to the 0.8

ponds and for operational surveillance of the 0,4 / mU
ponds (Cooney et al. 1988). Although the o.0 mm H
ponds were inaccessible to the public and did 1984 1985 1986 1987 19881989
not constitute a direct offsite environmental 50

impact during 1989, they were accessible to ._ 40: /_ c_not,

migratory waterfowl, creating a potential bio-
logical pathway for the dispersion of contami-
nants (see "Wildlife Surveillance," Sec-

tion 4.4). Periodic sampling of the ponds also _ 10____ _ Mprovided an independent check on effluent 0 Mt _ U
control and monitoring systems. 19_ 1985 19_6 198719881989

10000

Sample Collection and Analysis ' 3H

, _ IOOO,

During 1989, 10-L grab samples were collected 'ig 10o // /

quarterly from each pond. Care was taken to

avoid surface debris and resuspension and _/inadvertent collection of bottom sediments. 10 _ _
: Unfiltered aliquots of the samples were ana- 19_ 1985 19_ 198719s8 1_9

lyzed for gross alpha and gross beta activities, 10
gamma-emitting radionuclides, 3H, and 9°Sr. 9°s_

Sodium-22 analyses were performed on FFTF
Pond samples to provide indications of process
failure.

Results m .. II BR
1984 1985 1986 1987 1988 1989

Analytical results from pond samples collected 3
during 1989 are summarized in Table C.12, 13"_c,

Appendix C. Maximum, minimum, and _ 2
average concentration values are provided for

various radionuclides at each pond. Further i 1 / _ / /

discussion of individual constituents and com-

parisons with results obtained during previous o
years are provided below for each pond. 19u 19851986 198719881989

FIGURE 4.25. Annual Average Radionu-
Annual average radionuclide concentretions in clide Concentrations in B Pond, 1984 Through
B Pond are shown in Figure 4.25. Radionu- 1989
clide concentrations in B Pond water during
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i

1989 were comparable to those observed 40 _ --
during the previous 5 years. Gross alpha con- arossaeta
centrations during the year were somewhat
higher than those observed during the previous ._ 30
5 years but remained near the analytical detec-
tion limit, Gross beta concentrations in 1989 .,_ 20
were slightly lower th:,n those observed in 1988
but were similar to those observed during 1986 !
and 1987, Concenta'ations of 9°Srwere cornpa- _ 10
rable to those observed in 1988, Tritium con-

centrations in B Pond remained below the
detection level, as has been the case in recent 1984 1985 1986 1987 1988 1989
years. Cesium-131 concentrations were also
generally below the detection level during 1989 100000

_ 31tand similar to concentrations observed in recent

years. 10000

Figure 4.26 shows the annual average gross
beta and tritium concentrations in FFTF Pond __ 1000

1989. As in the past, gross alpha, 22Na, '_during 100

and 9°Sr concentrations were below the detec- c3_
tion level and were omitted from this figure. 10
Gross beta concentrations in FFTF Pond water

were similar to those reported during the 1
previous 5 years. The concentrations of tritium 1984 1985 1986 1987 1988 1989
were also comparable to those measured in
FFTF Pond in the past. FIGURE 4.26. Annual Average Radionu-

Clide Concentrations in FI-,-TFPond, 1984

The 1989 annual average radionuclide con- Through 1989
centrations in West Lake were comparable to
those observed during recent years (Fig-
ure 4.27). Average gross alpha concentrations believed to result from high concentrations of
were slightly lower than in 1988 but were naturally occurring uranium (Speer et al. 1976),
similar to those observed in past years. Gross Annual average uranium concentrations were
beta concentrations have remained relatively slightly elevated during 1989 and substantiate

= stable over the years. The 1989 concentration the elevated gross alpha and gross beta meas-
was within the range observed during the urements. Strontium-90 concentrations during
previous 5 years. Gross alpha and gross beta 1989 were higher than those observed during
concentrations in West Lake, which is the previous 5 years. Tritium concentrations in
recharged from ground water (Gephart et al. West Lake during 1989 were the lowest
1976), continued to be higher than the gross observed in the past 6 years and remained
alpha and gross beta levels found in the other similar to those observed in the local ground
onsite ponds. These elevated levels are water.
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300 OFFSITE WATER

I Omss Alpha

Water samples were collected from Ibur water200 systems dhectiy east of and across the Colum-
,oa bia River from the Hanford Site during 1989,

10o Samples were an
also collected from irrigation

canal that obtains water from the Columbia
River downstream of Hanford, Sampling was

0 initiated to document the levels of radionu-

1984 1985 1986 1987 19s8 1989 clides in the water used by the public and as a
400 result of public concerns about the potential for

O_os_B_a Hanford-associated contaminants being present

300 in offsite water. Consumption of food irrigated
'_ with Columbia River water from downstream

'_ 2°° _ _ / l °f the Site has been identified as °ne °f thethe

primary pathways contributing to dose to
100 the hypothetical maximally exposed individual

(Jaquish and Mitchell 1988),
0

1984 19_5 1986 1987 1988 1989 Water was collected from four offsite domestic

6_ water supplies during 1989 (see Figure 4,10),
5 9°sr Analyses of these samples included gross

alpha, gross beta, gamma scan, 3H, _'zgI,234U,
oa 4 23sU,and 238U.Results are presented in
,_ 3 Table C,13, Appendix C. Grab samples were

_ 2_ / / collected quarterly, Elevated gross alpha and

gross beta concentrations are attributable to ele-
v 1 vated natural uranium concentrations in the

0 ..... ground water of this area, The general levels
1984 1985 1986 1987 1988 1989 observed in the offsite water supplies were

_200- comparable to those reported by the State of
looo 3n Washington, lodine-129 concentrations were

within the range previously reported in offsite800

water (WDSHS 1987), Annual average

'_ (_ _ / /l radionuclide concentrations in offsite water

_,,_ during 1989 were within applicable DWS,
2o0 The Riverview irrigation canal was sampled

0 ......... three times during the irrigation season, These1984 1985 1986 1987 1988 1989
samples were analyzed for gross alpha, gross

FIGURE 4.27. Annual Average Radionu- beta, gamma emitters, 9°Sr, 234U, 23sU, and 23_U,
clide Concentrations in West Lake, 1984
Through 1989
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Results are presented in Table C,13, Appen- With the exception of one t37Csresult, gamma
dix C, Strontiurn-90 was the primary radionu, emitters were below the detection level in ali
clide of concern because it has been identified samples, The concentration of 9°Srduring 1989
as c,ne of the primary contributors to the calcu- was similar to that reported for the Columbia
lated hypothetical dose to the public via the River at Priest Rapids Dam and the Richland
water pathway (Jaquish a.d Mitchell 1988), Pumphouse,
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4.3 FOOD AND FARM PRODUCT SURVEILLANCE

Alfalfa and a number of foodstuffs, including milk, vegetables, fruits, wine, wheat, beef,
chickens, and eggs, were collected at several locations surrounding the Hanford Site during
1989 (Figure 4.28). Samples were collected primarily from locations in the prevailingly
downwind directions (i.e., to the south and east of the Site) where airborne effluents from
Hanford could be expected to be deposited. Samples were also collected in generally upwind
directions somewhat distant from the Site to provide information on levels of radioactivity
that could be attributed to worldwide fallout. Foodstuffs from the Riverview area were

irrigated with water pumped from the Columbia River downstream of the Site. Alfalfa and
foodstuff samples were analyzed for one or more of the following radionuclides: _tt, 9°Sr, n9I,
131I,137Cs,and 239_4°Pu.

Low levels of 3H, 9eSr, 129I, and _37Cswere found in a number of foodstuff samples collected
during 1989; however, the concentrations in samples collected near the Hanford Site were
similar to those in samples collected away from the Site. Thus, measured values in foodstuffs
were not attributed to Hanford effluents. There are no radionuclide concentration limits for

foodstuffs. The potential offslte radiation dose from consumption of foodstuffs grown in the
ltanford vicinity was calculated based on reported radionuclide emissions and pathway
modeling (as discussed in "Potential Radiation Doses from 1989 Hanford Operations,"
Section 4.8).

MILK one sample per month. Strontium-90 analyses ,
were conducted on one sample per quarter, and

Selected samples of raw, whole milk were col- 1291analyses were conducted on one sample
lected from several dairy farms near the Site every 6 months.
perimeter and in the prevailingly downwind
directions to evaluate possible Hanford A total of 92 milk samples were collected and
impacts. Samples were also collected from analyzed for 13_Iduring 1989. Results for four
dairy farms near Sunnyside and Moses Lake to of the samples were slightly above the detec-
provide indications of the general concen- tion level. These include one sample each from
trations of radionuclides in milk attributable the Wahluke East, Sagemoor, Benton City, and
primarily to worldwide fallout. The general Moses Lake areas. Statistically, four to five
areas of sampling are shown in Figure 4.28, (5%) of the 92 samples analyzed would be
and results are listed in Table C. 14, Appen- expected to erroneously exceed the detection
dix C. Samples were routinely collected every level when in fact no l_I was present. A small
other week throughout the year from the Sage- amount (about 1 mCi) of 13_Iwas released from

moor and Sunnyside areas, and monthly from Hanford during 1989 (Table G.1, Appendix G),
other areas. Ali samples were analyzed for 131I but this quantity would not be expected to be
and 137Cs.Tritium analyses were conducted on ide_atifled in milk samples. The assessment of

....._
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FIGURE 4.28. Foodstuff Sampling Areas in 1989 (stippling indicates areas sampled)

potential radiation dose from the release of 131I Similar to the measurements for 131Idiscussed

was performed by pathway modeling (see above, about 5% of the 92 milk samples col-

"Potential Radiation Doses from 1989 Hanford lected and analyzed for _37Csin 1989 contained

Operations," Section 4.8), detectable levels of 137Cs. However, ali samples
J
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analyzed for 9°Srcontained 9°Sr. Neither _37Cs in milk samples from all six sampling areas,
nor 9°Sr is found naturally, but both are present The influence of the Chevnobyl incident on
to some degree in ali milk samples because of 137Csin milk in 1986 is evident; otherwise,
the presence of these radionuclides in world- levels of both radionuclides have remained
wide fallout and movement through the air- relatively constant, Results from sampling
pasture-cow-,milk food chain. Results (Table milk from the Hanford environs over the past
C, 14, Appendix C) indicate an even geographi- 18 years were recently reviewed (Eberhardt
cal distribution and are similar to results pub- et al, i989), The overall trend has been down-
lished by the EPA for the first and second ward, primarily from a decrease in the availa-
quarters of 1989 (EPA 1989b, 1989c). Figure bility of fallout radionuclides,
4,29 shows the 6-year record for 9°Srand t37Cs

Some milk samples were analyzed for 3H and
6 1_I in 1989. Tritium was identified in about

137Cs 40% of the 66 samples analyzed. Iodine- 129
was identified in ali 12 samples tested, Con-

._ 4 centrations were very low and similar to those
obtained in recent years. No differences were
apparent between near-Site and distant sam-
piing locations, except that, as in past years,

o_ 2 samples from the Moses Lake area showed
levels of _29Ilower than from other locations.

o I I _ VEGETABLES

1984 1985 1986 1987 1988 1989 Samples of leafy vegetables (cabbage, broccoli
6 ................ leaves, or turnip greens) were obtained during

90Sr the summer from gardens located within the
sampling areas listed in Table C.15, Appen-
dix C. The samples of leafy vegetables pro-

4 vided an indication of radionuclides inpresent
e locally grown produce. Three replicate sam-
O

'= ples of each leafy vegetable were analyzed for
9°Sr 129I,and 137Cs. Results are shown in TableQJ ._

2o C,15, Appendix C. Strontium-90 and _37Cs
t.)

_i _ were identified in most samples but with no__ apparent difference between distant and nearby0 locations. Iodine-129 was not positively identi-
fied in any sample. Because there was no'1984 1985 1986 1987 1988 1989
apparent difference, the observed concentra-

FIGURE 4.29, Annual Average Cesium- 137 tions of 9°Sr and _37Csat ali locations were
(_37Cs)and Strontium-90 (9°Sr) Concentrations attributed to worldwide fallout. The concert-

in Milk for ali Sampling Locations, 1984 trations are also comparable to those of recent
Through 1989 years (Figure 4.30).
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0.1 effect from the current use of Columbia River

]" ND = Nondetectable 137Cs water for irrigation was noted. Some vegetable
samples contained smal! amounts of 9°Srand
137Csattributed to worldwide fallout. The con-

0.01
centrations of 9°Sr and 137Csin vegetables over
the past 18 years have been rather constartt,

with no detectable difference between samples
_= 0.001 from local or distant farms (Eberhardt et al.
8 1989). Plutonium-239,240 was not detected.

_1_ Results are shown in Table C. 16, Appendix C.

0.0001 _ ND FRUIT
1984 1985 1986 1987 1988 1989

0.1 Samples of apples, cherries, grapes, and :melons

90Sr were collected during harvest from the areas
listed in Table C.17, Appendix C. Three repli-

• cate samples were collected at each sampling
location, and the edible portions were analyzed
for 3H, 9°Sr, 137Cs, and 239'24°pu. Results are

._ 0.01 shown in Table C. 17, Appendix C.

Tritium, 9°Sr, and 137Cswere identified in a feww

_/ of the samples analyzed. Plutonium-239,240
was not detected in any samples. No differ-

0.001 ences were detectable between fruit types or
1984 1985 1986 1987 1988 1'989 sampling locations. The concentrations of 3H,

9°Sr, and 13VCswere similar at ali locations and
attributed to worldwide fallout.

FIGURE 4.30. Annual Average Cesium-137

(_3VCs)and Strontium-90 (9°Sr) Concentrations WINE
in Leafy Vegetables for ali Sampling Loca-

tions, 1984 Through 1989 Locally produced wine (1989 vintage)was
purchased and analyzed for 3H and gamma-

An important contributor to potential radiation emitting radionuclides. Both red and white
dose has been 9°Sr from Columbia River water wines were analyzed. The wines were made

used to irrigate crops. Commercially grown from grapes grown in the Columbia Basin and,
crops of vegetables from the Riverview area, for comparison, the Yakima Valley. Results of

- which uses Columbia River irrigation water, the SHand 137Csanalyses are shown in Table
and from other areas were analyzed ibr 9°Sr, C. 18, Appendix C. Ali samples contained trace
gamma-emitting radionuclides (13VCs),and amounts of 3H; only one of the 12 samples
239'24°pu. Concentrations found in vegctat_les analyzed contained a detectable level of 137Cs.

from the sampling areas were similar, and no Concentrations detected in wine were about the
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same as those commonly found in milk. The 0.1
concentrations of radionuclides were similar for ] ND= Nondetectable 137Cs

both sampling areas and attributed to world- *= SingleSample-Sunnyside

wide fallout. ._

d
WHEAT AND ALFALFA 0.01

Jz

Samples of ripened wheat and mature alfalfa
were collected from the areas listed in Table
C. 19, Appendix C. Three replicate samples of
wheat and alfalfa were collected at each loca-

tion and analyzed for 9°Srand 137Cs.Wheat 0.001 ND
samples from the Sagemoor and Sunnyside 1984 1985 1986 1987 1988 1989

areas were also analyzed for 239'z4°Pu. Results

are shown in Table C.19, Appendix C. 0.01

ND = Nondetectable 90Sr
Strontium-90 was identified in ali samples. *= Single Sample-Sunnyside

Cesium-137 was identified in a few samples. ,
Plutonium was not detected in any wheat sam- ._

pie. No distinct difference in radionuclide r_._

concentrations was apparent between samples ._
0.o01

collected near the Site and those collected at a

distance. Measured concentrations were
attributed to worldwide fallout.

BEEF, CHICKENS, AND EGGS 0.0001 _EP
1984 1985 1986 1987 1988 1989

A few samples of locally produced beef, chick-
ens, and eggs were collected from the areas
listed in Table C.20, Appendix C. Results of FIGURE4.31. Annual Average Cesium-137
the analyses for 9°Srand _37Csare shown in (_37Cs)and Strontium-90 (9°Sr) Concentrations

Table C.20, Appendix C. Concentrations were in Beef for all Sampling locations, 1984
ali low, generally near detection levels, and Through 1989
were attributed to worldwide fallout. Stron-
tium-90 and _37Csconcentrations in beef are

shown in Figure 4.31 for the previous 5 years.
The overalltrend of 137Csin meat samples
collected over the past 18 years has been
downward, whereas 9°Sr concentxations have
remained rather constant (Eberhardt et al.
1989).
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4.4 WILDLIFE SURVEILLANCE

The Hanford Site serves as a refuge for waterfowl, upland game birds, and various terrestrial
animals. Wildlife have access to several areas near facilities that contain low levels of radio-

nuclides attributable to Site operations (e.g., waste-water ponds) and serve as biological indi-
cators of environmental contamination. Sampling was performed in areas where the poten-

tial exists for wildlife to ingest radionuclides from sources of surface contamination (Figure
4.32). The number of animals that visited these areas was small compared to the total wildlife
population in the region. Fish were collected from the Hanford Reach of the Columbia River.
Analyses provided an indication of the radionuclide concentrations in local game fish and
were used to evaluate the potential dose to humans from this pathway,

Analytical results for wildlife and fish samples collected during 1989 were similar to those
observed in recent years. There are no radionuclide concentration limits for wildlife. The
potential dose to a person who consumed any of the wildlife sampled, even at the maximum
radionuclide concentrations measured in 1989, was well below applicable standards for
radiation dose.

DEER FISH

Samples taken from road kills (see Figure 4.32) Whitefish, bass, and salmon were collected at
provided an indication of the general levels of various locations along the Columbia River
radie,nuclides in Hanford Site deer. Five deer (see Figure 4.32). Boneless fillets were ana-
were sampled and analyzed for _37Csin muscle lyzed for _Co, 9°Sr, and 137Cs.The remaining
and 239.24°pu in liver. Muscle tissue (i.e., meat carcasses were analyzed to estimate 9°Sr in
that cou!d be used for human consumption) is bone. Whitefish were collected near the
most likely to contain _37Cswhen this radio- 100-D Area and upstream of the Hanford Site,
nuclide is present in the diet of deer. The liver just downstream of Priest Rapids Dam. Bass
could also be used for human consumption and were collected near the 100-F Area. Maximum
is the organ most likely to retain 239_4°Pu. and average results for 6°Co, 9°Sr, and _37Csfortl

Results showed very low or nondetectable 1989 are shown in Table C.22, Appendix C.
levels of _37Csin muscle samples. Liver sam-
pies did not contain detectable levels of (a) The median concentrations (i.e., the middle
239_°Pu. The _37Csconcentrations were in the value of a series of values arranged from lowest
range generally attributed to worldwide fallout, to highest) rather than averages are plotted in

I and the median value (') was consistent with te_:tfigures to illustrate the central tendency of

those observed in previous years (Figure 4.33). wildlife data. The calculated average of a small
A significant decline in the median concentra- number of highly variable results can distort the
tions of _37Csin deer muscle samples was noted interpretation of the results in favor of an
when data for the past 18 years were reviewed uncharacteristically high or low value. Maxi-
(Eberhardt et al. 1989). Results for 1989, mum and average concentrations are provided
showing the maximum and average values, are in the appendix tables for comparison by the
given in Table C.21, Appendix C. reader.
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FIGURE 4.32. Wildlife Sampling Areas

0.03 Cobalt-60,9°Sr, and 137Cswere detected in a few

ND= Nondetectable 137Cs whitefish muscle samples collected along the
z== Hanford Reach near the 100-D Area, as well as
'_ upstream of the Site, just downstream of Priest

0.0,2

Rapids Dam. However, there were no apparent
differences between samples from the two
locations. Median concentrations for 6°Coand
137Csin whitefish and bass in 1989 and recent

'_ 0.01
= years are shown in Figure 4.34. Strontium-90

°_ II levels in whitefish carcasses in samples col-

L) lected near the 100-D Area were similar to

0.0o ND mm mn those in samples collected upstream of the Site.
1984 1985 1986 1987 1988 ]989 Samples of bass muscle and carcass collected

FIGURE 4.33. Median Concentrations of from the slough near the 100-F Area showed
Cesium-137 (137Cs)in Deer Muscle, 1984 137Csconcen_ations slightly higher than those
Through 1989
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0,03 meat were analyzed for 6°Co and 13VCs.Four of
60Co [] Priest Rapids the birds showed detectable concentrations of

,_ ND = Nondetectable [] 100-DArea 137Cs.Cobalt-60 was not detected in any of the
O

samples, Median concentrations for _37Csin
'_ 0.02

-- -- birds were within the ranges observed during
,_ ! previous years (Figure 4.35) and were attrib-
r_ _ uted to worldwide fallout. Maximum and aver-
d" i
'_ 0.01 age concentrations for 1989 for both radionu-

clides areshown in Table C.23, Appendix C.
U

° | 40.00 ND

1984 1985 1986 1987 1988 1989 Canada geese were collected from the
Columbia River near the 100-D Area, and

0.04 r

[ 137Cs [] Priest Rapids mallard ducks were collected from B Pond in
_, 1 ND = Nondetectable [] 100-OArea the 2130Areas and from the 300 Area trench
'_ 0,03J (see Figure 4.32). Approximately 0.5 kg of

breast meat from each bird was analyzed for
137Cs.Results (Figure 4.36) continue to show

0.02
concentrations of 137Csdecreasing in mallard

._ ducks collected from B Pond. Average concen-

,5 0.01.J L trations of lr1Cs in samples collected from the

300 Area trench in 1989 were less than the
concentrations measured in ducks from B Pond

0.oo.Lt and were near levels expected from worldwide
1984 1985 1986 1987 1988 1989

0.12

FIGURE 4.34. Median Concentrations of [] 100Areas * = SingleSample
Cobalt-60 (6°Co) and Cesium- 137 (137Cs)in E 0.10 [] 200 Areas NS = NoSar:,ple
Whitefish and Bass Collected Near Priest ._ NI) = Nondetectable

Rapids Dam and Near the 100-D Area, 1984 _ 0.08 137Cs

Through 1989 ._ 0.06

for whitefish. These results indicate no meas- ._ o.o4
urable influence on fish from radionuclides

released to the Columbia River during current _o= 0.02 ...L*
or past operations at Hanford.

0.00 _ r'-_NS I Ibis r-"_Nl).

UPLAND GAME BIRDS 1984 1985 1986 1987 1988 1989

: FIGURE 4.35. Median Concentrations of

Pheasants were collected from the 100 and Cesium-137 (_37Cs)in Game Birds from the
200 Areas (see Figure 4.32). Samples of breast 100 Areas and 200 Areas, 1984 Through 1989
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4 samples were analyzed for 239'7"4°Pu, Median

t 137Cs (middle) values of 9°Sr in bone and 137Csin

.z- muscle tissues measured in rabbits over the lasta:l

'_ 3 several years are shown in Figures 4,37 and

4.38, Maximum and average concentrations
,_ for samples analyzed in 1989 are given in2

Table C.25, Appendix C.
o

1 The levels of 9°Sr in bone samples indicated
8= that most of the rabbits at some time had con-
o

sumed food or water contaminated with 9°Sr.
0

1984 1985 1986 1987 1988 1989

1000
FIGURE 4.36. Median Concentrations of Bone

Cesium-137 (137Cs)in Mallard Ducks from _ 9Osr

B Pond, 1984 Through 1989
,_ 100

fallout. The concentrations of 137Csin Canada

geese samples were low and at levels expected _
from worldwide fallout (Table C.24, Appen- '_

10

dix C), =8
o

RABBITS 1
1984 1985 1986 1987 1988 1989

Rabbits were collected (see Figure 4.32) and

analyzed to evaluate the general levels of o,1 Muscle ]

environmental contamination near operating z_,-, 137Cs

facilities. Hanford waste materials usually ._ ND= Nondetectable

contain equal quantities (activities) of 9°Sr and

_37Cs.Muscle tissue does not retain lrTCsfor a

very long time, whereas 9°Sr remains incorpo- _ 0.01
Ca,

rated in bone tissue for the lifetime of the a

animal. Liver tissue tends to accumulate and
retain 239'24°pu that may be present in food or
water consumedby the animal.

0,001

Cottontail rabbits were collected near the 1984 1985 1986 1987 1988 1989
100-N Area, and black-tailed jack rabbits were
collected near the 200 Areas during 1989. FIGURE 4.37. Median Concentrations of
Muscle samples were analyzed fbr _37Csand Strontium-90 (9°Sr) in Bone and Cesium-137
other gamma-emitting radionuclides. Bone (_37Cs)in Muscle of Cottontail Rabbits in the
samples were analyzed for 9°Sr, and liver 100 Areas, 1984 Through 1989
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0.1 i 10
Muscle 137Cs , Bone 90Sr

0,01 "-'

._ 1

o,oool o.1 __=__.
1984 1985 1986 1987 i988 1989 1984 1985 1986 1987 1988 ,989

FIGURE 4.38. Median Concentrations of Cesium-137 (137Cs)in Muscle and Strontium-90 (9°Sr)

in Bone of Jack Rabbits in the 200 Areas, 1984 Through 1989
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4.5 SOIL AND VEGETATION SURVEILLANCE
q

Surface soil and rangeland vegetation samples were collected at 28 locations during 1989,
both on and off the Hanford Site. The purpose of sampling was to detect the possible build.
up of radionuclides from the deposition of airborne effluents released from Hanford facilities.
Samples were collected at nonagricultural, relatively undisturbed sites so that natural deposi.
tion and build-up processes would be represented. Because the radionuclides of interest were
present in worldwide fallout or occurred both naturally and in Hanford effluents, these radio.
nuclides were expected in ali samples.

An assessment of radionuclide contributions from Hanford operations was made by compar-
ing results from samples collected 1) on the Site with those collected off the Site, 2) around the

Site perimeter with those collected at distant locations, and 3) downwind (primarily east and
south of the Site) with those collected from generally upwind and distant locations. In addi-
tion, results obtained from each location in 1989 were compared to results obtained from the
same location in previous years. The results provided no indication of trends or increases in
the concentrations of radionuclides in the offsite environnlent that could be attributed to

Hanford operations. I')

SAMPLE COLLECt'ION AND ANALYSIS Single composite samples of surface soil were
collected at each location. Samples were made

Soil and vegetation samples were collected at up of five soil "plugs," each approximately
15 onsite and 23 Site perimeter and offsite 2.5 cm deep and 10 crn in diameter, obtained
locations (Figure 4.39). Most onsite sampling within a 100-m2 sampling area. Samples were
locations were adjacent to major operating oven dried (105°C), sieved through a 2-mm
areas, where the contribution of radionuclides screen, and thoroughly mixed. AlJ.quots of this
from operations could be readily assessed, well-mixed, composite sample were analyzed
Most offsite samples were collected around the for gamma-emitting radionuclides (_37Cs),9°Sr,

Site perimeter and in a generally downwind 23sU,and 239'z4°Pu.

direction, where any Hanford contribution to

radionuclides in soil and vegetation would be When soil samples were collected, samples of
easily detected. Samples also were collected in perennial vegetation also were collected in the
a generally upwind direction and at distant immediate vicinity. Vegetation samples
locations for comp_ lson.

(a) The median concentrations (i.e., the middle value of a series of values arranged from lowest to
highest) rather than averages are plotted in text figures to illustrate the central tendency of soil and
vegetation data. The calculated average of a small number of highly variable results can distort the
interpretation of the results in favor of an uncharacteristically high or low value. Individual and
average concentrations are provided in the appendix tables for comparison by the reader.

HanfordSite EnvironmentalReportfor CalendarYear 1989 4.35



FIGURE 4.39. Onsite and Offsite Sampling Locations for Soil and Vegetation in 1989

included a mixture of rabbitbrush, sagebrush, SOIL RESULTS
and bitterbrush, in roughly the same propor-
tions as occurred naturally at the sample site, Analytical results for soil samples collected on
A small amount of recent growth was cut from and off the Site during 1989 are reported in

enough plants in the area to make up a sample Tables C.26 through C,29, Appendix C.
weighing _'.pproximately 1 kg. The sample was Included in the tables are results for the pre-
dried and ground, and aliquots were analyzed, vious 5 years from each location. For com-
Vegetation samples were analyzed for gamma- parative purposes, averages of the results from
emitting radionuclides (137Cs),9°Sr, 239'24°pu, and ali onsite and offsite locations are provided.
total uranium. No new sample locations were added in 1989.
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The method used to analyze soil samples for 0,4
El OnSlto cXlSr

uranium changed in 1988, Prior to 1988, the ,... m ofrsit,,
stmaples were leached with acid aI_dthe leach- _ 0,._ -,

technique involves analyzing tt_eentire sample, , .-.
without actd treatment, using a low-energy 0,_ B
photon detector system, The analysis is spe- |
cific for the =3sUisotope and results in wdues 0,0...... L •1984 1985 1986 1987 1988 1910

greater than those from uranium analysis by the _,0
old technique, _ orr°"s,t,,s,1,, tare'.

0,8 -.., _

Radionucltde concentrations in onsite soil sam- _[ 0,6 _jI I i I Jplesduring1989werestrnilartothoseobserved I o,4 Jl _

in previous years, although some vm-lability i L.
was evident between sampli, g locations, Loca- 0,2
tions near operating areas, the 200 Areas in 0,0 .
particuhtr, continued to show slightly elevated 1984 1988 1986 1987 1988 a_9
concentrations for a few radionuclides, Spe- 0,02, [] o,,stt,, _
cifically, the 200-East Area north-central (see ,I offset,, ,_
Figure 4,39, number 4) sample had elevated _

levels of g°Srand137Cs. The sample taken east I o,ol- i _ _ i

of the 200-West Area (see Figure 4,39, number

9) had elevated levels °f 9°Sr' _37Cs'and 239'_°Pu' lias in previous years, The offsite soil sample 0,00
results were similar to those obtained during 1984 1985 1986 1987 1988 1989

the past several years. Histograms in Fig- _,0
ure 4,40 show median (middle) values for 9°Sr, _ O.offSl_sltoUr_lt,rn
137Cs, 2393'4°pu, and 238Ufor ali samples collected 0,8
on and off the Site during 1989, Radionuclide _ 0,6

,I 1
concentrations, except uranium, were higher at o,4

onsite locations than at offsite locations, _ 0,2 I _ [._ _Radionuclide concentrations in soil collected at 0,0
locations near the Hanford Site were similar to 19s4 1985 1986 1987 191181910

those collected at distant locations. Results FIGURE 4.40. Median Strontium-90 (9°Sr),

from offsite locations generally downwind Cesium-137 (_37Cs),Plutonium-239,240

were similar to those from locations generally (239'24°pu), and Uranium (') Concentrations Meas-
upwind, As in past years, radionuclide con- ured in Soil at Onsite and Offsite Locations,
centrations in soil were low, although they 1984 Through 1989
appeared to be highly variable over time at a

single location. (a) Uranium-238 beginning in 1988,
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VEGETATION RESULTS were similar to those observed at the surne

locations during previous years, Figure 4,41
Analytical results for samples of mature, peren- shows histograms illustrating median (middle)
nlal vegetation collected during 1989 are values of 9°Sr, 137Cs, _39'24t)PLI,and uranium, The
shown in Tables C,30 through C,33, Appen- htgh 137Cs value recorded tn 1986 was attrib.
dtx C, Individual results for the previous uted to the Chernobyl Incident, The effect of
5 years at each location are given in the tables, Chernobyl was not noted in subsequent years,
tdong with the average of onsite and offsite As with soil data, concentrations of 9°Srand
results for the same time period, No new 239'24°PL1in onsite vegetation were slightly ele-
sample locations were added in 1989, vated compared with offsite concentrations,

Urat,_um concentrations in vegetation, how-

Radionuclide concentrations in vegetation ew_r, were slightly higher at offsite locations
saint les collected on and off the Site in 1989 than at onsite locations,

1 [] On Site 90Sr 1ml OffStte El On Site 137Cs--" BI OffSite

:g g

0,001 _ 0,001 ....

1984 1985 1986 1987 1988 1989 1984 1985 1986 1987 1988 1989

0,01 0,01

[ [] On Site 239,240iha [] On Site Unudum[ M Off Site [] Off Site

' °'CX_lt i-i

_ i.. ii II -' -1 _" IL 'o,ooolI I/ I/ lH L o0, .
1984 1985 1986 1987 1988 1989 1984 1985 1986 1987 1988 1989

SFIGURE 4.41. Median ,. trontlum-90 (9°Sr), Cesium-137 (t37Cs),Plutonium-239,240 (239'2'_1PU),

and Llranium Concentrations in Vegetation at Onsite and Offsite Locations, 1984 Through 1989
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4.6 PENETRATING-RADIATION SURVEILLANCE

Dose rates from penetrating radiation (gamma rays) were measured at numerous locations In
1989 using thermoluminescent dosimeters (TLDs), Penetrating radiation from naturally
occurring sources, including cosmic radiation and natural radioactive materials iii the air and
ground, as well as frownworldwide fallout, was recorded by ali dosimeters. Dosimeters also
measured dose rates from exposure to radioactive materials associated with Hanford actlvi.
ties. Results obtained both on and off the Site were within ,:,tatlstical variability of those of the
previous 5 years. The observed variability is attributed to variability in naturally occurring
dose rates from year to year and statistical uncertainty in conducting low.level environmental
dose measurements. Dose rates near waste storage and handling facilities were somewhat
higher than natural background rates.

Radiation surveys were conducted at numerous locations on the Hanford Site, Onsite roads,

railroads, and inactive waste disposal sites located outside of operating areas were surveyed
routinely. Survey results for 1989 were comparable to those of past years, No increases in
radiation levels were observed on Site highways or railroads.

PENETRATING.RADIATION with dose standards and dose equivalents
MEASUREMENTS reported elsewhere in this docunlent. Because

the dosimeter is used in a multienergy beta/
The TLDs were placed at numerous locations gamma radiation field (the environment near
on the Site, around the Site perimeter, in nearby Hanford) that differs considerably from call-
and distant communities, and along the shore- bration conditions (t_TCsphotons in air), the
line of the Columbia River. Except for shore- conversion factor relating mrem to mR may not
line locations, TLD placements coincided with be exactly 1.0. (lt is actually a few percent less
air monitoring stations, This placement scheme than 1.) Nonetheless, it is assumed to be 1.0

was based on convenience and security consid- throughout this report, This bias, being consis-
erations, Environmental radiation dosimeters tent, does not affect the ability to distinguish
consisted of five CaF2:Mn thermoluminescent differences in direct radiation levels between
chips encased in a plastic capsule. The capsule various locations,
contained a lead/tantalum filter to provide uni-

form dose response characteristics for penetrat- Dosimeters were placed at numerous locations
ing radiation above 70 kiloelectron volts (keV) in the vicinity of Hanford and at several loca-
(Fix and Miller 1978), Dosimeters were fions more distant from the Site (Figure 4,42).
mounted 1 m above ground level. Most dosim- Dose rates measured at each location during
eters were exchanged every 4 weeks during the 1989 are given in Table C,34, Appendix C.
first half of 1989 and quarterly thereafter. Offsite dosimeter locations were chosen to

Shoreline TLDs were exchanged on a quarterly represent areas that could have been inhabited
basis in 1989. Although they were measured in continuously, Dose measurements at ali

milliroentgens (mR), doses are reported in dose locations are reported in mrem/yr.
equivalent units (mrem) to allow comparison
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FIGURE 4.42. Environmental Dosimeter Locations at the Site Perimeter axld at Nearby and

Distant Communities (see location number key in Table C,34, Appendix C)

The 1989 dose measurements were similar to measured at Seattle and Spokane in 1985 by the
',lr ,t "_ q

those observed in 1988 for the same locations. Washington State Department of Social alid

The background dose rate, calculated from the Health Services were 56 and 88 mrem/yr,

annual average dose rates at distant locations, respectively (WDSHS 1987).

was 80 mrem/yr (0.009 torero/h), compared to

78 mrem/yr last year, Distant locations are Figure 4,43 shows average annual dose rates at

those community locations under the "distant" perimeter and distant locations during 1989 and

heading in Table C,34, Appendix C. Dose rates the previous 5 years, Dose rates for 1984
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1;z0 due to 1) the addition of a low-dose distant
[] Perimeter location, 2)natural geographic vttrtations in

100 ga Dtstant terrestrial radiation, and 3) variations resulting
-- - from human activities, Yakima, a low-dose

80 .--. _ m location, was added to the list of distant loca.m tions in 1986, Many of the perimeter sites are

60 i _ richer in naturally occurring deposits of radio-

40 active potassium and thorium (Rathbun 1989).
Distant locations are near public buildings,

20 The land near public buildings has been sub-
stantially altered by paving, gravel, etc. These

0 alterations tend to lower the penetrating-
1984 1985 1986 198' 1988 1989 radiation doses relative to natural conditions,

Although not ideal for comparison with radta-
FIGURE 4,43. Annual Average External tion fields from untdtered sites, the choice of
Dose Rates at Perimeter and Distant Locations, the distant site locations was considered neces-

1984 Through 1989. (Dose rates for the years sary for reasons of security and accessibility,
1984 through 1.986have been corrected to Because of a 10% natural variability and a
eliminate previous biases, Perimeter and manmade reduction of 8 mrem/yr, the differ-
distant locations are identified in Table C,34, ence between perimeter and distant location

Appendix C,) doses would have to increase to approximately
15 mrem/yr before a Hanford impact could be

through 1986 have been corrected to remove observed.
previous biases. These biases consisted of an
unnecessary self-dosing correction (8.8 mrem/yr), Dosimeters were submerged in the Columbia
the difference between a 4-week versus a River at Coyote Rapids and Richland Pump-
1-month monitoring period (2,5 mrem/yr), and house (Figure 4.44) to provide an estimate of
background dose subtractions that were too penetrating dose rates that could be received by
large (4.5 mrem/yr). The net effect was the a person immersed in the fiver. Measurements,

reporting of annual doses that were low by shown in Table C.35, Appendix C, indicate a
16 mrern/yr. Some year-to-year natural varia- dose rate iess than the background dose rate of
bility was apparent. Natural variability is due 0.010 mrem/h measured on land. Average dose
to several weather and climatic factors and to rates at Coyote Rapids and Richland Pump-
solar flare activity. Although difficult to quan- house were 0.007 and 0.006 mrem/h,
tify, year-to-year variations of 10% are not respectively, during 1989. These dose rates
unlikely (NCRP 1987). The below-normal pre- have remained low, with a range of 0.003 to
cipitation in 1988 and 1989 may account for 0,007 mrem/h over the years.
more dose from the soil reaching the TLDs.

Dosimeters were placed at several publicly
Figure 4.43 shows that dose rates at perimeter accessible locations near the perimeter of
stations generally averaged 8 mrem/yr higher operating areas on the Hanford Site (Fig-
than at distant locations. The difference ure 4.45). Locations included the Columbia

between perimeter and distant location doses is River shoreline near the 100-N Area, a parking

HanfordSiteEnvironmentalReportforCalendarYear 1989 4.41



]

J y ..1......... -'L _a.

. d L._

Coyote

,;JRapids 9 Li4_"_ Hanford Site
..,_ _ Boundary

'-J I

1 11!tl 1 2
5

, r-] 14 , N
i

16

* \i ,

: i1 _ 18,,.

__'-':" ..... _ \ Richland 19

'-_ Pumphouse
. ' -_-._-.-_- 20

II

Kilometers

: 0 4 8 12 Richland

0 2 4 6 8 Pasco
Miles Benton

City

Kennewick

FIGURE 4.44. Environmental Dosimeter Locations Along the Hanford Reach of the Columbia
River (see location number key in Table C.37, Appendix C)

lot near the west perimeter of the 300 Area, and the 100-N Area was 0.037 mrem/h; the average
the parking lot near the Visitors Center at the varied between 0.018 and 0.030 mrem/h. Dose
400 Area. Results for 1989 are shown in Table rates in this vicinity were attributed to waste
C.36, Appendix C. Results are reported as management activities within the 100-N Area.
mrern/h (instead of mrem/yr) because the loca-

z tions are not continuously occupied by the Dose rates near the Visitors Center at the 400
same person. Area and the west perimeter of the 300 Area

were at background levels, indicating that
Dose rates near the 100-N Area on the river penetrating radiation at these locations could
shoreline were slightly above background but not be attributed to the Fast Flux Test Facility
were similar to those observed in previous or other research activities.
years. The maximum dose rate recorded near

_

z
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FIGURE 4.45. Environmental Dosimeter Locations at Publicly Accessible Onsite Locations (see
location number key in Table C.36, Appendix C)
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Low levels of radioactivity (primarily 6°Coand were surveyed routinely during 1989. The fre-
_54Eu)from past reactor operations in the quency of surveys on specific routes for roads
100 Areas were measured at several locations and railroads was based on their use and the

along the shorelines and on islands in the potential for contamination. Most waste sites
Hanford Reach of the Columbia River. Radia- were surveyed twice during 1989. Specific
tion dose rates from these radionuclides were routes and frequencies for surveys in 1989 were
surveyed extensively in 1979 (Sula 1980). In defined in a master schedule developed by PNL
1980, based on findings of the survey, dosim- (Bisping 1989).
eters were placed in areas along the river (see
Figure 4.44) where dose rates were slightly Roads shown in Figure 4.47 were surveyed
elevated with respect to background levels, routinely at 10 mph using 4 scintillation
Table C.37, Appendix C, shows results of detectors positioned approximately 0.5 m
measurements taken at these locations during above the ground, evenly spaced across the
1989. Dose rates measured during 1989 were width of a vehicle. No increased radiation was
similar to those observed in recent years. Dif- observed on Site roadways during 1989. Rail-
ferences are thought to be due to natural varia- road routes (see Figure 4.47) were surveyed at
bility and statistical uncertainty in conducting 10 mph using a small railroad car with 2 scin-
low-level environmental dose measurements, tillation detectors mounted approximately
Two standard errors of the calc,dated mean 0.3 m directly above the tracks. Surveys in
value in Table C.37, Appendix C, is typically 1989 did not revealany increased readings on
15% of mean. Site railways. The background readings on Site

railways were similar to those of rails beyond
Onsite external penetrating radiation was meas- the Site perimeter.
ured at the locations shown in Figure 4.46.
Results are given in Table C.38, Appendix C. Inactive waste disposal sites outside operating
Dose rates slightly above background levels area perimeter fences were surveyed during
were observed at five onsite locations during 1989 with portable instruments. The general
1989. Rates in excess of background observed physical condition of the sites was also visually
near the 100-N, 200-East, and 300 Areas were inspected. Radiation surveys conducted during
attributed to direct radiation from waste han- 1989 showed levels comparable to those
dling and storage facilities. Dose rates around observed in past years.
the 400 Area were within expected background
levels.

RADIATION SURVEYS

Onsite roads, railroads, and inactive radioactive

waste disposal sites outside of operating areas
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FIGURE 4.46. Environmental Dosimeter Locations on the Hanford Site (see location number

key in Table C.38, Appendix C)
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4.7 EFFLUENT MONITORING

Westinghouse ltanford Company, the prime operations and engineering contractor at
Hanford, and PNL quantify and document the amounts of radioactive: and nonradioactive
liquids, gases, and solids _eleased to, or disposed of in, the environment from their operations.
These efforts are performed to determine the degree of compliance with applicable federal,
state, and local regulations and permits. Monitoring data are also used in pollution abate-
ment programs that assess the effectiveness of effluent treatment and control. Effluent
monitoring serves a different but related function to surveillance monitoring. Surveillance
monitoring measures the effect on the environment from regulated effluents, whereas effluent
monitoring measures the amounts of regulated constituents released into the environment.

AIR EMISSIONS tank farms. The PUREX Plant, UO3 Plant, and
powerhouses also emit nonradioactive pollut-

Major air emission points are located in the ants. There are 73 airborne emission sources in
100, 200-East, 200-West, 300, 400, 600, and the 200 Areas.
1100 Areas. Brief descriptions of the gaseous
emission sources in these areas are given • The 300 Area consists primarily of labora-
below: tories and research facilities, the N Reactor

Fuel Fabrication Facility, and the steam plant.
• Located in the 100 Areas are the N Reactor, Radioactive emissions arise from the operation

eight inactive production reactors, and associ- of the Fuel Fabrication Facility (currently inac-
ated support facilities. Even though in cold tive) and various laboratory hoods. Nonradio-
standby, N Reactor is the main contributor of active emissions originate from the steam plant,
radioactive emissions in the 100 Areas, with an incinerator, and a thermal treatment facility.

lesser contributions through several ventilation There are 49 airborne emission sources in the
systems of support facilities. Nonradioactive 300 Area.
pollutants are emitted from the 184-N power-
house. There are 16 airborne emission sources • The 400 Area contains the Fast Flux Test
in the 100 Areas. Facility, the Maintenance and Storage Facility,

and the Fuel Materials Examination Facility.

° The 200 Areas contain the chemical sepa- Effluents from these facilities consist of both
rations and processing facilities and the waste radioactive and nonradioactive particulates.
handling and disposal facilities. Radioactive There are four airborne emission sources in the
emission sources include the Plutonium Ura- 400 Area.

nium Extraction (PUREX) Plant, the Uranium

Oxide (UO 3)Plant, the Plutonium Finishing ° The 600 Area encompasses ali areas of the
Plant, B Plant, the Reduction Oxidation Plant, Site not assigned to the 100, 200, 30{), and 400

T Plant, the 222-S Laboratory, the Critical Areas. Two facilities in the 600 Area currently
Mass Laboratory, the Laundry Facility, under- discharge radioactive gaseous effluents.
ground storage tanks, waste evaporators, and
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, The 1100 Area is l_;ated outside the The purpose of liquid effluent monitoring is to
Hanford Site. It contains warehouses, vehicle ensure that limits for the release of liquid efflu-
maintenance shops, excess equipment and ents to the environment are not exceeded. Dis-
materials storage, and office buildings, The charges are monitored for both radioactive and
1100 Area emissions ,are generated from heat- nonradioactive constituents. Radioactive efflu-
ing plants. Three oil-fired boilers emit only ent monitoring is performed in the I(X),200-
nonradioactive effluents. East and 200-West, and 300 Areas. Radioac-

tive liquid effluents produced at the 400 Area
Radioactive airborne effluents from facilities at are shipped to the 200 Areas for disposal. ]'he
the Hanford Site include volatile forms of radi- 600 and 1100 Areas do not produce radioactive
onuclides, noble gases, and radioactive parti- liquid effluents. Monitoring of regulated non-
cles. Radioactive effluent streams that have a radioactive liquid effluents is also conducted in
potential of exceeding 10% of disch,'u'ge limits the 100, 200, 3(X),and 400 Areas,
are monitored. Nonradioactive effluent streams

are monitored that have a potential of exceed- Liquid effluent monitoring results are reported
ing 50% of applicable standards for nonradio- via the EIS-ODIS. Monitoring results for
active constituents, waste streams covered by the NPDES permit

are reported monthly to EPA. A summary of
Annual effluent discharge release reports are liquid effluents for 1989 is given iri Table G,3,
produced for each of the major operating areas Appendix G.

' and submitted to DOE-Richland Operations
Office. Radioactive effluent and onsite dis- SOLID WASTE

charge data are reported to the Idaho National
Engineering Laboratory via the Effluent Infor- Solid wastes produced at ttanford are classified

" marion System-Onsite Discharge Infom_ation as radioactive, nonradioactive, and mixed
" System (EIS-ODIS) in April of each year (DOE waste. Radioactive waste consists of transu-

1987c). A summary of air emissions from the ranic, high-level, and low-level wastes. Radio-
Hanford Site for 1989 is given in Table G.I, active mixed waste consists of wastes that have
Appendix G. both radioactive and hazardous nonradioactive

components. Nonradioactive wastes are com-
LIQUID EFFLUENTS posed of hazardous or nondangerous wastes or

both. Hazardous waste consists of dangerous
Liquid effluents are discharged from facilities wastes or extremely hazardous wastes or both,
in all areas of the Hanford Site. Liquid effluent as defined in Washington State Department of
sources result in over 350 radioactive and non- Ecology Dangerous Waste Regulations.
radioactive liquid waste streams that discharge

to the Columbia River, soil column, or sewer Radioactive and mixed wastes are currently
disposal systems. Total effluent discharge vol- handled in several ways. High-level wastes are
ume has averaged about 570 billion L annually, stored in double-shell tanks. Low-level wastes
Approximately 98% of the total volume con- are stored in double-shell tanks, on storage
sists of cooling water and National Pollutant pads, or buried, depending on the source,

® Disoharge Elimination System (NPDES) composition, and concentration. Transuranic
. discharges.
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wastes are stored in vaults or underground the areas are solidified filter backwash and
storage pads, from which they can be retrieved, sludge from the treatment of river water, failed

and broken equipment and tools, air filters,

Approximately 120 facilities on the Hanford noncontaminated used gloves and other cloth-
Site generate dangerous waste. An annual ing, and certain chemical precipitates such as
report lists the dangerous wastes and extremely oxalates. Nonradioactive friable asbestos is
hazardous wastes generated, treated, stored, buried in designated areas at the Hanford Site
and disposed of on Site and off Site (DOE Central Landfill. Ali nondangerous wastes are
1990). Dangerous wastes are treated, stored, buried at the Hanford Site Central Landfill,
and prepared for disposal at several Hanford except for ash generated at the 200-East and
Site facilities. Dangerous wastes generated at 200-West Area powerhouses and demolition
the Hanford Site are shipped off Site for dis- waste from the 100-Areas decontamination and
posal, destruction, or recycling. In 1989, decommissioning activities. The ash is buried
249,000 kg of dangerous wastes and in designated sites near the powerhouses. The
154,000 kg of extremely hazardous wastes demolition waste froth decontamination and
were shipped off Site for disposal or recycling, decommissioning projects is buried in situ or in

designated sites in the 100 Areas.

Nondangerous wastes generated at Hanford are
buried in the Hanford Site Central Landfill. A summary of solid waste disposed of at

These wastes are generated in the process and Hanford is shown in Table G.6, Appendix G.
nonprocess areas at the Hanford Site. Exam- Solid waste program activities are related to
pies of these wastes are construction debris, Resource Conservation and Recovery Act and
office trash, cafeteria waste, and packaging Toxic Substances Control Act regulations and
materials. Also generated as waste in some of are further discussed in Section 2.0.
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4.8 POTENTIAL RADIATION DOSES FROM 1989

HANFORD OPERATIONS

The potential radiation doses to the public from ltanford operations during 1989 were
calculated as the committed dose equivalents to individual body organs and the effective dose
equivalent to a hypothetical maximally exposed individual. In addition, the committed dose

equivalents and the effective dose equivalent were calculated for the general public residing
within 80 km of the Hanford Site. These doses were calculated from effluent releases

reported by the operating contractors using Version 1.436 of the GENII code (Napier et al.
1988a, 1988b, 1988c) and ltanford Site-specific parameters.

The potential effective dose equivalent to the hypothetical maximally exposed individual from
1989 operations was 0.05 mrem (0.0005 mSv), compared to 0.08 mrem (0.0008 mSv) reported
for 1988. The potential effective dose equivalent to the local population of 340,000 persons
from 1989 operations was 1 person-rem (0.01 person-Sv), compared to 5 person.rem reported
for 1988. The 1989 average population dose was 0.004 mrem (0.00004 roSy) per person. The
current DOE radiation standards for an individual member of the public are 100 mrem/yr
(1 mSv/yr) for prolonged exposures and 500 mrem/yr (5 mSv/yr) for occasional annual
exposures. I"_

Radioactive materials were released to the • committed (50-yr) dose equivalents and
environment in gaseous and liquid effluents effective dose equivalent to a hypothetical
from Hanford operations during 1989. Poten- maximally exposed individual at an offsite
tial radiation doses to the public that resulted location
from these releases were evaluated in detail, as

required by DOE Order 5484.1, to determine • committed (50-yr) dose equivalents and
compliance with pertinent regulations and effective dose equivalent to the population

, standards, residing within 80 km of the onsite operating
areas.

The potential radiological impacts of 1989
Hanford operations were assessed in terms of To the extent possible, radiation dose assess-
the following: merits should be based on direct measurements

of radiation exposure rates and radionuclide
• maximum dose rate from external radiation concentrations in the surrounding environment.
at a publicly accessible location on or within The amounts of most radioactive materials

the Site boundary (this quantity is also termed released during 1989 were too small to be
the "fence-post" dose rate) measured directly once they were dispersed in

(a) Memo from W. A. Vaughan, Assistant Secretary for Environment, Safety and Health, U.S.
Department of Energy, to DOE Field Offices, August 5, 1985.
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the offsite environment, For many of the meas- determined from radiation exposure measure-
urable radionuclides, it was not possible to dis- ments using fixed radiation dosimeters at
tinguish levels that resulted from worldwide locations of expected maximum dose rates on
fallout from those that resulted from Hanford Site and at representative locations off Site,
releases, Therefore, in nearly ali Instances, Reporting of maximum "fence-post" dose rates
potential offsite doses were estimated using is required by DOE Order 5484,1, These
environmental pathway models that calculated "fence-post" dose rates should not be used to
concentrations of radioactive materials in the calculate annual doses to the general public
environment from effluent releases reported by be(;ause no one, can actually reside at any of
the operating contractors, The models used are th,_se"fence-post" locations,
described in Appendix F, and the effluent data
are shown in Tables G. 1 through G,6, Appen- "Fence-post" dose rates were measured In the
dix G, vicinity of the 100-N, 300, and 400 (FFTF)

operating areas, as described In "Penetrating-
The radionuclides 3H, 99Tc, and 129Iwere meas- Radiation Surveillance," Section 4,6. The
urable in water samples from the Columbia 200 Areas were not included because they are
River, and their measured concentrations were not accessible to the general public.
used for dose calculations. Tritium and 129Iin

the Fast Flux Test Facility (FFTF) drinking The Columbia River provides public access to
water well and 129Iin offsite milk samples were an area within a few hundred meters of the
also used for supplemental dose calculations N Reactor and supporting facilities. Radiation
were made on the basis of these measured measurements made at the 100_N Area shore-

concentrations, line were consistently above background levels.
The highest average dose rate observed along

Estimated potential radiation doses to the pub- the shoreline during 1989 was 0.03 rm'em/h
lic were small. Although the uncertainty asso- (0.0003 mSv/h), or about three times the back-
ciated with the radiation dose calculations has ground dose rate normally observed at offsite
not been quantified, whenever Hanford-specific shoreline locations [0.01 mrem/h (0.0001
data were not available for parameter values mSv/h)].
(i.e., plant uptake and consumption factors)
conservative values were selected for use in The FI:,-'rFReactor Visitors Center, located
models. Thus, doses calculated using these southeast of the FFTF Reactor building, pro-
models should be viewed as maximum esti- vides public access to the 400 Area. Dose rate
mates (using maximizing assumptions) of measurements during 1989 at this location
potential doses resulting from Hanford showed essentially normal background radia-
operations, tion levels [0.01 mrem/h (0.0001 mSv/h)],

MAXIMUM "FENCE-POST" DOSE RATE MAXIMALLY EXPOSED INDIVIDUAL
DOSE

The "fence-post" dose rate is a measure of the

maximum potential external radiation dose rate The maximally exposed individual is a hypo-
at publicly accessible locations on or near the thetical person, living _t a single location, who
Site. The "fence-post" dose rate was has a postulated lifestyle that results in him_er
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receivingthe maximum calculated radiation drinking water' pathway, the hypothetical
dose. This indi_,idual's characteristics were maximally exposed individual at Ringold can
chos(;n to maximize the potential cornbined be exposed to ali the same environmental
doses from ali realistic, available environmen- pathways as the former maximally exposed

tal pathways for exposure to Hanford releases, individual wits at Rlverview,
The particular characteristics of the maximally
exposed individual were based on factors such The following exposure pathways were
its the total amount, composition, and dtsper- included in the calculation of doses potentially
sion of effluents released to the air and the received by the hypothetical maximally
Columbia River, Such a combination of exposed individual for 1989: Inhalation of and
nlaxirnized parameters is unlikely to occur, submersion in airborne effluents, consumption

of foods contaminated by radionuclides
The location selected for the hypothetical deposited on the ground from airborne mate-
maximally exposed individual can vary with rials and by irrigation with water from the
time depending on the relative importance of Columbia River, direct exposure to radionu-
the several sources of radioactive effluents elides deposited on the ground, consumption of
releasedto the air and to the Columbia River fish taken from the Columbia River, and direct

from Hanford facilities, For several years, the exposure to radionuclides while using the
maximally exposed individual had been Columbia River for recreation, The hypotheti-
assumed to reside at the Riverview irrigation cal maximally exposed individual for 1989 was
district across the river from Richland, At that postulated to be an individual who:
location, the individual could be exposed not
only to airborne pathways but also to drinking , was a resident of the Ringold area 26 km
water and to irrigated crops, both of v,,hich rely east-southeast of the 2(X)Areas
on the Columbia River for their water source,

. consumed homegrown tbodstuffs irrigated
In 1988, a new location, Rin/;old, was selected with Columbia River water
for the maximally exposed individual that is
closer to the sources of airborne effluents and . used the Columbia River extensively for
that still includes exposure to most of the river- boating, swimming, and fishing, and consunmd
water pathways. Ringold is one of the few the fish that were caught
famling areas using Columbia River water
drawn downstream of the N Reactor for irri- • drank water from deep wells not affected by
gation. Drinking water at Ringold is obtained ttanford effluents,
from deep wells that do not contain radionu-
clides from the Columbia River, Ringold Doses to the hypothetical maximally exposed
contains several farms along the Columbia individual were calculated using the effluent
River across from the Hanford Site, At data in Tables G, 1 and G,5, Appendix G, and
Ringold, the maximally exposed individual is measurements of 31t,99TC, and 329Iin the
26 km east-southeast from the 200 Areas, Colurnbia River as input to the GENII code,
30 km southeast of the 100-N Area, 13 km The calculated committed dose equivalents to
north of the 3(X)Area, and 11 km northeast of specific organs and the effective dose equiva-
the 4(X)Area, Except for the Columbia River lent for the hypothetical maximally exposed
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individual are sumrnarlzed in Table 4,2, These • consumption of food irrigated with Colum-
values Include the doses received from expo- bia River water (60%)
sure to ltquid and airborne effluents during
1989, as well as from potential exposure ', consumption of food containing radtonu-
beyond 1989 fron't radionuclides that were elides deposited from the air (20%)
deposited in the body during 1989 via Inhala-
tion and ingestion of fish and farm products, • consumption of fish from the Columbia
Site-specific parameters for food pathways, River (20%),
diet, and recreational activity used for tlaedose
calculations are defined in Tables F,9 through Effective dose equivalent limits for any mem-
F, 12, Appendix F, ber of the general public from ali routine DOE

operations are 500 mrem/yr (5 mSv/yr) for
The total effective dose equivalent to the hypo- occasional annual exposures and 100 mrem/yr
thetical maximally exposed individual in 1989 (1 mSv/yr) for prolonged exposure periods,
was calculated to be 0,05 mrem (0,0005 mSv) The calculated effective dose for the hypotheti-
compared to 0,08 mrem (0,0008 mSv) in 1988, cal maximally exposed individual was 0,05%
The prlmary pathways contributing to this"dose of the prolonged exposure limit, The dose limit
were: for any individual organ ts 5000 mret_V'yr

TABLE 4.2. Calculated Committed Dose Equivalents and Effective Dose Equivalent to the
HypothetkJal Maximally Exposed Individual from 1989 Hanford Operations
(mrem)

CommittedDoseEquivalents Effective
Red Bone Dose

Pathway Marrow Surfaces _ GI_'1 Thyroid Equivalenttb_

Air . DirectI°_ 0,002 0,01 0,007 0,001 0,01 0,002
-Foodlal 0,002 0,002 0,002 0,002 0,3 0,009

WaterI°l - Foodsl0 0,03 0,06 0,005 0,03 0,2 0,03
.Rtver RecreationI'l 0,03 0,06 0,004 0,009 0,01 0,009

ToUtl 0,06 0,1 0,02 0,05 0,4 0,05

(a) Gastrointestinaltract(lowerlarge intestine),
(b) Effectivedoseequivalentiscomptledfromthe pr_tuct of eachorgan's committeddose

equivalentsandits weightingfactorand Includessomeorgansnotlistedhere,
(c) IncludesInhalation,submersion,anddirectexposureto grounddeposition,
(d) Includesconsumptionof ali foodstuffscontaminatedviadepositionfrom the air,
(e) Includesground-waterseepageto the river,
(f) Includesconsumptionof ali foodstuffscontaminatedvia irrigationwaterandexposureto

groundcontaminatedvia Irrigation,
(g) Includesconsumptionof fishtakenfromthe ColumbiaRiverandexternalexposureduringriver recreation,
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(50 mSv/yr), In the maximally exposed indi- CY 1985 and 1986, For the CY 1987, 1988,
vtctual, the organ calculatecl to receive the high- and 1989 reports, the doses were calculated
est dose was the thyroid, The dose to this with the new computer code, GENII (Napier
organ was 0,4 mrern or 0,(X)8% of the limit, ct al, 1988a, 1988b, 1988c), designed to fully

implement recommendations of the ICRP,
The effective dose equivalent from 1989 Han- However, for CY 1988 and 1989 dose calcu-
ford operations for a hypothetical maxhnally latlons, a different location (Rtngold) was
exposed individual located at Rtngold ts com- selected for the hypothetical maximally
pared with the doses reported for 1985 through exposed Individual as explained previously,
1988 in Figure 4,48, The calculated committed The principtd reason for the difference between
organ dose equivalents and effective dose the 1987 and 1988 doses to the maximally
equtwdent for 1985 through 1989 are given in exposed individual is this change of location,
Table 4,3, Soldat (1989) presents a comparison of the

doses for the 5-year period 1983 through 1987
Comparison of 1989 radiation doses with as calculated by these different methods,
values reported for previous years is complex,
During the past few years, computer codes used COMP_,RIS()N WITH CLEAN AIR ACT
for dose calculations have gradually evolved STANDARDS
into the new system of radiation dosimetry
required by DOE, The newer International Additional limits for the air pathway in effect
Commission on Radiological Protection (ICRP) for CY 1989 are provided in 40 CFR 61,
system was initiated in 1985 through the use of Subpart H of the Clean Air Act (EPA 1988e):
tt temporary code, PABKID, that replaced the 25 mrem/yr (0,25 mSv/yr) whole-body com-
older dose-conversion factors with those mi_ted dose and 75 mrem/yr (0,75 mSv/yr)
recolnmended by the ICRP, PABKID was committed dose to any organ for any member
used to calculate radiation doses reported for of the public, The 1989 air emissions resulted

in doses of 0,01 mrem to the whole body and

0,1_ 0,3 mrem to the maximally exposed organ
(thyroid), These doses are 0,04% and 0,4% of

o,Io the whole-body and organ dose limits, respec-
= tively, Thus, the calculated maximum hypo-

o,os thettcal annual doses for 1989 Hanford airborned

effluent releases were well below the Clean
0,0<, Air Act standard, The doses calculated to

,_ _ _ demonstrate compliance with the Clean Air Act

_ o,04 /_ mm were performed using AIRDOS-EPA and

RADRISK, which include dose factors gene-
o,o2 rated specifically for EPA, These EPA dose

o,(x) , , factors differ somewhat from those specified ira
1985 1986 1987 1!188 1989 DOI_ publications (DOE 1988a, 1988b), For

this reason, the results from calculations pcr-
FIGURE 4.48. Calculated Effective Dose fomaed with AIRDOS-EPA are not directly

, 12quivalent to the Hypothetical Maximally comparable with those obtained with GENII,
Exposed Individual, 1985 Through 19:89
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TABLE 4.3. Calculated Committed Dose Equivalents and Effective Dose Equivalent to the
Hypothetical Maximally Exposed Individual from Hanford Operations, 1985
Through 1989 (mrem)

CommittedDose
Equtval_ntsl'l 1985 1986 1987 1988 1989

Red Marrow 0,3 0,3 0,07 0,07 0,06
BoneSurfaces 0.7 0,6 011 0,01 0,1
Lung 0,07 0,03 0,02 0,03 0,02
OICb) 0.09 0,04 0.03 0,03 0,05
Thyroid 1,0 0.09 0,9 2 0,4

EffectiveDose
_ ,(,)Equivalent 0,1 0,09 0,05 0,08 0,05

(a) Total committed dose equtvalenta to each organ from exposure to ali available pathways,
(b) Gastrointestinaltract (lowerlargeIntestine).
(c) Effectivedoseequivalentcompiledfromthe productof eachorgan's committed

doseequivalentsandits weightingfactor,andincludessomeorgattsnot listedhere,
i

POPULATION DOSE assumed for these calculations are given in
Tables F,1 through F.4 and F.9 through F,12,

The regional population dose fi'om 1989 Appendix F.
Hanford operations was estimated by calcu-
lating the radiation dose to the population The potential effective dose equivalent to the
residing within an 80-km radius of the onsite population was 1 person-rem (0,01 person-Sv)
operating areas. Pathways of exposure to the in 1989, compared to 5 person-rem (0.05 per-
population from release of radionuclides to the son-Sv) in 1987. The decrease in the estimated

atmosphere include inhalation, air submersion, radiation doses for 1989 reflects the significant
and consumption of contaminated food. Path- decreasein the reported release rate of 129Ito
ways of exposure associated with Hanford- the environment from the PUREX Plant stack,
generated radionuclides in the Columbia River coupled with a decrease in the annual average
include consumption of drinking water and atmospheric dispersion factor from 1.7 x
fish, consumption of foods irrigated at 10.3s/m3 in 1988 to 9.3 x 10 .4 s/m 3 in 1989,
Riverview, and external exposure during
aquatic recreation. Population doses are Comparison of the 80-km population doses
expressed in units of person-rem, Results are attributed to 1985 through 1989 Hanford
shown in 'Fable 4,4, in terms of the committed operations is given in Figure 4.49 and
dose equivalents and the effective dose equiv- Table 4,5.
alent, Site-specific population distribution
characteristics and food pathway, dietary, resi- Primary pathways contributing to the 1989
dency, and recreational activity parameters effective dose equiwdent Ibr the population

1 were:
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"FABLE 4.4. Calculated Committed Dose Equivalents and Effective Dose Equivalent for the

80-km Population from 1989 Hanford Operations (person-rem)

Committed Dose Equiv',dents Effective
Red Bone Dose

Pathway Marrow Surfaces LunL GI(') Th_ Equivalent_t'_
i

Air - Direct(c) 0.2 2 1 0.1 13.3 0.3
- Foodscd) 0.2 0.2 0.2 0.3 26 0.9

Water_°) - Foodsm 0.04 0.07 0.005 0.03 0.2 0.03

- Drinking Water 0.2 0.2 0.1 0.2 0.4 0.2
- River Recreationc8) 0.01 0.02 0,002 0.004 0.05 0.004

Total 0.7 2 1 0.6 27 1

(a) Gastrointestinal tract (lower large intestine).
(b) Effective dose equivalent compiled from the product of each organ's committeddose equivalents and its

weighting factor, and includes some organs not listed here.
(c) Includes inhalation, submersion, and direct exposure to ground deposition from the air.
(d) Includes consumption of ali foodstuffs contaminated via deposition from the air.
(e) Includes ground-water seepage to the river.
(f) Includes consumption cf ali foodstuffs contaminate,d via irrigation water.
(g) Includes consumption of fish taken from the Columbia P.iv,m

10 • inhalation of and submersion in radio-

nuclides, princip,lly the radioactive daughters

E 8 of 22°Rn, that were released to the air from the
PUREX Plant stack (20%)

6
_ • consumption of drinking water contami-

_ nated with radionuclides, principally 3H,
_ 4 released to the Columbia River at Hanford

: (100/o).
2

Inhalation of radionuclides from the 200 Areas

" 0 mm also accounted for 76% of the radiation dose to

" 1985 1986 1987 1988 1989 the bone surface, and !plutonium accounted for
about one half of this radiation dose. The dose

FIGURE 4.49. Calculated Effective Dose to the thyroid resulted primarily from con-

Equivalent to the 80-km Population, 1985 sumption of food containing the long-lived

Through ":J89 radionuclide 129I, released with the gaseous
effluents from the PUREX Plant stack.

• consumption of foodstuffs contaminated

with radionuclides, principally _29I,released The average per capita effective dose from

; with gaseous effluents from the PUREX Plant 1989 Hanford operations, based on a popula-
_.,_.t. r'TnOZ._,_ tinn of 340.0(_) within 80 km. was 0.004 mrem,.J_.4._..A-,,. \r _ sw / . _ ,
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TABLE 4.5. Calculated Committed Organ Dose Equivalents and Effective Dose Equivalent to
the 80-km Population from Hanford Operations, 1985 Through 1989 (person-rem)

CommiuedDose
Equivalenlst'> _ 1986 1__J.9_.8.7__ 1988 1989

Red Marrow 6 5 0.9 1 0.7
Bone Surfaces 30 10 2 3 2
Lung 10 7 1 2 1
GI°') 4 4 0.7 0.8 0.6
Thyroid 100 120 110 140 27

EffectiveDose
Equivalentt°_ 9 9 4 5 1

(a) Total committeddoseequivalentsto each organfromexposureto aliavailablepathways.
(b) Gastrointestinaltract (lowerlargeintestine).
(c) Effectivedoseequivalentcompiledfromthe productof eachorgan's committeddose equivalents

and its weightingfactor,and inchdes someorgansnot listedhere.

(0.00004 mSv). This dose estimate may be in 1989 are a small percentage of the standards
cornpared with doses from other routinely and of natural background.
encountered sources of radiation, such as natu-

ral terrestrial and cosmic background radiation, POTENTIAL RADIATION DOSES FROM
medical treatment and x-rays, natural internal PAST OPERATIONS
bodY radioactivity, and inhalation of radon.
The national average radiation doses from these Measured levels of certain radionuclides in the
sources are illustrated in Figure 4.50. The esti- Columbia River have been attributed to past
mated per capita dose to individual members of operations at Hanford (see "Surface-Water
the public from Hanford sources is only a small Surveillance," Section 4.2). The primary envi-
fraction of the annual per capita effective dose ronmental impacts resulting from past opera-
equivalent (300 mrem) from natural back- tions were residual radionuclides deposited
ground and medical sources of radiation in the along the Columbia River shoreline in sedi-
Tri-Cities area of Washington State. The con- ments and the seepage of ground water into the
tribution of radon (200 mrem) to the effective river from the unconfined aquifer.
dose from natural background sources has only
recently been quantified by authoritative U.S. Environmental radiation dose rates resulting
organizations (NCRP 1987). from residual radionuclides along the shoreline

were discussed in "Maximum 'Fence-Post'

The effective dose equivalent to the hypothet- Dose Rate," in this section. (See also "Pene-
ical maximally exposed individual and the trating-Radiation Surveillance," Section 4.6.)
80-km population from Hanford effluents are
compared to appropriate standards and natural Although 129Iwas not released directly to the
background radiation in Table 4.6. This table Columbia River from Hanford facilities in 1989
o1-,,-,,,,othat th,_ rlrb,_,_ £rr_rn t-l_nFnrd r_r_.r_tirm.g (Table G.5. Appendix G), this radionuclide was
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Cosmic, 30 mrem

,_a!, 30 mrem

J _ _ Internal, 40 mrem

______ Medical X-Ray, 39 mrem
Nuclear Medicine, 14 mrem

.................... Consumer Products, 10 mrem

I I Natural 300 mrem Other, <2 mrem
I/.//.//I Man-Made 65 mrem Occupational 1 mrem

Fallout <1 mrem
Nuclear Fuel Cycle 0.04 mrem
Miscellaneous 0.04 mrem

FIGURE 4.50. Annual Radiation Doses from Various Sources (mrem) (NCRP 1987)

TABLE 4.6. Summary of Effective Dose Equivalent from Various Sources in 1989

Maximum Individual 80-km Population
Source (mrem) (person-rem)

All Hanford Effluents 0.05 1
DOE Standard 100 ---
Percent of DOE Standard 0.05% ---

Background Radiation 300 100,000
Percent of Background 0.02% 0,001%
Gaseous Effluents from

Hanford via AIRDOS-EPA 0.01 ---
EPA Air Standard 25 ---
Percent of EPA Standard 0.04% ---

4.58 Section 4.8 - Potential Radiation Doses from 1989 Hanford Operations



measured at low concentrations at the Richland year because of a power failure at that location.
Pumphouse. In addition, the measured con- In addition, concentrations of 129Iin both the
centrations of 3H and 99Tcat the Richland effluent and the ambient air are extremely low
Pumphouse were higher than those predicted and difficult to measure accurately. In view of
from measurements made in effluents from these difficulties, the higher value and its cor-
Hanford facilities fl,rther upstream. The differ- responding doses as predicted by the GENII
ences for ali three radionuclides can be attrib- code were used for the dose summary in Table

uted to seepage of contaminated ground water 4.2. The predicted doses were a dose equiva-
from the unconfined and confined aquifers lent to the thyroid of 0.3 mrem (0,003 mSv)
beneath the Hanford Site. and an effective dose equivalent of 0.008 mrem

(0.O0008 mSv).

The effective dose equivalent attributable to the
differences in the annual average concentra- During 1989, 11 composite milk samples from
tions of 3H, 99Tc,and 1_I in the river is esti- six local dairy areas were analyzed for 129I.Six
mated to be 0.02 mrem (0.0002 mSv) to the composite samples were collected in February,

hypothetical maximally exposed individual and and composites were collected again during the
0.2 person-rem (0.002 person-Sv) to the summer from fiveof these areas. (The results
340,000 people within 80 km. The extra con- are listed in Table C.14, Appendix C.) Average
tributions from 3H, 99Tc,and 129Iare included in _I concentrations in the milk from the various

the doses from individual water exposure path- areas were 0.001 pCi/L at Moses Lake,
ways and in the total doses listed in Tables 4.2 0.002 pCi/L at Su_lnyside and Wahluke East,
and 4.4. Also included are the small radiation 0.004 pCi/L at Benton City and Riverview, and
doses calculated assuming that the small quan- 0.008 pCi/L at Sagemoor. The potential radia-
tities of radionuclides disposed to the ground in tion dose to the thyroid of an adult consuming
the 300 Area (Table G.3, Appendix G) reached 270 L/yr of milk containing 0.008 pCi _29I/L
the river without delay or absorption in the soil. was 0.02 mrem.

POTENTIAL RADIATION DOSES FROM The concentration of _29Iin milk calculated by

PUREX PLANT OPERATIONS the GENII computer code at Ringold (used for
the dose to the hypothetical maximally exposed

In addition to the dose contributions identified individual) based on the release of 0.11 Ci of

earlier from PUREX Plant operations, other _zglfrom the PUREX Plant stack in 1989 was
minor dose contributions are discussed here. 0.06 pCi/L. The corresponding potential radia-

tion dose to the thyroid from milk consumption
The annual average air concentration of i29I at calculated by the GENII code was 0.1 mrem.
Ringold for 1989, predicted from the reported
release of0.11 Ci from the PUREX Plant stack, In 1989, there was 0.00082 Ci of z39"z4°Puin air-

was 2.3 x 10.5pCi/m 3. "Inis result is about borne emissions from the PUREX Plant stack
20 times the average of 1.1 x 10-6pCi/rn 3for (see Table G.1, Appendix G) compared to
the concentrations measured at Ringold during 0.0002 Ci in 1988. Plutonium-239,240 was a
the last three quarters of 1989. Measurements minor contributor to the calculated dose from
were not available for the first quarter of the 1989 Hanford operations, with a maximum
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potential effective dose equivalent of to a worker drinking 250 L of water containing
0.0004 mrem (0,000004 mSv) to the hypo- the concentration of 3H measured at FFTF in
thetical maximally exposed individual. 1989 was calculated to be 0.1 mrem (0.001 mSv).

The maximum dose to any organ was also 0,1
RADIATION DOSES FROM ONSH'E mrem (0.001 rosy) or 3% of theWashington
DRINKING WATER WELLS State drinking water standard of 4 mrem/yr,

During 1989, ground water was used as a One sample of FFTF drinking water was analyzed
drinking water source at the 400 Area (FFTF), for _zsIin 1989. The result was 0.0055 pCi/L.
the Yakima Barricade Guardhouse, the The effective dose from consuming 250 L of
Rattlesnake Mountain Observatory, the Arid such water would be 0,0004 mrern (0.000004
Lands Ecology Headquarters, and the Hanford mSv); the corresponding thyroid dose would be

Patrol Training Academy. Samples were Col- 0.01 mrem (0.0001 mSv). These doses are
lected from these systems throughout the year below the Washington State drinking water
in accordance with applicable drinking water standard, Nonradiological and radiological
regulations, Radionuclide concentrations dur- results from the Hanford Sanitary Water
ing 1989 were well below applicable drinking Quality Surveillance Program are discussed in
water standards, more detail and reported annually by the

Hanford Environmental Health Foundation

Results for 1989 were similar to those observed (Somers 1989),

in 1988. Average concentrations of 3H meas.
ured in the FFTF drinking water decreased During 1989, the FFTF drinking water well
from 22,000 pCi/L in 1985 to less than was also tested for the following radionuclides:
10,000 pCi/L after a deeper well was drilled, 2ZNa, 6°C0, 65Zn, 9°Sr, 1°6Ra,and _37Cs;their con-
The average concentration measured in 1989 centrations were ali below their respective
was 8300 pCi/L, compared to 7300 pCi/L in detection limits.
1988. The potential effective dose equivalent
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5.0 GROUND-WATER PROTECTION AND MONITORING PROGRAM

Radiological and chemical constituents in ground water were monitored during 1989 through-
out the ltanford Site in support of the overall objectives described in "Environmental PrG
gram Information," Section 3.0. Monitoring activities were conducted to 1) determine the

distribution of mobile radionuclides and NO_', 2) relate the distribution of these constituents
to Site operations, and 3) identify chemicals present in ground water as a result of Site opera-
tions. To comply with the Resource Conservation and Recovery Act (RCRA), additional
monitoring was conducted to assess the impact that specific facilities have had on ground-
water quality (Smith and Gorst 1990). The quality of ground water in the 200 Areas and
surrounding region was evaluated by Westinghouse Hanford Company to ensure compliance
with DOE monitoring guidelines, to assess the performance of waste disposal and storage,
and to determine the impacts of operations on the ground water. During 1989, 567 Hanford
Site wells were sampled to satisfy ground-water monitoring needs. As discussed in Section 4,
four additional wells east of the Columbia River were sampled to determine if Hanford oper-
ations had affected water quality off Site.

Analytical results for samples were compared to EPA Drinking Water Standards (DWS)
(Tables B.2 and B.3, Appendix B) and DOE's Derived Concentration Guides (DCG) (Table
B.6, Appendix B). Ground water beneath the Hanford Site is used for drinking at five loca.
tions, as described in "Potential Radiation Doses from 1989 Hanford Operations," Section
4.8. In addition, water supply wells for the city of Richland are located adjacent to the
southern boundary of the ltanford Site.

Radiological monitoring results indicated that gross alpha, gross beta, 31t, 6°Co, 9°Sr,99Tc, 12_I,
and 137Csconcentrations ill wells in or near operating areas were at levels above the DWS.
Concentrations of uranium in the 200-West Area were above the DCG. Concentrations of 3H
in the 200 Areas and 9°Srin the 100-N and 200-East Areas were also above the DC(;. Iodine-

131 and l_Ru in ground water remained below detectable levels as a result of the N Reactor
continuing in cold standby mode. Tritium continued to move slowly with the general ground-
water flow and discharge to the Columbia River.

Certain chemicals regulated by the EPA and the State of Washington were also present in
ltanford ground water near operating areas. Nitrate concentrations exceeded the DWS at
isolated locations in the 100, 200, and 300 Areas and in several 600 Area locations. Chro-

mium concentrations were above the DWS at 100.D, 100-H, and 100-K Areas, and the
surrounding areas. Chromium concentrations above the DWS were also found in the 200.

East and 200-West Areas. Cyanide was detected in ground water north of the 200.East Area.
ttigh concentrations of carbon tetrachloride were found in wells in the 200.West Area.

Trichloroethylene was found at levels exceeding the DWS at wells in and near the 100-F Area,
300 Area, and Solid Waste Landfill. Sampling at monitoring wells near Richland water
supply wells showed that concentrations of regulated ground.water constituents in this area
are below DWS and in general below detection levels.
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In the past, comprehensive review of ali ground-water monitoring work on the Site was pub-

lished semiannually (see Evans et al. 1989a; Evans et al. 1989b). Results for 1989 will be

published as an annual report. These reports contain complete listings of ali radiological and
chemical data collected during the reporting periods.

SAMPLE COLLECTION AND ANALYSIS Although these three programs are managed by

different organizations, ali samples are col-

Ground-water samples were collected from 567 lected by PNL sampling teams following a

monitoring wells during 1989. These samples single set of procedures. United States Testing

were collected as part of the Hanford Ground- Company, Inc., analyzed the samples for all

Water Environmental Smweillance Program programs, and a common database is used so

and numerous projects to assess the effect of that each program has access to ali data col-

specific facilities on ground-water quality, lected on Site.

Ground-water monitoring was conducted at the

facilities listed in Table 5.1 to comply with Most ground-water monitoring wells on the

RCRA. The RCRA monitoring is the respon- Site are 15 or 20 cm in diameter and are con-

sibility of the contractor operating the facility, structed of steel casing. Several small-diameter

This work was accomplished by Westinghouse (5-cm) wells are sampled for radionuclides

Hanford Company and Pacific Northwest only. Monitoring wells for the unconfined

Laboratory (PNL). Additional monitoring was aquifer are constructed with well screens or

conducted by Westinghouse Hanford Company perforated casing generally in the upper 3 to

to evaluate ground-water quality in the 200 6 m of the aquifer. This construction allows

Areas and surrounding region, to ensure com- sample collection near the top of the aquifer,

pliance with DOE monitoring guidelines, and where maximum concentrations for some radio-

to assess the performance of waste disposal and nuclides were measured at a few locations on

storage facilities (Serkowski 1989). the Hanford Site (Eddy et al. 1978). Wells

TABLE 5.1. Facility-Specific Monitoring Projects

Area .............................................................................................

100-H 183-H Solar EvaporationBasins
100-N 1301/1325-N Liquid Waste Dispo_l Facilities
100-N 1324-NAFacility
200 Areas 216-A-10Crib
200 Areas 216-A-29 Ditch
200 Areas 216-A-36B Crib
200 Areas I.x_w-LcvelBurial Grounds
200 Areas 2101-M Pond
300 Area Process Trenches

600 Area Nonradioactive Dangerous Waste (NRDW) I,andt'ill
6(/0 Area Solid Waste Landfill
600 Area 216-B-3 Pond
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monitoring the confined aquifer have screens or were tracked by chain-of-custody procedures
perforated casing within the monitored aquifer, from sampling through analysis and disposal,
Wells drilled before 1985 were generally
constructed with carbon steel casing, Wells Analytical techniques used are described in
recently constructed for RCRA monitoring "Analytical Procedures and Sampling Sum-
projects have been constructed with stainless mary," Appendix D, Ali analyses were per-

steel casing, formed by United States Testing Company, Inc,
A list of the species analyzed for is presented in

Samples were collected following documented Table 5,2,
sampling procedures (PNL 1989a) based on
EPA guidelines (EPA 1986b). Wells fitted During 1989, the Washington State Department
with submersible pumps were sampled after of Ecology, EPA, and DOE began discussions
pumping for a sufficient time to allow tempera- to identify appropriate methods for disposing of
ture, pH, and specific conductivity to equili- ground water purged from wells before collect-
brate. Purging ensured that stagnant water in ing samples. Before these discussions, purge
the well was removed, allowing collection of a water from all but the most contaminated wells
sample that was representative of ground water was allowed to flow onto the ground near the
near the well. Specific conductance and pH well being sampled, Sample collection was
were measured in the field at the time of sam-

ple collection, Samples for total organic halo-
gens (TOX) or volatile organic analyses (VOA)
were taken without head space in the sample TABLE 5.2. Radionuclides and Chemicals
bottle to prevent loss of volatile constituents Analyzed for the Hanford Ground-Water
and were sealed immediately with septum- Environmental Surveillance Program
sealed caps. For filtered trace metals, a dis-
posable, 0.45-I.tm pore-sized filter pack was Radiological
connected to a Teflon®!' _sampling line. The Parameters ChemicalParameters

filter was purged with 500 mL of well water; _Co pH (fieldand laboratory)
then a sample was collected in a plastic bottle. _Ru Conductance(field)
Trace metal and some radiochemical samples t°_Ru Alkalinity
were preserved by acidification at the time of lz_Sb TotalCarbon

13_I Total OrganicCarbon
collection. Ali samples were immediately t37Cs TotalOrganicHalogens
placed in ice chests and transferred the same Z4_Am Be, Na, Mg, AI, K
day or early the next day to the laboratory for _H Ca,V, Ct, Mn,Fe,Ni
immediate analysis of species with short hold- _ Cu,Zn, Sr, Ag,Cd, Sb,Ba

_3Ni F', ci', NO_',PO4_', SO42"
ing times (e.g., NO3,TOX, and VOA). Sam- 90Sr As, Se,Pb,Bi
pies were stored at 4°C from the time of sam- 99Tc Hg
piing until they were analyzed. Ali samples _I CN"

UraniumIsotopes NH3
, '.................................... Uranium(total) VolatileOrganicConstiluents

(a) Teflon is a registered trademark of E. I. du PlutoniumIsotopes Semi-VolatileOrganicC'onstituents
Pont de Nemours and Company, Wilmington, GrossAlpha

Delaware. GrossBeta
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temporarily halted at many wells on the During 1989, 56 wells wez'e sampled for cheml-
lqanford Site until purge water containnaent cal constituents as part of the Hanford Ground-
vessels could be placed at wells suspected of Water Environmental Surveillance Program,
requiring containment, 'l'hts number ts significantly reduced from the

number sampled in the previous 2 years
As a result of this suspension of sample col- because of the purge water disposal constdera-
lection, many wells discussed in previous tions discussed previously, Chemtcal data were
reports were not sampled during 1989, Wells gathered from an additional 2(X)wells in RCRA
not sampled included those providing access to compliance networks during 1989, 'Fable 5,4
ground water containing fluoride above the summarizes the number of wells sampled, the
DWS, maximum concentrations of cyanide and number of samples collected, and the number
tritium, significant areas of carbon tetrachloride of results obtained during 1989, The list of
and nitrate, and maximum concentrations of chemicals analyzed for is presented in
chromium in the 2(X)-West Area, Table 5,2,

Radiological Analysis RESULTS

Most ground-water samples for the Hanford Detailed discussions of monitoring results for
Ground-Water Environmental Surveillance the year, including tables of ali results for each
Prograrn and Westinghouse Hanford Company well and constituent, are reported in another
operational monitoring were analyzed for 3I-t, document (Evans et al, 1989a), Highlights of
Selected samples were subjected to more exten- those results are discussed below, Surnnaaries
sive radiological analysis by alpha-, beta-, and for selected constituents are included in Tables
gamma-counting techniques, in many cases C,39 through C,45, in Appendix C, Ground-
accompanied by selective radiochemical sepa- water monitoring information for the 200 Areas
rations, A list of radionuclides analyzed for is and surrounding region is reported by Westing-
presented in Table 5,2, The radiological moni- house Hanford Company (e,g,, Serkowski et al,
to_qngnetwork for most areas on the Hanford 1989) and for drinking water supplies on the
Site is shown in Figure 5,1, Figures 5.2 and 5,3 Hanford Site by Hanford Environmental Health
show environmental surveillance, operational, Foundation (e,g,, Somers 1989). Tables pre-
und RCRA monitoring wells in the 200-East sented by Westinghouse Hanford Company
and 200-West Areas, respectively, contain some of the same data reported here,

Average concentrations may be different
Chemical Analysis because the average of ali data for a single

constituent for each well is presented in
A subset of the radiological monitoring net- Appendix C tables, and Westinghouse Hanford
work was used for chemical surveillance, Company's reports generally present only data
Chemical sampling wells were selected primar- collected for the Westinghouse Hanford
ily for their proximity to known active and Company monitoring program,
inactive chemical disposal sites in the I(X),2(X),
400, und 600 Areas, and for the wells' waste Concentrations of radionuclides and chemicals

inventories (Stenner et al, 1988). Table 5,3 in ground water were compared to EPA's DWS
lists major contaminants found in each area, and DOE's DCG (Tables B.2, B,3, and B,6,
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FIGURE 5.1. Hanford Site Monitoring Well l_c_ltions

ilanford Site Environmental RelX, rt for Cldendllr Yelir 1989 5,5



FIGURE 5,2, 2(X)..EastArea Monitoring Well Locations

Appendix B), Although none of the wells dis- Environmental Compliance Documentation,"
cussed is a drinking water supply weil, the Appendix B). The DCG are awdlable only for
standards provide a basis for evaluating levels radionuclides, Derived Concentration Guides
of contamination, Onsite drinking water supply used through the end of 1989 are proposed
wells are discussed in "Potential Radiation guidelines derived from DOE Order 5480, lA,
Doses from 1989 Hanford Operations," Section
4,8, Drinking Water Standards are more Radiological Monitoring Results for the
restrictive than the DCG because the DWS are Unconfined Aquifer
based on an annual dose to the affected organ
of 4 mrem/yr and the DCG are based on an Radiological constituents monitored were
effective dose equivalent of l(X) mrem/yr (see selected based on known operational and waste
"Applicable Standards and Permits and management practices, physical and che_nical

........................... , ..................... ,.............................................................................................................................. _......................................
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FIGURE 5,3. 200-West Area Monitoring Well Locations

properties of radionuclides of interest, and mobile radionuclide on Site, As a result, _H
potential dose considerations. How radio- reflects the extent of contamination in the

logical monitoring constituents _Iq,6°Co, 9°Sr, ground water from Site operations and is the
' 99Tc,t_I, t37Cs,and uranium relate to Site radionuclide most frequently monitored at the

operations is shown in Table 5.3. Hanford Site. Figure 5,4 shows the 1989 dis-

tributton of 3H in the unconfined aquifer result-
" Tritium Concentrations ing from over 45 yetu's of Site operations, Con-
' tours of tritium concentrations were based on

Tritium is present in many waste streams dis- the analysis of ground-water samples collected
charged to the soil column and is the most from monitoring wells, An average value from
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TABLE S,3, Major Chemical and Radiological Ground.Water
Contaminants and Thetr Ltnk to Site Operations

Facilities T_._ , Ar.__._ Constituents

ReactorOperations 100 31.1,6°(20,CeSr,Cr__,SO4a'

IrradiatedFuel Processing 200 _H,trICs,9°Sr,t_l, 99"I'c,NO3',Cr°', CN', F'
Unmlum, Plutonium

Plutonium Purification 2(g) CCI4,CHCI3

Fuel Fabrlcatlon 300 Urantum, _g'l_c,Cr_*,Trlchlorocthylene

, TABLE 5.4, Number of Wells Sampled, Samples Collected, and Analytical
Results for Ground-Water Monitoring Programs tn 1989

Number of Number of Number of

_, Collect_ An.._..LflyflcalResultsAr_..._ Wells Sampled Samples -"(')

100 91 340 44,036
200 179 551 47,158
300 32 132 15,765
400 4 4 4
600 261 647 18,114

Total 567(') 1674 125,077

(a) Total of samples collected for surveillance, for'RCRA compliance,
and for compliance with Westinghouse Hanford Company and DOE
monitoring guidelines,

!

up to eight 3Hmeasurements was used for each concentration of 882,000 pCi/L, somewhat
weil, A summary of 3I,t concentrations in wells lower than the maximum of 1,220,000 pCi/L in
sampled during 1989 is presented in Table 1988. Well 199-K-27, by contrast, showed a
C.39, Appendix C. large increase in 3Hconcentrations with a maxi..

mum of 172,000 pCi/L in October 1989, up

Tritium concentrations greater than the from an average of 2295 pCi/L for 1988. Wells
20,000-pCi/L DWS were detected in portions 199..K-28and 199-K-29, located between and
of the 100.B, 100-D, 100-K, 100-N, 200-East, in proximity to the other two wells, had reht-
200-West, 400, and 600 Areas. Well 199-K-30 tively low tritium concentrations (2200 and
continued to contain the highest 3Hconcen- 8530 pCi/L, respectively). The explanation for
tration within the 100 Areas with a maximum these changes is not known.
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FIGURE 5.4. Tritium OH) Concentrations in the Hanford Site Unconfinext Aquifer in 1989
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Concentrations greater than the 2,000,000-pCi/L the Columbia River. Migration of the plume
DCG were detected in 12 wells in the 200-East continued farther to the south, as indicated by

Area. The highest 3Hconcentrations in the increased 3H concentrations in wells near the
200-East Area, and throughout the Hanford 300 Area. Figure 5.5 shows the trend of tritium
Site, continued to be in wells near cribs that concentrations in well 699-S19-E13, located
havereceived effluents from the Plutonium just north of the 300 Area. In recent years, this
Uranium Extraction (PUREX) Plant. Tritium well has shown a steady increase in tritium,
concentrations greater than the DCG were having reached a new maximum value of
present in wells near the 216-A-10, 216-A-36B, 8410 pCi/L in October 1989. The configura-
216-A-37-1, and 216-A-45 cribs. The highest tion of the western portion of the plume closely
ground-water 3Hconcentration measured in matches previous predictions of the direction of
1989 was 5,360,000 pCi/L in well 299-E 17-1 contaminant movement from the 200-East Area
(January 1989). Tritium concentrations exceed- (Freshley and Graham 1988). Movement to the
ing the DWS continued to occur in most other south may be enhanced by the spreading
wells affected by these cribs, ground-water mound beneath B Pond. This

mound is spreading as a result of increased
The movement of the widespread 31-Iplume discharge of steam condensate and process
(see Figure 5.4) extending fromthe south- cooling water to B Pond since 1984 when
eastern portion of the 200-East Area to the Gable Mountain Pond was deactivated.
Columbia River was consistent with patterns
noted earlier (Jaquish and Bryce 1989; Evans et The movement of 3H plumes in the 200-West
al. 1989a). Separate 3H pulses associated with Area was also consistent with previous obser-
the two episodes of PUREX operations can be vations. The plume extending from near the
distinguished in t!_eplume. The 200,000- to Reduction Oxidation (REDOX) Plant in the

- 2,000,000-pCi/L lobe east of the 200-East Area southern part of the 200-West Area continued
near the Columbia River is a result of dis- to move slowly to the east and north. None of

, charges to _ound water during the operation of the 200-West Area wells sampled in 1989 had
the PUREX Plant from 1956 to 1972. Follow-

ing an 11-year shutdown, plant operation began
again in 1983. Elevated 3H concentrations
measured in several wells (e.g., wells 699-32- _ 8000 Drinking _ ,_

CD Water = 20,O00pCi/l_43, 699-33-42, and 699-36-46) downgradient a. 6000
from the 200-East Area represent the formation .o= Standard =.__ ..Jb _
of a second pulse of 3H moving away from _ 4000
PUREX waste disposal facilities. The more

recent, short-term interruptions of PUREX _ 2000 _V/

t

o DetectionLimit

operations arenotdiscernibleintheground- to 0 , J, _, _, I i _,, I I
water monitoring data for the plumeimme- 75 77 79 81 83 85 87 89
diately downgradient of the 200-East Area. StartingDate:03/26/75 Ending Date:l 0/24/89

The eastern portion of the plume continues to FIGURE 5.5. Tritium Concentrations in
move to the east-southeast and discharge into Well 699-S 19-E13
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3H concentrations exceeding the DCG; how- may be attributable to the presence of isotopes

ever, well 299-W22-9 was not sampled during of plutonium and/or uranium; however, plu-
1989 because of the purge watel ',disposal con- tonium concentrations in ali but three wells
siderations discussed earlier. That well had were below the detection limit attainable by the

shown the highest ground-water tritium levels analyticallaboratory. The DWS for gross
on Site in 1987 and 1988. The maximum alpha is 15 pCi/L, not including uranium.
concentration in that well in 1988 was Those wells in the 100-F, 200, and 300 Areas

7,560,000 pCi/L. Tritium concentrations in where gross alpha exceeded 15 pCi/L contained
well 299-W23-4 increased rapidly, reaching a uranium at levels that would account for the
maximum of 5,450,000 pCi/L in February gross alpha level detected. Several wells in the
1988, followed by a rapid decrease to below the 100-H Area also contained gross alpha levels
DCG during the remainder of the year. That exceeding the DWS. Although levels in a few
trend continued during 1989, with the level wells in the 200-East Area remained somewhat
down to 23,500 pCi/L by October 1989. The above the DWS, gross alpha levels in most
explanation of this oscillation remains unclear wells in the 200-East Area were low. The
because that well showed negligible 3H levels highest gross alpha levels measured on Site
during 1987. Tritium concentrations in nearby continue to be in wells adjacent to the inactive
wells within the 200-West Area and in the adja- 216-U-1 and 216-U-2 cribs. Concentrations in
cent 600 Area remained above the DWS and these wells continued to decrease over the last

were relatively constant throughout 1988. year. Wells adjacent to the 216-U-1 and 216-
Movement of the 3H plume extending north and U-2 cribs contained uranium levels that would
east from the REDOX Plant was indicated by account for the gross ,_lpha levels detected. A
changes in the 3H concentrations in several summary of uranium levels in wells sampled
wells in the plume. Concentrations in well during 1989 is presented in Table C.40, Appen-
699-35-70 continued to decrease slightly, sug- dix C.
gesting that peak concentrations may have
moved beyond this well although at least part Gross Beta Concentrations
of the decrease can be accounted for by decay.
Concentrations in wells near the center of the Gross beta concentrations greater than the
plume remained relatively constant while con- 50-pCi/L DWS were found in wells throughout
centrations in well 699-40-62 continued to the Site. Gross beta levels can be attributed to

increase slightly as the plume moved north- ooe or more of the following radionuclides in
ward. The northernmost extent tgfthe plume ground water: _K (naturally occurring); S°Co,
appeared to be near well 699-40-62. Wel! 9°Sr,99Tc,l°dRu, lZ_Sb,1_7Cs,2_Th, and 234pa
699-44-64, north of well 699-40-62, has shown (uranium radioactive decay products); and to a

: a small but steady increase over the last lesser extent _29I.Occasionally, some shorter-
18 months but still contains 3H concentrations lived beta emitters, such as _31I,may also be
near the 300-pCi/L detection limit, present. Tritium is normally not detected by

the method used for assay of gross beta. Gross
Gross Alpha Concentrations beta activity above natural background in most

case,s derives from a combination of uranium

Gross alpha concentrations were detected in and 99Tcactivity. Known exceptiens include
ground water from wells in several areas and some wells in the 100-N Area and a few wells
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in the 200-East Area that contain 9°Srat con- The highest gross beta levels on Site in 1989
centrations high enough to be detected with the were found in wells monitoring the 1301-N
gross beta technique. Liquid Waste Disposal Facility (LWDF). Well

199-N-67 showed a gross beta concentration of

Although gross beta levels greater than the 24,1 _ pCi/L in October 1989. The observed
DWS were widespread, the highest levels were concentrations at this location are primarily due
in wells near several waste disposal facilities in to 9°Sr.
the 100-N, 200-East, and 200-West Areas, and

in the 600 Area adjacent to the 200 Areas. Cobalt-60 Concentrations
Wells in the 200-East Area with the highest
gross beta levels in 1989 reflect paot disposal of Most 6°Coconcentrations were consistently
liquid waste to the inactive 216-B-5 reverse near or below the detection limit (20 pCi/L),
well, BY cribs, and cribs near the PUREX except in the 100-N Area and in isolated por-
Plant. Gross beta levels in wells 299-E28-23 tions of the 200-East Area and adjacent 600
(8500 pCi/L) and 299-E28-25 (8100 pCi/L) Area. Concentrations of 6°Co were above detec-

: near the 216-B-5 reverse well were some of the tion but have dropped below the 100-pCi/L

, highest measured on Site in 1989. Ali wells DWS in several wells near the 1325-N LWDF.
near this reverse well contained elevated levels The highest concentrations of 6°Co in Hanford
of 9°Sr, and two wells also contained measura- Site ground water during 1989 were in well

ble _rTCs.The 216-B-5 reverse well received an 699-50-53 (532 pCi/L), directly noah of 200-
estimated 27.9 Ci of 9°Sr and 31.8 Ci of _37Cs East Area; these concentrations were essen-

(_th values decayed through April 1, 1986) tially unchanged from a year ago. Cobalt--60 in
when used from 1945 to 1947 (Stenner et al. this well appears to be highly mobile, probably
1988). The BY cribs received waste scavenged because of the presence of a soluble cobalt-
from U Plant. Wells monitoring the BY cribs cyanide (or ferrocyanidc) complex associated
(located at the north end of the 200-East Area) with the plume originating in the BY cribs. No

" showed gross beta levels greater than the DWS, wells exceeded the 5000-pCi/L DCG for 6°Co.
• ranging up to 1440 pCi/L (well 699-50-53).

The BY crib monitoring wells generally con- Strontium-90 Concentrations
tained 6°Coand 99Tc.

Concentrations of 9°Srwere above the 8-pCi/L
The highest gross beta levels in the 200-West DWS in wells in the 100-B, 100-D, 100-F, 100-K,
Area were found in wells near U Plant. Gross 100.N, 200-East, 200-West, and 600 Areas.
beta levels in wells near the 216-U- 1 and 216- Concentrations of 9°Sr were greater than the
U-2 cribs remained above the DWS but are 1000:pCi/L DCG in the 100-N and 200-East
generally decreasing. Gross beta levels in these Areas, ranging up to 23,400 pCi/L in the 100-N
wells are dominated by uranium radioactive Area and up to 5740 pCi/L in the 200-East

" decay products. Gross beta levels remained Area near the 216-B-5 reverse weil. Concen-
above the DWS in several wells near Gable trations of 9°Srabove the DWS (maximum of

Mountain Pond. These wells contain relatively 301 pCi/L in well 699-53-48B) but less than
high concentrations of 9°Sr, which would the DCG were detected in several wells near
account for the gross beta level measured. Gable Mountain Pond. A summary of 9°Sr
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concentrations in wells sampled during 1989 is reversed in 1989 as a result of interruption in
presented in Table C.41, Appendix C. the operation of PUREX, with the _°6Rucon-

centrations in well 299-E24-12 dropping to
Technetium-99 Concentrations below detectable levels. A l°_Ruconcentration

of 257 pCi/L was found in well 299-E 17-15 in
An extensive program to analyze ground-water September 1989. That was the only well show-
samples for 99'rc was continued during 1989. ing detectable l°_Ruduring 1989.
Concentrations greater than the 900-pCi/L
DWS were detected in wells in the 100-H, 200- Antimony-125 Concentrations
East, and 200-West Areas and in portions of the_

600 Area. None of the wells had concentra- Antimony-125 (125Sb),a gamma emitter, was
tions exceeding the 100,000-pCi/L DCG. The measured in 100-N Area wells near the 1325-N
highest concentrations of 9'_Fcon the Site were LWDF. Results ranged up to 93.6 pCi/L in_

- measured in well 299-W 19-24 (41,000 pCi/L), well 199-N-32. Well 199-N-45, which had the
downgradient of the inactive 216-U- 1 and 216- highest 125Sbin 1988, was not assayed for that
U-2 cribs in the 200-West Area. The 9'_Tc radionuclide in 1989. The DWS for lZSSbis

plume associated with well 299-W19-24 does 300 pCi/L, and the DCG is 60,000 pCi/L.
appear to have originated from the 216-U-1 and
216-U-2 cribs, which had received a large Iodine-129 Concentrations
amount of uranium recovery waste in the past.

-- Technetium,99 levels in that group of wells The presence of 129Iin ground water is signifi-
generally continued to increase during 1989. cant, because of its relatively long half-life

(16 million years), its potential for accumula'
Ruthenium-106 Concentrations tion in the environment as a result of long-term

releases from nuclear fuel reprocessing facili-
Because of its short half-life (367 days), _°6Ru ties (Soldat 1976), and its relatively low DWS
was detected in the past principally in wells (1 pCi/L). At Hanford, the main contributor of
located in areas near operating reactors and is 129Ito ground water has been liquid discharges

• detected currently near active fuel reprocessing to cribs in the 200 Areas. The expanded 129I
facilities. Past examples have included the monitoring effort that began in 1988 was
100-N Area and the 200-East Area near the continued in 1989. The highest concentration
PUREX Plant. Concentrations in wells in the reported in 1989 was 11.1 pCi/L in well 699-
100-N Area were at most marginally detectable 35-70, located just outside the 200-West Area
in 1987 and continued to decline in 1988 boundary and downgradient from the REDOX

_ because the N Reactor was in cold standby. Plant. Many wells sampled in the 200-West
Ruthenium-106 was undetectable in the 100-N and 200-East Areas had concentrations above

Area in 1989 by routine detection methods, the DWS; however, none were above the DCG
Concentrations of l°6Ru in wells near LWDFs (500 pCi/L). A few wells sampled in the 600
receiving effluents from the PUREX Plant Area 3H plume also had 129Iconcentrations
generally increased in 1988, with well 299- slightly above the DWS. A summary of 129I
E24-12 reaching a maximum'of 547 pCi/L concentrations in wells sampled during 1989 is
(DWS is 200 pCi/L) in April 1988. That trend presented in Table C.42, Appendix C.
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Cesium- 137 Concentrations 91 pCi/L in October 1989. A similar trend
occurred in well 199-F8-2. A plume of

Concentrations of 137Cswere below the detec- uranium exists in the unconfined aquifer
tion limit (23 pCi/L) except in three wells beneath the 300 Area in the vicinity of uranium
located near the 216-B-5 reverse well. Ground fuel fabrication facilities and inactive waste

water sampled at well 299-E28-23 contained sites known to have received uranium waste.
844 pCi/L; ground water at well 299-E28-25 The extent of the plume was limited to an area
contained 1070 pCi/L. The concentration in downgradient from active and inactive LWDFs.
well 299-E28-25 represents a ten- to twenty- Uranium concentrations in wells in and adja,
fold increase over previous measurements. A cent to the 300 Area ranged up to 255 pCi/L
similar increase occurred in plutonium concen- during 1989. These concentrations were simi-
trations measured concurrently on separate larto those measured in previous years. A
samples from the same well. The increase summary of uranium concentrations in wells
appears to be associated with a change in sampled during 1989 is presented in Table
sample collection protocol involving acidifica- C.40, Appendix C.
tion of the collected sample; previously, sam-
ples for radiological analysis were untreated in Plutonium Concentrations
the field. In addition, _37Cswas detected for the

first time in nearby well 299-E28-24 (33 pCi/L). As was the case for _37Cs,concentrations of
The 216-B-5 reverse well received an estimated 239puwere below the detection limit in ali

31.8 Ci of 137Cs(decayed through April 1, wells, except three wells located near the 216-
1986) during its operation from 1945 to 1947 B-5 reverse well. Both plutonium and radio-
(Stenner et al. 1988). The DWS for _37Csis cesium bind strongly to sediments and thus
200 pCi/L, and the DCG is 3000 pCi/L, have limited mobility in the aquifer. Ground

water sampled at well 299-E28-23 contained
Uranium Concentrations 7.2 pCi/L of 239pu;ground water at well 299-

E28-25 contained 72 pCi/L. The measurement
The highest uranium levels in Hanford ground in well 299-E28-25 represents a ten- to twenty-
water occur in wells adjacent to the inactive fold increase over previous measurements. A
216-U-1 and 216-U-2 cribs. Uranium concen- similar increase was also seen in _r_Csconcen-

trations in these wells have been decreasing trations measured concurrently on separate
over the last 3 years following remediation samples from the same well. The increase is
activities associated with those cribs. The total believed to be the result of a change in sample
uranium concentration in well 299-W 19-3 collection protocol (see discussion of _37Cs
dropped from 16,000 pCi/L in January 1987 to results). In addition, 239puwas detected for the
2000 pCi/L in March 1989. Uranium concen- first time in nearby well 299-E28-24 (72 pCi/L).
trations in other nearby wells also tended to The 216-B-5 reverse well received an estimated
decrease over the past 3 years and now appear 244 Ci of 239puduring its operation from 1945
to have stabilized. Uranium levels increased to 1947 (Stenner et al. 1988). The DCG of 300

- sharply in two 100-F Area wells in 1987. pCi/L for 239puhas been reduced to 30 pCi/L
Levels in well 199-F8-1 reached a maximum of effective February 1990. There is no explicit
414 pCi/L in January 1988 and generally have DWS for239pu; however, the gross alpha DWS

. decreased thereafter, dropping to a low of of 15 pCi/L would be applicable.
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Chemical Monitoring Results for the The configuratio,_ of the NO 3"plume emanating
Unconfined Aquifer from the 200-East Area shows the influence of

two periods of PUREX operation and recent
Chemical monitoring in 1989 continued to changes in the operation of B Pond. The
document the distribution of chemical contami- location of B Pond is shown in Figure 5,1,
nants from Hanford operations, Although the Increases in the volume of process cooling

extensive distribution of NO3"from Hanford water discharged to B Pond may have resulted
operations is documented in numerous reports, in the expanding area of lower NO3 Concen-
some of the other chemical results represent trations in ground water to the east and south of
relatively recent findings (i.e., since 1987). that facility (see Figure 5,6),

Species of interest include NO3",cyanide,
fluoride, chromium, carbon tetrachloride, and Nitrate concentrations above the DWS were
trichloroethylene, widespread in ground water beneath the 200-

West Area. Highest concentrations were cen-
Nitrate Concentrations tered in three locations: 1) wells near U Plant,

2) wells in the northwestern part of the 200-

Although NO 3 is associated primarily with West Area, and 3) wells near the 216-S-25 crib,
process condensate liquid wastes, other liquids The highest NO 3 concentrations across the Site
discharged to ground also contain NO3, Nitrate continued to be found in wells east of U Plant
contamination in the unconfined aquifer reflects near the 216-U- 17 crib. The presence of nitrate
the extensive use of nitric acid in decontamina- in wells near this crib was observed before

tiolt and chemical reprocessing operations. February 1988 when the crib went into opera-

Nitrate, like 3H, can be used to define the extent tion. The source of NO3 is believed to be
of contamination because NO3"is present in wastes disposed of in the 216-U-1 and 216-U-2
many waste streams and is mobile in ground cribs. These cribs received over 1 million kg of

water. The distribution of NO3 on the Hanford NO 3 during their operation from 1951 to 1967
Site is shown in Figure 5.6. (Stenner et al. 1988). A maximum NO 3"con-

centration of 1300 mg/L was measured in
Most ground-water samples collected in 1989 newly installed well 299-W19-26, and similar

were analyzed for NO3". Nitrate was measured concentrations were seen in other nearby wells.
at concentrations greater than the DWS (45 mg/L Nitrate concentrations in wells located near the

as NO 3"ion) in wells in ali operational areas, 216-U-1 and 216-U-2 cribs west of U Plant
except the 400 Area. continued to decrease in 1988, with concentra-

tions in several of the wells dropping below the

The highest NO 3 concentrations in the 200- DWS. Nitrate concentrations in those wells
East Area continued to be found near LWDFs stabilized during 1989.
that received effluent fi'om PUREX operations.
Nitrate concentrations in wells near the 216-A- Several wells in the northwestern part of the

10 and 216-A-36B cribs continued to decrease 200-West Area continued to contain NO3"at
during 1989 but remained above the DWS even concentrations greater than the DWS. These
though these facilities were removed from serv- wells are located near several inactive LWDFs
ice in 1987. that received waste from early T Plant
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operations. Maximum concentrations in these wells in the fluoride plume were sampled in
wells in 1988 ranged up to 699 mg/L in well 1989, Ali wells sampled outside the 200-West
299-W15-4. The pattern in that area was simi- Area contained fluoride levels below the DWS,
lar in 1989; however, less information was The DWS for fluoride is 2,0 mg/L,
available because of the purge water disposal
considerations discussed earlier, which limited Chromium Concentrations

the sampling effort in 1989 in the most con-

taminated areas, A summary of NO 3"concen- Chromium has been found in ground water
trations in wells sampled during 1989 is from wells in the 100-B, 100-D, 100-H, and
presented in Table C.43, Appendix C. 100-K Areas. In addition, at least one well in

the 100-F Area had detectable hexavalent

Cyanide Concentrations chromium, The highest measured chromium
concentrations on Site in 1989 continued to be

Cyanide was detected in samples collected found in well 199-D5-12 at 692 I.tg/L, down
from wells in and directly north of the 200-East more than a factor of two from measurements
Area. The cyanide source is believed to be in 1987. Detectable chromium was also found
wastes containing ferrocyanide disposed of in in various parts of the 600 Area, particularly
the BY cribs. Samples taken in January 1989 near the 100-D and 100-H Areas. The highest

, had a maximum cyanide concentration of concentration was found in well 699-97-43
574 I.tg/L in well 699-50-53, with lesser (approximately 1 km west of the 100-H Area)
amounts present in four other wells in or near at 192 _g_, four times the DWS. Two other
the northern side of the 200-East Area. Wells wells in the same area had chromium levels

containing cyanide also contained concentra- greater than the DWS in 1989. Chromium
tions of several radionuclides, including 6°Co. contamination was previously found at several

Although 6°Cois normally immobile in the locations in the 200-West Area; however, only
subsurface, it appears to be chemically com- one of those wells (299-W6-2) was sampled in
plexed and mobilized by cyanide or ferro- 1989. Chrornium concentrations in well 299-
cyanide. Cyanide also has been detected in W6-2 were similar to those observed in 1988.

four widely spaced wells in the 200-West Area; The maximum chromium concentration found
the highest level reported in 1988 was 69 _tg_ in the 200-West Area during 1988 was 339 _tg_
_n well 299-W14-2. No samples were taken in well 299-W22-20. Ground-water samples
from well 299-W14-2 in 1989 because Ofcon- from at least 12 other 200-West Area wells

siderations associated with disposal of purge sampled in 1988 had detectable chromium. A
water. No DWS has been established for few wells in the 200-East Area also showed

cyanide, evidence of minor chromium contamination.

The highest level found was in well 299-E13-
Fluoride Concentrations 14, with a chromium concentration of 67 l.tg_

in November 1988. That well was not sampled
Fluoride concentrations above the DWS in 1989 because of considerations associated

occurred in a few wells in the 200-West Area with purge water disposal. A summary of
near T Plan',. The maximum concentration in chromium concentrations in wells sampled
1988 was 12.8 mg/L in well 299-W15-4. during 1989 is presented in Table C.44,
Because of considerations associated with Appendix C.
disposal of purge water, no 200-West Area
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Carbon Tetrachloride Concentrations contained trlchloroethylene close to but slightly
below the DWS, Solid Waste Landfill wells

Extensive carbon tetrachloride contamination had shown tflchloroethylene concentrations
was found in the unconfined aquifer beneath above the DWS in previous years, Trtchloro-
much of the 200-West Area, The contamina- ethylene and some of its partial degradation
tion is believed to be from waste disposal products [i,e,, cts-dichloroethylene (1,2-DCE)]
operations associated with Z Plant before 1973, were found in wells monitoring the lower por-
A concentration of 8100 t.tg_ was found in a tion of the unconfined aquifer in the 300 Area
well near Z Plant first monitored in October neat' the North Process Pond, Maximum con-

1988 (well 299-W15-16), Carbon tetrachloride centrations were 21 t.tg/L trlchloroethylene and
concentrations in well 299-W15-16 were simi- 79 ktg/L DCE in well 399-1-16B, Similar
larin 1989, reaching a maximum of 8250 _tg/L, levels were found in nearby well 399-1-16C,
Numerous other wells in the area had carbon which monitors the upper portion of the con-
tetrachloride levels ranging from 1000 to fined aquifer, Trichloroethylene was not found
5000 ktg_ in 1987 and 1988; however, because in well 399-1-16A, which monitors the upper
of restrictions on disposal of purge water, many portion of the unconfined aquifer, Trtchloro-
of those wells were not sampled in 1989, The ethylene contamination had been detected in
maximum contaminant level, or target concen- 1988 at levels exceeding the DWS in two loca-
tration, Of carbon tetrachloride for remediation tions inside the 200-West Area, Neither group
under the Comprehensive Environmental of wells was sampled during 1989 because of
Response, Compensation, and Liability Act of purge water disposal considerations.
1980 and the Superfund Amendments and
Reauthorization Act of 1986 is 5 _g/L, The Radiological and Chemical Monitoring
DWS is also 5 I.tg/L, In addition to carbon Results for the Confined Aquifer
tetrachloride, minor amounts of other chlori-

nateA hydrocarbon solvents were found in 200- The uppermost (Rattlesnake Ridge) confined
West Area ground water, including trichloro- aquifer was monitored to determine the extent
ethylene and chloroform, A summary of of ground-water interaction between the con-
detectable carbon tetrachloride concentrations fined and unconfined aquifers. Intercommuni-
in wells sampled during 1989 is presented in cation between aquifers was identified by
Table C,45, Appendix C, Graham et al, (1984). Ground-water samples

from the confined aquifer were analyzed for 3H,

Trichloroethylene Concentrations NO3",129I,and gamma-emitting radionuclides.
Results for 3H and NO 3"are summarized in

Trichloroethylene contamination in excess of Tables C.39 and C.43, respectively, Wells
the 5-_g/L DWS was found at several sites in open to the confined aquifer are indicated by
1989. Trichloroethylene was found in 600 footnotes in each table. In most cases, back-
Area wells on the west side of the 100-F Area. ground levels of constituents were detected in
The highest level reported in 1989 was 32 I.tg/L these wells. Detection of radionuclides in well

in well 699-77-36. Trichloroethylene concert- 299-E33-12 is attributed to contamination by
trations in that well appear to be constant with high-salt waste that migrated by density flow
time. Several wells at the Solid Waste Landfill into the borehole when !: was open to both the
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unconfined and the confined aquifer during Site was sampled and analyzed for hazardous
drilling (Graham et al, 1984), Contaminant chemicals and radiological constituents to
concentrations in this well were similar to those assess water quality in the vicinity of the
measured in previous years, Richland water supply wells, Five of these

monitoring wells were constructed adjacent to
Intercommunication between the Rattlesnake the North Richland well field by Westinghouse
Ridge confined aquifer and the unconfined Hanford Company during 1988, No contami-
aquifer north of the 200-East Area was tndi- nants were observed in concentrations above

cated by the concentrations of NO3"in well the DWS,
699-47-50, This well is located near an ero-

sional window (i,e,, near un area where the con- Trace levels of a single organic constituent

fining layer is absent) in the confining basalt were observed in ground-water samples from
flow (Graham et al, 1984), Elevated levels of well 11-41-13C, Samples contained 8 ktg/L
tritium (3830 pCi/L) were present in ground triehloroethane, The DWS for triehloroethane
water from the Rattlesnake Ridge interbed in is 200 _g/L, The origin of trichloroethane in
well 699-42-40C. Elevated levels of '29I this well is uncertain, This region is currently
(0,15 pCi/L) have previously been observed in being characterized through a remedial investt-
the same weil, The direct counting method gation under the Comprehensive Environ-

employed in 1989 to analyze '29Isamples was mental Response, Compensation, and Liability
not capable of detecting t_I at levels below the Aet.
DWS,

Ground-Water Quality Near Richland
Water Supply Wells

During 1989, ground water from 12 monitoring
wells in the southern portion of the Hanford
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6.0 QUALITY ASSURANCE

A comprehensive quality assurance (QA) program Is maintained to ensure tlze quality of data
collected through the surveillance programs. Quality assurance plans were developed for ali
surveillance activities that defined the appropriate controls and documentation required to
meet DOE orders and the American S(_clety of Mechanical Engineers NQA.1 QA program
document.

In the surface, and ground.water surveillance programs, extensive environmental data were
obtained to eliminate unrealistic reliance on only a few results. Newly collected data were
compared with both recent results and historical data to ensure that deviations from previous
conditions were identified and promptly evaluated. Samples at ali locations were collected
using weil.established and documented procedures to ensure consistency. Samples were
analyzed by documented standard analytical procedures. Data quality was verified by a con.
tlnuing program of analytical laboratory quality control, participation in interlaboratory
cross.checks, replicate sampling and analysis, and exchanging samples with other
laboratories.

Ground.water surveillance included procedures for 1) documenting instrument calibrations
and procedures used in the field and the laboratory, 2) scheduling maintenance of wells to
ensure well integrity, 3) inspecting wells using downhole video cameras and other devices,
and 4) using dedicated sampling pumps to avoid cross.contamlnatton.

PNL QUALITY ASSURANCE 5, Instructions, Procedures, and Drawings
6, Document Control

The surveillance programs and related pro- 7, Control of Purchased Items and Services
grams such as processing of thermoluminescent 8, Identification and Control of Items
dosimeters (TLDs) and dose calculations are 9, Control of Processes

subject to the overall PNL QA program, This 10, Inspection
program implements the requirements of DOE 11, Test Control
Order 5700,6B, "Quality Assurance," and i,t 12, Control of Measuring and Test Equipment
based on NQA-1, "Quality Assurance Program 13, Handling, Storage, and Shipping
Requirements for Nuclear Facilities," The pro- 14, Inspection, Test, and Operating Status
gram is defined in the PNL QA manual (PNL 15, Control of Nonconforming Items
1989b), The manual provides guidance for 16, Corrective Action
implementation by addressing 18 QA elements, 17, Quality Assurance Records
These are 18, Audits,

1. Organization Each surveillance project has a current QA plan
2, Quality Assurance Program that describes the specific QA elements that
3, Design Control apply to the project, These plans are monitored
4, Procurement Document Control by the QA organization within PNl_.,which
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conducts surveillances and audits to verify participated in the DOE Quality Assessment
compliance with the plans, Work performed Program and EPA's Laboratory lnteroompart.
through contracts, such as sample analysis, son Studies Program, These programs provide
must meet the same QA requirements and is standard samples of various environmental
reviewed through regular audits, media (water, milk, air filters, soil, foodstuffs,

and tissue ash) containing known amounts of
SAMPLE COLLECTION QUALITY one or more radionuclides, After sample
ASSURANCE analysis, tile results were forwarded to DOE

and EPA for comparison with known values
Surface- and ground-water samples were col- and results from other laboratories, Both EPA
letted by trained radiation protection technolo- and DOE have established criteria for evalu-
gists using documented procedures, Continuity attng the accuracy of results (Jarvis and Stu
of sampling locations was maintained through 1981; Sanderson 1985). These programs pro-
documentation in logbooks. Sample collection vided a way to evaluate results and identify
for chemical monitoring was performed accord- where corrective actions were needed, Sum-
ing to written procedures, Samples weresealed maries of the 1989 UST results for the pro-
with evidence tape to prevent tampering and grams are provided in Tables 6,1 and 6.2.
were transported to the laboratory in actor- Tables C.46 and C,47 provide the analytical
dance with the chain-of-custody procedures results on each sample analyzed by UST and
required by the EPA for Resource Conserva- the expected value. About 90% of the results
tion and Recovery Act (RCRA) monitoring during the year were within 3-sigma control
programs, limits (5:3standard errors of the mean). This

level of performance was determined to be,ade-
ANALYTICAL LABORATORY QUALITY quate to assess the expected concentrations of
ASSURANCE radionuclides in the environment. Ali PNL

results were within 3-sigma control limits.
Routine radiochemical analyses for environ-
mental surveillance were performed by United United States Testing Company, Inc., partici-
States Testing Company, Inc. (UST). An inter- pated in the EPA Water Pollution Performance
nal quality control program maintained by UST Evaluation Study Number 22. This study
involved routine calibration of counting instru- involved the analysis of standard water samples
ments, frequent source and background counts, with known concentrations of nonradioactive
routine yield determinations of radiochemical water pollutants. The EPA gave UST an eval-
procedures, replicate analyses to check preci- uation of excellent, with a score of 132 out of
sion, analysis of spiked samples, and analyses 134 samples (a 99% acceptance level).
of reagents to ensure purity of chemicals.
Quality assurance data were summarized by In 1989, UST was under investigation by the
UST in quarterly ana annual reports to PNL. EPA for alleged wrongdoing concerning EPA

contract laboratory work. This investigation
When available, calibration standards traceable was not related to the work UST does on the

to the National Institute of Standards and Tech- Hanford Site. However, in light of the allega-
nology were used for radiochemical calibra- tions, a detailed review of UST was performed
tions. United States Testing Company, Inc., to determine compliance with the contract
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TABLE 6.1. United States Testing Company Performance on DOE Quality Assessment Program

Samples in 1989

Number

Samples Within Control
Sample Media Radionuclides Analyzed Limitsa>

Air Fitters 7Be,-_Z,_,n,c'°Co;9°Sr,_z_Sb,lUCs, 22 19
lrTCs,l_Ce, z_gpu,_lAm, mU, 23aU,
U(mass)

Soil a'K, 9°Sr, 137Cs, z39Pu, z3aU, 238U, 12 9
U(pCi), _lAm

Vegetation _K, 9°Sr, 137Cs,z39Pu,Z41Am, 13 11
mU, 23"13

Water _H,S4Mn,STCo,_o, 9°Sr,l_Cs, 26 26
" 137Cs,_'_Ce,z39Pu,_Am, mU, z_sU,

U(mass)

(a) Control limits from Sanderson (1985),

TABLE 6.2. United States Testing Company Performance on EPA Intercomparison Program

Samples in 1989

Number

Samples Within Control
Sample Media Radionuclides Analyzed Limitsc'_

Water Gross Alpha, Gross Beta, 28 28
51Cr,¢_SZn,a_Co,106Ru,
1311,I_LCs,13_Cs

Water _Ra, _Ra, z_sU,U(nat), 14 14
z_gpu

Water _Sr, 9°Sr 8 8

Water 3H 3 3

Milk SgSr,9°Sr,mi, IrrCs 3 3

Air filters Gross ,a_pha,Gross Beta, 6 6
9OSr,_3_Cs

(a) control limits from Jarvis and Siu (1981).
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requirements. The current UST contract was 20
awarded in 1989. At that time, a pre-award QA .=- 15'18 mR
survey showed four deficiencies and two obser- • - 19-22 mR

vations. Corrective actions were accepted and 10 Am *, 23-28 mR
the contract was awarded. A formal audit was n | ,, •
conducted by ;.hePNL Process Quality Depart- ._ ,, m
ment in 1989. The audit resulted in three find- m • n

0 • w _ _U •

ings and two observations. The corrective _ • J,
actions were accep_c.aafter a verification audit.
No evidence indicated erroneous data as a

result of analyses conducted by b ST. -10

Avg.Bias=,3.2
SURFACE MONITORING

-20 J J _ j I I L_J J J J 1 J
' J FMAMJ J ASON D

In addition to DOE and EPA interlaboratory Exposure Date
quality control and the laboratories' internal
programs, a quality ,.ontrol program was main-
tained by PNL to evaluate precision and accu- FIGURE 6.1. Comparison of Thermolu-
racy and to conduct special intercomparisons as minescent Dosimeter Results with Known
necessary. Ali data were reviewed by a com- Exposures
puterized data system that checked each entry
against established limits, the Hanford Site, the U.S. Ecology site, and the

Washington Public Power Supply System
Replicate sarnples were routinely collected to WNP-2 Plant. The dosimeters were put in

1

: check sampling and analysis precision. Repli- piace and collected at the same times. Quar-
cate data showed no significant deviations from terly mean dai!y exposure rates determined by
results of previous years. Estimated precision PNL and WDOH are shown in Table C.48,
(or reproducibility) of results (ce,efficient of Appendix C. The difference between the PNL

variation) was generally less than 20% for and wDoH dosimeter results (.Pr_p_n>OH.100)
samples with activities greater than 2.5 times ranged from -33% to +55%. Results from PNL
the minimum detectable amount, average 13% higher than WDOH results. There

is no standard for an acceptable difference
Each month, three pairs of dosi _eterswere between co-located dosimeters. The low levels
exposed to known levels of radiation and proc- of radiation that are measured by a dosimeter
essed. A summary of 1989 results is shown in result in wide variability. The 13% difference
Figure 6.1. An average bias of approximately between the two measurements is not consid-
+3.2% was obsewed between known and ered excessive. A joint _ampling of Columbia
measured exposures. The bias was calculated River seep springs and wells was conducted in

from _ (measured-known value . 100). September 1989. Participants included theknowr_value
States of Washington and O,,'egon, Washington

During 1989, PNL and the State of Washington Public Power Supply System, Search Technical
Department of Health (WDOH) shared 21 envi- Associates, and PNL. Samples of water and

-_ ronmental dosimeter locations on and around vegetation were collected and divid',zl among
=_21
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the participants. Analytical results from ali sampling and analysis reproducibility and
participants were not available at the printing of variability. Both sampling techniquesand
this report, laboratory practices were highly reproducible

for a.il analyses performed.
GROUND-WATER MONITORING

Interlaboratory comparisons (split samples
The ground-water monitoringprogram at PNL Submitted for analysis to an alternate labora-
included a comprehensive approach to assess tory) were made for common anions, volatile
overall data quality. The effort consisted of organics, metals, gross alpha, and gross beta.
evaluating various aspects of data analysis Sample results reported for these comparisons
through blanks, duplicate samples, interlabora- showed a high degree of correlation (i.e., PNL
tory comparisons, and blind standards. Blanks results compared well with UST results).
were used to determine sample contamination,
both during sampling and in the laboratory. Blind standards for numerous constituents were
Duplicate samples were submitted to indicate submitted regularly to UST and PNL. Blind
sampling and analysis variability. Interlabora- standards for VOAs were submitted monthly;
tory comparisons involved duplicate samples anions, metals, and other organic and inorganic
taken at the sampling site and sent to one or constituents were submitted quarterly. Blind
more alternate laboratories for confirmatory standards were submitted as ground-water
analysis. Blind standards were submitted as samples, for which the constituency and
ground-water samples to determine accuracy concentration were known to the supplier but
and precision for various analytical methods, not to the analyzing laboratory. Blind stan-

" dards were used to assess accuracy but may
•" Four types of blank samples were submitted: also be used to assess precision. Analyses of
• bottle blanks to check for contamination arising blind standards showed that accuracy was

-* from sample containers, trip blanks to check for good, with correlations between laboratories
both bottk': and analysis contaminations, and high.
two volatile organic analysis (VOA) blanks
(i.e., transfer and transport blanks) specifically United States Testing Company, Inc., also par-
designed to check for volatile organic contami- ticipated in performance evaluations sponsored
nation arising during sampling or transport of by EPA for both water supply (drinking water)
volatile samples. Few blanks indicated cor,- and water pollution (waste water) studies.
tamination; of the few showing contamination, These studies covered a range of constituents,
common laboratory volatile solvents were the including metals, anions, pesticides, herbicides,
attributed source. VOAs, and semi-volatiles. Performance by

UST was generally very good.
Duplicate samples were collected and sub-

; mitted on a regular basis to determine both

_1

dl
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APPENDIX A

GLOSSARY

Activation Product - Material made radioac- water in the confined aquifer is under a pres-

rive by exposure to radiation in a nuclear sure greater than atmospheric pressure.
reactor.

Continuous Sample - Sample formed by the
Air Submersion Dose - Radiation dose continuous collection of the media or contami-

received from external exposure to radio- nants within the media during the entire sample
active materials present in the surrounding period.
atmosphere.

Controlled Area - An area to which access is

Aquifer - Permeable geologic unit that can controlled to protect individuals from exposure
transmit significant quantities of water, to radiation or radioactive and/or hazardous

materials.

Background Radiation - Radioactivity in the
environment, including cosmic rays from space Cosmic Radiation - High-energy subatomic
and radiation that exists elsewhere in the air, in particles and electromagnetic radiation from
the earth, and in manmade materials that sur- outer space that bombard the earth. Cosmic
round us. In the United States, the average per- radiation is part of natural background
son receives about 300 millirems (torero) of radiation.
background radiation per year.

Counting Error- Variability caused by the

Bankstorage - Hydrologic term that describes inherent random nature of radioactive disinte-
river water that flows into and is retained in gration and the detection process.

permeable stream banks during periods of high
river stage. Flow is reversed during periods of Curie (Ci) - A unit of radioactivity equal to
low river stage. 37 billion (3.7 x 101°) nuclear disintegrations

per second.

Becquerel (Bq) - Unit of activity equal to one
nuclear transformation per second (1 Bq = Derived Concentration Guides (DCG) - Con-
1 s_). The former special-named unit of activ- centrations of radionuclides in air and water
ity, the curie, is related to the becquerel accord- that could be continuously consumed or inhaled
ing to 1 Ci = 3.7 x 101°Bq. and not exceed an effective dose equivalent of

100 mrem/yr.

Composite Sample - Sample formed by mix-
ing discrete samples taken at different points in Detection Level - Minimum concentration of a
time. substance that can be measured with a 99%

confidence that the analytical concentration is

Confined Aquifer - An aquifer bounded above greater than zero.
and below by less permeable layers. Ground
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Dispersion - Process whereby effluents are Glaciofluvial Sediments- Sedimentary depos-
spread or mixed as they are u'ansported by its consisting of material transported by, sus-
,ground water or air. pended in, or laid down by tlm meltwater

streams flowing from melting glacier ice.
Dosimeter - Portable device for measuring the
total accumulated exposure to ionizing Grab Sample - Individual discrete sample
radiation, collected over a period of time less than

15 minutes.

Effective Dose - See "Effective Dose Equiva-
lent" under "Radiation Dose." Ground Water- Subsurface water that is in

the pore spaces of soil and geologic units.
Effluent - Liquid or gaseous waste streams
released to the environment from a facility. Half.Life - Length of time in which a radioac-

tive substance will lose one half of its radioac-

Effluent Monitoring - Sampling or measuring tivity. Half-lives range from a fraction of a
specific liquid or gaseous effluent streams for second to millions of years.
the presence of pollutants.

Ion Exchange - The reversible exchange of
Exposure - Subjecting a target (usually living ions for different ions in solution.
tissue) to radiation or chemicals.

Isotopes - Different forms of the same chemi-
Fallout - Radioactive materials mixed into the cal element that are distinguished by different
earth's atmosphere following a nuclear explo- numbers of neutrons in the nucleus. A single
sion. Fallout constantly precipitates onto the element may have many isotopes. For exam-
earth, pie, the three isotopes of hydrogen are protium,

deuterium, and tritium.
"Fence-Post" Dose Rate- Dose rate measured

or calculated at the point of highest exposure at Long-Lived Isotope - A radionuclide that
publicly accessible locations on or near the decays at such a slow rate that a quantity
Hanford Site. will exist for an extended period.

Fission (fissioned) - Splitting or breaking apart Short, Lived Isotope- A radionuclide that
a nucleus into at least two other nuclei. For decays so rapidly that a given quantity is
example, when a heavy atom, such as uranium, transformed almost completely into decay
is split, large amounts of energy including products within a short period.
radiation and neutrons are released.

Lacustrine Sediments - Sedimentary deposit
Fission Products - Elements or compounds consisting of material pertaining to, produced
formed from fissioning. Many fission products by, or formed in a lake or lakes.
are radioactive.

Lithology - Description of the physical charac-
Fuel Cladding - Metal skin used to retain the teristics of rocks that make up geologic units.
fuel pellets and separate the fuel and the cool-
ant in a nuclear reactor.
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This description may include such characteris- Onsite Locations - Sampling and measurement
tics as color, mineralogic composition, and locations within tile Hanford Site botindary.
grain size.

Oulfail - End of a drain or pipe that can'ies

Maximally Exposed Individual- Hypothetical waste water or other effluents into a ditch,
individual who remains in an uncontrolled area pond, or river.
and would receive the greatest possible effec-
tive dose equivalent when ali potential routes of Plume - Distribution of a pollutant in air or
exposure from a facility's operations are water after being released from a source.
considered.

Plutonium - A heavy, radioactive, manmade
Mean - Average value of a series of metallic element. One important isotope is
measurements. 239pu,which is produced by the irradiation of

238U. Routine analysis cannot distinguish
Median - Middle value in a set of results when between the 239pu and 2_Pu isotopes, hence, the
the data are ranked in increasing e: .tecreasing term 239'24°pu,

order.

Primary Cooling Loop- Closed system of
Millirem (mrem) - A unit of radiation dose piping that provides cooling water to the reac-
equivalent that is equal to one one-thousandth tor. Heat energy is transferred to the secondary
of a rem. An individual member of the public loop through a heat exchanger.
can receive up to 100 mrem per year according
to DOE standards. This limit does not include Radiation - The process of emitting energy in
radiation received for medical treatment or the the form of rays or particles such as those
approximately 300 mrem that people receive thrown off by disintegrating atoms. The rays or
annually from background radiation, panicles emitted may consist of alpha, beta, or

gamma radiation.
Minimum Detectable Concentration - Small-

est amount or concentration of a radioactive or Alpha Radiation - Least penetrating type
nonradioactive element that can be reliably of radiation. Alpha radiation can be
detected in a sample, stopped by a sheet of paper or the outer

dead layer of skin.
Noble Gas - Any of a group of chemically and
biologically inert gases that includes krypton Beta Radiation - One form of radiation
and xenon. These gases are not retained in the emitted from a nucleus during radioactive
body following inhalation. The principal expo- decay. Beta radiation can be stopped by an
sure pathways from radioactive noble gases are inch of wood or a thin sheet of aluminum.
direct external dose from the surrounding air
(see "Air Submersion Dose") and internal External Radiation - Radiation originating
irradiation while the inhaled air is in the lung. from a source outside the body, such as cos-

mic radiation or natural and manmade

Offsite Locations - Sampling and measure- radionuclides.
ment locations outside the Hanford Site

boundary.
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Gamma Radiation - Form of electromag- occur as a result of residual radionuclides
netic, high-energy radiation emitted from a remaining in the environment beyond tile
nucleus. Gamma rays are essentially the year of release,
same as x-rays and require heavy shield-
ings, such as concrete or steel, to be Dose Equivalent - Product of the absorbed
stopped, dose, the quality factor, and any other

modifying factors. The dose equivalent is a
Gray (Gy) - Unit of absorbed dose in the quantity for comparing the biological
International System of Units (SI) equal to effectiveness of different kinds of radiation
1 joule per kilogram. 1 Gy = 100 rad. on a common scale. The unit of dose

equivalent is the rem. A millirem is one
Internal Radiation - Radiation originating one-thousandth of a rem.
from a source within the body as a result of
the inhalation, ingestion, or implantation of Effective Dose Equivalent - An estimate
natural or manmade radionuclides in body of the total risk of potential health effects
tissues, from radiation exposure. This estimate is

the sum of the committed effective dose

Radiation Dose - For the purpose of this equivalent from internal deposition and the
report, radiation doses are defined as follows: effective dose equivalent from external

penetrating radiation received during a
Absorbed Dose - Amount of energy calendar year. The committed effective
deposited by radiation in a given amount of dose equivalent is the sum of the individual
material, Absorbed dose is measured in organ committed dose equivalents (50 year)
units of"rads" or "gray." (See "Dose multiplied by weighting factors that repre-
Equivalent" below,) sent the proportion of the total random risk

that each organ would receive from unifonn
Collective Dose Equivalent - Sum of the irradiation of the whole body.
dose equivalents for individuals composing

a defined population. The per capita dose Radioactivity - Property possessed by some
equivalent is the quotient of the collective elements, such as uranium, whereby alpha,

dose equivalent divided by the population beta, or gamma rays are spontaneously emitted.
size.

Radioisotope - Radioactive isotope of a spect-
Committed Dose Equivalent - Total dose fied element. Carbon-14 is a radioisotope of
equivalent accumulated in an organ or tis- carbon. Tritium is a radioisotope of hydrogen.
sue in the 50 years following a single intake
of radioactive materials into the body. Radionuclide - Radioactive nuclide. There are

several hundred known radioactive nuclides,

Cumulative Dose Equivalent - Total dose both manmade and naturally occurring.
one could receive in a period of 50 years Nuclides are characterized by the number of
following release of the radionuclides to the neutrons and protons in an atom's nucleus.
environment, including the dose that could
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Rem - Acronym for Roentgen Equivalent Man; relatively inapermeable rocks. The pressure at
a unit of dose equivalent that indicates the the top of the unconfined aquifer is equal tn
potential impact oil hurnan cells, that of the atmosphere, At ttanford, the uncon-

fined aquifer is the uppemlost aquifer and is
Roentgen - Unit of x-ray or gamma radiation most susceptible to contamination from Site
exposure in air, Exposure of 1 Roentgen (R) is operations,
approximately equal to 1 rem dose to human
tissue, Uncontrolled Area - Area on or nem"a nuclear

facility to which public access is not restricted,
Sievert (Sv) - Unit of dose equivalent in the
International System of Units (SI)equal to Water Table- Theoretical surface represented
1 joule per kil,_gram. 1 Sv = 100 rem. by the elevation of water surfaces in wells

penetrating only a short distance into the
Spent Fuel - Nuclear fuel that has been unconfined aquifer.
exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, Whole-Body Dose - Radiation dose that
and plutonium. At Hanford, spent fuel is proc- involves exposure of the entire body. Whole-
essed in the Plutonium Uranium Extraction body dose is composed of internal and external
(PUREX) Plant. radiation.

Standard Deviation - An indication of the Wind Rose - Star-shaped diagram showing
dispersion of a set of results around their how often winds of various speeds blow from
average, different directions, usually based on yearly

averages.
Standard Error of the Mean - An indication

of the dispersion of an estimated mean from the X/Q' (chi over que) - A dispersion factor cal-
average of other estimates of the samemean' culated from average annual meteorological

data using an atmospheric dispersion model.
Thermoluminescent Dosimeter (TLD) - A This factor is used to estimate the air concen-

material that, after being exposed to radiation, tration from the rate of release of a radionuclide
emits light when heated. The amount of light to the air. The resulting estimates of average
emitted is proportional to the amount of annual air concentrations at specific locations
radiation (dose) to which the TLD has been away from the source can be used to calculate
exposed, potential doses,

Unconfined Aquifer - An aquifer containing
ground water that is not confined above by
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APPENDIX B

APPLICABLE STANDARDS AND PERMITS AND ENVIRONMENTAL

COMPLIANCE DOCUMENTATION

Operations at the Hanford Site must conform to this order that incorporates a system for
a variety of federal and state standards and per- evaluating and controlling radiation exposures
mits designed to ensure the radiological, chemi- to members of the public in uncontrolled areas.
cal, biological, and physical quality of the envi- The revised standards are shown in Table B.5,
ronment for either aesthetic or public health which also includes standards pursuant to the
considerations. Standards and permits applica- Clean Air Act for sources of radionuclide emis-
ble to Hanford operations in 1989 are listed in sions to the air (EPA 1983). These standards
the following tables. The State of Washington govern allowable exposures to ionizing radia-
has promulgated water quality standards for the tion from DOE operations.
Columbia River (WDOE 1982). Of interest to

Hanford operations is the designation of the The DOE has also prepared draft tables of
Hanford Reach of the Columbia River as Class Derived Concentration Guides (DCGs) that

A (Excellent). This designation require; that reflect the concentrations of individual nuclides
the water be usable for substantially all needs, in water or air that would result in an effective
including drinking water, recreation, and wild- dose equivalent of 100 mrem caused by inges-
life. Class A water standards are summarized tion of water or inhalation (Table B.6). The
in Table B. 1. Drinking water standards prom- DCGs are useful reference values but do not
ulgated by the EPA (EPA 1976) are summa- generally represent concentrations that ensure
rized in Tables B.2 and B.3. Benton-Franklin- compliance with either the DOE or the Clean
Walla Walla Counties Air Pollution Control Air Act dose standards.

Authority air quality standards are shown in
Table B.4. Environmental radiation protection Permits required for regulated releases to water
standards are published in DOE Order and air have been issued by the EPA under the
5480. lA, "Environmental Protection, Safety, National Pollution Discharge Elimination Sys-
and Health Protection Program for DOE Opera- tem (NPDES) of the Clean Water Act and the
tions." These standards are based on guidelines Prevention of Significant Deterioration (PSD)
originally recommended by the Federal Radia- requirements of the Clean Air Act. Permits for
tion Council and other scientific groups, such collecting wildlife for environmental sampling
as the International Commission on Radiologi- are issued by the Washington State Department
cal Protection and the National Council on of Wildlife and the U.S. Fish and Wildlife Serv-

Radiation Protection and Measurements. In ice. Current permits are listed in Table B.7.
September 1985, the DOE issued a revision to
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TABLE B.1. Washington State Water Quality Standards for the Hanford Reach of the
Columbia River

Parameter Permissible Levels

Fecal coliform 1) <100 organisms/it0 mL
2) <10% of,samples may exceed 200 organisms/100 mL

Dissolved oxygen >8 rag/L,

Temperature 1) <20'C (68°F) due to human activities
2) When natural conditions exceed 20°C, no temperature increase of

greater than 0.3°C allowed.
3) Increases not to exceed 34/(T+9), where T = highest existing

temperature in °C outside of dilution zone.

pH 1) 6.5 to 8.5 range
2) <0,5 unit induced variation

,,

Turbidity <5 NTUI')over background turbidity

Toxic, radioactive, or Concentrations shall be below those of public health significance, or
deleterious materials which cause acute or chronic toxic conditions to the aquatic biota, or

which may adversely affect any water use.

Aesthetic value Shall not be impaired by the presence of materials or their effects,
excluding those of natural origin, which offend the senses of sight,
smell, touch, or taste.

(a) NTU = nephelometric turbidity units.
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TABLE B.2. Radiological Drinking 'Water Standards: U.S. Environmental Protection

Agency, National Interim Primary Drinking Water Regulations; and State

of Washington, Rules and Regulations of the State Board of Health

Regarding Public Water Systems

Contaminant Limit

Gross alpha (excluding uranium) 15 pCi/L

Combined 2Z6Raand 2_Ra ' 5 pCi/L

Radium-226 (State of Washington only) 3 pCi/L

Gross beta and gammaradioactivity Annual average concentration shall not produce an annual
from manmade radionuclides dose from manmade radionuclides equivalent to the total

body or any internal organ dose greater than 4 mrem/yr. If
two or more radionuclides are present, the sum of their
annual dose equivalents shall not exceed 4 mrem/yr.

Compliance may be assumed if annual average concen-
trations for gross beta activity, :_H,and 9°Sr are less than
50, 20,000, and 8 pCi/L, respectively.

The following list provides the annual average concentrations for manmade radionuclides of interest. These radionu-
clides are assumed Io yield an annual dose of 4 mrem to the indicated organ. Data are taken from the National Interim
Primary Drinking Water Regulations, Table IV-2A (EPA 1976).

Radionuclide CriticalOrgan Concentration,pCi/L

3H Whole body 20,000
1'_2 Fatty tissue 2,000
_Co GI (LLI)(') 100
SgSr Bone 20
89Sr Bone marrow 80
9°Sr Bone marrow 8

9"tTa" GI CLLI) 200
95Nb GI (LLI) 300

99Tc GI (LLI) 900
l°3Ru GI (LLI) 200
l°6Ru GI (LLI) 30
_ZSSb GI (LLI) 300
_I Thyroid 1
13_I Thyroid 3
_2s GI (S)°') 20,000

_r_Cs Whole body 200

(a) Gastrointestinal tract (lower large intestine).
(b) Stomach.
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TABLE B.3. Chemical Drinking Water Standards: U.S. Environmental Protection Agency,

National Interim Primary Drinking Water Regulations (EPA 1976); and State

of Washington, Public Water Supplies (WDSHS 1983)

Chemical
Constituent Concentration

As 50 I.tg/L

Ba 1 mg/L

Cd 10 I.tg_ ,

CCl, 5  tg/L
Cr 50 I.tg/L

Cu 1 mg/L

F 2 mg/L

Hg 2 I.tg/L

NOs 45 mg/L

Pb 50 tg/L

Se 10 _tg/L

TABLE B.4. Benton-Franklin-Walla Walla Counties Air Pollution Control Authority

Ambient Air Quality Standards c'_

Parameter Type of Standard°'1 .SamplingPeriod Permissible Level

NO 2 Secondary and primary Annual average 0.05 ppm

(a) Benton-Franklin-Walla Walla Counties Air Pollution Control Authority 1980.
(la) Primary standards for ambient air quality dci'mc levels of air quality to protect

the public health. Secondary standards define levels of air quality to protect
the public welfare from any known or anticipated adverse effects of a pollutant.



TABLE B.5, Radiation Standards for Protection of the Public in the Vicinity of DOE Facilities

DOSE LIMITS

ALL PATHWAYS

The effective dose equivalent for any member of tile public from ali routine DOE operations c'>(natural background
and medical exposures excluded) shall not exceed the values given below, cb>

Effective Dose Equivalent ¢°)
mrem/yr (mSv/yr)

Occasional Annual Exposures 500 (5)
Prolonged Period of Exposure Ca> 100 (1)

No individual organ shall receive a committed effective dose equivalent of 5 rem/yr (50 mSv/yr)or greater.

AIR PATHWAYS ONLY _imits from 40 CFR 61 (DOE 1988e)]

Dose Equivalent

mrem/yr (mS v/)'r)

Whole-Body Dose 25 (0.25)

Any Organ _ 75 (0.75)

(a) "Routine DOE operations" implies normal, planned operations and does not include actual or potential
accidental or unplanned releases.

(b) Memo from W. A. Vaughan, Assistant Secretary for Environment, Safety and Health, U.S. Depart-
ment of Energy, to DOE Field Offices, August 5, 1985.

(c) Effectix;e dose equivalent is expressed in rem (or millirem) with the corresponding value in sievert
(or millisievert) in parentheses.

(d) For the purposes of these stan 'dards, a prolonged exposure is one that lasts, or is predicted to last,

longer than 5 years.



TABLE B.6. Derived Concentration Guides I''b'c)

Water, Air,
pCi/L pCi/m3

Radionuclide (10.9l.tCi/mL) (10"12_tCi/mL)

3H 2,000,000 200,000

14C(CO2) 70,000 500,000
51Cr 1,000,000 60,000
_Mn 50,000 2,000
C°Co 5,000 80
65Zn 9,000 600
S_Kr NS 60,000
sgSr 20,000 300
9°Sr 1,000 9
99Tc 100,0130 2,000
l°3Ru 50,009 2,000
l°_Ru 6,000 30
lzSSb 60,000 1,000
129I 500 70
131| 3,000 400
137Cs 3,000 400
l*_Ce 7,000 30
z_U 500 0.09
_U 600 0.1

6OO 0.1
z3Spu 400 0.03
239pu 300 0.02

(a) Concentrations of radionuclides in water and air that
could be continuously consumed or inhaled and not
exceed a committed effective dose equivalent of
100 mrem/yr.

(b) Values from May 6, 1987, memo from R. E. Gerton,
Director, DOE Environment, Safety, and Health Division
to Hanford contractors.

(c) Derived fromDOE Order 5480.1A (DOE 1981).
NS No standard.
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TABLE B.7. Environmental Permits

NPDES Permits
NPDES Permit No. WA-000374-3, issued to the DOE-Richland Operations Office by Region 10 of the EPA, covers
nonradioactive discharges to the Columbia River from eight outfalls. The following are measurements required for
NPDES-permitted discharges at Hanford:

Location
100-K Area 100-N Area 300 Area

Measurement (2 discharges) (5 discharges) (1 discharge)

Flow Rate X X X

Suspended Solids X X X
Temperature X X ...c,_
pH X X X
Chlorine X X ---
Oil and Grease --- X ---

Heat Discharged --- X ---
Settleable Solids ...... X
Iron ' --- X ---
Ammonia --- X ---
Chromium --- X ---

(a) Dashed line indicates no measurement required.

PSD Permits

PSD Permit No. PSD-X80-14, issued to the DOE-Richland Operations Office byRegion 10of the EPA, covers emission
of NOxto the atmosphere from the Plutonium Uranium Extraction (PUREX) Plant and the Uranium Oxide (UO3)Plant.
No expiration date.

Wildlife Sampling Permits
Scientific Study or Collection Permit No. 040, issued by Washingt6n State Department of Wildlife toPacific Northwest
Laboratory for 1989, covers the collection of wildlife, including fish, for environmental monitoring purposes. Renewed

annually.

Federal Fish and Wildlife Permit No. 671877, issued to PacificNorthwest Laboratory by U.S.Fish and Wildlife Service.
No expiration date.

Copies of the regulations concerning NPDES, PSD_and wildlife sampling permits may be obtained from the follow-
ing organizations:

State of Washington
Department of Ecology
Olympia, WA 98504

U.S. Environmental Protection Agency
Region 10
1200 Sixth Avenue
Seattle, WA 98101

U.S. Department of Energy
Richland Operations Office
Richland, WA 99352
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TABLE C.I. Strontium-90 (9°Sr) Concentrations in Canada Goose Eggshells,

pCi/g Dry Weight, from Island 12 (Plow Island) in the

Columbia River, 1986-1989

1986 1987 1988 1989 Total

0,67 1.95 2.13 0.95
0.91 1.51 1.28 1.65
0,99 1.15 0.82 1,26
1.20 1.71 1.14 0.91
0.49 1,49 1.67 2.25
1.58 0.58 0.95 1.18
1.01 1.75 1.43 0,46
0.65 1.41 2,04 1.28
0.86 1.08 1.06 2.87
0.86 0,65 0.66 1,03
1.15 1,62 2.07 1.87
1,14 1.30 2.45 1,24
0.71 0.84 0,76
1.39 0.90 0,35

0.53 0.71
1.88

No. of

samples = 16 14 12 15 57
Average = 1.00 1.49 1.47 1.25 1.3
Maximum = 1.58 1.95 2.13 2.87

Minimum = 0.49 0.58 0.66 0.35
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TABLE C,4, Air Sampling Locations and Sample Composite Grou ,s
i

Map

Composite Group Sampltng Location LocationI')

ON SITE
100 Areas 100.K 1

100.N 2
100-D 3
Fire Station 4

200-East Area S of 200-East 5
E of 200-East 6
200-East SE 7

North of 200 Ar_s Rt. 1lA, Ml, 9 8
N of 200-East 9

200-West Area SW of BC Cribs 10

Army Loop Camp 11
GTE Building 12

200-West SE 200-West SE 13

300 Area 300 Pond 14

ACRMS (3614A Bldg,) 15
300-South Gate 16

300 NE 300 NE 17

400 Area 400-East 18
400.West 19
400.Sot _h 20
400.Nc rth 21

[3Pond B Pond 22

Hanford Townsite Hanford Townsite 23

Wye Barricade Wye Barricade 24

PERIMETER

Northeast Perimeter Berg Ranch 25

Sagehill 26
Ringold 27

m

East Perimeter Fir Road 28
Pettett 29

: Southeast Perimeter Byers Landing 30
RRC No, 64 31

Prosser Barricade Horn Rapids Rd, Substation 32
Prosser Barricade 33

ALE ALE 34

West Perimeter Rattlesnake Spring 35
Yakima Barricade 36
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TABLE C.4. Air Sampling Locations and Sample Composite Groups (contd)

Map
Comdoslte Oroup Sampltng Locatton IJx_atlon(')

Northwest Perimeter Vernita Bridge 37
Wahluke Slope No, 2 38

NEARBY COMMUNITIES

Northeast Communities Othello 39
Connell 40

Tri-Cities Pasco 41
Richland 42
Kennewtck 43

Benton City Benton City 44
Pros.ser 45

Eltopia Eltopia 46

Mattawa Mattawa 47

DISTANT COMMUNITIES
Outer Northeast Moses Lake 48

Washtucna 49

Outer South_lst Walla Walla 50

McNary Dam 51

Sunnyside Sunnyside 52

Yakima Yakima 53

(a) Locations are identified in Figure 4,1,

'FABLE C.5. Ambient Nitrogen Dioxide (NO 2) Concentrations in the Hanford Environs
for 1989

% Samples Maximum
Less Than 24-h

Map Number of Annual Average(.> Dete.';tlonLimit Sample

Location Location(h> 24-h Samples (ppm NOz) (0,(X)3ppm NO2) (ppm NO2)

100-B 1 165 <0,(X)7 + 0,(X)12 59 9,084
2(X)-West 2 228 <0,CX)4± 0,(XX)5 24 0,041
Army Barracks 3 216 <0,fK)5 + 0,(_X)7 28 0,058

(a) Annual averages ±2 standard errors of the mean, Samples less than detectat>ledaily concentrations
were assumed equal to the 24-h detection limit (0,003 ppm),

(b) Lcx:ationsare identified in Figure 4,2,
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TABLE C.7. Radionuclide Concentrations Measured in Columbia River Water at Priest Rapids
Dam in 1989

f

Drinking

No. of Concentration, pCi/L('> (10 .9p,Ci/mL) Water
Radionuclide 0') Samples Maximum Minimum Average Standard _°)

Composite System
Gross Alpha 12 2.3 + 0.6 -0.004 + 0.279 0.83 + 0.33 15
Gross Beta 12 3.8 + 1.2 -0.22 + 1.80 1.50 + 0.68 50

3H 12 79 + 4 53 + 3 63 + 5 20,000
t_gSr 12 0.002 -l- 0,086 -0.07 -t- 0.06 -0.035 + 0.015 20
9°Sr 12 0.12 + 0.04 0.05 + 0.04 0.08 + 0.01 8

99"I'c 12 4.1 + 1.2 -2.1 .5: 1.1 0.07 + 0.95 91X_
234U 12 0.34 + 0,08 0.20 + 0,04 0.25 + 0.02 ....(d_

235U 12 0,039 + 0.0!7 -0.003 + 0.005 0.009 :!:. 0.007 ....
z38U 12 0,24 + 0.05 0.15 , + 0.04 0.20 + 0.02 ....
U-Tot, al 12 0,53 + 0.09 0.34 + 0.06 0.46 + 9.03

Continuous System
_°Co P 25 0,002 ± 0.001 -0.002 + 0,002 0.00002 + 0.0003 100

D 25 0,003 + 0.003 -0.003 + 0.003 0,0012 + 0.0005 ---
1291D 4 0,000007 + 0.000002 0,000004 + 0.0000005 0.000005 + 0.000301 'I _
131IP 25 0,006 + 0.007 -0.002 + 0.005 0.0002 + 0.0006 ---

D 25 0,014 + 0.007 -0,010 + 0.017 0.003 5: 0.002 3
13_CsP 25 0,005 5: 0.002 -0.0006 5: 0.0019 0.002 5: 0.001 200

D 25 0,005 5: 0.003 -0.0002 5: 0.0024 0.002 + 0.001 ---

239'24°pu P 4 0.00002 5: 0.0000l O.00001 5: 0.00001 0.00002 5: 0.000004 ....
D zl 0,00003 5: 0,00004 -0.00003 + 0,00002 0,000004 + 0,000018 ....

(a) Maximum and mimmum values 5:2 sigma counting errors, Averages 5:2 times the standard error of the calculated mean.
(b) Radionuclides measured using the continuous system show the particulate (P) and dissolved (D) fractions

separately. Other radionuclides are based on samples coUected by the composite system (see text).
(c) The drinking water standard is in pCilL. From State of Washington and EPA (see Table B.2, Appendix B).
(d) Dashes indicate no concentration guides provided in drinking water standard,
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TABLE C.8. Radionuclide Concentrations Measured in Columbia River Water at the 300 Area
in 1989

No. of Concentration, pCi/L ('1(10 9 btCi/mL) Drinking Water
Radionuclide (b) Samples Maximum Minimum Average Standard lc)

Composite System
Gross Alpha 4 1.4 + 1.0 0.7 + 0.4 1.0 5- 0.3 15
Gross Beta 4 2.4 5- 1.0 -1.1 ± 1.8 1.0 5. 1.5 50

31--1 4 195 ± 6 119 + 5 161 ± 35 20,000
_gSr 4 0.20 ± 0.19 0.06 5: 0.10 0.14 5. (7.09 20
9°Sr 4 0.12 5. 0.04 0.08 + 0.04 0.09 + 0.03 8
99Tc 4 3.00 ± 0.38 -2.74 ± 1.18 -0.05 5:2.52 900
234U 4 0.44 ± 0.07 0.23 + 0.05 0.31 5. 0.09 __.cd)
z35U 4 0,040 ± 0,021 -0,005 + 0,006 0.012 5. 0,020 ---
z_sU 4 0.30 5: 0.05 0.20 :t: 0.04 0.25 ± 0.06 ---
U-Tot',d 4 0.77 + 0.09 0.43 5: (}.(}6 0.57 zt: 0.16 ---

Continuous System
6°Co P 23 0.0()7 + {}.002 -0,001 :t: 0,002 0.(101 ± 0:001 1(70

D 23 0.008 ± 0.0()3 -0.0(106 + 0.0028 0.0(}33 5- 0.00(19 ---
129ID 4 0.00026 5- 0.00(102 0.0(10089 ± 0.000003 0.00017 ± 0.00001 1
t._qp 23 0.0036 ± 0.0039 -0.0(72 ± 0,(R)25 0.0()04 ± 0.0006 3

D 23 0.0154 ± 0.0053 -0.012 + 0.013 0.0021 + 0.0027t ---
137CsP 23 0.56 5: 0.0()1 -0.(X)02 + 0.0013 0.026 ± 0.048 200

D 23 0.0046 + 0.0042 -0.0005 5- 0.0027 0.0025 ± 0.0(D6 ---

z_'z'_Pu P 4 0,002 ± 0.0001 0.000002 :1; 0.00001 0.0(105 "f 0.0010 ---
D 4 0.00005 ± 0.(10005 -0.0()1015 + 0.000037 (}.000008 ± 0.0()003 ---

(a) Maximum and minimum values ±2 sigma counting errors. Averages +2 times the standard error of the calculated mean.
(b) Radionuclides measured using the continuous system show ,..heparticulate (P) and dissolved (D) fractions separately.

Other' radionuclides are based on samples collected by the composite system (see text).
(c) The chinking water standard is in pCi/L. From State of Washington and EPA (see Table B.2, Appendix B).
(d) Dashes indicate no concentration guides provided in drinking water standard.

!

!
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TABLE C.9. Radionuclide Concentrations Measured in Columbia River Water at the Richland

Pumphouse in 1989

No, of Concentration, pCi/L(')(10.9 I.tCi/mL) Drinking Water
1 _-(b)Radionuc,,iut: Samples Maximum Minimum Average Standard (c)

Composite System
Gross Alpha 12 1.3 + 1,1 0.08 + 0.51 0,60 + 0.19 15
Gross Beta 12 2,6 + 2.1 0,27 + 0.40 1.3 5: 0,4 50

3H 12 172 + 6 71 + 4 129 ± 18 20,000
coco 12 0.55 :i: 0.54 -0,81 + 0.69 0.06 5: 0.26 100
89Sr 12 0,03 + 0,07 -0.20 ± 0,07 -0.05 + 0.04 20
9°Sr 12 0,12 + 0.04 0,03 5: 0.04 0,07 5:0.02 8
99Tc 12 4.0 + 1.2 -1.9 + 1,1 0.5 + 0,9 900
234U 12 0,30 + 0,05 0,08 + 0.03 0,23 5:0.04 ._.(,1)
z35U 12 0,019 + 0,016 -0,003 + 0.004 0,008 5: 0,005 ---

23_U 12 0.27 + 0.05 0.03 + 0,03 0.19 5:0,04 ....
U-Tor,al 12 0,56 + 0.08 0.11 + 0,04 0,44 + 0,07 ....

Continuous System
C°Co P 24 0.01 + 0,002 -0,0021 5: 0.0018 0,001 + 0,001 100

D 24 0,005 + 0,003 -0.0013 + 0.0025 0,0017 5:0.0007 ---
129ID 4 0.00/)i 0 + 0,000007 0,00005 5: 0.000004 0,00012 + 0,000006 1
131IP 24 0.0031 + 0,0047 -0,0028 5: 0.0031 0,0002 + 0.0006 3

D 24 0.01 + 0,013 -0,0058 + 0,0203 0,0029 + 0.0017 ---
137CsP 24 0.0057 + 0,0018 -0.0007 + 0.0018 0.0024 5: 0.0006 200

D 24 0,0049 + 0,0037 -0.0007 + 0.0024 0.0018 ± 0.0007 ---
2-_9,24°PuP 4 0,000035 + 0,000018 0,000003 + 0.000009 0,000019 5: 0.000014 ---

D 4 0,000046 + 0.00005 -0.000004 + 0,000024 0,000022 5: 0.000025 ---

(a) Maximum and minimum values 5:2 sigma counting errors, Averages +2 times the standard error of the calculated mean.
(b) Radionucfides measured using the continuous system show the particulate (P) and dissolved (D) fractions separately,

Other radionuclides are based on samples collected by the composite system (see text).
(c) The drinking water standard is in pCi/L. From State of Washington and EPA (see Table B.2, Appendix B).
(d) Dashes indicate no concentrat{on guides provided in drinking water standard,
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TABLE C.10. Radionuclide Concentrations in Columbia River Sediment in 1989
',

No, of Concentration, pCi/g c')(dry weight)
Location Radionuclide Samples Maximum Minimum Average

Off Site

Priest Rapids Dam 6°Co 4 0,011 + 0,018 -0,010 + 0,016 -0,0t)2 + 0,009
9%r 4 01016 + 0,005 0.011 + 0,004 0,014 4- 0,002
I°+Ru 4 0,043 + 0.136 -0,007 4- 0.125 0,014 + 0,021
t34Cs 4 -0.036 + 0.016 -0,168 + 0.024 -0,079 + 0,061
mCs 4 0,298 4- 0,032 0.189 + 0.025 0,265 + 0,051
t54Eu 4 0,051 + 0,052 -0.014 + 0,051 0,019 + 0,028

JSSEu 4 0.085 :t: 0,063 0,027 + 0,051 0,049 4- 0,025
z_suc") 4 0,907 4- 0.505 0,599 4- 0,315 0,761 :t: 0,132

z3Spu°') 4 0,0003 4- 0,0002 0,00002 4- 0,0001 0,0002 4- 0.0001
z_9'_°Pu 4 0,0027 4- 0.0006 0.0014 4- 0.0005 0.0022 + 0.0006

McNary Dam mCo 4 0.442 4- 0.044 0,144 4- 0,025 0,278 + 0,145
9°Sr 4 0.064 + 0.008 0.024 + 0.004 0.037 4- 0.018
l°+Ru 4 0,022 4- 0.185 -0.133 4- 0,154 -0,076 + 0.068
mCs 4 -0,023 + 0,018 -0,035 4- 0.022 -0,028 + 0,006
mCs 4 0,864 + 0.054 0,554 + 0,037 0.708 4- 0,144

"+ mEu 3 1.11 4- 0.17 0.399 ::t 0.125 0,774 + 0.412
lS4Eu 4 0,153 + 0.062 0.11 + 0.057 0,125 4- 0.019
mEu 4 0.100 + 0.078 0.085 4- 0,045 0,093 + 0,007
z_U°') 4 0,200 4- 0.148 -0.043 4- 0.102 0.065 + 0.104
_BU0'_ 4 0,785 + 0,408 0.351 4- 0,558 0.624 4- 0,197

z_BPu 4 0,0021 4- 0.0006 0,0002 4- 0.0002 0,0009 4- 0.0009
239':_°Pu 4 0,022 + 0.002 0.008 + 0,001 0.014 4- 0.006

Perimeter

Hanford Slough 6°Co 1 0,036 + 0,024
9%r 1 0,021 + 0.006
l°+Ru 1 0.176 + 0,170
1_4Cs 1 -0,042 4- 0.021
mCs 1 0,210 + 0.030
;S4Eu 1 -0.016 4- 0.070
mEu 1 0.077 4- 0,060

z35UC*_ 1 0.063 4- 0,103
23BU°'> 1 0.696 4- 0.280
z_BPu 1 0.0004 4- 0.0002
z39'_u 1 0.0035 4- 0,0006
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TABLE C.10. Radionuclide Concentrations in Columbia River Sediment in 1989 (contd)

No. of Concentration. pCi/_,(')(dry weight)
Location Radionuclide Samples Maximum Minirn,lm Average

100-F Slough U_Co 1 0.055 + 0.020
9°Sr 1 0.005 + 0.003

l°_Ru 1 -0.083 + 0.138
134Cs 1 -0.042 + 0.016
_7Cs 1 0.231 + 0.028
154Eu 1 0.021 + 0.055
I"Eu 1 0.055 4. 0.050

zssUCbl 1 0.086 4. 0.140
as_UCb) 1 0.583 4. 0.526
z3SPu 1 0.0003 ± 0,0002
asg._°Pu 1 0.0013 + 0:0004

White Bluffs Slough 6°Co 1 0.035 + 0.022
_Sr 1 0.006 + 0.004
laSRu 1 0.210 4- 0.146
_34Cs 1 -0.032 4- 0.017
mCs 1 0.284 + 0.032
154Eu 1 0.071 4- 0.056
l"Eu 1 0.091 4- 0.059
23sUCh) 1 0.090 4- 0.089
_sUCb) 1 0.639 4- 0.215

zSSPu 1 0.00005 4- 0.00008
z39'_"_°Pu 1 0.0008 4- 0.0003

(a) Maximum and minimum values 4-2 sigma counting errors. Averages :t:2 times the standard error of the calculated mean.

(b) Uranium-235 and _sU by low-energy photon detector method.
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TABLE C.12. Radionuclide Concentrations in Onsite Ponds in 1989

No, of' Concentration, pCi/L(')(10 .9I.tCt/mL).....
Location Radionuclide Samples Maximum Minimum, Average

West Lake Gross Alpha 5 295 + 160 32 5: 15 151 -± 94
Gross Beta 5 346 5:72 56 5: 13 181 5: 109
3H 4 548 5:135 298 5:108 436 5: 105
9°Sr 4 13 5: 0,55 1,2 ± 0,11 4,6 5: 5,8
137Cs 4 4,6 5: 3.0 0,0 5: 2,2 1,6 5: 2,2
mU 5 199 + 8,7 82 5: 4,5 122 ._' 41
z3_U 5 21,4 5: 2.8 1,4 5: 0.64 7,1 5: 7,2
mU 5 197 + 8.6 76,6 5: 4,4 116 + 42
U-Total 5 417 + 12,5 160 + 6,3 245 + 90

B Pond Gross Alpha 4 4,7 5: 1.1 0.43 + 0,67 1,9 _+ 1,9
Gross Beta 4 9,6 5: 1,6 2.7 5: 1,1 5,8 _+ 3,1
3H 4 165 ± 107 59 -± 101 112 + 51,8
9°Sr 3 2,4 5: 0.19 0.28 5: 0,08 1,1 5: 1,3
137Cs 4 4,0 + 1.8 0,14 5: 1,5 1,5 + 1,8

FFFFPond Gross Alpha 4 0.55 5: 0.58 -0,34 + 0,84 0,09 + 0,37
Gross Beta 4 25 -± 4.1 8,9 ± 2.8 16 5: 6.8
3H 4 9200 5:287 6230 5:236 7380 5:1311
1_7Cs 4 0,16 -± 1,7 -1.4 5: 2,5 -0,73 5: 0,64
2ZNa 4 0,72 -± 2.26 -0,77 5: 2.2 -0,006 + 0.75

(a) Maximum and minimum values +2 sigma counting errors, Averages 52 times the standard error of the
calculated mean,
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TABLE C.13. Radionuclide Concentrations Measured in Offstte Water in 1989

Drinking
No, of Concentzratton, I_t/L(')(10 .9 taCt/mL) _ Water

Location Radhmucllde S__an2Eles Maximum Minimum Average Standard 0'_

Domestic Water

Rtngold Gross Alpha 4 2,25 5: 1,11 0,412 5: 0,664 1,23 5: 0,765 15
Hatchery Gross Beta 4 9,89 5: 2,88 4,69 5: 1,3(I 6,66 5: 2,25 50

3}t 4 131 5:99 -122 .3:90,1 -18,3 5:107 20,(XXI
1291 1 0,(X)016 5: 0,0{XX)I 1
23'_U 4 4,32 5: 0,188 -0,021 5: 0,0,04 1,07 5: 2,17 -.-
_U 4 0,131 5: 0,034 -0,005 ± 0,00 0,034 5: 0,065 ---

z_"U 4 3,49 5: 0,169 -0,(g34 5: 0,008 0,877 5: 1,74 ---
U-Total 4 7,94 5: 0,255 -0,024 5: 0,012 1,98 "./: 3,97 -.-

Mathews Comer Gross Alpha 4 8,56 + 3,04 3,95 5: 1,32 5,52 5: 2,11 15
Gross Beta 4 3,53 5: 2,25 0,807 5: 0,898 1,90 + 1,21 50

31-1 4 220 :t: 127 80,6 5:99,1 158 5:61,9 20,0(X1
1291 1 0,0(XX)7 + 0,00(X)06 1

234U 4 4,09 5: 0,179 3,33 5: 0,266 3,75 5: 0,318 ---
23_U 4 0,180 + 0,(138 0,1(16 5: (!,051 0,145 5: 0,035 ...
23_U 4 3,33 ± 0,161 2.6'7 5: 0,':38 3,12 + (I,302 -.-
u-'rv.d 4 7,59 5: 0,244 6,11 5: 0,361 7,01 + 0,634 -..

White Bluffs Gross Alpha 4 16,1 _ 4,51 5,03 5: 1.77 11,4 5: 4,62 15
Water Assn Gross Beta 4, 8,63 + 2,86 4,81 ± 1.33 6,00 5: 1,78 5(1

3H 4 172 5:127 14,3 5:102 106 5:76,5 20,0IX)
129I 1 0,0(_.)045 ± 0,000006 1
'37Cs 4 7.69 5: 5,64 -0,843 ± 0,728 1,77 5: 3,97 200
234U 3 9,32 5: 0,286 8,19 + 0,284 8,88 5: 0,696 -.-
z_sU 3 0,374 5: 0,062 0,293 5: (!,052 0,332 5: 0,047 ---
z_sU 3 8,75 + 0,277 7,61 5: (I,274 8,27 5: 0,684 .--
U.'rot_d 3 18,4 5: 0,402 16,2 5: 0,399 49,2 5:63,4 .--

Alexander Gross Alpha 4 27,3 ± 6,95 0,395 5: 1.04 16,8 5: 11,8 15
Farm Gross Beta 4 12,5 ± 1.81 6.93 + 1,48 9,76 5: 2,45 50

_H 4 (',4,6 ± 101 -89,3 5:120 -29,6 5:67,4 20,000
129I 1 0,0,{X)0,{H5: 0,00(X)O16 1
234U 4 29,6 5: 1.72 -(i,015 5: 0,067 19,6 5:13,3 ---

z3_U 4 (I,721 + (I,299 -0,026 5: 0,00 0,432 5: 0,339 ---
_U 4 17,3 5: 1,32 -0,0095 5: 0,059 12,1 :t: 8,11 ---

U-Total 4 47.6 + 2,19 -0,05 5: 0,09 32,1 5:21,7 .--

Irrigation Water

Riverview Canal Gross Alpha 3 1,15 ± 0,590 0,760 5: 0,681 0,969 5: 0,227 15
Gross Beta 3 2,22 5: 1,02 0,832 5: 0,884 1,46 ± 0,812 5(1
!It 3 27 5: 94 -82 5:99 -31 i 63 20,0(X)
137Cs 3 0,734 ± 0,608 0,075 5: 0,557 0,352 5: 0,395 200
9°Sr 3 0,100 5: 0,034 0,063 + 0,039 0,086 5: 0,023 8
_4U 3 0,315 5: 0,062 0,235 5: 0,046 0,283 ± 0,049 --.

z_sU 3 0,026 5: 0,023 0,0029 ± 0._180 (I,012 5: 0,014 ---
z_U 3 0,241 + 0,056 0,154 5: 0,039 0,198 5: 0.050 ---
U-Total 3 0,582 ± 0,087 0,438 ± 0,063 0,493 5: 0,(189 -.-

(a) Maximum and mtnimurn vames 5:2 sigma counting errors, Averages 5:2 times the standard error of the calculated mean,
(b) Dashes indicate no concentration guides provided in drinking water standard,

C, 16 Aplmndix C



TABLE C.14. Radionuclide Concentrations in Milk Samples in 1989, pCI/L(')(10 "9tJCI/mL)

31-t
No, of

Locationchi Samples Maximum Average

Wahluke East Area Composite 13 180 + 100 44 ± 37
Sagemoor Area Composite 13 19(1 ± 100 100 ± 31
RivervlewArea t° 2 81 ± I(X) 54 ± 54

Benton City Area 13 190 ± I(X) 73 ± 33
Sunnyside Area 13 120 ± 82 41 ± 26
Moses Lake Area 12 320 ± 100 180 ± 42

9°Sr _I
No, of No, of

Location(_) Samples Maximum Average Samples Maximum Average

Wahluke East Area Composite 5 1,0 ± 0,5 0,7 ± 0,2 2 0,0041 ± 0,0003 0,0024 ± 0,0034
Sagemoor Area Composite 5 1,2 + 0,5 0,9 ± 0,1 2 0,013 5:0,002 0,0076 ± 0,C)099
RtverviewArea ¢o 1 0,5 + 0,3 --. 1 --- 0,0037 ± 0,(X)03

Benton City Area 5 1,5 ± 0,6 1,1 ± 0,3 2 0,0063 ± 0,0C)04 0,0038 ± 0,0050
SunnysicteArea 5 0,6 + C);3 (1,6 + 0,1 2 0,0032 ± 0,00C)2 0,0018 ± 0,0026
Moses LakeArea 4 0,9 + 0,3 0,8 ± 0,1 2 0,0018 5:0.C)003 0,0010 ± 0,0015

l_ I 137Cs
No, of No, of

Location°'1 Samples Maximum Average Samples Maximum Average

Wahluke East Area Composite 13 0,29 + 0,25 0.03 ± 0,07 13 1,3 ± 3,2 -0,4 + 0,7
Sagemoor Area Composite 26 0,17 + 0,16 0,02 5:0,04 26 2.7 + 3,1 0,2 5:0,6
RiverviewArea lo 2 0,03 + 0,15 0,02 + 0,02 2 3,0 ± 2,8 2,6 -± 0.9
Benton CityArea 13 0,38 + 0.18 0,03 ± 0,08 13 2,7 ± 3,7 1,1 ± 0,7
SunnysldeArea 26 0,17 + 0,20 0,04 ± 0.04 26 4.5 ± 4,0 0,8 + 0.7
Moses t,_e Area 12 0.68 ± 0,17 0.07 ± 0,12 12 3,7 + 2,9 0,2 ± 0.9

(a) Maximum values +2 sigma counting errors. Averages _+.2times the standard error of the calculated mean,
(b) Refer to Figure 4.28,
(c) No milk available after February 1989,
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TABLE C.17. Radionuclide Concentrations in Fruit in 1989

_Sr, i_1/8, wt_tWeishtt0 ......... I_'lCs,[_l/_, wet wutsht<')
Typ_/ No, of No, of

, ,, , ' -(b) ....Loc,_lon Smnplcs ____um Average SLm_ Maximum Aver(tge

Apples
RlvervlewArea(_) 3 0,004± 0,003 0,002± 0,003 3 0,001 i 0,001 .0,(X)I± 0,001

Sagemoor Area 3 0,001 ± 0,002 0,001 + 0,(D1 3 0,004 + 0,007 0,003 + 0,001
ColclCreek Area 3 0,001 i 0,002 0,001 + 0,001 3 0,006 ± 0,007 0,002 ± 0,005
St|nnysldeArea 3 0,002 + 0,002 0,001 + 0,(X)I 3 0,008 -b 0,009 0,005 ± 0,003
WahlukcArea 3 0,091 ± 0,002 0,001 + 0,001 3 0,003 i 0,(}08 0,(Bl + 0,002
MattawaArea 3 0,001 5:0,0<)2 0,001 ± 0,001 3 0,008 + 0,(R)7 0,(R)6 + 0,005

Cherries
SagemoorArt_a 3 0,001 ± 0,002 0,001 + 0,001 3 0,004 ± 0,006 0,001 ± 0,ORB
SunnysldeArea 3 0,002 + 0,002 0,001 :i: 0,002 3 0,003 5:0,(D7 -0,001 + 0,003

Grapes
Rivet'view Areata) 3 0,004 ± 0,0{)3 0,003 ± 0,001 3 0,005 ± 0,006 -0,005 4.0,010

SagemoorArea 3 0,006 ± 0,003 0,003 + 0,003 3 0,007 ± 0,006 0,003 + 0,007
CoklCreekArea 3 0,003 + 0,002 0,002 + 0,001 3 0,005 + 0,005 0,001 ± 0,005

Sunnystde Area 3 0,002 ± 0,002 0,(D1 ± 0,001 3 0,004 :t: 0,008 0,001 _: 0,005
MattawaArea 3 0,005 ± 0,002 0,004 + 0,(Bl 3 0,002 ± 0,006 -0,(D1 ± 0,003

Melons
Rlverview Area(°) 3 0,002 + 0,002 0,002 + 0,001 3 0,004 ± 0,006 -0,(D1 + 0,001

SH,pCt/L (10.9_tCi/mL), water(') z'lg'2'101'tlt l_2t/g, wet weight(')
Type/ No, of No.of

Location(b) _les Maximum Avcra,cg_% _tmlples Maximum Average

Apples
Rtvervlew Area(°) 3 250 + 110 150 + 100 NS ......

SagemoorArea ; 3 250 ± I00 160 ± 120 3 -0,0001 + 0,0 -0,0001 + 0,0001
Cold Creek Area 3 200 ± 100 130 ± 79 NS ......

Sunnyside Area 3 110 '2:100 75 + 70 3 0,0001 + 0,(>901 -0,0001 + 0,0001
Wahluke Area 3 190 + 100 152 + 48 NS ......
MattawaArea 3 500 + 120 320 + 190

Cherries

SagemoorArca 3 210 + 109 160 ± 61 NS ......
Sunnyside Area 3 73 + 95 48 :t: 48 NS ......

Grapes
Rivervlew Area(") 3 170 + 100 81 ± 94 NS ......

i

SagemoorArca 3 72 + 98 50 + 23 NS ......
Cold Creek Area 3 190 + 110 160 5: 29 NS ......

Sunnyside Area 3 62 + 100 17 + 58 NS ......
MattawaArea 3 200 + 100 180 + 21

Melons
Riverview Area(_) 3 230 ± 93 170 ± 98 NS ......

(a) Maximum values 5:2sigma counting errors, Averages +2 times the standard error of the calculated mean,
(b) Refer to Figure4.28,
(c) Irrigated with Columbia River water.
NS No sample.
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TABI.,F C,18, Radionuclide Concentrations in l.x_al Wine in 1989

_t.I,pCI/L(')(10'__C!/mL) __ t_'lCs,pCl/lJ'_(10'9pCt/mL)
No, of

Location°') Sa.__2mple! Maximum Average Ma,_hnum _ Average

'b

Columbia Btudn
WhlteWtne 3 4(X)-3: ICX) 280 5:130 1,2 5:4,0 0,4 -J: 0,8
Red Wlne 3 490-J: 110 4(X) + 120 3,2 ± 4,4 2,5 ± 1,2

Yaklma Valley
WhlteWtne 3 500 ± II0 380 ± 170 2,6 5:4,1 -1,9 ± 3,1
RedWlne 3 440 5:i10 390 ± 92 4,6 5:3,7 1,4 + 3,5

(a) Maximum values 5:2sigma counting errors, Averages ±2 times the standard error of the calculated mean,
(b) Refer to Figure 4,28,
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TABLE C.20. Radionuclide Concentrations in Beef, Chicken, and Eggs in 1989

9°Sr, pCi/g, wet weight (al 137Cs, pCi/g, wet weight (al
No, of No, of

-(b)
TVlx;/Location _Samples Maximum Average Samples Maximum Average

Beef
RiverviewArea 1 --- 0,0t31 ± 0.002 1 --- 0,003 + 0,009

Sagemoor Area 1 --- 0.003 ± 0,002 1 --- 0.003 + 0,009
SurmysideArea 1 --- 0.003 + 0,002 1 --- 0,002 + 0,008
Bento_ City Area 1 --- 0,004 + 0,002 1 --- 0,003 + 0.008

Chicken

SagemoorArea 2 0,004 ± 0,002 0,003 ± 0.004 2 0,018 ± 0.023 0.014 ± 0,007
Sunnyside 2 0.001 + 0.002 0,001 5: 0.001 2 -0,001 ± 0,011 -0,001 ± 0,001

Eggs
SagemoorArea 2 0.007 ± 0.002 0.005 ± 0.004 2 0.005 ± 0.006 0,003 + 0,006
Sunnyside 2 0.001 ± 0.002 0,001 ± 0.001 2 0.003 ± 0.008 0,001 ± 0,004

(a) Maximum values ±2 sigma counting errors. Averages ±2 times the standard error of the calculated mean or ±2 sigma
counting errors if single sample,

(b) Refer to Figure 4,28,
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TABLE C,23. Radionuclide Concentrations in Muscle Tissue of Upland Gamebirds in 1989

t_2o, pCi/g, wet weightc'_ lrTCs,pCi/g, wet weight<'_
Type/ No. of No. of

Location°'_ Samples Maximum Average w Samoles Maximum Average

Pheasant
100Areas 10 0.010 + 0.011 0.001 +_ 0.004 10 2,0 5:0.1 0.20 5:0.39
200Areas 2 0.001 5:0.015 -0.005 5:0.017 2 0.29 5:0.02 0.15 5:0.40

(a) Maximum values +2 sigma counting errors. Averages 5:2times the standard error of the calculated mean.
(b) Refer to Figure 4.32.

TABLE C.24. Radionuclide Concentrations in Muscle

Tissue of Canada Geese and Mallard
Ducks in 1989

137Cs,pCi/g, wet weightc'_
Type/ No. of

Location°'1 Samples Maximum Average

Canada Geese
100-D Area 3 0.03 + 0.02 0.02 5:0.02

Mallard Ducks
200 Area B Pond 10 2.8 + 0.1 0.82 + 0.63
300 Area Trench 4 0.04 + 0.02 0.03 5:0.01

(a) Maximum and minimum values 5:2sigma counting errors.
Averages 5:2 times the standard error of the calculated mean.

(b) Refer to Figure 4.32.
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TABLE C.34. Environmental Dosimeter Measurements at Perimeter and Community Locations

Map No, of Dose Rate, mrem/yr l°)
Location Location It° Samples Maximum Minimum Average0','_!'

PERIMETER STATIONS

ProsserBarrtcade _ 1 8 107 68 87 5: 10
ALE 2 8 ii1 7(! 91 + 10

Rattlesnake Springs 3 8 119 75 92 + 10
YaklmaBarrlcade 4 8 121 77 94 5: 10

Vemita Brtdge 5 8 103 73 86 + 8
Wahluke Slope No, 2 6 8 105 73 89 5: 9
Berg Ranch 7 8 121 74 91 5: 11

Sagehtll 8 8 119 68 87 5: 11
Ringold 9 8 117 70 92 .-t: 11
Fir Road 10 8 115 69 86 5: 12

Pettett 11 8 112 73 86 5:11

Sagemoor 12 8 108 73 86 5: 9
Byers Landing 13 8 119 78 95 5: 11
RRC No, 64 14 8 99 67 80 5: 8

Horn Rapids Rd., Mi. 12 15 8 103 70 85 5: 8
Horn Rapids, Substation 16 8 99 65 85 5: 9

Perimeter Average 88 5: 2

NEARBY COMMUNITIES

Benton City 17 8 101 63 74 + 11
Othello 18 8 105 59 76 5: 10
Connell 19 8 103 59 81 + 10

Pasco 20 8 99 64 80 + 10
Richland 21 8 98 62 77 5: 10

Eltopia 22 8 92 51 66 + 10
Prosser 23 8 106 62 77 5: 11
Mattawa 24 8 100 58 83 + 11

Kennewick 25 8 103 67 84 5: 10

Nearby Average 78 5: 4

DISTANT COMMUNITIES

WallaWalla 26 8 106 63 82 5: 10
McNary 27 8 108 68 88 5: 10

Sunnyside 28 8 106 64 78 5: 10
Moses Lake 29 7 101 59 72 5: 13
Washtucna 30 7 116 70 86 5: 13
Yakima 31 8 100 58 74 :t: 10

Distant Average 80 5: 5

(a) Monthly integrated readings in mR were converted to annual dose equivalent rates,
(b) Locations na'eidentified in Figure 4,42.
(c) Averages +2 times the standard error of the calculated mean (SEM).

(d) The grand averages and 2 SEM were computed using station averages rather than the individual measurements,
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TABLE C.35. Immersion Dose Rates Measured in the Columbia River in 1989

Number of Dose Rate, mrem/hI'_
Location¢b) Measurements Maximum Minimum Averagel_I ....

Richland Pumphouse 5 0,007 0,0(14 0,0()6 -t: 0,001
Coyote Rapids 5 0,010 0,005 0,007 5:0,002

(a) Quarterly integrated readings tn mR were converted to hourly dose equivalent rates,
(b) Locations are Identified in Figure 4,44,
(c) Averages 5:2 times the standard error of the calculated mean,

TABLE C.36. Environmental Dosimeter Measurements at Onsite Locations in 1989 (a_

Map No, of Dose Rate, mrem/hCbl
Location LocationI°l Measurements Maximum Minimum AverageIdl

100.N Area Shoreline
100-N Trench Springs 1 11 0,037 0,024 0,030 5:0,0028
Below 100-N Main Stack 2 11 0,027 0,012 0,018 5:0,0027

Upstream Tip 100-N Berm 3 11 0,023 0,013 0,018 :t: 0,0021
Downstream 100-N Outf'.dl 4 11 0,030 0,017 0,024 + 0,0030

3705 WestFence 5 11 0,012 0,008 0,010 5:0,0010
400 East Fence 6 11 0,012 0,008 0,010 -.1:0.0011

(a) These locations are onsite where access is controlled but where the public could have access for a short period
of time,

(b) Monthly integrated readings in mR were converted to hourly dose equivalent rates.
(c) Locations are identified inFigure 4,45,
(d) Averages -t-2times the standard error of the calculated mean.
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TABLE C.37. Environmental Dosimeter Measurements Along the Hanford Reach of the
Columbia River in 1989

Map No, of DOSeRate_mremfll_')
Location Location(t') Measurements Maximum Minimum Avera.ge(_)

Upriver 100-B Area 1 4 0,014 0,009 0,010 5:0,0024
Below 100-BRetention Basin '2, 5 0,019 0,013 0,016 5:0,0021

Above 100-K Boat Ramp 3 5 0,014 0,009 0,011 5:0,(X)21
Downrlver from 100.D Area 4 5 0,016 0,010 0,012 5:0,(X)I7

Downrlver Opposite 100.D Area 5 5 0,013 0,(X)9 0,010 :t: 0,0017
LowerEnd Locke Island 6 5 0,014 0,009 0,011 5:0,0016
Whtte Bluffs Slough 7 5 0,019 0,012 0,015 5:0,0023
White Bluffs Ferry Landing 8 5 0,014 0,009 0,011 5:0,0018
Below 100-FArea 9 5 0,013 0,008 0,010 :t: 0,0020
100-FFloodplaln 10 5 0,018 0,013 0,015 5:0,0015
l lanford Powerltne Crossing 11 5 0,014 0,009 0,011 :t: 0,0020
Hanford Ferry Landing 12 4 0,013 0,008 0,010 5:0,0021
Hanford Peninsula 13 5 0,018 0,011 0,014 5:0,0022
Hanford Railroad Track 14 5 0,017 0,011 0,013 5:0,(X)19
Savage Island Slough 15 5 0,016 0,010 0,013 5:0,(_19
Rlngold Island 16 5 0,013 0,(X)9 0,011 5:0,0015
Powerltne Crossing 17 5 0,014 0,010 0,011 5:0,0014
Norfll End Wooded Island 18 4 0,013 0,(X)7 0,010 5:0,0018 [
South End Wooded Island 19 5 0,014 0,010 0,012 5:. 0,0015
Island Near 300 Area 20 5 0,016 0,009 0,012 5:0,0022
Below Bateman Island 21 5 0,015 0,011 0,012 5:0,(X)17

(a) Quarterly integrated readings in mR were converted to hourly dose equivalent rates,
(b) Locations are identified in Figure 4,44,
(c) Averages 5:2 times the standard error of the calculated mean,
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.................................................................................................................................................. )°.....

TABLE C.38, (')nslt_ E×lemal Perl_trattng I)os_ MeastJre, ments li) 1989

Map No, o1' _ DoseR_.._.._ILte..__L)It_lr_l__ll¢')
I.x)catlon IJ)catlon°') Measurements Maximunl Minimum Avcragd o

I00 Area_
I(X).K 1 11 0,012 0,(X)7 0,(XN ± 0,(X)ll
I(X).N E 11 0,013 0,(X)8 0,011 ± 0,0013
I(X)-D 3 11 0,012 0,(X)8 0,()10 ± 0,0(X)8
I(X)Area Fire Station 4 11 0,012 (),(X)l,l 0,009 ± 0,(X)I0

200 Areas
N of 200-l_st 5 11 0,013 0,(X)8 0,010 ± 0,(X)I0
E of 200.East 6 II 0,013 0,009 0,010 -.I:0,(X}II
2(X)-ESE 7 I I 0,010 0,008 0,010 :I: 0,0(X)9
GTE Building 8 11 0,012 0,(X)8 0,010 5:0,(X)10
SW of BC Cribs 9 II 0,013 (},(X)9 0,011 :I: 0,(X)ll
S of 2(X).East 10 11 0,013 0,(X)9 0,011 ± 0,(X)10
2(X)-WgE 11 4 0,012 0,(X)8 0,010 ± 0,{X)I9
B Pond 12 4 0,014 0,(X)9 0,011 ± 0,(X)27

300 Area
3(X)NE 13 4 0,013 0,008 0,010 ± 0,(X)24
300 Pond 14 i I 0,013 0,(X)8 0,011 :t: 0,(X)l 1
3614 A Building 15 11 0,012 0,(X)7 0X)10 ± 0,0010
3(X)S Gate 16 II 0,012 0,(X)8 0,010 ± 0,0010
3(X)SW Gate 17 II 0,013 0,(X}8 0,010 ± 0,0011
3705 West Fence 18 11 0,012 0,(X)8 0,010 "2:0,(X)I0

400 Area
400 F_st 19 11 0,012 0,0(}8 0,010 ± 0,(X}I I
4(X)West 20 11 0,012 O,(X)8 0,010 ± 0,(X)09
4CX)South 21 11 0,012 O,(X)8 0,010 ± 0,(X)ll
400 North 22 11 0,012 0,(X)8 0,010 ± 0,(X)I0
FTrFFNorth 23 11 0,012 0,008 0,010 ".f:0,(XX)9
FFTFSouthe41st 24 11 0,012 0,007 0,010 4.=,0,(X)I1

600 Area
Rt. IlA, Mi, 9 25 11 0.013 0,(X)8 0,010 ± 0.0011
l-IanfordTownstte 26 11 0,012 0,(X)8 0,009 :t: 0,(X)I1
Wye Barricade 27 11 0,011 0,{X}7 0,(X)9 -.t: 0,O(Xg)
Army Loop Camp 28 11 0,013 0,0(X) 0,010 ± 0,(X)13

(a) Monthly Integrated readings inmR were converted to hourly dose extuivalentrates,
(b) Locations are identified in Figure 4,46,
(c) Averages :t:2times the standard error of the calculated mean,
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TABLE C,39, Maximum, Minimum, and Average 'I'rttium (_H) Conccntnttlons in
Ground..Watcr Samples in 1989

Well No,of Conccntratlon___n_
Na_._m__/__ _ Ma×lmum Mlnhnum - Avera_tc

l-B3..1 2 4,450 1: 255 4,090 "J: 243 4,270 ± 180
I-B4-1 2 42,900 5: 705 16,10(I "2 453 29,50t) "2 13,400
1-B4-2 2 4,290 5: 248 3,480 2' 231 3,890 5: 4(15
1-B4-3 2 21,600 ".t: 515 11,500 .4-" 393 16,60(I 5: 5,050
1-B4-4 2 2,850 "_ 216 2,390 5: 2(10 2,620 5: 230
l-B5-1 2 2,360 5: 205 1,980 ± 190 2,170 "2 190
I-B9-1 2 2,220 :/: 196 2,120 ± 195 2,170 5: 50
1.D2-5 2 28,200 5: 458 27,800 5: 561 28,(100 :t: 2(10

1-D5-12 2 5330(I 5: 628 35,2(10 + 621 44,30() .2 9,050
1-D8-3 2 4,230 5: 199 3,690 5: 236 3,960 5: 270
l-F5.1 1 56 5: 95 "'" 5: --- 56 5: ...
1-F5-3 2 486 5: 145 189 5: 99 338 5: 149
1-F5-4 2 9,550 5: 281 7,970 4' 317 8,76(1 5: 79(1
1-F5-6 2 1,440 5: 178 1,110 + 130 1,28(I 5: 165
1-f_-I 2 1,210 5: 171 486 5: 111 848 5: 362
1-Fr.1 2 5,29(1 5: 302 4,810 5: 286 5,050 ._ 240
1-F8.2 2 3,640 5: 232 2,140 5: 159 2,890 ± 750
1-I43.1 2 3,890 5: 239 1,670 5: 181 2780 :_: 1,110
1-H4.3 2 3,610 5: 236 1,730 5: 181 2670 5: 940
1.H4.4 2 1,800 5: 188 498 5: 140 1 150 5: 651
1-I-I4.5 1 1,960 5: 191 "'" ± --- 1960 5: ...

1-1-I4-6 2 5,280 5: 267 5,060 5: 264 5 170 ± II0
1-H4-7 2 4,680 :!: 254 3,100 ± 218 3890 5: 790
1-H4-8 2 4,580 :_ 249 2,120 5: 195 3350 5: 1,230
1-H4-9 2 2,970 ± 221 1360 5: 137 2,170 5: 805
1-I-I4-10 2 3,630 5: 232 429 5: 137 2,030 :t: 1,600
l-H4-11 2 1,7(10 5: 184 989 -J:. i58 1,340 ± 356
1-H4-14 2 1,550 _4- 177 1,050 5:. 161 1,300 + 250
1-H4-16 2 641 5: 147 583 5: 148 612 5:. 29
1-H4-17 2 4,170 5: 248 3,610 5: 232 3,890 .2 280
1-I-14-18 2 1,580 J: 180 1,400 _ 174 1,490 5: 90
1-K-ll 2 3,660 5: 235 1,680 :t: 182 2,67(I 5: 990
1.K-22 I 491 ± 145 .... 5: ... 491 + ...

I-K.27 3 172,0(19 5:1,390 52,60(1 5: 775 92,800 ± 39,600
1.K-28 3 2,290 5: 204 2,2(10 + 197 2,2(h0 ± 30
1-K-29 3 11,20(I 5: 375 8,530 5: 327 10,200 5: 859
l-K-30 3 882,00(1 5:3,070 570,0(19 :k 2,480 680,000 5: 101,00
1.N.2 3 95,6(19 5:1,040 54,200 5: 753 72,000 5: 12,300
l-N-3 4 47,100 j: 738 22,6(19 5: 501 31,700 5: 5,770
1.N-4 4 88,900 5: 998 22,100 5: 536 45,5(10 5: 14,800
I-N-5 1 51,200 ± 772 "'" 5: --- 51,200 5: ...
I.N-6 1 8,910 5: 342 "'" 5: --- 8,910 5: ...

I.N-14 5 93,1(10 5:1,020 34,6(10 ± 653 48,500 ± 11,300
I.N.16 2 3,010 5: 219 1,130 5: 168 2,070 5: 940
I.N.17 1 19,4(19 5: 463 "-" 5: --- 19,400 5: ...
I.N.18 1 8,660 5: 337 "'" 5: --- 8,(g'_0 5: ...
1.N.20 1 1,020 5: 193 .... :t: ... 1,020 5: ...
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'I"ABLI_ " cC,39, Trltltml (contd)

,NatncI') S._anjplo___ss Maxhnun_ Minimum _ Avoragc

l-N-21 1 13,6(X) "t: 396 --- ".t: --- 13,6(10 'J: -..
1-N-22 1 2,750 5: 215 --- 5: --- 2,750 ± .--
1-N-23 2 15,7(X) ± 424 15,(XX) 5: 424 15,4(X) :t: 350
1-N-24 2 368 ± 143 174 + 131 271 5: 97
1-N-25 2 2(X) ± 138 166 5: 132 183 ".1: 17
1.N.26 1 585 5: 149 ... -t.' ... 585 ± ---
1-N-27 3 189,(XX) ± 1,450 7,880 5: 310 79,(XX) 5: 55,800
1-N-28 1 8,530 5: 327 .... :1: --- 8,530 5: ---
1-N-29 3 67,2(X) 5: 837 4,890 5: 257 37,(XX) "2 18,(X)0
I-N-31 5 218,(X)0 :k 1,520 10,5(X) 5: 258 85,8(X) + 36,5(X)
1-N-32 4 1(¢4,0(X)".t: 1,3(X) 7,8(X) 5: 309 67,600 ± 34,400
1-N-33 5 170,(XX) + 1,340 I I,3(X) :t: 362 82,600 ± 35,300
1.N-36 4 209,(X)0 ± 1,520 6,440 ± 286 79,900 ± 44,500
1-N-37 1 8,460 ± 352 .-. ± --. 8,460 5: -..
1-N-39 1 51,3(X) :k 738 --- ± --- 51,300 ± -.-
I-N-41 4 66,600 :t: 881 7,280 ± 302 23,700 :t: 14,400
1-N-42 4 71,9(X) ± 912 8,880 ± 329 29,100 5: 14,800
1-N-47 1 15,8(X) 5: 431 --- ± --- 15,800 ± ---
I-N-50 1 92,6(X15:1,020 --- 5: --- 92,6(X) ± ...
I-N.51 1 95,800 -t: 1,030 ... + ..- 95,8(X) -.t: -.-
1-N-52 4 80,8(X) :t: 9(X) 16,(XX) 5: 428 34,6(X) 5: 15,5(X)
1.N.54 1 19,700 :t: 470 ... :t: ... 19,7(X) 5: -..
1-N-55 1 19,7(X) ± 477 --- ± --- 19,7(X) ± ---
1-N-56 1 31,1(X) 5: 599 --- ± .... 31,1(X) 5: ....
1-N-57 1 21,8(X) ± 507 --- ± --- 21,8(X) ± ---
1-N-58 4 118 ± 146 -147 5: 153 9 :k 56
1-N-59 4 247 ± 153 -26 ± 158 125 5: 57
I-N-(X) 5 I(X) ± 130 31 ± 158 5'1 5: 12
I-N.61 5 157 ± 132 27 5: 151 69 5: 23
1-N.66 4 52,4(X) ± 758 12,2(X) ± 284 36,2(X) ± 9,890
1-N-67 4 77,3(X1 '± 938 42,600 :t: 670 59,3(X) 5: 8,920
1-N-69 4 92,700 ± 745 75,1(X) ± 925 82,8(X) ± 3,890
l-N-70 4 120,(XX) ± I,lfX) 32,5(X) -.t: 587 59,4(X) ± 20,500
2-E13-5 1 10 ± 147 --- ± --- 10 5: ---
2.,E13.8 1 .26 ± 93 ... 5: .... 26 ± ...
2.E16.2 5 6,640 + 305 155 5: 161 1,890 ± 1,210
2.E17.1 4 5,360,0(X) ± 7,5(X) 3,3(X),(XX)5: 6.,(X)0 3,860,(XX) 5:501,(X)0
2.E17.2 5 43,2(X) ± 722 26,7(X) ± 569 32,2(X) ± 3,060
2-E17-5 7 1,260,(XX) :.k 3,750 I18,(XX) :t: 1,140 457,(XX) ± 204,0(X1
2-E17-6 2 309 ± 180 182 ± 162 246 ± 64

2-E17-8 1 3,42(),(XX15:6,020 --- ± --- 3,420,0011 ± -..
2.E17-9 8 5,2(X),0(X) :k 7,360 3,550,(XX) ± 6,3(X) 4,310,00() 5: 208,(XX)
2-E17-12 3 1,5(X),(XX):t: 4,(1_0 982,{XX) ± 3,210 1,190,(XX) ± 157,000
2-E17-13 5 3,340,0(X) -.:k6,070 866,(XX1± 2,970 1,730,0(X1 ± 497,(XX)
2-E17-14 4 2,7(XI,(XX)± 5,430 264,(XX) 5: 1,690 1,860,(XX) ± 560,0(X)
2-E17..15 2 1,3(X),(XX)± 3,710 236,(XX) ± 1,150 768,000 5: 532,(XX)
2.E17.16 3 54,5(X) 5: 629 27,4(X) .:k 553 41,4(X) ± 7,840
2-E17-17 3 334,(XX) ± 1,550 201,(XX) 5: 1,470 250,(X)0 :t: 42,2()0
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'rAIILI_ C,39, Tritium (_ontd)

Wt;li No, of ConeontratlonM__.lj_.LCb___l0'_____Cg_._C0J2nL_.........
Nanlu(') __Sa!!li}[o_ Mttxll_l!!n| M[_II_!I|I ....... A___..._

2.E17-18 4 41,1(10 :l.. 682 35,6(10 ± 637 37,9(10 '.t: 1,230
2,,E17-19 3 2,620,01)0 '_ 3,830 261,(X)0 ":t: 1,710 1,810,(X)0 5:777,000
2.E17.20 3 4,(X)0,(X)0 :t: 7,120 4,210,(X)0 "J: 6,550 4,470,0(X) "J:128,(XX)
2-E18-I 3 86 :t: 128 -56 :t: 113 10 _ 41
2.E18.2 1 35 :t: 91 ..- ± -.- 35 ".k ---
2.E18-3 1 -57 ± 89 -.- ± .... 57 :t: ---
2.El 8-4 1 -48 ± 90 --. ± .... 48 :k ---
2-E24-1 5 2,880,000 ± 5,660 1,930,000 ± 4,490 2,3(10,000 :t: 208,000
2.E24-2 5 2,560,(100 ± 3,810 1,370,0()0 5: 3,730 1,910,0(10 ± 2(X),000
2-E24-4 1 8,710 ± 341 ... :t: -.. 8710 ± ....
2-E24-7 1 1,320,(k'10 ± 3,780 ... :t: ... 1,320000 ± .--
2-E24-8 1 14,300 ± 416 ... -.t: ... 14300 5: ---
2-E24-11 3 4,310,000 5:6,740 2,680,0110 ± 5,460 3,3200110 "t: 503,(100
2-E24-12 3 50,7(X) ± 746 45,01)0 -.t: 727 48(X.10 ± 1,(_0
2-E24-13 1 6,310 ".t: 292 --- :_ .... 6.310 :t: .--
2.E24.16 3 3,(}50,000 :t: 5,63(I 2,580,0(10 5: 5,290 2,760(X10 ± 145,000
2.E24.17 3 2,990,000 :t: 5,550 2,350,0()0 :t: 4,850 2,610{100 5:194,(X10
2-E24.18 3 1,430,0(10 ± 3,80t) 1,37(!,(1t10± 3,830 1,410,0(10 ± 20,0(10
2-E25.2 1 9,650 5: 366 --- ± --- 9,65(! ± --.
2-E25-3 1 3,940 .t: 194 --- 5: -.. 3,940 ± ---
2.E25.6 4 8,62(! :t: 355 5,060 5: 294 6,4(10 ± 810
2-E25-9 2 2,840 ± 236 2,60(I ± 2(18 2,720 ± 120
2-E25-11 6 657,000 ± 2,620 344,000 ± 1,84(I 501,000 5: 51,2(10
2-E25-17 4 555,000 ± 2,480 397,000 ± 2,050 477,000 ± 40,5(10
2-E25-18 1 254,(100 ± 1,640 ... ± -.. 254,00() 5: ...
2-E25.19 1 966,000 ± 3,200 ... ± --- 966,000 ± ...
2-E25-20 1 1,380,(X10 ± 3,810 ..- ± --- 1,380,(X)0 5: --.
2-E25-21 1 2,940 ± 235 ... :t: ... 2,940 ± --.
2.E25.22 2 10,1(10 ± 355 5,240 ± 280 7,670 5: z,430
2.E25.23 1 200 ± 155 .-- ± --- 200 ± -..

, 2-E25.24 2 453 -..k 139 211 ± 155 332 ± 121
2.E25.25 1 442 ± 167 --- 5: --- 442 5: --.

2.E25-26 2 3,590 :t: 169 2,730 5: 211 3,160 ± 430
2-E25.28 1 1,350 5: 173 .-- ± ..- 1,350 ± --.
2.E25.29P 2 85300 ± 944 36,700 ± 637 61,200 ± 24,500
2.E25.31 3 19,100 5' 462 16,600 ± 440 18,100 ± 764
2.E25.32P 2 1040 ± 164 670 5: 175 855 5: 185
2.E25.33 1 198(10 .-f: 478 .... ± --- 19,8(X) ± --.
2-E25-34 5 1.570 -2: 178 922 ± 154 1,280 ± 136
2-E25-35 5 69 9(1tl ± 893 51,50(} ± 733 61,000 5: 2,930
2-E25-36 3 5.360 + 270 4320 + 257 5,110 ± 199
2-E26-1 1 12 7(10 ± 397 --- ± --- 12,7()0 ± --.
2.E26.2 3 3 370 ± 239 1,6(XI ± 180 2,390 ± 520
2-E26-4 3 30900 ± 6116 16,400 ± 446 22,9()0 ± 4,250
2.E26.6 I 1.300 -t: 188 --- + --- 1,3(X) ± --.
2-E26-8(_) 2 .,29 5: 116 -48 ± 125 -39 5: 9
2-E27-8 3 12,300 ± 376 11,500 ± 381 12,0(10 ± 252
2-E27-9 3 14,20() 5: 297 12,8(11):k 399 13,5(10 ± 404
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' TABLEC.39. Tritium (contd)

Well No. of Concentration, pCi/L (b)(10 .9 _Ci/mL)
Name (') Samples Maximum Minimum Average

2-E27-10 3 7,960 +_ 323 7,220 + 297 7,630± 217
2-E28-7 1 6,920 + 303 --- + .... 6,920 + ---
2-E28-12 5 134,000 + ,_,190 70,400 + 835 104,000 + 11,400

2-E28-13 1 5,880 + 292 --- ± --- 5,880 '+ .
2-E28-18 2 300,000 + 1,830 285,000 + 1,740 293,000 + 7,500
2-E28-21 3 209,000 + 1,520 175,000 + 1,360 191,000 + 9,870
2-E28-23 1 7,170 + 315 --- + .... 7,170 + -_-
2-E28-26 3 169,000 + 1,370 122,000 + 1,130 142,000 + 14,100

2-E28-27 4 417,000 + 2,050 212,000 + 1,580 356,000 +_ 48,300
2-E32-1 1 22,800 + 518 --- + --- 22 800 + ---

2-E32-2 3 220,000 + i,500 95,900 .+_ 1,050 177000 + 40,700
2-E32-3 1 652,000 + 2,550 --- + --- 652.000 + ---
2-E32-4 6 41,700 + 667 -94 + 114 13 000 + 6,840
2-E33-3 1 4,660 + 256 .... + --- 4660 + ---
2-E33-7 1 6,710 -± 296 --- + --- 6710 + ---
2-E33-9 3 3,060 + 223 24 + 133 1 820 + 920
2-E33-10 1 4,740 + 260 --- + --- 4,740 + ---
2-E33-12 (c) 2 390 + 138 353 + 134 372 + 19
2-E33-20 1 4,380 + 253 --- + .... 4,380 +_ ---
2-E33-28 3 3,440 + 168 2,610 + 209 3,110 + 255

2-E33-29 3 7,140 + 219 6,390 + 290 6,800 + 220
2-E33-30 3 6,790 + 217 5,860 + 281 6,460 + 302
2-E34-1 2 3,480 + 228 2,280 + 217 2,880 + 600
2-E34-2 4 3,470 + 166 2,340 + 198 3,090 + 262
2-E34-3 3 9,480 + 347 8,270 + 315 8,690 + 397
2-E34-5 3 207 + 128 99 + 95 157 + 32
2-E34-6 3 431 + 137 225 + 136 342 + 61

2-W6-2 5 14,500 + 405 10,500 + 363 13,400 + 735
, 2-W7-1 3 167 + 120 -39 + 126 70 + 60

2-W7-2 3 57 + 144 -61 + 126 12 + 37
2-W7-3 3 135 + 132 .-61 + 89 46 + 57

2-W7-4 3 451 + 144 283 + 132 373 + 49
2-W7-5 3 371 + 154 113 + 122 254 + 75
2-W7-6 3 918 + 171 842 + 153 891 + 25
2-W8-1 3 112 + 131 57 + 116 78 + 17
2-W9-1 3 265 + 137 36 + 94 140 + 67
2-W10-13 4 421 + 156 13 + 152 215 + 88

2-W10-14 4 173 + 133 -83 5:: 114 32 + 53
2-W14-6 1 7,600 + 335 --- + --- 7,600 + ---
2-W15-15 3 476 "± 160 267 + 136 353' + 63

2-W15-16 3 33,700 + 612 100 + 120 11,400 -± 11,200
2-W15-17 2 261 + 137 32 + 94 147 + 115
2-W15-18 3 472 + 161 18 + 125 204 + 137
2-W18-15 1 67 _+ 123 --- + --- 67 + ---

2-W18-17 3 3,300 + 223 132 + 161 1,410 + 966
2-W18-20 2 131 + 163 106 + 127 119 + 13

-- 2-W18-21 3 734 + 119 -4 + 119 346 ± 214

2-W18-22 3 1,150 + 163 -61 + 90 726 + 394

_
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TABLE C.39. Tritium (contd)

Well No, of Concentration, pCi/Lcb_(10"9I.tCi/mL)
Name t'_ Samples Maximum Minimum Average

2-W!8-23 4 615 + 148 -78 + 151 207 + 146
2-W18-24 4 219 + 135 17 _+ 153 107 ± 44
2-W19-2 2 77,400 _+ 911 24,700 + 551 51,100 + 26,400
2-W19-3 1 404 ± 169 --- ± --- 404 ± ---
2-W19-9 1 430 ± 167 --- ± --- 430 ± ---
2-W19-13 1 -46 ± 153 --- ± --- -46 + ---
2-W19-14 1 5 ±' 153 --- ± --- 5 ± ---

2-W19-15 1 2,770 + 229 --- ± --- 2,770 + ---
2-W19-16 1 2,180 + 216 --- "± --- 2,180 ± ---
2-W19-17 1 263 + 159 --- + --- 263 ± ---
2-W19-18 2 4,960 +_ 275 841 + 199 2,900 ± 2,060
2-W19-19 5 3,190 ± 240 1,520 ± 177 1,950 ± 314
2-W19-20 5 3,760 + 249 1,850 _+ 209 2,550± 340
2-W19-21 2 1i8 + 132 -103 + 150 8 ± 111
2-W19-23 5 1,990 ± 212 606 ± 173 1,120 _+ 283
2-W19-24 5 2,820 + 227 1,260 ± 171 1,730 ± 279
2-W19-25 4 3,010 ± 252 1,780 + 206 2,370 ± 252
2-W19-26 2 2,090 + 231 1,090 + 178 1,590 + 500
2-w19-27 2 162 _+ 153 114 + 132 138 + 24

2-W22-1 1 2,960 +_ 233 --. ± --- 2,960 ± ---
2-W22-2 1 67,300 ± 856 --- + --- 67,300 ± ---
2-W22-22 1 1,400 ± 191 --- ± --- 1,400 + ---
2-W23-4 5 206,000 ± 1,480 23,500 __ 514 132,000± 31,900
2-W23-9 5 1,520,000 ± 4,110 1,050,000 ± 3,370 1,210,000 ± 80,800
2-W23-10 2 555,000 + 2,410 553,000 + 2,420 554,000 ± 1,000
2-.W23-11 1 820 + 179 --- + --- 820 + ---

2-W27-1 1 5,050 + 278 --- ± -,- 5,050 ± ---
3-1-3 1 211 ± 156 --- + --- 211 + ---
3-1-7 5 246 -± 138 146 ± 128 192 + 16
3-1-12 1 66 ± 121 --- + --, 66 + ---
3-1-17A 3 326 ± 135 124 ± 97 198 ± 64
3-1-17B 2 -3 + 126 -54 + 116 -29 ± 26
3-1-17C 1 58 _.+ 120 --- ± --- 58 ± ---
3-1-18A 1 6,450 ± 287 --- ± --- 6,450 + ---
3-2-1 1 367 ± 141 --- ± --- 367 ± ---
3-3-7 1 1,450 ± 180 --- + --- 1,450 ± ---
3-3-9 1 433 _+ 147 --- + --- 433 + ....
3-3-10 2 471 _+ 146 137 ± 125 304 + 167
3-4-1 1 380 ± 143 --- + --- 380 +_ ---

3-4-7 1 2,050 ± 195 --- ± --- 2,050 + ---
3-4-11 1 429 + 144 --- ± --- 429 + ---
3-8-1 2 223 ± 129 18 ± 128 120 + 103
3-8-3 1 1,050 -± 163 --- ± --- 1,050 ± ---
6-$43-E12 3 204 ± 135 68 + 123 124 _+ 41
6-S41-E13A 3 84 ± 131 58 ± 122 74 + 8
6-S41-E13B 3 137 ± 132 -3q ± 153 57 + 51
6-$40-E!4 3 101 _ 129 66 ± 120 87 :!: 11
6-$37-E14 4 239 _+ 137 -18 ± 119 111 ± 70
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TABLE C.39. Tritium (contd)

Well No. of Concentration, pCi/L Cb)(.!.0.9_lCi/mL)

Name t') Samples Maximum Minimum Average

6-$31-1P _°_ 1 -95 ± 155 --- ± .... 95 +_ --,
6-S30-E15A 2 _ 39 ± 131 -93 ± 117 -27 ± 66
6-$29-E12 2 20 ± 128 -119 ± 116 -50 +_ 69 _
6-$28-E0 3 -88 ± 111 -263 ± 148 -148 ± 58

6-$27,-E14 3 -109 + 150 -159 ± 113 -132 ± 15
6-$24-19 1 -134 + 114 --- ± .... 134 ± ---

6-S19-E13 2 8,410 ± 323 7,670 ± 317 8,040 + 370
6-S19-11 3 -2 ± 129 -90 ± 115 -34 + 28
6..S18-51 1 ..60 _+ 117 --- ± .... 60 ± ---
6-S14-20A 1 -30 + 146 --- ± .... 30 ± ---
6-S12-3 2 . 84 + 129 -38 ± 120 23 ± 61
6-S12-29 1 -162 + 111 --- _+.' .... 162 _+. ---

6-Sll-E12A 1 4,460 + 252 --- ± --- 4,460 + ---
6-Sll-E12AP _c) 1 188 ± 123 --- ± --- 188 ± ---
6-$8-19 2 9 + 117 -137 ± 123 -64 ± 73
6-$7-34 1 -55 + 117 --- ± .... 55 ± ---
6-S6-E14A 1 46 + 155' --- ± --- 46 ± ---

6-$6-E4 B 2 29,000 + 584 27,400 ± 571 28,200 ± 800
6-S6-E4D 2 39,800 + 680 39,500 ± 677 39,700 -+ 150
6-$3-E12 2 7,630 + 310 6,110 + 282 6,870 + 760
6-$3-25 1 ' 92 ± 163 .... ± --- 92 .+_ ---

6-1-18 2 42,300 + 698 39,309 ± 679 40,800 ± 1,500
6-2-3 2 104,000 + 1,030 104,000 + 1,070 104,000 +_ 0
6-2-7 1 12,300 ± 388 --- ± --- 12,300 + ---
6-2-33A 2 72 ± 114 -305 + 115 -117 ± 188
6-3-45 1 -158 ± 113 --- + ..... 158 ± ---

6-8-17 2 144,000 ± 1,250 136,000 ± 1,240 140,000 + 4,000
6-8-25 2 46,000 + 707 39,600 + 676 42,800 _+ 3,200
6-8-32 2 -12 ± 116 ,143 .. 123 -77 ± 66
6-10-E12 2 23,400 + 535 22,600 + 521 23,000 ± 400
6-10-54A 1 -68 "± 107 ----± .... 68 ± ---
6-13-64 1 -142 .+_ 113 --- ± .... 142 + ---
6-14-38 2 125 ± 128 29 + 113 77 ± 48
6-14-47 1 -96 + 116 --- ± .... 96 ± ---

6-15-15B 1 -119 + 114 --- + .... 119 ± ---
6-17-5 3 127 ± 117 -95 + 150 25 ± 65
6-17-47 1 197 ± 117 --- ± --- 197 + ---
6-17-70 1 -121 ± 115 .... ± .... 121 _ ---
6-19-43 1 18 ± 118 --- ± --- 18 ± ---
6-19-88 1 -24 + 111 --- ± .... 24 + ---

6-20-E12 2 3,610 + 232 2,360 ± 199 2,990 ± 625
6-20-E12P 1 -127 ± 114 --- + .... 127 ± ---

6-20-E5A 2 77,200 ± 914 70,600 + 893 73,900 ± 3,300
6-20-E5P 1 -70 + 115 --- ± .... 70 ± ---

6-20-E5Q 1 20 ± 122 --- ± --- 20 ± ---
6-20-E5R tc) 1 -15 + 1!9 --- ± .... 15 ± ---
6-20-20 2 137,000 + 1,230 133,000 ± 1220 135,000 ± 2,000
6-20-39 1 23 + 122 --- ± --- 23 ± ---
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TABLE C.39. Tritium (contd)

Well No. of Concentration, pC.'.ffLcb)(10 .9_Ci/mL)
Name ¢') Sa_ Maximum Minimum Average

6-20-82 1 -107 + 115 --- ± .... 107 ± ---

6-21-6 2 31,100 ± 597 26,900 ± 547 29,000 ± 2,100
6-22-70 2 162 ± 128 -16 + 109 73 ± 89

6-23-34 3 143,000 ± 913 127,000 ± 1,160 133,000 ± 5,170
6-24-1t x°) 1 -113 ± 114 --- ± .... 113 +_ ---

6.'24-1Q t°_ 1 -16 ± 118 --- ± .... 16 ± ....
6.24-1R c') 1 127 ± 121 --- ± --- 127 ± ---
6-24-iS 1 23 ± 115 --- ± --- 23 ± ---

6-24- lT 1 12,800 ± 394 --- ± --- 12,800 ± ---
6-24-33 2 316,000 + 1,360 315,000 + 1,840 316,000 + 500
6-24-34A 1 202,000 ± 1,080 --- + --- 202,000 + ---
6-24-34B 2 298,000 ± 1,320 272,000 + 1,700 285,000 + 13,000

: 6-24-34C 2 326,000 ±, 1,380 279,000 ± 1,710 303,000 ± 23,500
6-24-35 3 143,000 4- 909 136,000 ± 1,220 140,000 ± 2,080
6-24-46 1 -100 +_ 114 --- + .... 100 ± ---

6-25-33A 3 1,000 ± 162 888 4_- 112 942 ± 32
6-25-34A 2 267,000 ± 1,240 241,000 ± 1,600 254,000 ± 13,000
6-25-34C 2 285,000 ± 1,280 268,000 ± 1,700 277,000 ± 8,500
6-25-55 2 133 ± 128 -35 ± 107 49 ± 84
6-25-70 2 831 ± 155 692 ± 148 762 ± 70

6-26-15A 2 242,000 ± 1,620 235,000 ± 1,630 239,000 ± 3,500
6-26-33 2 258,000 ± 1,220 246,000 ± 1,670 252,000 ± 6,000
6.26-34 2 264,000 ± 1,240 248,000 + 1,630 256,000 + 8,000
6-26-35A 2 281,000 ± 1,290 275,000 4_- 1,730 278,000 ± 3,000

6-26-35C 2 57,300 ± 583 51,800 + 753 54,600 ± 2,750
6-27-8 2 219,000 ± 1,560 208,000 ± 1,520 214,000 ± 5,500
6-28-40 2 98,800 ± 1,050 83,700 ± 965 91,300 + 7,550
6,28-40I x_) 1 150 ± 122 --- ± --- 150 ± ---

6-28-52A 1 -101 + 114 --- ± .... 101 ± ---

6-29-4 2 115,000 ± 1,140 103,000 ± 1,060 109,000 ± 6,000
6-29-78 2 498 + 142 228 ± 130 363 ± 135 ,,

6-31-31 1 19,600 ± 477 --- ± --- 19,600 ± ---
6-31-31F x_) 1 77 + 118 --- + --- 77 ± ---

6-32-22 2 172,000 + 1,380 147,000 + 1,230 160,000 ± 12,500
6-32-43 2 279,000 ± !,780 212,000 + 1,530 246,000 _+. 33,500

_ 6-32-62 1 2,240 ± 195 --- ± --- 2,240 ± ---

6-32-70B 2 249,000 4_: 1,660 231,000 + 1,590 240,000 ± 9,000
6-32-72 1 140,000 ± 1,230 --- ± --- 140,000 ± ---
6-32-77 1 64 ±. 123 --- ± --- 64 ± ---

6-33-42 2 232,000 ± 1,620 189,000 ± 1,440 211,000 ± 21,500
6-33-56 2 -69 ± 117 -84 ± 119 -76 + 7

6-34-39A 1 2,030 + 210 --- ± --- 2,030 + ---
6-34-41B 1 15,900 ± 436 --- + --- 15,900 ± ---
6-34-42 2 51,500 + 755 31,300 ± 593 41,400 ± 10,100
6-34-51 2 436 ± 183 35 ± 172 236 + 200

6-35-9 2 201,000 5.: 1,480 199,000 ± 1,480 200,000 + 1,000

6-35-66 1 1,160,000 + 3,550 --- + --- 1,160,000 ± ---
6-35-70 2 926,O(g) + 3,I60 849,000 _ 2,950 _,t_o + 38,500
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TABLE C.39. Tritium (contd)

Well No. of ConcenU'ation, pCi/L °') (10 .9j.tCi/mL)
Name I'_ Samples Maximum Minimum Average _

6-35-78A 2 12 + 154 -61 + 116 -25 + 37
6-36-46t x_ 1 76 + 118 .... + --- 76 + ---

6-36-46Q cc_ 3 130 + 121 -42 + 112 68 + 55
6-36-61B 1 32,200 + 612 --- + --- 32,200 + ---
6-36-93 1 -165 + 151 --- + .... 165 + ---
6-37-E4 1 66,900 + 869 --- + --- 66,900 + ---
6-37-43 1 38,500 + 667 --- + --- 38,500 +_ ---
6-37-82A 1 -46 + 118 --- + --- -46 + ---
6-38-15 2 394,000 + 2,070 365,000 + 1,960 380,000 + 14,500
6-38-65 2 452,000 + 2,160 440,000 + 2,190 446,000 + 6,000
6-38-70 1 1,010 + 152 --- + --- 1,010 + ---

6-39-0 1 242,000 + 1,630 .... + --- 242,000 + ---
6-39-39 2 190 + 158 7 + 114 98 + 92

6-40-1 2 235,000 + 1,620 226,000 + 1,560 231,000 + 4,500
6-40-33/_ 2 -47 + 121 -69 + 152 -58 + 11
6-40-39 1 5'7,700 + 770 --- + --- 57,700 + ---
6-40-62' 2 88,100 + 994 82,300 + 924 85,200 + 2,900

6-41-1 2 244,.000 + 1,640 233,000 + 1,600 239,000 + 5,500
6-41-23 2 88,700 + 1,000 73,100 + 868 80,900 + 7,800
6-41-40 1 232,000 + 1,530 --- + --- 232,000 5: ....
6-42-2 1 229,000 5:1,560 --- + --- 229,000 5: ---

6-42-12A 2 286,000 5:1,770 265,000 5: 1,720 276,000 5: 10,500
6-42-40A 5 237 + 161 -94 +_ 115 64 + 62

6-42-40B 7 4,510 + 265 -87 + 154 1,050 5: 652
6-42-40C ¢_ 2 3,830 _+. 228 2,970 + 217 3,400 5: 430
6-42-42B 4 79,500 +' 678 72,800 + 908 74,800 + 1,580
6.-43-3 2 234,000 + 1,600 231,000 + 1,600 233,000 + 1,500
6-43-41E 1 95,400 + 1,000 --- 5: --- 95,400 + ---
6-43-41F 1 32 + 128 --- 5: --- 32 5: ---

6-43-42J 4 2,620 + 206 1,080 + 117 1,660 5: 356
6-43-43 4 432 + 135 283 5: 131 335 5: 35
6-43-45 1 342 5: 140 --- + --- 342 + ---
6-43-88 1 -159 + 113 --- + .... 159 5: ---

6-44-4 1 146,000 + 1250 --- + --- 146,000 + ---
6-44-42 3 1,140 + 161 346 5: 135 641 5: 251

6-44-43B 2 41,400 + 662 40,100 + 650 40,800 + 650
6-44-64 1 652 5: 147 --- + --- 652 + ---

6-45-2 2 218,000 5:1,540 211,000 5: 1,530 215,000 5: 3,500
6-45-42 4 44,500 _ 701 39,100 + 656 41,900 5: 1,130
6-45-69A 1 -32 + 119 --- -± .... 32 5: ....
6-46-4 2 153,000 + 1250 151,000 + 1,290 152,000 5: 1,000
6-46-21B 2 49,000 + 764 48,100 +_ 737 48,600 5: 450

6-47-5 3 232,000 + 1,590 167,000 + 1,340 200,000 + 18,800
6-47-35A 1 -43 5: 118 -_- 5: --- -43 5: ---
6-47-46A 2 53 + 124 -23 5: 120 15 5: 38
6-47-5fY c_ 1 288 5: 129 .-- 5: --- 288 5: ---
6-47-60 1 -176 + 114 --- 5: .... 176 5: ---
6-48-7 2 140 + 125 84 + 128 112 5: 28

m
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TABLE C.39. Tritium (contd)

Well No, of Concentration, pCi/LchI(10.9pCi/mL)

Name¢'_ Samples Maximum Minimum Average

6-48-18 2 92 + 129 -10 + 117 41 ± 51
6-48-71 2 -90 + 122 -102 + 115 -96 + 6
6-49-13E 2 7 + 114 -167 + 115 -80 + 87
6-49-2.8 2 2,000 + 195 1,650 + 178 1,830 + 175
6-49-55A 2 3,620 + 233 2,910 + 216 3,270 + 355
6-49-55B 2 53 + 121 14 +. 117 34 + 20
6-49-57 2 5,330 + 271 5,130 + 266 5,230 + 100
6-49-79 _ 2 38 ± 127 -97 ± 115 -29 ± 68
6-49-100C 3 -79 ± 154 -144 + 113 -116 ± 19
6-50030 2 221 ± 136 186 ± 127 .04 ± 18
6-50-42 2 4,540 ± 253 4,010 ± 248 4,280 ± 265
6-50-45 co) 2 99 ± 121 54 + 121 77 ± 22
6-50-48B¢_) 2 50 ± 119 -24 ± 118 13 ± 37
6-50-53 1 4,350 ± 248 --- .+_ --- 4,350 ± ---
6-50-85 2 43 + 125 -122 ± 114 -40 ± 83
6-51-46 2 10 + 126 -65 ± 113 -28 ± 38
6-51-63 2 -41 ± 126 -171 ± 112 -106 ± 65
6-51-75 2 26 ± 130 -23 ± 118 1 ± 25
6-52-19 2 56 ± 132 -184 ± 111 -64 ± 120
6-52-46A¢°_ 2 187 ± 133 -47 ± 114 70 ± 117
6-52-48¢°_ 2 7 ± 116 -133 ± 121 -63 + 70
6-53-50_'1 1 48 +_ 158 --- ± --- 48 ± ---
6-53-103c_) 1 -10 ± 122 ... ± .... 10 ± ---
6-54-34 1 14 ± 112 -.- ± --- 14 + ---
6-54-45A 2 117 ± 117 -67 ± 125 25 ± 92
6-54-57c°_ 2 247 ± 128 -73 ± 123 87 ± 160
6-55-40 1 6 ± 114 --- ± .... 6 ± ---
6-55-44 1 98 ± 118 .-- ± --- 98 ± ---
6-55-50A 2 -58 ± 127 -95 ± 113 -77 ± 19
6-55-50C 1 -23 ± 120 --- + .... 23 ± ---
6-55-50D 1 291 ± 131 ---± .-- 291 ± ---
6-55-70 1 66 ± 118 --- +_ --- 66 + ---
6-55-89 1 25 -.1: 115 --- ± --- 25 ± ---
6-56-43 2 114 ± 120 -46 ± 127 34 ± 80
6-56-53 2 86 ± 131 -21 ± 156 33 ± 53
6-57-29A 1 579 + 141 --- ± --- 579 + ---
6-59-58 1 894 ± 156 --- + --- 894 ± ---
6-60-57 1 483 ± 136 --- ± --- 483 + ---
6-60-60 1 6,510 ± 306 --- + --- 6,510 + ---
6-61-37 1 518 ± 136 --- ± --- 518 ± ---
6-61-41 1 239 + 125 --- ± --- 239 ± ---
6-61-62 1 8,540 ± 328 --- ± --- 8,540 + ---
6-61-66 1 121 ± 123 ---± --- 121 ± ---
6-63-25A 2 96 ± 119 20 ± 130 58 ± 38
6-63-55 2 930 ± 152 917 + 159 924 ± 7
6-63-58 2 1,940 + 191 1,790 + 186 1,870 + 75
6-63-90 1 81 ± 115 --- ± --- 81 ± ---
6-64-27 1 296 + 169 --- ± --- 296 ± ---
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TABLE C.39. Tritium (contd)

Well No. of Concentration, pC!/L (b)(10 .9pCi/mL)
Name c'l Samples Maximum Minimum Average

6-64-62 1 8,270 5: 326 -.- ± .... 8,270 5: ....
6-65-23 1 94 + 162 --- ± --. 94 + ---

6-65-50 2 701 + 153 685 ± 147 693 ± 8
6-65-59A 1 1,300 + 169 --- ± .... 1,300 ± -.-
6-65-72 2 2,650 ± 207 2,320 ± 203 2,490 ± 165
6-65-83 2 923 + 161 634 ± 145 779 5: 145
6-66-58 2 797 + 145 778 ± 158 788 ± 10

6-66-64 2 6,220 ± 290 6,070± 277 6,150 + 75
6-66-103 1 194 5: 121 --- + --- 194 + .-.
6-67-51 2 545 5: 147 360 ± 128 453 ± 93
6-67-86 2 875 + 161 736 ± 141 806 5: 70
6-6'7-98 2 178 + 120 -330 + 114 -76 5: 254
6-68-105 1 95 + 124 --- ± --- 95 + ---
6-69-38 2 -8 + 128 -154 ± 112 -81 ± 73

6-70-68 2 1,860 5: 192 1,610 ± 173 1,740 ± 125
6-71-30 2' 90 + 116 9 ± 124 50 + 41
6-71-52 2 808 5: 159 769 ± 151 789 + 20

6-71-77 2. 3,220 5: 228 2,530 ± 203 2,880 5: 345
6-72-73 1 1,280 5: 194 --- ± .... 1,280 5: ---
6-72-88 2 4,220 5: 247 2,440 + 197 3,330 _+ 890
6-72-92 1 1,550 + 205 --, ± --- 1,550 + ---
6-73-61 1 185 5: 131 --- ± --- 185 + ---
6-74-44 2 61 5: 131 -180 ± 113 -60 + .121
6-77-36 1 84 5: 152 --- ± --- 84 5: ---
6-77-54 2 4'1 + 128 -22 + 120 9 -+ 32

6-80-43P 1 -14 + 113 --- ± .... 14 5: ---

6-80-43Q 1 150 ± 122 --- ± .-- 150 + ---
6-80-43R 1 101 5: 118 --- ± --- 101 ± ---
6-80-43S 1 286 5: 127 --- + --- 286 + ---
6-81-58 3 270 + 165 88 ± 129 172 + 53 '
6-83-47 1 710 5: 148 --- ± --- 710 ::t: ---
6-84-35AO 1 260 5: 157 --- ± --- 260 + ---

6-87-55 2 80,800 + 911 74,100 + 912 77,500 + 3,350
6-89-35 2 564 5: 136 543 ± 146 554 + 11

6-90-45 2 2,150 5: 198 2,060 + 193 2,110 + 45
6-96-49 2 11,900 + 400 11,900 ± 398 11,900 ± 0
6-97-43 1 10,300 5: 376 --- ± --- 10,300 5: ---
6-97-51A 2 14,000 5: 423 13,400 ± 421 13,700 + 300
6-101-48B 2 143 5: 129 -6 + 119 69 5: 74

(a) See Figures 5.1,5.2, and 5.3 for well locations.

(b) Maximum and minimum concentrations 5:2 sigma counting errors. Average concentrations +2 times the
standard error of the calculated mean (no estimate of stan "dard error for one sample).

(c) Wells that sample a confined aquifer.
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TABLE C.40' Maximum, Minimum, and Average Uranium Concentrations in Ground-Water

Samples in 1989

Well No, of Concentration, pCt/L chI(10 .9 IJ.Ci/mL)

N_JmeC'_ _ Maximum Minimum Average

l-B3-1 2 2,42 ± 0,73 2,21 ± 0,72 2,32 ± 0,11
l-B4-1 2 1,45 ± 0,47 1,40 ± 0,47 1,43 ± 0,03
1-B4.2 2 14,40 ± 5,00 0,93 + 0,33 7,67 +_ 6,73

1-B4.3 2 1,19 + 0,41 1.01 ± 0,36 1,10 5: 0,09
1.B4-4 2 1,28 + 0,45 0,77 + 0,28 1,03 ± 0,25

1-B5-1 2 1,07 ± 0,38 0,88 5: 0,31 0,97 ± 0,10
I-B9-1 3 3,14 ± 0,97 0.86 + 0,31 1,71 5: 0,72
1..D2-5 2 1,43 5: 0,49 1.40 ± 0,46 1,42 ± 0,02
1-D5-12 2 2,39 5: 0,79 1,69 ± 0,56 2,04 -± 0,35
1-D8-3 2 1,82 ± 0,63 0,57 5: 0,23 1,19 + 0.63
l-F5-1 1 1,05 ± 0.39 --- ± .-- 1.05 _+ ---
1-F5-3 2 0,47 ± 0,20 0,16 ± 0,10 0,31 ± 0,16
1-F5-4 2 7,11 _+ 2,08 6.68 + 1,90 6.90 ± 0,22
1-F5-6 2 0,52 5: 0,20 0.44 ± 0,18 0.48 5: 0,04
I-F7-1 2 4,27 5: 1,25 4.23 ± 1.27 4,25 ± 0,02
1.FS-1 2 143.00 ± 39,80 91.00 ± 25.60 117.00 5: 26,00
1.F8-2 2 51,50 5: 15,10 42.20 5: 11,50 46.90 + 4,65
1-H3-1 1 2,39 + 0,74 --- ± --- 2,39 5: .--

1-H3-2A 4 3,68 ± 1,11 2,08 ± 0.67 2.83 + 0,35
1-H3-2B 1 3,11 ± 0,96 --- ± --- 3,11 ± ---
1.I-I3.2C 1 0,74 5: 0,26 --- ± --- 0.74 4- ...
1-H4-3 5 145,00 5: 41,80 40.40 ± 11,80 72,50 5: 18.80
1-H4-4 4 88,80 ± 26,20 1.67 5: 0,94 39.50 ± 21,90
1-H4-5 3 3,62 + 1,10 2,79 ± 0,87 3.11 5: 0,26

1-H4-6 5 5,91 + 1,80 2.98 + 0,91 4,28 + 0.48
1-H4-7 2 4,95 + 1,46 3.26 5: 0,99 4.11 5: 0.84

1-H4-8 1 3,97 + 1,20 --- + -.- 3.97 + ---
1-t-I4-9 2 6,18 5: 1.80 4.85 + 1,44 5.52 5: 0.67

1-t-14.10 1 0,41 5: 0.17 --- ± --- 0.41 + ---
I-H4-11 1 5.26 ± 1.56 --- ± -.- 5,26 + ---
1-H4-12A 4 20,80 ± 5,90 1.68 ± 0,57 8.51 5: 4,24
1-H4-12B 3 5,60 5: 1,63 2.48 ± 0,77 4,13 + 0,91
1-H4-12C 4 2,19 + 0,70 0.89 ± 0,32 1,31 .+_ 0,30

1-H4-13 1 1.43 ± 0.50 --- ± --. 1.43 ± ---
1-H4-14 2 1.72 + 0,56 1.12 ± 0,39 1,42 ± 0.30
I-H4-15A 1 1.22 ± 0,41 --- ± .-- 1,22 ± ---
I-H4-15B 1 1,34 ± 0,45 --- ± --. 1,34 5: ---
1-H4-16 1 1.04 5: 0,38 --- 5: --- 1,04 + ---

1-H4-17 1 4.17 ± 1,26 --- 5: --- 4,17 ± ---
1-H4-18 4 3.65 ± 1.14 1.57 ± 0,52 2.65 + 0,49
1-K- 11 2 3.43 5: 1.02 2,75 5: 0,84 3.09 + 0,34
1-K-22 1 1.14 5: 0,39 --. + --- 1,14 5: ---
1-K-27 2 5,89 + 1,72 3.16 ± 0,97 4,53 5: 1.37
1.K-28 2 4.41 5: 1.32 4,29 ± 1.27 4.35 + 0.06
1-K-29 2 2.22 + 0.70 1.84 + 0,59 2.03 5: 0,19
I-K-30 2 1,98 + 0,62 1.73 ± 0.56 1.86 + 0.13

1-N-2 3 0.30 5: 0,17 0.15 -± 0,11 0.22 5: 0,04
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TABLE C.40, Uranium (contd)

Well No, of Concentration, IK21/LChI(10 '_ tJ.Ci/mL)
Natne ¢'1 S amp!,Os Maximum Minimum Average

1-N-3 4 0,82 +_ 0,32 (},28 ± 0,16 (/,55 ± 0,15
I-N-4 4 0,76 4- 0,30 0,28 4- 0,14 0,43 ± 0,11
1-N-5 1 0,45 ± 0,2(7 --- ± --- 0,45 ± ---
1-N-6 1 0,56 + 0,22 --- ± --- 0,56 ± ---
1-I'4-14 6 0,83 + 0,30 (},17 ± (},13 (7,42 ± 0,13
l-N-16 2 3,96 _+ 1,27 1,77 4- (},63 2,87 ± 1,10
I-N-17 1 0,78 + 0130 .-- ± --- (I,78 ± ---i

l-N-18 1 0,53 + 0,26 --- ± --- (I,53 ± ---

1-N..20 1 1,07 4- 0,38 --- ± --- 1,07 "± ---
I-N-21 1 1,50 ± 0,51 --- ± --- 1,50 ± ---
1-N-22 1 4,59 + 1,42 --- ± --- 4,59 _+ ---
1-N-23 2 6,41 ± 1,87 0,00 ± 0,07 3,21 ± 3,20
1-N-24 2 4,23 + 1,25 1.02 + 0,35 2,63 ± 1,61
1-N-25 2 3,84 + 1,21 1,71 + 0,56 2,78 ± 1,07
1-N-26 1 1,39 + 0,46 --- ± --- 1,39 ± ---
1-N-27 3 0.59 ± 0,23 0,56 +- 0,21 0,57 ± 0,01

1-N-28 1 1,22 ± 0,42 --- + --- 1,22 ± ---
1-N-29 3 0,60 + 0,24 0,47 ± 0,20 0,56 + 0,04
1-N-31 5 0,76 + 0,28 0,31 ± 0,15 0,46 ± 0,08
1-N-32 4 0,71 ± 0,28 0,35 ± 0,16 0,51 ± 0,08
1-N-33 5 0,88 + 0,33 0,51 ± 0,20 0,70 ± 0,06
1-N-36 5 0,78 + 0,29 0,36 + 0,18 0,51 + 0,08
1-N-37 1 0,56 ± 0,22 --- zt: --- 0,56 ± ---

1-N-39 2 0.52 + 0,21 0,49 ± 0,20 0,51 ± 0,01
1-N-41 4 0,48 -& 0,20 0,38 + 0,18 0,42 i 0,02
1-N-42 4 0,72 + 0,28 0,38 ± 0,17 0,58 + 0,08
1-N-47 1 4.56 ± 1,34 --- ± --- 4,56 ± ---
1-N-50 1 0.38 + 0,17 ... 4_. .... 0,38 + ---
I-N-51 1 0.45 + 0,19 --- + --- 0,45 + ---
1-N-52 4 0,86 + 0,30 0,53 ± 0,22 0,71 ± 0,07
1-N-54 1 0,45 + 0,19 --- + --- 0,45 + ---

1-N-55 1 0.73 + 0,27 --- + --- 0,73 + ---
1-N-56 1 0,53 ± 0,22 --- ± --- 0,53 ± ---
1-N-57 1 0,91 + 0,33 --- ± --- 0,91 ± ---
1-N.58 4 2,40 ± 1,24 1.37 ± 0,51 1,90 ± 0,24
1-N-59 5 1.68 ± 0,62 0,82 ± 0.35 1,23 ± 0.18

l-N-60 5 3.01 + 1.45 0,83 ± 0,30 1,76 + 0,45
1-N-61 5 2,92 :t: 1.50 0,62 ± 0.29 1,46 ± 0,42
1-N-66 4 0,80 + 0,31 0,39 ± 0,19 0,61 ± 0,08
1-N-67 4 0,37 ± 0,19 0,21 ± 0,12 0,29 ± 0.04
1-N-69 4 0,44 ± 0,20 0,19 ± 0,12 0,29 ± 0,06

1-N-70 4 0,50 + 0.22 0,32 ± 0,16 0,41 ± 0.05
2-E13-8 1 2,51 ± 0,79 --- + --- 2,51 ± ---
2-E16-2 1 1.05 + 0,38 --- + --- 1,05 ± ....
2-E 17-1 2 2.15 at, 0,68 2.05 ± 0,66 2,10 + 0.05
2-E17-2 3 9,45 + 2.53 7.28 + 2,00 8,19 ± 0,65

2-E17-5 4 5.93 ± 1.64 4,30 + 1,20 5,05 ± 0,33
2-E17-12 3 3,76 ± 1,07 3.14 + 0,90 3,36 ± 0.20

Appendix C C,59=



TABLE C,40, Uranium (contd)

Well No, of Concentration, pCI/Lcul(10.9gCl/mL)
NameC'_ Samples Maxhnt_m Mliiimum Average

2-E17-13 5 4,35 5: 1,22 2,90 5: 0,90 3,52 5: 0,25
2-E17-19 4 4,55 ± 1,35 3,04 + 0,94 3,72 -.t: 0,33
2-E17-20 4 3,76 :t: 1,13 3,38 5: 1,03 3,64 5: 0,09
2-E18.1 1 4,56 ± 1,35 --- 5: --- 4,56 5: ---
2-E24-2 4 3,17 5: 0,98 2,36 5: 0,76 2,75 2: 0,21
2-E24-16 4 3,50 5: 1,07 3,00 5: 0,93 3,36 5: 0,12
2.E24-17 3 2,96 5: 0,91 2,67 5: 0,83 2,78 5: 0,09
2:E24-18 3 3,37 5: 1,06 3,28 5: 1,00 3,33 5: 0,03
2-E25-9 2 2,63 5: 0,82 1,59 5: 0,52 2,11 ± 0,52
2.E25-11 1 0,95 + 0,35 ... 5: ... 0,95 5: ---
2-E25-22 1 0,83 ± 0,31 --- 5: --- 0,83 5: -.-
2-E25-24 1 0,71 5: 0,26 --- 5: --- 0,71 5: ....
2-E25-26 2 1,04 5: 0,37 0,98 5: 0,36 1,01 5: 0,03
2-E25-28 1 0,93 5: 0,33 --- 5: --- 0,93 5: -..
2-E25-32P 1 0,68 5: 0,27 --- '.t: ..- 0,68 5: ---
2-E25-34 1 0,83 _+ 0,31 --- 5: --- 0,83 5: ---
2-E25-35 1 2,56 5: 0,80 --- 5: --- 2,56 5: ---
2-E25.36 3 1,40 + 0,47 0,93 5: 0,35 1,10 5: 0,15
2-E27-8 3 2,52 5: 0,76 1,89 5: 0,62 2,22 5: 0,18
2-E27-9 3 2,79 5: 0,89 1,74 + 0,54 2,14 5: 0,33
2-E27-10 3 2,31 5: 0,75 1,90 5: 0,63 2,07 5: O,12
2-E28-7 3 3,40 5: 1,00 1,85 5: 0,58 2,72 5: 0,46
2-E28-9 2 10,92 5: 3,00 9,94 :1: 2,54 10,40 :t: 0,49
2.E28-16 1 7,91 5: 2,15 --- 5: --- 7,91 5: ---
2-E28-17 2 15,47 5: 3,88 9,03 5: 3,32 12,30 5: 3,22
2-E28-18 2 32,48 + 9,38 15,47 5: 4,01 24,00 :t: 8,51
2-E28-19 1 10,50 5: 3,75 .... 5: --- 10,50 5: ---
2-E28-21 3 31,99 + 9,38 20,09 5: 6,22 25,10 5: 3,57
2-E28-23 1 10,15 5: 3,52 --. + .-- 10,20 5: .--
2-E28-24 3 1,20 5: 0,76 0,29 5: 0,20 0,85 5: 0,28
2-E28-25 3 21,42 + 5,89 11,80 5: 3,36 15,20 5: 3,13
2-E28-26 3 25,00 + 7,02 17,10 5: 4,57 22,20 5: 2,57
2.E28-27 4 3.66 5: 1,08 3,31 5: 1,05 3,45 5: 0,08
2.E32-2 3 2,91 ± 0,90 2,11 5: 0.68 2,46 5: 0,24
2.E32-3 I 11,40 5: 3,21 --- ± --- 11,40 5: .--
2-E32-4 4 9,32 5: 2,65 2,19 5: 0,71 4,98 5: 1,52
2-E33-7 1 2,46 5: 0,79 --- 5: --- 2,46 5: ...
2.E33-9 1 1,42 5: 0,47 --- 5: ..- 1,42 5: ---
2-E33-20 1 1,24 5: 0,42 --- 5: --- 1,24 5: -.-
2.E33-28 4 1,75 zt: 0,62 1,45 5: 0,49 1,61 5: 0,06
2-E33.29 3 1,84 5: 0,61 1,36 ± 0,48 1,56 5: 0,14
2-E33-30 3 1,54 5: 0,53 1,54 5: 0,54 1,54 5: 0,00
2-E34-1 1 1,30 5: 0,44 --- 5: --- 1,30 5: -.-
2.E34-2 4 3,00 5: 0,95 1,57 5: 0,51 2,07 5: 0,32
2.E34-3 3 2,43 5: 0,80 1,82 5: 0,61 2,04 5: 0,20
2-E34-5 3 4,26 5: 1,30 3,18 5: 0,98 3,61 5: 0,33
2-E34-6 3 3,71 5: 1,13 2,65 5: 0,84 3,10 5: 0,32
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-- TABLE C,40, Uranium (contd)

Well No, or Concentration, pCt/L{_1(10.9_Ct/mL)

NamelO __ M-axlrntlm Minimum Average

2-W6-2 5 1,50 :_ 0,52 0,83 ± 0,30 1,16 ± 0,13
2-W7-1 3 0,62 i 0,24 0,48 ± 0,21 0,54 ± 0,04
2-W7-2 3 0,90 _ 0,35 0,56 ± 0,23 0,72 ± 0,10
2-W7-3 3 1,52 i 0,51 0,95 ± 0,37 1,16 ± 0,18
2.W7.-4 3 1,40 "_ 0,49 1,17 ± 0,42 1,28 ± 0,07
2.W7-5 3 1,19 ± 0,42 0,98 ± 0,37 1,12 ± 0,07
2-W7-6 3 7,57 _ 2,18 1,86 ± 0,63 4,43 ± 1,67
2-W8-1 3 0,85 ± 0,31 0,58 ± 0,25 0,71 ± 0,08
2-W9-1 3 1.08 ± 0,38 0,84 ± 0,31 0,94 ± 0,07
2.W10.13 5 0,70 ± 0,31 0,49 :k 0,23 0,65 ± 0,04
2-W10.14 4 0,79 ± 0,32 0,f_) ± 0,25 0,72 ± 0,05
2-W15.15 3 3,64 i 1,09 2,33 ± 0,71 3,05 ± 0,38
2-W15-16 3 3,52 5: 1,11 1,41 .-t: 0,49 2,31 5: 0,63
2.W15-17 2 0,69 ± 0,28 0,55 ± 0,25 0,62 ± 0,07
2-W 15.18 3 0,75 ± 0,28 0,57 ± 0,26 0,67 ± 0,05
2.W18.15 1 32,76 ± 9,87 .-- i --- 32£0 ± ---
2-W18.21 3 24,00 ± 633 20,80 ± 5,73 22,70 ± 0,96
2.W18.22 3 0,88 ± 0,33 0,51 ± 0,20 0,68 k 0,11
2-W18.23 4 1,41 ± 0,51 0,98 ± 0,38 1,12 ± 0,10
2-W18-24 4 1,10 ± 0,39 0,71 ± 0,28 0,86 ± 0,09
2-W19.2 4 104,30 ± 27,44 16,31 ± 4,16 59,70 ± 21,10
2-W19-3 3 1,680,(_3 ± 464,10 1,155,00 ± 320,60 1,410,(}0 ± 152,00
2-W19.9 1 980,00 ± 284,20 ... ± -.. 980,00 ± ---
2.W19.13 1 6,56 k 1,78 ... ± .-. 6,56 ± ---
2.W19.14 1 3,19 ± 0,92 ... ± --. 3,19 k ---
2-W19.15 1 32,06 i 12,04 ... ± --- 32,10 ± ---
2-W19.16 1 448,70 ± 139,30 ... ± .-. 449,00 ± ---
2.W19.17 1 12,60 ± 4,21 ... k -.- 12,60 ± ---
2-W19.18 4 2,191.00 ± 610,40 1,316,00 ± 371,(_3 1,920,00 ± 204,00
2-Wi9-19 5 2,030,(_3 ± 567,70 428,40 ± 120,40 796,(_3 ± 309,00
2-W19-20 5 421,40 ± 118,30 2,04 ± 0,65 272,00 i 71,50
2.W19-21 2 15,33 ± 4,96 15,10 ± 4,14 15,20 ± 0,12
2.W19-23 5 173,60 ± 49,14 115,5(I ± 34,65 136,(R) ± 10,00
2-W 19-24 5 397,(_) ± 110,00 299,(_ ± 88,20 346,00 ± 16,60
2-W19-25 4 233,1(/ ± 70,00 1821_3 ± 58,66 199,00 ± 11,50
2-W19.26 2 340,(_) ± 96,4(I 335,30 ± 89,60 338,00 ± 2,35
2-W19.27 2 9,17 ± 3,21 8,57 ± 2,43 8,87 ± 0,30
2-W22-22 1 1,36 ± 0,46 ... ± .-- 1,36 ± ---
2-W23-4 5 260,40 ± 67,27 47,88 ± 12,46 105,(R) ± 39,30
2-W23.9 5 51,31 ± 14,35 31,43 ± 8,26 41,50 ± 3,48
2-W23.10 2 31,36 ± 9,31 30,94 i 8,96 31,20 ± 0,21
2-W23.11 1 17,57 ± 4,59 --. ± --- 17,(_) + ---
2-W27-1 1 7,98 ± 2,13 .-- ± --- 7,98 ± ---
3-1-3 1 66,40 ± 18,80 --. ± --. 66,40 ± ---
3-1-7 4 68,(_) ± 19,40 51,80 ± 14,20 59,50 ± 3,63
3-1-10 2 27,70 f 7,73 11,50 ± 3,24 19,60 ± 8,10
3-1-11 13 63,20 ± 18,20 10,50 f 3,53 32,9(] f 5,91
3-1-12 2 39,10 ± 11,(X) 34,90 ± 9,66 37,00 ± 2,10
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'FAILLE C,40, Uranium (contd)

W_ll No, of Concentration, pel/b {b)(10'_ l.tCl/mL)

Nam_(,I _ -_ ' Maximum Minimum A'verag_ _
3-1-13 2 8,20 5: 2,34 6,68 5: 1,93 7,44 + (),76
3-1-14 2 12,40 ± 3,46 10,70 4. 3,06 ll,(X) 4. 0,85
3-1-15 3 9,09 5: 2,58 5,32 4. 1,56 7,82 :L 1,25
3-1-16A 3 12,20 ± 3_37 6,96 5: 2,00 10,40 ± 1,71
3-1-16B 3 2,11 ± 0,68 1,23 4. 0,41 1,65 5: 0,26
3-1,,16C 2 3,63 -.k 1,09 2,08 5: 0,67 2,86 5: 0,78
3.1-17A 26 201,00 5: 55,50 40,10 5: 11,80 104,00 5: 8,73
3.1-17B 2 0,03 5: 0,06 .0,03 4. 0,08 .0,00 'at:. 0,03
3.1-17C 1 0,18 5: 0,13 ... :i: ... 0,18 5: ---
3.1-18A 13 4,05 5: 1,21 2,58 4. 1,40 3,41 ± 0,12
3-1-18B 1 -0,01 5: 0,05 -.- 5: .... 0,01 4. ---
3.1-19 6 370,00 5: 105,00 125,00 5: 34,80 241,00 5: 39,90
3-2-1 2 13,50 5: 3,78 6,95 ± 1,96 10,20 ± 3,28
3-2-2 1 39,50 5: 10,80 --- 5: --- 39,50 5: ---
3-3-7 3 10,20 ± 2,9(I 5,55 :t: 1,59 8,03 5: 1,35
3-3-9 2 17,90 5: 4,97 11,60 5: 3,22 14,80 5: 3,15
3-3-10 2 17,60 ± 4,80 8,58 + 2,47 13,10 5: 4,51
3-4-1 2 16,10 5: 4,53 8,75 5: 2,43 12.40 4- 3,68
3-4-7 2 20,80 5: 5,56 12,50 5: 7,,45 16,70 4. 4,15
3-4-11 2 8,75 5: 2,49 7,04 5: 1,98 7,90 4: 0,85
3-8-1 2 4,06 5: 1,23 2,82 5: 0,86 3,44 5: 0,62
3-5-2 1 2,32 ± 0,73 .-. 5: --- 2,32 5: ---
3-8-3 1 3,78 ± 1,14 --- 5: --- 3,75 5: ---
6.S30-EI5A 2 1,46 ± 0,50 1,38 ± 0,47 1,42 ± 0,04
6.S 2_-d 12 2 2,07 ± 0,68 1,23 ± 0,42 1,65 ± 0,42
6.$28-E0 2 1,39 5: 0,47 1,38 ± 0,4'i 1,39 5: 0,00
6.$27.E14 3 4,78 ± 1,45 3,20 ± 0,98 3,80 5: 0,50
6.$24.19 1 0,46 ± 0,23 .-. ± --- 0,46 -t: ...
6.S 19.E 13 2 4,38 ± 1,32 2,70 ± 0,83 3,54 5: 0,84
6.S 14.20A 1 0,26 ± 0,15 ... 5: --- 0,26 ± ---
6.S 12.3 1 0,53 4. 0,22 -.. 5: ... 0,53 5: ---
6.S6.E4B 2 3,17 -.t: 0,97 2,40 ± 0,75 2,79 ± 0,39
6.S6.E4D 2 3,07 ± 0,95 2,83 ± 0,88 2,95 ± 0,12
6.3-45 1 2,52 5: 0,89 --- :t: --. 2,52 :i: .-.
6.20.E 12 2 1,39 5: 0,48 1,19 5: 0,44 1,29 :.t 0,10
6.20-20 2 3,38 ± 1,04 2,70 5: 0,82 3,04 ± 0,34
6.32-70B 2 3,25 + 1,06 1,22 ± 0,41 2,24 ± 1,02
6.32-72 1 0,26 ± 0,15 ... 5: --- 0,26 5: .--
6-35-66 1 1,98 ± 0,66 ..- ± -.. 1,98 ± ---
6.35-70 2 3,95 ± 1,20 2,39 5: 0,76 3,17 5: 0,78
6.35.78A 2 19,67 5: 5,17 17,57 ± 4,52 18,60 k 1,05
6-38-70 5 65,73 ± 18,06 29,19 5: 8,26 46,00 5: 5,87
6.4(!-39 1 1,92 ± 0,62 ... + -.. 1,92 ± ---
6-41-1 2 3,16 -2 0,98 2,75 5: 0,83 2,96 + 0,21
6-41-40 1 2,51 5: 0,75 ... 5: --- 2,51 5: ---
6-42-12A 2 2,19 + 0,71 1,13 ± 0,38 1,66 .5: 0,53
6-42-40A 3 0,71 ± 0,27 0,68 ± 0,26 0,70 ± 0,01
6-42-40B 1 1,73 + 0,57 -.. -.__ .-. 1,73 + ---
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TABLE C,40, Uranium (eontd)

Well No, of Concentration,pCt/L(t')(10'9I.I.C!/nlL)
Namot') S__s Maximum Minimum Av_rag_ .....

6.42-42B I 1,36 _ 0,46 ..- ± .-- 1,36 _ --.
6-43-41E 1 1,84 i 0,59 ... ± ... 1,84 ± -..
6-43-4 IF 1 2,39 "2: 0,75 .-- ± -.- 2,39 ± ---
6-43-42.I 1 1,51 .2: 0,51 .-- .2: --- 1,51 ± .-.
6-43.45 1 1,21 .2: 0,41 .... .2: --- 1,21 .2: .-.
6-44-43B 2 1,89 ± 0,60 1,51 ± 0,48 1,70 .2: 0,19
6.45-42 4 1,88 + 0,58 1,50 .2: 0,49 1,72 ± 0,08
6-47-5 2 2,37 .2: 037 2,33 ± 0,72 2,35 .2: 0,02
6-47-46A 2 2,34 .2: 0,74 2,14 .2: 0,6'7 2,24 + 0,10
6-47-N) 1 1,88 .2: 0,61 .-- "2: ..- 1,88 + ...
6.49-55A 2 3,69 5: 1,10 2,50 .2: 0,79 3,10 + 0,59
6.49-57 2 1,93 .2: 0,65 1,52 .2: 0,51 1,73 4. 0,21
6.51,63 2 5,90 .2: 1,76 1,81 .2: 0,60 3,86 .2: 2,05
6.55-50A 2 0,05 5: 0,11 0,01 .2: 0,08 0,03 .2: 0,02
6.55-50C I 0,76 .2: 0,32 ..- :t: ... 0,76 + ---
6.55-50D 1 2,56 ± 0,85 --- 4. --- 2,56 .2: .--
6.55-70 1 1,59 + 0,73 --- + --- 1,59 + .--
6.55-89 1 0,83 + 0,36 --- ± --- 0,83 ± ---
6.59.58 1 0,57 + 0,28 --- + --- 0,57 + .-.
6-60-57 1 0,14 + 0,11 .-- ± .-- 0,14 .2: ---
6.60.60 1 0,74 + 0,30 --- .2: --- 024 + ---
6.61-62 1 1,22 .2: 0,42 ... :t: ... 1,22 + -..
6.61.66 1 1,61 .2: 0,55 --- ± ..- 1,61 .2: .--
6.63-55 2 1,16 + 0,44 0,76 4. 0,28 0,96 + 0,20
6.63.58 2 1,09 + 0,39 1,06 .2: 0,37 1,08 .2: 0,02
6-64-62 1 1,84 4. 0,61 --- .2: --- 1,84 4. ...
6-65-50 2 1,44 4. 0,49 0,76 .2: 0,29 1,10 .2: 0,34
6.65-59A 1 (,,84 4. 0,31 --- + .-- 0,84 .2: .--
6.65-72 2 1,85 4. (,),62 1,65 ± 0,54 1,75 4. 0,10
6.&6.58 2 0,81 + 0,32 0,69 .2: 0,27 0,75 ± 0,06
6.66-64 2 1,27 + 0,46 1,00 5: 0,36 1,14 4. 0,14
6.67.51 2 2,31 + 0,78 0,87 4. 0,33 1,59 4. 0,72
6.70-68 2 1,17 4. 0,41 0,77 5: 0,31 0,97 4. 0,20
6-71-52 2 1,72 4. 0,57 1,62 4. 0,55 1,67 4. 0,05
6.71-77 2 1,54 5:. 0,54 1,22 ± 0,41 1,38 + 0,16
t_.73-61 1 1,73 4. 0,59 --- + --- 1,73 + ---
6-81.58 3 1,27 4. 0,45 0,73 ± 0,27 1,07 4. 0,17
6.96.49 2 0,93 + 0,34 0,47 5: 0,20 0,70 4. 0,23
6-97-51A 2 1,39 4. 0,48 1,22 5: 0,44 1,31 4. 0,09

(a) See Figures 5,1, 5,2, and 5,3 for well locations,
(b) Maximum and minimum concentrations -.t:2sigma analytical errors, Average concentrations 4.2times the

standard error of the calculated mean (no esttmale of standard error for t_nesample),
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TABLE C,41, Maximum, Minimum, and Average Strontium-90 (9°Sr)

Concentrations in Ground-Water Samples in 1989

Well No, of Concentration, _t/LC_l (10.9_tCi/mL)
Nara_I') Sa_ Maximum ]_inimum - Average ",-..._"

1.B3.1 2 52,60 ± 3,89 48,30 ± 3,56 50,50 ± 2,15
I.B4.1 2 24,50 ± 2,64 21,60 5: 2,61 23,10 ± 1,45
1.B4.2 2 53,50 ± 3,77 19,90 ± 2,44 36,70 :t: 16,80
1.B4.3 2 20,00 ± 2,28 16,70 ± 2,21 18,40 ± 1,65
1.B4.4 2 29,10 ± 3,02 25,40 ± 2,66 27,30 ± 1,85
1.B5-1 2 1,55 ± 0,85 0,45 ± 0,84 1,00 ± 0,55
1.Bg.1 2 1,91 ± 1,13 1,67 5: 1,11 1,79 ± 0,12
1-D2.5 2 0,42 ± 0,72 -0,06 ± 0,60 0,18 ± 0,24
1.D5.12 2 45,20 ± 3,41 44,60 5: 3,51 44,90 ± 0,30
1.D8.3 2 3,78 5: 1,13 2,63 5: 0,99 3,21 ± 0,58
1.F5.1 1 41,40 5: 3,18 --- ± --- 41,40 ± ...
1.F5.3 2 244,00 ± 8,31 118,00 5: 5,41 181,0t) ± 63,00
1.F5-4 2 0,14 ± 0,70 -0,01 5: 0,69 0,06 ± 0,08
1-F5-6 2 2,23 ± 0,98 1,69 ± 0,92 1,96 ± 0,27
1.F7.1 2 0,31 5: 0,76 0,28 :t: 0,73 0,29 5: 0,02
1.FS.1 2 .0,16 ± 0,71 .0,22 5: 0,62 -0,19 ..t: 0,03
1.F8.2 2 0,15 ± 0,68 0,12 + 0,64 0,13 ± 0,02

l.K.11 2 0,28 _ 0,67 .0,24 ± 0,56 0,02 ± 0,26
1-K.22 1 3,39 5: 1,19 --- -2: ..- 3,39 ± --.
1-K.27 2 .0,12 5: 0,71 -0,46 5: 0,55 -0,29 5: 0,1.7
1-K.28 2 .0,09 -2: 0,61 -0,44 ± 0,53 .0,27 ± 0,17
1-K.29 2 0,16 5: 0,62 -0,45 ± 0,81 .0,14 ± 0,30
1.K.30 2 0,26 5: 0,65 0,26 5: 0,70 0,26 ± 0,00
l-N-2 3 3,610,00 ± 153,00 1,840,00 5:97,50 2,670,00 ± 514,00
1.N.3 4 2,640,0(_ 5: 120,00 541,00 5:56,60 1,230,00 ± 487,00
l-N..4 4 9,25 5: 1,74 6,92 5: 1,57 7,84 ± 0,52
1-N.5 1 492,00 ± 49,90 --- 5: --- 492,00 ± ...
1.N.6 1 40,80 ± 3,34 --- 5: --- 40,80 5: --.
1.N.14 5 1,110,00 5: 56,30 1,010,00 5:57,10 1,070,00 ± 20,10
1.N.16 2 0,39 ± 0,75 -0,25 5: 0,62 0,07 ± 0,32
1.N.17 ! 111,00 ± 5,32 --- 5: .-- 111,00 ± ...
1.N.18 1 415,00 ± 46,20 --- ± --- 415,00 ± ...
1-N.20 1 13,10 5: 2,03 --- ± .... 13,10 ± ...
I-N-21 1 3,21 5: 1,12 ---5: --- 3,21 :t: ..-
1.N.22 1 .0,39 5: 0,69 --- 5: .... 0,39 ± ._.
1-N.23 2 1,96 ± 1,02 1,15 ± 0,85 1,56 ± 0,41
1.N.24 2 11,70 5: 1,84 4,55 5: 1,21 8,13 ± 3,58
1-N.25 2 8,04 5: 1,59 -0,12 5: 0,58 3,96 ± 4,08
1-N.26 1 -0,48 ± 0,60 .-- :.t: .... 0,48 ± ...
1-N.27 3 325,00 ± 13,40 38,40 ± 4,60 205,00 5: 86,10
1.N.28 1 26,90 5: 2,72 --- 5: --- 26,90 ± -..
1.N-29 3 1,750,(X1 ± 65,30 591,00 5:40,50 1,340,00 5: 374,00
1-N.31 5 60,90 ± 4,18 36,60 ± 3,11 52,80 ± 4,42
I-N.32 4 195,00 5: 6,89 11,20 5: 1,86 64,50 5: 43,60
1.N-33 4 285,00 ± 19.50 209,00 + 16,30 237,00 ± 16,80
1-N.36 4 224,00 5: 11,10 65,50 -t: 5,75 161,(X) + 33,80
1-N.37 1 5"i,10 5: 3,88 --- 5: --- 58,10 ± ...
1-N-39 2 526,00 5: 37,30 454,00 5:10,70 490,00 + 36,(X)
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TABLE C,41, Strontium-90 (contd)

Well No. of Concentration, pCi/L _ (10 .9_tCi/mL)

Name ¢'> Samples Maximum Minimum Average

l-N-41 4 0.06 + 0.61 -0.42 + 0.57 -0.13 + 0.il
1-N-42 4 0.22 + 0.72 -0.27 + 0.67 0.04 :5: 0.11
1-N-47 1 -0.26 .+. 0.59 ---:5: .... 0.26 + ---
I-N-50 1 0.17 + 0.76 --- + --- 0.17 + ---
I-N-51 1 0.13 5 0.69 --- +_ .... 0,13 ± ---

1-N-52 4 0.18 + 0,67 -0.18 + 0.60 0.04 + 0.08
1-N-54 1 171.00 + 6.66 --- + --- 171.00 + ---
1-N-55 1 44.10 + 3.43 -,- + --- 44,10 + ---

1-N-56 1 364.00 + 9.67 ± --- 364.00 ± ---
1-N-57 1 18.50 + 2.39 --- ± --- 18.50 ± ---
1-N-58 4 1.35 ± 1.22 0.30 ± 0.85 0.89 + 0.23
1-N-59 4 0.69 ± 0.93 -0.29 ± 0.64 0.23 ± 0.22
l-N-60 5 0.43 ± 0.79 0.08 ± 0.64 0.28 ± 0.06
l-N-61 5 0.78 ± 0.82 ,0.09 ± 0.69 0.37 + 0.15
1-N-66 4 2.18 i 0.96 0.57 ± 0.85 1.27 ± 0.40

1-N-67 4 23,400.00 ± 1150.00 11,600.00 ± 766.00 15,500.00 ± 2670.00
1-N-69 4 0.84 ± 0.79 0.06 + 0.67 0.43 ± 0.19

l-N-70 4 0.09 ± 0.82 -0.48 ± 0.56 -0.18 ± 0.14
2-E13-8 1 0,38 ± 0,75 --- ± --- 0.38 ± ---

2-E16-2 3 0.13 ± 0.64 -0.13 ± 0.70 -0.03 ± 0.08
2-E17-1 2 3.39 ± 1.13 3.18 ± 1.12 3.29 ± 0.11
2-E17-2 3 2.43 ± 1.06 2.05 ± 0.97 2.18 ± 0...13
2-E17-5 3 4.21 ± 3.22 2.61 ± 1.06 3.39 ± 0.46
2-E17-8 1 2.92 i 1,.13 --- ± --- 2.92 i ---
2-E17-9 3 4.02 ± 1.29 2.37 ± 1,05 3.24 ± 0.48
2-E17-12 3 0.68 + 0.88 -0.14 ± 0.67 0.20 + 0.25
2-E17-13 5 0.70 i 0.85 -0.33 + r.66 0.27 ± 0.19
2-E17-14 1 28.10 + 2.88 --- + --- 28.10 ± ---

2-E17-16 1 3.62 i 1.20 --- + --- 3.62 ± ---
2-E_7-17 1 -0.16 ± 0.65 ---:f .... 0.16 ± ---
2-E17-18 1 0.28 ± 0.68 ,-- +_ ..... 0.28 ".t ---

2-E18-1 1 0.43 + 0,78 ---± --- 0.43 ± ---
; 2-E24-1 2 9.15 ± 1.57 5.36 ± 1.36 7.26 ± 1.90

2-E24-2 2 3.01 ± 1.06 2,93 ± 1.10 2.97 ± 0.04
2-E24-4 1 -0.10 ± 0.65 ---± .... 0.10 ± ---

2-E24-11 3 1.27 ± 0.95 0.95 ± 0.67 1.07 ± 0.10
2-E24-12 1 18.50 ! 2.12 ---± --- 18.50 ± ---
2-E24-13 1 0.62 i 0.83 ---± --- 0.62 + ---
2-E25-2 1 0.07 ± 0.62 --- ± --- 0.07 ±
2-E25,3 1 0.42 + 0.74 ---± .... 0.42 ± ---

i

2-E25-6 2 0.28 ± 0.74 0.21 ± 0.76 0.25 _+ 0.04
2-E25-9 2 0.18 .+_ 0,65 -0.06 + 0,68 0.06 + 0.12

" 2-E25-11 4 0.08 ± 0.63 -0.34 + 0.66 -0.10 ± 0.09
2-E25-17 2 0.26 ± 0.76 -0.07 ± 0.66 0.10 ± 0.16
2-E25-18 1 -0.20 5- 0.66 --- ± .... 0.20 ± ....
2-E25-19 1 -0.56 ± 0.59 --- ± .... 0.56 + ---

2.E25-20 1 -0.60 ± 0.55 --- ± .... 0.60 ± ....
2-E25-21 1 -0.16 ± 0.76 --- ± .... 0.16 ± ---
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TABLE C.41. Strontium-90 (contd)

Well No. of Concentration, pCi/L °') (10 .9gCi/mL)
Name t') Samples Maximum Minimum Average_'-'- ....

2-E25-22 2 0.05 + 0.66 .0.14 5: 0.69 -0.05 5: 0,09
2-E25-23 1 0.33 :t: 0.82 --- + --- 0.33 +
2-E25-24 2 -0.15 5: 0.70 -0.44 5: 0.54 -0.30 + 0.15
2-E25-26 1 -0.25 5: 0.53 --- 5: .... 0.25 + ---
2-E25-28 1 -0.14 + 0.67 --- 5: .... 0.14 5: ---
2-E25-32P 1 -0.19 + 0,63 --- + .... 0.19 + ---

2-E25-34 i -0.53 _+ 0.54 --- + .... 0.53 + ---
2-E25-35 1 0.00 + 0.70 --- + --- 0.00 + ---
2,E26-2 1 0.33 + 0.69 --- 5: --- 0.33 + ---
2-E26-4 1 0.28 + 0.86 --- ± --- 0.28 5: ---

2-E26-6 1 -0.11 .-t: 0.66 --- + .... 0,11 5: ---
2-E26-8 c°) 1 -0.14 + 0.60 --- 5: .... 0.14 + ---
2-E27-8 3 0.22 _.+ 0.73 -0.29 + 0.64 -0.01 5: 0.15
2-E27-9 3 0.14 + 0.65 -0.08 + 0.67 0,02 5: 0.07
2-E27-10 3 0.51 + 0.81 -0.18 + 0.79 0.16 5: 0,20
2-E28-7 3 113.00 5: 5.51 61.00 + 4.18 91,1f_ 5: 15.60
2-E28-21 1 -0.02 + 0.68 -,- + .... 0.02 + ---

2-E28-23 1 3,960.00 + 145.00 --- + --- 3,960.00 + ---
2-E28-24 1 175.00 + 6.94 --- + --- 175.00 + ---

|

2-E28-25 1 5,740,00 + 173.00 --- + --- 5,740.,(10 5: ---
2-E28-26 3 1.11 + 0.86 -0.32 + 0.56 0.22 + 0.45
2-E28-27 4 0.28 _+ 0.77 -0.25 + 0.63 0.02 5: 0,13
2-E32-2 3 0.32 -± 0.70 -0.45 5: 0.59 -0.16 + 0.24
2-E32-3 1 0.25 __ 0.70 --- + --- 0.25 _+ ---
2-E32-4 3 -0.17 5: 0.66 -0.35 _+. 0.57 -0.29 + 0.06
2-E33-1 1 -0.10 + 0.66 --- 5: .... 0.10 5: ---

. 2-E33-3 1 -0.21 + 0.66 --- + .... 0.21 + ---
2-E33-5 1 -0.33 +_ 0.68 --- + .... 0.33 5: ....

2-E33-7 3 0.82 + 0.81 0.24 + 0.59 0.51 5: 0.17
2-E33-8 1 -0.19 + 0.64 --- + .... 0.19 + ---
2-E33-9 3 0.98 + 0.95 0.02 + 0.66 0.60 _+ 0.29
2-E33-10 1 -0.36 + 0.69 --- + .... 0.36 +
2-E33-18 1 -0.09 + 0.72 --- + .... 0.09 + ---
2-E33-20 2 3.63 + 1.12 0.80 5: 0.61 2.21 + 1.42
2-E33-24 1 -0.2: + 0.66 --- + .... 0.25 + ---
2-E33-26 1 -0.18 + 0:66 --- 5: .... 0,18 + ....
2-E33-28 3 0.15 + 0.69 -0.36 ,,+. 0.56 -0.14 + 0.15

2-E33-29 3 0.41 +_ 0.73 0.16 + 0.71 0.28 +_ 0.07
" 2-E33-30 3 0.17 5: 0,68 -0.54 5: 0.54 -0.20 5: 0.21

2-E34-1 1 -0.23 + 0.53 --- 5: .... 0.23 5: ---
2,,E34-2 4 0.35 + 0.63 -0.26 5: 0.60 0,01 5: 0.15
2-E34-3 3 0.12 _+. 0,69 -0.04 5: 0:66 0.06 + 0.05
2-E34-5 3 -0.20 + 0.61 -0.32 5: 0.64 -0.28 + 0.04

2-E34-6 3 0.44 + 0.81 -0.2 ! 5: 0.63 0.02 + 0.21
2-W6-2 4 0.32 + 0.87 -0,41 + 0.54 -0.06 + 0,17
2-W7-1 2 -0.32 + 0,58 -0.38 +_ 0.67 -0.35 + 0.03
2-W7-2 2 -0.14 + 0.63 -0.30 + 0'i8 -0.22 _+ 0.08
2-W7-3 2 0.15 + 0.73 -0.13 + 0.6a 0.01 + 0.14
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TABLE C.41. Strontium-90 (contd)

Well No. of Concentration, pCi/LC,)(10 .9 I.tCi/mL)
Name C') Samples Maximum Minimum Average

2-W7-4 2 0.04 + 0.70 -0.25 5- 0.76 -0.11 5- 0.15

2-W7-5 2 0.05 ± 0.82 -0.35 5- 0.65 -0.15 5- 0.20
2-W7-6 2 0.60 5- 1.06 , 0.04 5- 0,68 0,32 5- 0.28
2-W8-1 2 0.13 + 0,74 -0_01 5- 0.70 0.06 5- 0,07

2-W9-1 2 0,03 ± 0.70 -0.00 5- 0.71 0.01 + 0.02
2-W10-1 2 0.04 + 0.63 0.02 + 0,72 0,03 + 0,01
2-W10-3 2 0.51 ± 1.14 0.04 5- 0,76 0.27 + 0.24
2-W10-13 3 -0,01 + 0.68 -0.79 5- 0.59 -0.33 5- 0.24

2-W10-14 3 0.19 + 0.69 -0.38 5- 0.62 -0.11 5- 0,17
2-W15-3 2 -6.05 + 0.72 -0.28 5- 0.65 -0.17 + 0.11
2-W15-15 2 -0.21 + 0.78 -0.37 5- 0.64 -0.29 + 0.08
2-W15-16 2 -0.01 ± 0.80 -0.18 5- 0.65 -0.10 5- 0.08
2-W15-17 1 0.46 + 0.84 --- 5- --- 0.46 5- ---
2-W15-18 2 0,58 + 0,80 0.24 -± 0,72 0,41 5- 0.18

2-W18-21 3 0.93 + 0.81 -0,07 5- 0.67 0.30 + 0,32
2-W18-22 2 0.14 ± 0.71 -0.26 5- 0.62 -0.06 5- 0.20
2-W18-23 3 0.11 ± 0,67 -0.34 5- 0.82 -0,18 + 0.14
2-W18-24 3 -0.00 ± 0,63 -0.30 5- 0.58 -0.13 5- 0.09
2-W19-2 ? 4.24 +_ 1.29 2.02 _+ 1.06 3.13 _+ 1.11

2-W19.3 1 0.16 + 0.77 --- 5- --- 0,16 5- ---
2-W19-9 1 -0.20 ± 1.02 --- 5- .... 0.20 + ---
2-W19-13 1 0.05 ± 0.78 --- 5- --- 0,05 5- ---
2-W19-14 1 0.12 ± 0.75 --- 5- --- 0.12 + .--

2-W19-15 1 -0,41 ± 0.70 ---+ ..... 0.4.1 + --.
2-W19-16 1 -0.20 + 0.65 --- 5- .... 0.20 + ---
2-W19-17 1 -0.03 ± 0.68 --- 5- --- -0.03 5- ---
2-W19-19 3 1.01 ± 0.93 -0.06 5- 0.69 0.40 5- 0.32
2-W19-20 2 1.20 ± 0.91 0.69 5- 0.93 0.94 + 0.26

2-W19-21 2 -0.03 _+ 0.64 -0.47 5- 0.62 -0.25 ± 0.22
2-W19-23 3 0.45 + 0.72 -0.05 + 0.75 0.24 5- 0.15
2-W19-24 2 4.31 ± 1.54 1.81 ± 1.01 3.06 .+_ 1.25
2-W19-25 2 0.11 ± 0.77 -0.07 5- 0.77 0.02 + 0.09
2-W 19-26 2 1.88 ± 1.08 0.59 5- 0.86 1.24 + 0.64
2-W19-27 2 0.11 ± 0.64 0.04 5- 0.67 0.08 ± 0.03
2-W22-1 1 6.91 ± 1.54 --- + --- 6.91 5- ---

2-W22-2 1 1.10 + 0.88 --- + --- 1.10 5- ---
2-W22-10 1 29.80 ± 3.00 --- + --- 29.80 + ---
2-W22-18 1 0.31 ± 1.01 --- _ --- 0.31 5- ---
2-W22-22 1 -0.20 +_ 0.71 --- + .... 0.21 5- ---

2-W23-1 1 0.17 + 0.73 --- + --- 0.17 "± ---
2-W23-2 3 0.12 ± 0.55 -0.06 .+_ 0.67 0.04 + 0.05
2-W23-3 2 0.14 ± 0.69 0.10 5- 0.67 0,12 _+ 0.02

2-W23-9 2 0.16 ± 0.73 0.13 + 0,74 0.14 + 0.01
2-W23-10 2 0.28 ± 0.75 -0.66 5- 0.59 -0.19 5- 0.47
2-W27-1 1 -0.79 _+ 0,53 --- 5- .... 0.79 ± ---
3-1-3 1 0.48 ± 0.68 ,-- + --- 0.48 ± ---
'2. 1 7 1 -0 ')'') 4- O (_ 4-- _1"_ 9'9 4-

3-1-17B 2 0_53 ± 0.76 0.25 5- 0.72 0.39 5- 0.14

Appendix C C.67



TABLE C.41. Strontium-90 (contd)

Well No. of Concentration, pCi/L°')(10..9gCi/mL)
Name¢'! samples Maximum Minimum Average

3-3-9 1 0.04 + 0,63 --- + --- 0.04 ± ---
3-3-10 2 0,30 ± 0.65 ,.0,28 ± 0,56 0,01 ± 0.29
6-$28-E0 3 0.19 ± 0,69 -0.24 ± 0,71 -0.08+ 0.14
6-S19-11 3 0,34 ± 0.78 -0.28 ± 0,59 -0,02 ± 0.19
6-3-45 1 0,10 ± 0,71 --- ± --- 0,10 ± ---
6-23-34 3 0.88 ± 0,83 -0,31 ± 0,63 0,20 ± 0.35
6-24-33 3 0,51 ± 0.80 -0,37 ± 0.59 0.05 ± 0.26
6-24-34A 3 0.00 + 0.73 -0.55 ± 0.56 -0.22 ± 0,17
6-24-34B 3 1,23 ± 0.85 -0,28 ± 0,66 0.34 ± 0,46
6-24-34C 3 0.44 ± 0.84 -0.39 ± 0.60 0.10 ± 0.25
6-24-35 3 0.53 ± 0.79 -0.49 ± 0.55 0.06 + 0.30
6-25-34C 3 0.44 ± 0.72 -0,57 ± 0.57 -0.13 ± 0.30
6-32-70B 2 0.04 ± 0.65 -0.17 ± 0.64 -0.06 ± 0.11
6-32-72 1 -0.08 ± 0.61 --- ± .... 0.08 ± ---
6-35-66 1 0.06 ± 0.78 .-- ± --- 0.06 ± ---
6-35-70 2 0.36 ± 0.67 -0.06 +_ 0.65 0.15 ± 0.21
6-36-93 1 -0.20 ± 0.72 --- ± .... 0.20 ± ---
6-38-70, 1 -0.59 + 0.63 --- ± .... 0.59 ± ---
6-40-1 2 0,29 ± 0.70 -0.19 ± 0.57 0,05 ± 0.24
6-40-39 1 -0.05 ± 0.58 --- ± .... 0,05 ± ---
6-41-1 2 0.09 ± 0.67 0.06 + 0,76 0.08 + 0.01
6-41-40 1 -0.03 ± 0.60 --- ± ..... 0.03 ± ---
6-42-12A 2 0,27 ± 0.74 0.15 ± 0.66 0.21 ± 0.06
6-42-40A 2 0.41 + 0.74 0.01 ± 0,64 0.21 ± 0,20
6-42-40B 4 1.13 ± 1.65 -0.24 ± 0.57 0,23 ± 0.31
6-42-40C 1 -0.66 _+ 0.50 ---± .... 0.66 ± ---
6-43-41E 1 0.10 + 0.68 --- ± --- 0.10 ± ---
6-43-41F 1 -0,18 ± 0.57 --- + .... 0.18 ± ---
6-43-45 1 -0.06 ± 0.57 .-- ± .... 0.06 ± ---
6-44-43B 2 -0,23 + 0.61 -0,49 ± 0.65 -0.36 ± 0.13
6-45-42 4 0.35 + 0.73 -0.18 + 0.67 0.14 + 0,11
6-47-5 2 -0.11 ± 0.64 -0.24 + 0.58 -0.17 + 0,07
6-49-55A 2 0.06 + 0.69 -0.17 ± 0.62 -0.05 ± 0.12
6-49-55B 2 0.34 + 0.70 -0.14 ± 0.70 0.10 ± 0.24
6-49-57 2 0.13 ± 0.68 -0.13 ± 0.59 0.00 + 0.13
6-49-100C 3 -0,01 ± 0.71 -0.14 ± 0.73 -0.07 ± 0.04
6-50-30 2 0,12 ± 0.72 0.00 ± 0.62 0.06 ± 0,06
6-50-42 3 0,11 + 0.64 -0.36 ± 0.57 -0,14 :i: 0.14
6-50-45¢°7 2 -0.04 ± 0.66 -0.13 + 0.70 -0.08 ± 0,05
6-50-48B¢c) 2 0.53 ± 0.82 0.14 + 0.63 0.33 ± 0.20
6-50-53 1 -0.36 ± 0.60 --- + .... 0.36 ± ---
6-51-46 2 0.58 :-_ 0,76 0.01 ± 0.66 0,30 ± 0.28
6-52-46A¢c_ 2 6;.03 .+_ 0.70 -0.20 ± 0.59 -0.09 ± 0.11
6-52-48co) 2 0.18 + 0.65 0.07 ± 0.62 0.12 ± 0.05
6-53-47A 4 69.40 + 4.46 57.70 ± 3.94 62.30 ± 2.71
6-53-47B 2 116.00 ± 5.65 106.00 + 5.35 111.00 ± 5,00
6-53-48A 2 124.00 ± 5.81 108.00 + 5.59 116.00 ± 8,00
O-33.-z+_15 2 .gu.....1.uu _+ '+,'.A""0m ,-,A,,_:,+u.t_,,,,4 o.tro",,/ _"_rl .trocm2_ .,u.av'_t__t_

C,68 Appendix C



TABLE C.41. Strontium-90 (contd)

Well No, of Concentration, pCi/LCb_(10.9ktCi/mL)
Namec._ Samples Maximum Minimum Average ___

6-53-50tol 1 0,23 + 0,79 --- + .... 0,23 5: ---
6-53-55A 2 0.59 5: 0,77 0,36 5: 0,76 0,47 5: 0.12
6-,54-48 2 42.60 5: 3,34 38.20 5: 3.25 40.40 5: 2.20
6-54-49 2 11.40 5: 1,82 10.40 5: 1.74 10,90 5: 0,50
6-54-57¢_ 2 0.20 5: 0,67 -0.07 5: 0.69 0,06 5: 0.13
6-55-50A 2 0.21 + 0,68 0.04 5: 0,64 0,13 5: 0,08
6-55-50C 2 0,23 5: 0,68 0.03 5: 0,65 0.13 5: 0,10
6-55-50D 3 -0.00 5: 0.62 -0,10 5: 0,67 -0,06 _+ 0,03
6-55-89 1 0,43 5: 0.74 --- 5: --- 0.43 5: ---
6-56-53 2 -0.26 5: 0,63 -0,36 5: 0.53 -0,31 5: 0.05
6-59-58 2 0,10 5: 0,73 0.09 5: 0.62 0,09 5: 0.00
6-60-60 1 0.19 + 0,73 --- + --- 0,19 + ---
6-61-62 1 -0,56 5: 0,50 --- 5: .... 0.56 5: ---
6-61-66 1 -0,24 + 0.61 --- 5: .... 0,24 5: ---
6-63-58 1 0.14 5: 0,72 --- 5: --- 0.14 5: ---
6-64-62 1 0.0,5 + 0,69 --- 5: --- 0.05 5: ---
6-65-59A 1 0.01 + 0.65 ---5: --- 0,01 + ---
6-66-58 2 0.39 + 0,73 -0.31 + 0.60 0.04 5: 0.35
6-66-64 2 0.16 + 0.69 -0.49 5: 0.54 -0.16 -± 0,33
6-70-68 2 -0,02 5: 0.63 -0.13 5: 0.65 -0.08 5: 0.05
6-81-58 3 0.51 5: 0.77 -0.14 5: 0.57 0.17 5: 0.19
6-83-47 1 0,76 5: 0.95 --- + --- 0.76 5: ---
6-101-48B 2 0.03 + 0.60 -0.16 5: 0.62 -0,06 5: 0.09

(a) See Figures 5,1, 5.2, and 5,3 for well locations.
(b) Maximum and minimum concentrations +2 sigma counting errors. Average concentrations

5:2 times the standard error of the calculated mean (no estimate of slandard error for one sample).

(c) Wells that ,.samplea confined aquifer.
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TABLE C.42. Maximum, Minimum, and Average Iodine-129 (129I) Concentrations in

Ground-Water Samples in 1989

Well No, of _ / Concentration, pCi/L cb)(10 .9I.tCi/mL)
:7.....i-._.....

Name (') _ ,, "rL:].'aax)Ln"um

Minimum Average

I-N-14 1 _q,_,4'l ,.+. 0,074 --- + --- 0,047 + ---

1-N-29 1 01_)03' 5:'0,041 --- + --- 0,003 + ---
1-N-33 1 -0,051 + 0,087 --- ± .... 0,051 + ---
2-E13-8 1 0,008 + 0,037 --- ± .... 0,008 ± ---
2-E17-1 1 6,420 + 0,644 --- ± --- 6,420 ± ---

2-E17-2 2 0,996 ± 0,152 0,730 + 0,121 0,863 + 0,133
2-E17-5 3 13,200 ± 3,500 1,990 ± 0,231 5,810 + 3,700
2-E17-6 1 -0,059 + 0,050 --- + .... 0,059 ± ---

1:7 ... _ ......,..-.,17-8 1 5,010 __+ 0,534 + 5,010 +
2-El 7-9 1 16,000 ± 3,690 --- ± --- 16,000 + ---
2-E17-12 I 1,650 + 0,201 --- + --- 1,650 + ---

2-E17-13 3 2,040 ± 0,245 1,330 ± 0,164 1,650 _+ 0,207
2-E17-14 1 14,000 ± 3,280 --- ± --. 14,000 _+ ---
2-E17-16 1 2,030 + 1,620 --- ± - 2,030 + ---
2-El 7-17 1 8,220 ± 2,960 --- ± --- 8,220 + ---
2-E17-18 1 3,600 ± 2,140 --- ± --- 3,600 + ---

2-E24-7 1 1,460 ± 0,190 --- ± --- 1,460 '.t: ---
2-E24-13 1 2,220 + 0,256 --- ± --- 2,220 + ---
2-E25-3 1 1,310 + 0,170 --- ± --- 1,310 + ---
2-E26-1 1 0,399 + 0,074 --- + --- 0,399 + ---
2-E26-2 1 0,978 + 0,133 .... ± --- 0,978 + ---
2-E26-4 1 1,160 + 0,162 --- + --- 1,160 + ....
2-E26-8 (c) 1 -0,030 ± 0,053 --- ± .... 0,030 +_ ---

2-E28-7 1 0,828 + 0,119 --- ± --- 0.828 ± ---
2-E33-7 1 0,504 + 0,083 --- ± --- 0,504 ± ---
2-E33-20 1 0,890 + 0,130 --- + --- 0,890 ± ---
4-Sl-7C 1 -0,009 ± 0,082 --- ± .... 0,009 + ---
4-S1-8A 1 0,009 + 0,044 --- + --- 0,008 _+ ---
4-S1-8B 1 0,001 ± 0,079 --- + --- 0,001 + ---
4-S1-8C 1 -0,008 ± 0,051 --- + .... 0,008 ± ---

6-$8-19 1 -0,037 ± 0,084 --- ± .... 0,037 + ---
6-S6-E4B 1 -0,037 + 0,074 --- + .... 0,03.7 + ---
6-S6-E4D 1 0.010 + 0,047 --- +_ --- 0,010 + ---
6-S3-E12 1 0,073 + 0,053 --- + --- 0,073 .+_ ---
6-$3-25 1 -0,006 ± 0,047 --- ± .... (),1906 + ---
6-1-18 1 0,025 + 0,082 --- ± --- 0,025 + ---

" 6-2-3 1 0,010 + 0,051 --- ± --- ).010 ± ---
6-2-33A 1 0.019 ± 0,045 --- + --- 0,019 ± ---

6-3-45 1 0,014 ± 0,084 --- + --- 0,014 + ---
6..8-17 1 0,041 ± 0,079 --- + --- 0,041 ± ---
6-8-25 1 0,090 ± 0,052 --- ± --- 0,090 + ---
6-8-32 1 -0,012 ± 0,081 --- ± .... 0,012 ± ---
6-10-E12 1 -0,004 ± 0,087 --- + .... 0,004 ± ---

6-13-64 1 0,009 ± 0,049 --- ± --- 0,009 ± ---
6-14-38 1 0.070 + 0.044 --- ± --- 0.070 ± ---
6-15-15B 1 -0.042 ±' 0.081 --- ± .... 0.042 +_ ---
6-i5-26 i 0.337 ± 0.074 --- + --- 0.337 ± ---
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TABLE C.42. Iodine-129 (contd)

Well No, of Concentration, pCt/L(b)(10"9_Ci/mL)
Name_,) Samples Maximum Minimum Average

6-17-47 1 -0,025 ± 0,080 --- ± .... 0,025 ± ---
6-20-E12 1 0,046 ± 0,048 .-- ± -.- 0,046 5: ---
6-20-E5A 1 -0,048 ± 0,147 --- ± .... 0,048 ± ---
6-20-20 1 0,368 ± 0,075 --- ± --- 0,368 +
6-21-6 1 -0,008 ± 0,047 .-- ± .... 0,008 +_
6-24-33 1 0,743-& 0,145 --- ± --- 0,743 ± ---
6-24-46 1 0,01'7 ± 0,076 --- + --- 0,017 ± ---
6-25-70 1 -0,051 5: 0,084 --- ± .... 0,051 + ---
6.26.15A 1 0,483 ± 0,125 -.. ± --- 0,483 "± ---
6-27-8 1 0,656 ± 0,125 -.- ± --- 0,656 ± ---
6-28-40 I 0,128 ± 0,087 .-- ± --- 0,128 + ---
6-29-4 1 -0,002 ± 0,055 -.. ± .... 0,002 ± ---
6-29.78 1 0,073 + 0,076 --- ± .... 0,074 + ---
6-32-22 1 1,540 ± 0,199 .-. ± --- 1,540 + ---
6-32-43 1 1,300 + 0,182 --- ± --- 1,300 ± ---
6-32-62 1 0,058 ± 0,051 --- ± --- 0,058 + ---
6-32-70B 1 0,856 ± 0,133 --- ± --- 0,856 :t: ---
6-32-72 1 0,029 ± 0,043 --- ± --- 0,029 + ---
6-32-77 1 -0,004 ± 0,081 --- ± .... 0,004 ± ---
6-34-51 1 -0,077 + 0,099 --- ± .... 0,076 ± ---
6-35-9 1 0,056 ± 0,049 -.- ± .... 0,056 + ---
6-35-66 1 1,490 + 0,192 --- ± --- 1,490 + ---
6-35-70 2 11,1(30 ± 1,140 10,300 ± 1,060 10,700 5: 0,400
6-36-61B 1 -0,013 ± 0,079 -.- ± ..... 0,013 + ---

6-38-15 1 0.,o3 ± 0,101 + --- 0,463 + ---
6-38-65 1 0,920 ± 0,145 --- ± --- 0.92.0 + ---
6-38-70 1 0,319 ± 0,066 --- ± --- 0,319 + ---
6-39-39 1 0,029 ± 0,077 --- + --- 0,029 + ....
6-39..79 1 0,031 ± 0,084 --- .+_ --- 0,03_1 + -.-
6-40-62 1 0,028 ± 0,073 --- ± --- 0,028 ± ---
6-41-1 1 0,073 ± 0,093 --- ± --- 0,073 + ---
6-41-23 1 1,550 + 0,187 .... + --- 1,550 ± ---
6-42-12A 1 0,246 ± 0,060 --- ± --- 0,246 + ---
6-42-40C_) 1 0,"_45 ± 0,075 --- + --- 0,045 ± ---
6-43-3 1 c .;33 ± 0,032 --- ± --- 0,033 + ---
6-44-64 1 -0,024 ± 0,050 --- ± ..... 0,024 + ---
6-45-2 1 0,069 ± 0,077 --- + --- 0,069 ± ---
6-45-69A 1 0,013 ± 0,046 --- ± --- 0,013 +_ ---
6-46-4 1 0,043 + 0,057 --- + --- 0,043 + ---
6-46-21B 1 -0,059 ± 0,087 --- ± .... 0,059 ± ---
6-47-35A 1 -0,040 ± 0,077 .... + .... 0,040 + ---
6-47-46A 1 -0,029 ± 0,081 --- ± .... 0,029 + ---
6-47-60 1 0,022 ± 0,073 --- _+ --- 0,022 + ---
6-48-7 1 -0,015 5: 0,044 --- ± .... 0,015 ± ---
6-48-71 1 0,067 ± 0,270 --- + --- 0,067 + ---
6-49-13E 1 -0,057 5: 0,079 --- 5: .... 0,057 5: ---
6-49-28 ! 0,037 ± 0,046 --- 5: --- 0,037 5: ---
6-49-55A 1 0,060-± 0,083 --- ± --- 0,060 + --.
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TABLE C.42. Iodine-129 (contd)

Well No, of Concentration, l_i/LCbl (10 .9t.tCt/mL)
Name ¢'1 ' ' Samples Maximum Minimum Average

6-49-55B 1 0,025 5: 0,04,3 --- + --- 0,025 ± ---
6-49-57 1 0,694 ±. 0,112 --- 5: --- 0,694 5: ---
6-50-42 1 0,030 5: 0,083 --- 5: .-. 0,030 5: ---
6-50-45 ¢o 1 -0,034 5: 0,047 --- 5: .... 0,034 5: ---
6-50.48B ¢o 1 -0,007 5: 0,048 --- _+ .... 0,007 + ---
6-50-53 1 0,023 5: 0,041 --- + --- 0,023 5: ---

6-51-46 1 0,001 5: 0,086 --- + --- 0,001 + ---

6-51-63 1 0,063 ± 0,077 -.- 5: --- 0.063 5: ---
6-52-19 1 0,144 5: 0,081 --- -± .-- 0,144 5:....
6-52-46A _o 1 -0,023 + 0,094 --- + .... 0,023 5:
6-52-48 co_ 1 0,033 + 0,046 -.- 5: ..- 0,033 + ---
6-53-5(Yo 1 0,076 + 0,081 --- 5: .-- 0,076 + ---
6-53-103 _o 1 0,008 +_ 0,040 --- 5: -.. 0,008 + ---
6.54-57 co 1 -0,029 + 0,046 --- + .... 0,029 5: ---
6-55-50A 1 -0,023 ± 0,047 --- + .... 0,023 5: --.

6-55-50C 1 -0,012 + 0,050 -.- + .... 0,012 5: ---
6-55-50D 1 -0,006 +_ 0,047 --- 5: .... 0,006 5: ---
6-56-43 1 0,026 + 0,044 --- + .-- 0,026 5: ---
6-56-53 ¢o 1 0,050 +_ 0,046 --- + --- 0,050 5: ---
6-59-58 1 0,056 5: 0,079 -.- + .-- 0,056 5: ---
6-60-5'7 1 -0,029 + 0,050 --- 5: .... 0,030 5: --.
6-60-60 1 -0,017 + 0,083 -.- + .... 0,017 5: ---
6-61-62 1 0,121 + 0,052 --- + --- 0,121 + ---
6-61-66 1 0,026 + 0,112 -.- + -.. 0,026 + ---
6-63-58 1 0,005 + 0,082 --- 5: --- 0,005 5: ---

6-64-62 1 0,031 + 0,076 --- 5: --- 0,031 5: ---
6-65-50 1 0,041 + 0,051 --- + --- 0,041 5: ---
6-65-59A 1 0,034 + 0,053 --- 5: --- 0,034 5: ---
6-65-72 1 0,012 5: 0,171 --- 5: -.- 0,012 5: ---
6-66-58 1 -0,007 + 0,052 --- ± .... 0,007 5: ---
6-66-64 1 -0,020 5: 0,051 --- + .... 0,020 5: ---

6-70-68 1 0,049 + 0,076 --- 5: --- 0,049 + ....
6-71..52 1 -0,037 ± 0,053 -.- 5: .... 0,037 5: ---
6-71-77 1 0,035 + 0,045 --- + --. 0,035 5: ---
6-72-73 1 .0,068 ± 0,085 --- + .... 0,068 5: ---
6-73-61 1 0,059 + 0,077 --- 5: --- 0,059 ± ---

(a) See Figures 5,1, 5,2, and 5,3 for well locations,

(b) Maximum and minimum concentrations +2 sigma counting errors, Average concentrations 5:2 times the
standard error of the c',dculated mean (no estimate of standard error for one sample).

(c) Wells that sample a confined aquifer,

C,72 Aplxandix C



TABLE C,43, Maximum, Minimum, and Average Nitrate (NO3") Concentrations in

Ground-Water Samples in 1989

Well No, of Concentration (kt_L)Cb.'_

Name I'_ Samples Maximum Minimum Average Id_

I -B3- I 3 48,400 3I,,000 40,400 :! 5,080
1-134-I 3 15,300 13,900 14,700 5: 426 l

1-B4-2 2 14,000 13,900 14,000 5: 5(1
1.B4-3 2 15,000 14,600 14 800 + 200
1-B4-4 3 14,500 12,900 13 500 5: 491
l-B5-1 2 14,000 13,900 14 000 5: 50
l-B9-1 3 28,900 24,500 2600") 5: 1,450
1-D2-5 3 72,000 57,000 64900 5: 4,350

I-D5-12 3 122,0(¢0 94,300 107 000 ± 8,120
1-D8-3 3 98,500 69,500 83.400 5: 8,390
l-F5-1 2 2,200 <2,5(X) <2 350 + 150
1-F5-3 2 <2,500 <2,500 <2 500 + ---
1-F5-4 3 78,50() 64,300 72 000 5: 4,15(1
1-F5-6 3 3,700 <500 <2 230 + 933
l-F7-1 2 92,000 89,50(1 90 800 ± 1,250
1.F8-1 3 152,(.)00 122,000 142 000 + 9,840
1-F8-2 2 167,000 150,000 159 000 + 8,500
l-H3-1 ! 23,30(/ --- 23 300 + ---
1-H3-2A 4 35,300 18,100 27 200 5: 3,560
I-H3-2B 2 28,20(/ 28,100 28 20() + 50
1-H3-2C 1 4,60(/ --- 4 600 + ---

1-H4-3 8 524,0(X) 127,0()0 258,0()0 _+ 54,0(X/
1-H4-4 7 392,0(/ 9,700 178,000 5: 63,101"/
1-H4-5 4 44 800 39,000 41,000 + 1,32(/
1-H4-6 5 39 100 36,700 38,000 ± 381')
1-H4-7 3 56 80() 35,30(/ 42,700 ± 7,050
1-H4-8 1 39 400 --- 39,400 ± ---

1-H4-9 3 69 300 58,000 65,300 5: 3,640
l-H4-10 1 12 700 --- 12,700 i" -.-
1.H4-11 1 32 000 --- 32,000 + ---
1-H4-12A 4 82 00() 29,100 50,10(1 + 12,70()
l-H4-12B 3 49 0()0 27,40() 38,500 + 6,240
1-H4-12C 4 6 80() 6,30() 6,480 5: 111

1..H4-13 2 16200 15,800 16,000 5: 20()
1-H4-14 2 21,700 18,600 20,200 + 1,550
l-H4-15A 1 41,400 --- 41,40() ± ---
1-H4-15B 1 22,500 --- 22,500 ± ---
l-H4-16 1 13,90(/ --- 13,91')0 ± ---

l-H4- _7 1 51,20(/ --- 51,20(/ + .--
I-H4-18 4 31,50() 23,500 27 40(/ + 1,640
I-K,11 3 38,000 37,000 37,700 -! 333
I-K- 19 1 51,30() .... 51 300 i ---
I-K-20 1 19,0()() --- 19.000 ± ---
1-K-22 2 4,50() 4,400 4.450 ± 50

1-K-27 3 9,0()0 3,000 6 570 + 1,820
l -K-28 3 25,0(_0 22,(XXJ 23.70(/ += 700
1-K-29 3 9,10(/ 8,0(X/ 8.400 + 351
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TABLE C,43. Nitrate (contd)

Well No, of Concentration (l.tg/t.,)cb,°)

Name el) Sam_.,s Maximum Minimum Average Id)

I.K-30 3 66,(X)0 42,9(X1 50,800 _+ 7,620
i-N-2 4 30,700 9,300 20,5(X) ± 4,400
l-N-3 5 23,400 7,100 12,4(10 5: 2,990
1-N-4 7 18,600 2,800 7,000 ± 2,1 (XI
l-N-5 1 16,900 -.. 16,900 :t: ..-
l-N-6 1 <2,500 --- <2,500 5: --.
l-N- 14 9 30,900 8,000 13,400 ± 2,560
1-N-16 5 <2,500 <500 <900 ± 400
l-N-17 4 3,800 <500 <2,130 ± 685
1-N-18 1 <500 --- <500 5: ---

I-N-20 1 20,2()0 --. 20,200 ± ---
I-N-21 4 24,100 10,600 15,900 + 3,200
1-N-22 1 31,200 --- 31,200 ± ---
1-N-23 4 1,700 <5(X) <1,30(! ± 490
1-N-24 4 4,500 1,7(Xi 3,400 ± 597
1-N-25 4 15,?()0 5,2(X) 9,630 ± 2,580
1-N-26 3 28,100 11,600 21,700 ± 5,1(X)
1-N-27 3 9,100 500 5,230 ± 2,520
1-N.,28 1 <2,500 --- <2,5(X) ± ---

1-N-29 4 6,700 <2,500 <4,20() + 1,100
l-N-31 5 4,9()0 1,500 _J' 2,760 + 568
1-N-32 5 7,100 <2,5(X) <2,980 ± 1,140
1-N-33 6 6,3(10 1,960 4,020 ± 811
1-N-36 6 4,9()0 1,300 3,550 ± 609
1-N-37 1 <2,5(X) -.- <2,50() ± .-.
1-N-39 2 6,500 6,500 6,500 + 0

I -N-41 4 22,700 1,000 7,380 ± 5,190
1-N-42 4 16,(X)0 1,100 8,730 + 3,810
1-N-47 3 6,900 3,3(X) 4,8(10 ± 1,080
l-N-50 1 38,800 --- 38,800 .+. ---
I-N-51 1 35,400 --- 35,400 ± ---

1-N-52 5 17,200 7,7(10 10,500 ± 1,7(X)
1-N-54 4 22,6/)0 9,500 14,8(10 ± 2,850
1-N-55 5 93,000 8,7(X) ._0,900 ± 15,7(X)
1-N-56 4 63,600 8,1(X) 22,30{) ± 13,800
1-N-57 4 24,700 8,100 13,0(X) ± 3,930
1-N-58 5 5,200 2,4(10 3,440 ± 480
1-N-59 6 4,000 3,(X)0 3 230 ± 156

I-N-60 7 3,600 1 9(X) 2 7(X) ± 261
l-N-61 6 4,30() 1,6(10 2 880 ± 476
1-N-66 5 8,6(10 1,6(10 3 74(7 5: 1,240
1-N-67 5 87,900 10,3(10 30 6(X) 5: 14,5(X)
1-N-69 5 31),3()0 22,9(X) 27 (X)0 _+ 1,420
] -N-70 5 28,8(10 9,1 (10 146(X) + 3,620
2-E13-8 1 18,700 .-- 18700 5: ---

2.E16.2 4 1,2(10 <2,500 <2 180 ± 325
2-E 17-_ 3 212,(X10 147,000 170 000 + 21,000
2-E17-2 5 115,000 39,700 81 900 + 14,100
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'FABLE C.43. Nitrate (contd)

Well No, of Concentration _l_)lb,_)

NameI') SaJ.._..9_n1_ Maxlmtlzl...__.__._A1 Minimum Averageld) .

2-E17-5 7 126,0(11 74,0(11 91,900 :t: 6,730
2-E17-6 5 115,000 <2,5(11 <41,000 ± 24,0()0
2-E17-8 1 134,000 --- 134,0(11 ..k ...
2.E17-9 8 137,00t) 104,()00 124,0(11 5: 4,330
2.E17-12 3 30,401) 28,0(11 28,800 5: 784
2-E17-13 5 42,8(11 28,8(X) 37,1(11 ± 2,550
2-E17-14 4 300,0(X) 165,000 252,000 ± 30,200
2-E17-15 4 354,000 242,000 293,0(11 ± 23,100
2-E17-16 3 56,7(11 24,500 37,700 ± 9,730
2-E17-17 3 67,6(11 53,0(11 62,200 ± 4,610
2-E17-18 4 11,100 4,90t) 8,230 + 1,570
2-E17..19 4 316,0(11 88,800 147,000 5: 56,400
2-E 17-20 4 228,00() 217,0(11 225,000 ± 2,600
2-E18-1 4 12,5(11 11,40() 12,000 ± 232
2.E18-2 3 600 <50() <567 ± 33
2-E18.3 6 600 <5C11 <517 ± 17

2-E18-4 5 1,0(11 <500 <674 5: 98
2.E24.1 5 169,0(11 89,8(11 123,000 ± 17,4(11
2-E24-2 5 111,000 69,801) 93,700 5: 9,010
2-E24-4 1 4,400 --- 4,400 ± ---
2-E24-7 1 24,9(11 --- 24,90() 5: ---
2-E24-8 1 4,200 --- 4,200 5: -..
2.E24-11 3 127,000 98,500 117,0(11 ± 9,340
2-E24-12 3 93,9(11 87,400 90,2(11 ± 1,920
2-E24-13 1 4,300 --- 4,30(} 5: ---
2-E24-16 4 114,000 108,0(11 112,001) 5: 1,350
2,E24-17 3 107,000 97,300 103,000 ± 2,870
2.E24-18 3 59,000 57,300 58,100 5: 491
2-E25-2 1 <2,5(11 --- <2,5(11 ± ---
2.E25-3 1 <2,500 --- <2,500 ± ---
2-E25-6 2 3,500' <2,500 <3,000 ± 500
2-E25-9 2 <2,500 <2,5(11 <2,500 5: 0
2-E25-11 6 47,301) 32,500 40,7(11 ± 2,350
2-E25-13 1 237,000 --- 237,000 5: ---
2-E25-17 4 41,300 24,300 34,900 5: 3,760
2-E25-18 4 88,700 28,700 58,500 ± 16,900
2-E25-19 1 68,000 --- 68,000 5: ---
2-E25-20 4 235,000 186,001) 210,000 5: 11,600
2-E25-21 1 6,270 --- 6,270 5: ---
2-E25-22 ._ 4,800 3,100 3,76() 5: 294
2-E25-23 1 <2,500 --- <2,500 5: ---
2-E25-24 5 1,600 <2,50() < 1,540 =4- 254
2-E25-25 5 9(11 700 800 ± 45
2-E25-26 5 1,600 1,1(11 ':,400 ± 84
2.E25-27 3 2,270 2,200 2,220 5: 23
2-E25-28 5 1,6(11 900 1,080 ± !32
2-E25-29P 6 12,900 6,800 8,630 ± 940
2-E25-30P 4 8,7(11 3,500 6,050 .-t: 1,440
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TABLE C,43, Nitrate (contd)

Weil No, of Concentration .(gI4/L)(b,o
Name('l Sa._...mml![.qs Ma..__x1m.__um Minimum Aver_Nge(')

2-E25-31 6 22,400 7,1(10 12,9(10 5: 2,810
2-E25-32P 7 1,270 7(10 913 5: 83
2-E25-33 5 11,900 7,000 8,54(! 5: 881
2-E25-34 4 1,200 1,090 1,150 :t: 30
2-E25-35 5 7,800 5,960 6,740 5: 311
2-E25-36 3 6,200 3,400 4,970 5: 825
2-E25-37 1 2,000 .... 2,0(.10 5: ---
2-E25-38 1 1i900 --- 1,900 5: ---
2-E26-1 1 <2,500 --- <2,500 5: ---
2-E26-2 3 <2,500 <2,500 <2,500 :t: ---
2-E26-4 3 <2 500 <2,500 <2,500 5: ---
2-E26-6 1 <_,500 --- <2,500 5: ---
2-E26-8 2 <2 50(1 <2,5(10 <2,50() 5: ---
2-E27-7 1 <2 500 --- <2,5(10 5: ---
2.E27-8 3 7 6(10 7,200 7,470 5: 133
2.E27-9 4 8 200 7,40(I 7,650 :t: 189
2-E27-10 3 3 300 2,900 3,12(I 5: 117
2-E28-7 1 7 100 --- 7,100 5: ---
2-E28-18 2 42 600 42,500 42,(K)(1 + 50
2-E28-21 3 43 600 41,0(3(I 42,200 5: 762
2-E28-23 1 7,600 --- 7,6(113 5: ---
2-E28-26 3 49,300 43,000 46,900 5: 1,980
2-E28-27 4 31,000 23,100 28,5(10 :t: 1,840
2-E32-1 1 9,200 --- 9,200 5: ---
2-E32-2 3 21,NX) 15,90() 19,500 5: 1,790
2-E32-3 1 54,000 --- 54,(XR) 5: ---
2-E32-4 5 29,6(10 24,5(10 26,5(10 5: 1,150
2-E33-1 1 38,000 --- 38,(100 5: ---
2-E33-7 1 79,800 --- 79,800 5: ---
2-E33-9 3 16,000 8,(K10 11,200 5: 2,40()
2-E33-10 1 5,920 --- 5,920 5: ---
2-E33-12_*) 2 <2,500 <2,500 <2,500 5: ---
2-E33-20 3 3,900 2,500 3,000 5: 451
2-E33-28 4 4,100 3,500 3,930 5: 144
2-E33-29 3 7,600 6,900 7,200 5: 208
2-E33-30 3 7,400 6,80(} 7,1(10 5: 173
2..E34-1 1 10,(100 --- 10,00G 5: ---
2-E34-2 4 15,400 1,2,0(X) 13,500 5: 716
2-E34-3 3 5 100 4,3(10 4,670 + 233
2-E34-5 3 1360(} 13,200 13,40() + ! 15
2-E34-6 3 6 500 6,400 6,430 :t: 33
2-W6-2 5 74900 24,600 63,800 + 9,810
2-W7-1 3 45 100 42,6(10 43.600 5: 775
2-W7-2 3 42000 25,600 32,500 5: 4,910
2-W7-3 3 3 300 3,(X10 3,170 5: 88
2-W7-4 3 77 000 74,000 15,100 + 968
2-W7-5 3 45 000 43,300 44,400 5: 536
2-W7-6 3 5,9(10 5,300 5,600 + 173
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TABLE C,43, Nitrate (contd)

Well No, of Concentration _)0 ',°
Name¢'1 S__jm__les Maximum Mlnhnum AverageIdl

2-W8-1 3 30,400 28,2(X) 29,500 5: 677
2-W9-1 3 20,300 18,500 19,200 :i: 557
2-W10-13 5 8,100 7500 7,860 :J: 81
2-W10-14 4 22,200 18,500 20,(g)O "J: 777
2-W14-6 1 114,000 .-- 114,0(X) 5: ---
2-W15-3 2 130,000 127,(R)0 129,000 ± 1,5(X)
2-W15-6 1 5,500 -.- 5,5(X) + ---
2.W15-12 1 116,000 ... 116,0(R) -J: ...
2.W15.15 3 15,300 10,500 13,100 :k 1,400
2.W15.16 3 70°700 67,000 69,200 5: 1,110
2.W15.17 2 16,800 16,700 16,8(X) ± 50
2.W15.18 3 73,500 68,900 71,500 ± 1o350
2-W18.4 1 39,100 ... 39,100 5: ..-
2-W18-9 2 <2,500 <2,500 <2,500 5: .-.
2.W18-15 1 <2,500 ... <2,500 ± ...
2-W18-17 4 3,000 <2,5(X) <2,280 ± 409
2.WI 8.20 2 <2,5(X) <2,500 <2,500 5: -..
2-W18-21 4 3,000 2,200 2,580 ± 165
2-W18-22 3 16,900 15,8(X) 16,200 5: 367
2.W18-23 4 5,870 5,7(X) 5,790 + 35
2-W18-24 4 22,(300 18,700 20,8(R) ± 745
2-W19-2 4 324,0(X) 101,(XR) 201 ,CXX) ± 46,2(X)
2-W19-3 3 37,(XR) 21,900 27,7(X) + 4,710
2-W19-9 1 28,700 --- 28,700 5: ---
2-W19-13 1 15,9(R) ..- 15,9013 5: -.-
2-W19-14 1 11,700 ... 11,7(X) 5: .--
2-W19-15 1 68,6(R) -.- 68,600 ± ...
2-W19-16 1 47,600 --- 47,600 ± ---
2-W19-17 1 10,O(X) .-. 10,000 ± .--
2-W19-18 4 99,700 40,000 78,100 5: 13,100
2-W19-19 5 1,340,0(R) 1,280,000 1,3IO,(R)O ± 11,700
2-W19-20 5 1,110,000 1,030,(XR) 1,070,(X)O 5: 13,8(X)
2-W19-21 2 7(X) <2,5(X) <1,6(X) 5: 900
2-W19-23 5 495,000 330,000 399,(XR) 5: 38,2(X)
2-W 19-24 5 1,040,000 927,0(R) 969,000 + 19,700
2-W19-25 4 960,(XX) 836,0(R) 889,(X)0 5: 25,900
2-W 19-26 2 1,360,0(X) 1,300,000 1,330,000 ± 30,(X)0
2-W19-27 2 900 <2,500 <1,700 ± 800
2.W22.1 1 6,300 .-- 6,300 5: ...
2.W22-2 1 7,4(X) --- 7,4(X) 5: .--
2-W22-22 1 16,900 .-- 16,900 + --.
2.W23.1 2 58,8(X) <2,5(X) <30,7(R) ± 28,200
2-W23-2 3 33,(XX) 30,6(X) 31,700 5: 700
2-W23-3 2 21_500 17,9(X) 19,700 5: 1,8(X)
2-W23-4 5 4,0(X) <2,5(X) <3,280 ± 291
2.W23-9 4 223,000 42,300 94,700 ± 42,900
2.W23.10 2 96,8(X) 87,1(X) 92,(XR) 5: 4,850
2.W23 11 1 <2,5(X) .-. <2,5(X) 5: .-.

Appendix,C C,77



i

TABLE (2,43, Nitrate (ctmtd)

Well No, of Conccntnltk_tL_t_[:)°',°)
Nanl_(') Satnplc,_ Maximum Minlmurl3_ Avcragc (d)

2.W27-1 1 96,900 --- 96 9(10 :k .-.
3-1-3 I I,I(X) ... I ICX) ± .--
3-1.7 4 4,2(X) 1,2CX) 2 000 ± 734
3-I.I0 2 2,3(X) 1,3(X) 18(X) ± 500
3.1.II 13 2,400 500 1.510 ± 149
3-1-12 2 1,300 1,200 1250 :t: 50
3-1.13 2 4,0(X) 1,4(X) 2 700 ± 1,3(XI
3.1-14 2 2,500 1,100 1,800 ± 700
3.1-15 3 21,200 2,7(X) 8,900 -2 6,150
3.1.16A 4 3,6(X) 1,300 2,650 ± 484
3-I.16B 4 <500 <5(X) <500 ± ---
3-I-16C 3 1,500 <500 <933 ± 29¢)
3.1.17A 29 3,100 <2,5(X) <I,6(X) ± 118
3.1-17B 2 <5(X) <5{X) <5(X) ± ..-
3-1-17C 1 <500 --- <5(X) ± .--
3.1.18A 13 23,6(}0 2 I,(XX) 22,1(X) -2: 197
3-I- I,I}B I ' <500 --- <5CX) :± ---
3.1.19 6 3,800 1,()O0 2,430 + 339 ,
3-2-1 2 9,4(X) 5,400 7,400 ± 2,CIIX)
3.2-2 , i 4,1(X) --- 4,1(X)± ---
3-3-7 3 14,900 12,300 14,(XX)'i". 835
3.3-9 3 10,700 9,900 10,3(X):L 233
3-3-I0 2 I1,700 6,900 9,300 ± 2,400
3-4-1 2 16,600 14,3(X) 15,500 ± 1,150
3-4-7 2 13,800 11,(XX) 12,4{X) ± 1,4(X)
3-4-11 2 14.8(X) 13,1(X) 14,(X)O .2 850
3-8-1 4 20,900 14,80() 17,900 ± 1,580
3-8-2 1 21 (_0 --- 21,(_)0 ± ---
3-8-3 2 14.3(.X) 14,(XX) 14,2(X) ± 150
6-$43-E12 3 23.4(X) 13,300 19,(XX) .2 2,990
6-$41-E 13A 6 12000 6,000 7,620 .2 896
6-S41-EI3B 5 3.900 3,1(X) 3,580 .2 159
6-$40-E14 5 1 000 <500 <760 ± 87

6-$37-E14 4 13O(X) 1,200 4,250 ± 2,920
6.S36-EI3A 2 6 1(X) 5,2(X) 5,650 ± 450
6.S32.EI3A 2 32 ICX) 29,400 30,800 ± 1,350
6.S32-EI3B 2 313(XI 26,8(X) 29,100 ± 2,250
6.$31-El 3 2 34400 28,3(X) 31,400 ± 3,050
6-$31-1t/*) 1 4 [X)¢) --- 4,(XX) ± --.
6.$30-E15A 2 15,3(X) 12,5(X) 13,9(X) ± 1,400
6-$29-E12 4 23,7(X) 19,(XX) 21,800 ± 1,(XX)
6-$28-E0 3 10,300 9,(_JO 9,rx)0 ± 379
6-$27-E 14 3 28,400 21,(XX) 23,900 ± 2,270
6-$24-19 1 <2,500 --- <2,5(X) ± ---
6-S19-11 3 I0,500 10,300 10,400 ± 67
6-S18-51 I <2,500 --- <2,500 ± ---
6-S14-20A 1 <2,5(X1 ..- <2,500 ± .--
6-S12-3 2 <2,500 <2,5f_) <2,500 ± .--

C.78 Appendix C



TABLE C.43. Nitrate (contd)

Well No. of Concentration (_tg/L)_.'c)

Name _') Samples Maximum Minimum Average Ca)

6-S 12-29 1 17,900 --- 17,900 4- ....
6-S11-E12A 1 20,500 --- 20,500 + ---
6-S11-EI2At x°) 1 <2,500 --- <2,500 .+_ ---

6-$7-34 1 <2,500 --- <2,500 + ---
6-S6-E14A 1 5,300 .... 5,300 + ---
6-S6-E4B 2 19,600 17,500 18,600 + 1,050
6-S6-E4D 2 26,300 16,500 21,400 + 4,900
6-$3-E12 2 24,200 23,500 23,900 + 350
6-$3-25 1 <2,500 --- <2,500 + --
6-1-18 2 19,500 19,500 19,500 + ---
6-2-3 2 30,900 . 30,700 30,800 + 100
6-2-7 1 55,500 --- 55,500 + ---
6-2-33A 2 3,600 3,500 3,550 + 50
6-3-45 1 <2,500 --- <2,500 + ---
6-8-17 2 33,900 33,000 33,500 + 450

6-8-25 2 21,000 20,500 20,800 + 250
6-8-32 2 5,000 3,700 4,350 + 650
6-10-E12 2 21,900 21,500 21,700 + 200
6-10-54A 1 12,200 --- 12,200 + ---
6-13-64 1 <2,500 --- <2,500 + ---
6-14-38 2 4,000 3,900 3,950 + 50
6-14-47 1 <2,500 --- <2,500 + ---
6-15-15B 1 19,800 --- 19,800 + ---
6-17-5 3 68,600 67,500 67,900 + 367 ._
6-17-47 1 <2,500 --- <2,500 + ....

6-17-70 1 46,600 --- 46,600 + ---
6-19-43 1 10,300 --- 10,300 +
6-19-58 1 <2,500 --- <2,500 + ---
6-19-88 1 <2,500 --- <2,500 +
6-20-E 12 2 31,400 29,500 30,500 + 950
6-20-E12P 1 <2,500 --- <2,500 + ---
6-20-E5A 2 25,500 25,400 25,500 + 50
6-20-E5P 1 <2,500 --- <2,500 + ---

6-20-E5Q 1 <2,500 --- <2,500 + ---
6-20-E5R ¢°) 1 <2,500 --- <2,500 + ---
6-20-20 3 38,400 32,800 36,100 + 1,690
6-20-39 1 5,500 --- 5,500 + ---
6-20-82 1 16,900 --- 16,900 + ---
6-21-6 2 48,500 40,500 44,500 -± 4,000
6-22-70 2 10,500 10,100 10,300 + 200

6-23-34 6 29,100 27,200 28,200 + 346
6-24-1t x') 1 <2,500 --- <2,500 _+. ---

6-24-1Q t') 1 <2,500 .... <2,500 + ---
6-24-1R ¢*) 1 <2,500 --- <2,500 + ---
6-24-1S 1 <2,500 --- <2,500 + ---
6-24-1T 1 <2,500 --- <2,500 + ---
6:24-33 4 35,300 33,000 34,300 + 502
6-24-34A 4 33,300 29,000 31,500 + 1,030
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TABLE C.43. Nitrate (contd)

Well No. of Concentration (l.tg/L)_b,_)
Name C') Samples Maximum Minimum Average (d)

6-24-34B 4 35900 34,000 34,800 + 470
6-24-34C 6 37.000 33,000 34,400 + 592
6-24-35 6 28 300 27,400 27,900 + 143
6-24-46 1 9.700 --- 9,700 + ---

6-25-33A 3 4200 3,600 4,000 + 200
6-25-34A 2 29900 28,800 29,400 _+ 550
6-25-34B 3 29 100 29,000 29,000 + 33
6-25-34C 5 33 400 30,000 31,300 + 561
6-25-55 2 14.700 14,000 14,400+ 350
6-25-70 2 12,300 11,700 12,000 + 300
6-26-15A 2 33,900 33,000 33,500 + 450
6-26-33 2 29,600 28,200 28,900 + 700
6-26-34 2 28,500 27,200 27,900 + 650
6-26-35A 2 31,000 30,000 30,500 + 500
6-26-35C 2 22,300 22,000 22,200 + 150

6-26-89 1 <2,500 --- <2,500 + ---
6-27-8 2 34,300 33,000 33,700 + 650
6-28-40 2 19,600 17,500 18,600 _+. 1,050
6-28-40P (°_ 1 <2,500 --- <2,500 + ---
6-28-52A 1 <2,500 --- <2,500 + ---
6-29-4 2 32,000 30,800 31,400 + 600
6-29-78 2 7,800 7,200 7,500 + 300
6-31-31 1 3,100 --- 3,100 + ---
6-31-31P (°) l <2,500 --- <2,500 + ---
6-32-22 2 22,600 19,000 20,800 + 1,800

6-32-43 2 23,200 17,800 20,500 + 2,700
6-32-62 1 25,900 --- 25,900 + ---
6-32-70B 3 19,200 18,200 18,700 + 291
6-32-72 1 6,600 --- 6,600 + ---
6-32-77 1 5,800 --- 5,800 + ---
6-33-42 2 20,000 18,300 19,200 ± 850

6-33-56 2 10,400 9,700 10,1130 _+ 350
6-34-39A 1 <2,500 --- <2 500 + ---
6-34-41B 1 3,500 --- 3.500 _+ ---
6-34-42 2 7,000 5,800 6.400 + 600
6-34-51 2 8,800 8,660 8 730 .+_ 70
6-35-9 2 39,000 37,400 38200 + 800
6-35-66 2 24,700 23,500 24 100 + 600

6-35-70 3 29,200 26,600 27 700 + 777
6-35-78A 3 500 <2,500 <1830 + 667
6-36-46P ¢_) 1 <2,500 --- <2,500 + ---

6-36-46Q _°) 3 <2,500 <2,500 <2,500 + ---
6-36-61A 2 20,900 20,000 20,500 + 450
6-36-61B 2 16,700 9,300 13,000 _+. 3,700
6-36-93 1 49,700 --- 49,700 + ---

6-37-E4 1 29,000 --- 29,000 +_ ---
6-37-43 1 10,400 --- 10,400 ± ---
6-37-82A. 1 42,000 --- 42,000 + ---
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TABLE C.43. Nitrate (contd)

Well No. of Concentration (l.tg/L)°',°_

Name C'l . Samples Maximum Minimum Average td_

6-38-15 2 49,500 '46,600 48,100 + 1,450
6-38-65 2 167,000 21,800 94,400 + 72,600

6-38-70 2 243,000 237,000 240,000 + 3,000
6-39-0 . 1 40,700 --- 40,700 + ---

6-39-39 2 33,400 <2,500 <18,000 +_ 15,500
6-39-79 1 6,300 --- 6,300 + ---
6-40-1 2 41,600 40,500 41,100 + 550
6-40-33A 2 <2,500 <2,500 <2,500 + ---
6-40-39 1 <500 --- <500 + '

' 6-40-62 2 51,200 48,300 49,800 + 1,450
6-4 1-1 2 41,900 39,000 40,500 + 1,450
6-41-23 2 12,600 10,400 11,500 + 1,100
6-41-40 1 ' " 18,800 --- 18,800 + ---
6-42-2 1 41,500 --- 41,500 + ---
6-42-12A 2 39,500 39,400 39,500 _+. 50

6-.42-40A 5 6,500 <2,500 <2,560 + 1,070
6-42-40B 5 <2,500 <500 <2,500 + ---
6-42-40C (_ 2 <2,500 <2,500 <2,500 + ---
6-42-428 4 6,500 6,200 6,380 + 63
6-43-3 2 39,600 39,500 39,600 + 50
6-43-41E 1 9 ,a,._ 9,300 +
6-43-4 1F 1 9,500 --- 9,500 .+

, 6-43-42.I 4 1,800 1,400 1,600 + 115
6-43-43 4 1,100 700 900 _+ 115
6-43-45 1 1,000 --- 1,000 + ---
6-43-88 1 19,200 --- 19,200 + ---
6-44-4 1 15,600 --- 15,600 + ---

6-44-42 3 1,500 1,300 1,400 + 58
6-44-43B 2 7,200 7,000 7,i00 _+ I00
6-44-64 2 57,500 55,000 56,300 + 1,250
6-45-2 2 39,100 38,500 38,800 + 300
6-45-42 5 7,100 6,000 6,700 + 202
6-45-69A 1 21,700 --- 21,700 + ---

6-46-4 2 29,600 28,800 29,200 + 400
6-46-2 IB 2 17,400 16,700 17,100 + 350
6-.47-5 3 34,600 27,800 30,800 + 2,000

6-47-35A 1 14,400 --- 14,400 + ---
6-47-46A 2 13,700 13,300 13,500 + 2001

6-47-50 t') 1 4,200 --- 4,200 + ---
6-47-60 1 23,300 --- 23,300 + ---

6-48-7 2 6,800 4,600 5,700 + 1,100
6-48-18 2 5,600 4,300 4,950 + 650
6-48-71 2 23,700 22,700 23,200 + 500
6-49-13E 2 6,100 6,000 6,050 + 50
6-49-28 2 <2,500 <2,500 <2,500 + ---
6-49-55A 5 94,700 63,000 83,900 + 6,670
6-49-55B 2 <2,500 <2,500 <2,500 + ---
6-49-57 5 58,700 43,500 54,200 + 2,860
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TABLE C.43. Nitrate (contd)

Well No. of Concentration (J.tg/L)cb,_)
Name c') _Samples Maximum Minimum Average cd)

6-49-79 3 41,500 40,600 41,100 + 265
6-49-100C 3 13,200 12,900 13,000 + 88
6-50-30 2 <2,500 <2,500 <2,500 + ---
6-50-42 2 4.000 3,100 3,550 + 450

6-50-45 c°_ 2 <2 500 <2,500 <2,500 + ---
6-50-48B (°_ 2 <2 500 <2,500 <2,500 + ---
6-50-53 2 625.000 596,000 611,000 + 14,500
6-50-85 2 25 500 25,000 25,300 + 250
6-51-46 2 <2 500 <2,500 <2,500 5- ---
6-51-63 2 18900 18,909 18,900 + ---

6-51-75 2 2 700 <2,500 <2,600 + 100
6-52-19 2 5 300 4,600 4,800 5- 200
6-52-46A ¢°_ 2 <2,500 <2,500 <2,500+ ---
6-52-48 c°_ 2 <2,500 <2,500 <2,500 + --- '
6.53-50 _°_ 1 <2,500 --- <2,500 5- ---
6-53-103 ¢°) 1 <2,500 --- <2,500 + ---
6-54-34 1 ! 1,900 --- 11,900 + ---

6-54-45A 2 <2,500 <2,500 <2,500 5: ---
6-54-57 c°_ 2 <2,500 <2,500 <2,500 + ---
6-55-40 1 20,500 --- 20,500 + ---

6-55,44 1 <2,500 --- <2,500 + ---
6-55-50A 2 <2,500 <2,500 <2,500 5- ---
6-55-50C 1 <2,500 --- <2 500 5- ---
6-55-50D 1 <2,500 --- <2 500 5- ....
6-55-70 1 <2,500 --- <2.500 5- ---
6-55-76 1 <2 500 --- <2 500 + ---
6-55-89 1 <2 500 --- <2 500 + ---
6-56-43 2 <2 500 <2,500 <2 500 5- ---

6-56-53 ¢°) 2 <2 500 <2,500 <2 500 +_ ---
6-57-29A 1 3 100 --- 3 100 5- ---
6-59-58 1 3 400 --- 3 400 5- ---

6-59-80B 2 <2 500 <2,500 <2,500 5- ---
6-60-.57 1 <2 500 --- <2,500 + ---
6-60-60 1 3,200 --- 3,200 + ---
6-61-37 1 3,600 --- 3,600 + ---
6-61-41 1 <2,500 --- <2,500 + ---

6-61-62 1 48,800 --- 48,800 5- ---
6-61-66 1 5,100 --- 5,100 5- ---
6-62-31 1 64,400 --- 64,400 5- ---
6-63-25A 2 18,300 17,500 17,900 + 400
6-63-55 2 7,700 6,600 7,150 5- 550

6-63-58 2 _ 29,600 21,600 25,600 5- 4,000
6-63-90 1 5,400 --- 5,400 + ---
6-64-27 1 42,300 --- 42,300 5- ---
6-64-62 1 37,700 --- 37,700 + ---
6-65-23 1 18,300 --- 18,300 5- ---
6-65-50 2 6,900 4,210 5,560 __ 1,350
6-65-59A 1 11,200 --- 11,200 5- ---
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TABLE C.43. Nitrate (contd)

Well No. of Concentration (al.rg/L)Cb,_)
Name I'_ Samples Maximum Minimum Average Id_

6-65-72 2 20,100 17,500 18,800 :t: 1,300
6-65-83 3 5,400 5,300 5,370 + 33
6-66-23 2 42,500 42,500 42,500 + ....
6-66-38 2 <2,500 <2,500 <2,500 + .....
6-66-39 2 <2,500 <2,500 <2,500 + ---
6-66-58 2 10,500 7,100 8,800 + 1,700
6-66-64 2 23,500 22,500 23,000 + 500
6-66-103 1 <2,500 --- <2,500 + --,
6-67-51 2 2,500 <2,500 <2,500 + ---
6-67-86 3 3,500 3,000 3,230 + 145
6-67-98 2 5,000 4,600 4,800 + 200

6-68-105 1 <2,500 --- <2,500 + ---
6-69-38 2 <2,500 <2,500 <2,500 + ---
6-70-68 2 5,000 5,000 5,000 + ---
6-71-30 2 34,500 32,100 33,300 + 1,200
6-71-52 3 7,500 6,500 6,970 + 291
6-71-77 2 13,500 9,600 11,600 + 1,950
6-72-73 1 4,500 --- 4,500 + ---

6-72-88 2 8,000 5,500 6,750 + 1,250
6-72-92 1 8,800 --- 8,800 + ---

6-73-61 2 8,800 8,500 8,650 + 150
6-74-44 2 7,600 7,100 7,350 + 250
6-77-36 2 58,900 56,700 57,800 + 1,100
6-77-54 2 8,400 7,600 8,000 ± 400
6-78-62 2 9,200 9,000 9,100 ± 100
6-80-43P 1 <2,500 --- <2,500 + ---

6-80-43Q 1 <2,500 --- <2,500 ± ....
6-80-43R 1 <2,500 --- <2,500 *_. ---
6-80-43S 1 <2,500 --- <2,500 ± ---
6-81-58 5 4,000 2,600 3,180 + 282
6-83-47 1 6,000 --- 6,000 ± ---
6-84-35AO 1 8,200 --- 8,200 ± ---
6-87-55 2 17,100 15,100 16,100 + 1,000
6-89-35 2 10,600 10,000 10,300 ± 300

6-90-45 2 6,200 3,500 4,850 ± 1,350
6-96-49 3 16,300 11,000 13,700 .+_ 1,530
6-97-43 2 17,700 16,600 17,200 ± 550
6-97-5 lA 2 20,500 19,500 20,000 ± 5f_g)

6-101-48B 2 <2,500 <2,500 <2,500 ± ---
11-41-13C 1 7,900 --- 7,900 ± ---

(a) See Figures 5.1, 5.2, and 5.3 for well locations.

(b) Average concentrations ±2 times the standard error of the calculated mean (no estimate of standard
error for one sample or if ali data reported at the detector limit).

(c) Nitrate table combines data from two analytical methods with detection limits of 500 and 2500 ppb.
(d) Analytical results reported as less than the detection limit were included in the calculation of the average.

When calculation included a "less than" value the average is shown as a "less than" value.
(e) Wells that .sample a confined aquifer.
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TABLE C.44. Maximum, Minimum, and Average Chromium Concentrations

in Ground-Water Samples in 1989

Well No. of Concentration (laf_./L)_b_

Name a_ Samples Maximum Minimum Average I_

l-B3-1 1 18 --- 18 + ---
I-B4-1 1 <10 --- <10 + ---
1-B4-4 1 <10 --- <10 + ---
I-B9-1 1 14 --- 14 + ---

1-D2-5 1 169 --- 169 ± ---
1-D5-12 1 692 --- 692 ± ---
1-D8-3 1 120 --- 120 '_+ ---
l-F5-1 1 <10 --- <10 ± ---

1-F5-4 1 13 --- 13 ± ---
1-F5-6 1 <10 --- <10 + ---
1-FS-1 1 <10 --- <10 ± ---

I-H3-1 1 15 --- I5 ± ---
1-H3-2A 4 94 39 69 ± 11.4
1-H3-2B 2 70 61 66 + 4.5
1-H3-2C 1 12 --- 12 + ---
1-H4-3 8 208 117 149 ± 10.7
1-H4-4 6 198 18 118 ± 26.6
1-H4-5 4 129 81 103 + 11.2

1-H4-6 5 101 78 89 _+ 4.1
1-H4-7 3 114 77 100 ± 11.6
1-H4-8 1 63 --- 63 -+ ---
1-H4-9 3 110 49 82 ± 17.8
l-H4.10 1 17 --- 17 ± ---
I-H4-11 1 132 --- 132 .+_ ---
1-H4-12A 4 98 31 72 + 15.6
1-H4-12B 3 128 81 100 + 14.4
1-H4-12C 4 349 284 312 + 14.4
1-H4-13 2 56 48 52 + 4.0

1-H4-14 2 420 358 389 + 31.0
1-H4-15A 1 47 --- 47 ± ---
1-H4-15B 1 81 --- 81 "± ---
1-H4-16 1 14 --- 14 ± ---

1-H4-17 1 97 --- 97 + ---
1-H4-'18 4 201 135 169 ± 13.9
l-K-11 1 20 --- 20 + ---
I-K-19 1 112 --- 112 ± ---
I-K-20 1 160 --- 160 ± ---
1-K-22 1 98 --- 98 4- ---
1-K-27 1 <10 --- <10 ± ---

1-K-28 1 <10 --- <10 ± ---
1-K-29 1 <10 --- <10 ± ---
I-K-30 1 <10 --- <10 ± ---

1 l-N-2 4 <10 <10 <10 + ---
: l-N-3 5 <10 <10 <10 ± ---

"! 1.N-4 5 <10 <10 <10 :t: ---
I-N-14 7 <10 <10 <10 + ---
I-N-16 3 <10 <10 <10 ± ---
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TABLE C.44. Chromium (contd)

Well No. of Concentration (I.t,gfL)(b)

Name I.) SamI_p!_s Maximum Minimum Average

I-N-17 3 <10 <10 <10 + ---
I-N-21 4 <10 <10 <10 5: ---
1-N-27 3 <10 ,_ _0 <10 + ---
1-N-29 3 <10 <10 <10 + ---

I-N-31 5 <10 <10 <10 + ---
1-N-32 4 <10 <10 <10 + ---
1-N-33 5 <10 <10 <10 + ---
1-N-36 5 <10 <10 <10 + ---
1-N-39 2 <10 <10 <10 + ---
I-N-41 4 <10 <10 <10 + ---
1-N-42 4 <10 <10 <10 + ---
1-N-52 4 <10 <10 <!0 + ---
1-N-54 4 <10 <10 <10 + ---
1-N-55 5 <10 <10 <10 + ---

1-N.56 4 <10 <10 <10 + ---
1-N-57 4 _.10 <10 <10 + ---
1-N-58 5 <10 <10 <10 _+ ---
1-N-59 6 <10 <10 <10 + ---
I-N-60 7 <10 <10 <10 + ---
I-N-61 6 <10 <10 <10 + ---
1-N-66 5 <10 <10 <10 +
1-N-67 5 <10 <10 <10 + ---
1-N-69 5 <10 <10 <10 + ---
I-N-70 4 39 <10 <17 _.+ 7.2
2-E17-1 2 <10 <10 <10 + ---
2-E17-5 3 <10 <10 <10 + ---

2-E17-6 3 <10 <10 <10 + ---
2-E17-9 3 <10 <10 <10 + ---
2-E17-13 2 <10 <10 <10 + ---
2-E17-14 4 <10 <10 <10 + ---

2-E17-15 4 <10 <10 <10 + ---
2-E17-16 3 <10 <10 <10 + ---
2-E17-17 3 <10 <10 <10 + ---

2-E17-18 4 <10 <10 <10 + ---
2-E17-19 4 <10 <10 <10 _+ ---
2-E17-20 4 <10 <10 <10 + ---
2-E18-1 4 <10 <10 <10 + ---
2-E18-2 5 <10 <10 <10 5: ---

2-E18-3 6 12 <10 <10 5: 0,,3
2-E18-4 5 <10 <10 <10 5: ....
2-E24-2 3 <10 <10 <10 5: ---
2-E24-16 4 <10 <10 <10 5: ---
2-E24-17 3 <10 <10 <10 5: ---
2-E24-18 3 <10 <10 <10 5: ---
2-E25-18 3 <10 <10 <10 -__ ---

2-E25-20 3 <10 <10 <10 + ---
2-E25-22 4 <10 <10 <10 + ---
2-E25-24 4 <10 <10 <10 5: ---
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TABLE C.44. Chromium (contd)

Well No. of Concentration (I.tg,/L,)_')
Name (`) Samples Maximum Minimum Average C°)

2-E25-25 14 19 <10 <11 ± 0.6

2-E25-26 5 <10 <10 <10 +__ ---
2-E25-27 3 <10 <10 <10 ± ---
2-E25-28 5 <10 <10 <10 + ---

2,E25-29P 15 <10 <10 <10 ± ---
2-E25-30P 4 32 <10 <18 ± 5.2
2-E25-31 16 42 <10 <12 ± 2.0
2-E25-32P 15 <10 <10 <10 :i: ---
2-E25-33 14 10 <10 <10 + ---
2-E25-34 5 <10 <10 <10 ± ---
2-E25-35 5 10 <10 <10 ± ---

2-E25-36 3 <10 <10 <10 + ---
2-E25-37 4 13 <10 <11 ± 0.8
2-E25-38 4 35 <10 <16 ± 6.2
2-E27-8 3 <10 <10 <10 + ---
2-E27-9 4 <10 <10 <10 ± ---
2-E27-10 3 <I0 <I0 <10 + ---
2-E28-26 3 <10 <10 <10 + ---
2-E28-27 4 <10 <10 <10 ± ---
2-E32-2 3 <I0 <10 <10 ± ---
2-E32-3 1 <10 --- <10 ± ---
2-E32-4 5 <10 <10 <10 ± ---

2-E33-1 I <10 --- <10 ± ---
2-E33-28 4 <10 <10 <10 ± ---

2-E33-29 3 14 <10 <11 ± 1.3
2-E33-30 3 <10 <10 <10 ± ---
2-E34-2 4 92 <10 <49 ± 20.4
2-E34-3 3 <10 <10 <10 ± ---
2-E34-5 3 11 <10 <10 + 0.3
2-E34-6 3 <10 <10 <10 + ---

2-W6-2 5 41 32 36 +- 1.7
2-W7-1 3 <10 <10 <10 ± ---
2-W7-2 3 12 12 12 ± ---
2-W7-3 3 <10 <10 <10 ± ---
2-W7-4 3 14 <10 <12 + 1.2
2-W7-5 3 11 <10 <10 ± 0.3

2-W7-6 2 <10 <10 <10 + ---
2-W8-1 3 12 <10 <11 + 0.7
2-W9-1 3 11 <10 <11 ± 0.3
2-W10-13 5 <10 <10 <10 + ---
2-W10-14 4 <10 <10 <10 + ---
2-W15-15 3 <10 <10 <10 ± ---
2-W15-16 3 12 <10 <11 + 0.7

2-W15-18 3 26 <10 <16 + 4.9
2-W18-21 4 <10 <10 <10 + ---
2-W18-22 3 <10 <10 <10 + ---
2-W18-23 4 <10 <10 <10 ± ---
2-W18-24 4 <10 <10 <10 ± ---
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TABLE C.44. Chromium (contd)

Well No, of Concentration (I.t_tL)a')
Name('1 Samples Maximum Minimum Average(°_

2-W19-19 1 <10 --- <10 5: ---
2-W19-20 1 <10 --- <10 5:
2-W19-21 1 <10 --- <10 5: ---
2-W19-23 1 <10 --- <10 _+ ---
2-W19-24 1 <10 --- <10 5: ---
2-W19-26 1 <10 --- <10 5: ---
2-W19-27 1 <10 --- <10 5: ---
3-1-3 1 <10 --- <10 5: ---
3-1-7 4 <10 <10 <10 5: ---
3-1-10 2 <10 <10 <10 + ---
3-1-11 2 <10 <10 <10 5: ---
3-1-12 2 <10 <10 <10 5: ---
3-1-13 2 <10 <10 <10 5: ---
3-1-14 2 <10 <10 <10 5: ---
3-1-15 3 <10 <10 <10 ± ---
3-1-16A 4 <10 <10 <10 5: ---
3-1-16B 4 <10 <10 <10 5: ---
3-1-16C 3 <10 <10 <i0 5: ---
3-1-17A 2 <10 <10 <10 5: ---
3-1-17B 2 <10 <10 <10 ± ---
3-1-17C 1 <i0 --- <10 5: ---
3-1-18A 2 <10 <10 <10 5: ---
3-1-18B 1 <10 --- <10 5: ---
3-2-1 2 <10 <10 <10 5: ---
3-2-2 1 <10 --- <10 5: ---
3-3-7 3 <10 <10 <10 5: ---
3-3-9 2 <10 <10 <10 5: ---
3-3-10 2 <10 <10 <10 5: ---
3-4-1 2 <10 <10 <10 5: ---
3-4-7 2 <10 <10 <10 5: ---
3-4-11 2 <I0 <10 <10 + ---
3-8-1 2 <10 <10 <10 5: ---
3-8-2 1 <10 --- <10 5: ---
3-8-3 1 <10 --- <10 5: ---
6-$43-E12 3 <10 <10 <10 5: ---
6-S41.E13A 4 <10 <10 <10 5: ---
6-S41-E13B 3 <10 <10 <10 5: ---
6-$40-E14 3 <10 <10 <10 5: ---
6-$37-E14 4 <10 <10 <10 5: ---
6-S36-E13A 2 <10 <10 <10 5: ---
6-S32-E13A 2 <10 <10 <10 5: ---
6-S32-E13B 2 <10 <I0 _:10 5: ---
6-$31-E13 2 <10 <10 <10 5: ---
6-$29-E12 2 <10 <10 <10 5: ---
6-23-34 5 <10 <10 <10 5: ---
6-24-33 3 <10 <10 <10 5: ---
6-24-34A 3 <10 <10 <10 5: ---
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TABLE C.44. Chromium (contd)

Well Concentration (_g_,)cb_
NameC'_ Sam_ Maximum Minimum AverageC°_

6-24-34B 4 <10 <10 <10 ± ---
6-24-34C 6 <10 <10 <10 + ---
6-24-35 6 <10 <10 <10 ± ---
6-25-34C 5 <10 <10 <10 ± ---
6-32-70B 1 23 --- 23 ± ---
6-35-66 1 20 --- 20 ± ---
6-35-70 1 <10 .... <10 5: ---
6-35-78A 1 13 --- 13 ± ---
6-38-70 1 <10 --- <10 5: ---
6-39-79 1 <10 --- <10 ± ---
6-40-39 1 <10 --- <10 ± ---
6-41-40 1 <10 --- <10 ± ---
6-42-40A 3 <10 <10 <10 ± ---
6-42-42B 4 <10 <10 <10 ± ---
6-43-41E 1_ <10 --- <10 ± ---
6-43-41F 1 <10 --- <10 5: ---
6-43-42J 4 <10 <10 <10 ± ---
6-43-43 4 10 <10 <10 ± ---
6-43-45 1 <10 --- <10 ± ---
6--44-42 3 <10 <10 <10 ± ---
6-44-43B 2 15 <10 <13 ± 2.5
6-44-64 1 <10 --- ,::10 ± ---
6-45-42 1 <10 --- <10 ± ---
6-,'t9-55A 3 <1,., <10 <10 ± ---
6-49-57 3 <10 <10 <10 5: ---
6-49-79 1 <10 --- <10 ± -,-
6-50-53 1 <10 --- <10 ± ---
6-65-83 1 19 --- 19 ± ---
6-67-86 1 25 --- 25 ± ---
6-71-52 1 <10 --- <10 ± ---
6-73-61 1 11 --- 11 ± ---
6-77-36 1 <10 --- <10 ± ---
6-78-62 1 81 --- 81 ± ---
6-81-58 4 17 <10 <14 ± 1.4
6-83-47 1 44 --- 44 ± ---
6-96-49 1 59 --- 59 ± ---
6-97-43 1 192 --- 192 ± ---
11-41-13C 1 <10 --- <10 ± ---

(a) See Figures 5.1, 5.2, and 5.3 for well locations.
(b) Average concentrations+2 times the,standard error of the calcu_'",d mean (no

estimate of standard error for one sample or if ali data reported at the detection limit).
(c) Analytical results reported as less than the det_tion limit were included in the calcu-

lation of the average. When calculataon included a "less than" value the average is
shown as a "less than value."
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TABLE C.45. Maximum, Minimum, and Average Carbon Tetrachloride (CC14)

Concentrations in Ground-Water Samples in 1989

Well No, of Concentration (I.tl,qL)lh)
Namel') Samples Maximum Minimum Average

l-H3-1 1 <5 --- <5 5: ---
1-H3-2A 1 <5 --- <5 5: ---
1-H3.2B 2 <5 <5 <5 5: ---
1-H3-2C 1 <5 --- <5 5: ---
1-H4-3 1 <5 --- <5 5: ---
1-H4-4 1 <5 --- <5 5: ---
1-H4.5 1 <5 --- <5 + ---
1-H4-6 1 <5 --- <5 5: ---
1-H4-7 1 <5 --- <5 + ---
i-H4-8 1 <5 --- <5 + ---
1-H4.9 1 <5 --- <5 5: ---
I-H4-10 1 <5 --- <5 5: ---
I-H4-11 1 <5 --- <5 5: ---
1-H4-12A 1 <5 --- <5 5: ---
1-H4-12B "1 <5 --- <5 5: ....
1-H4-12C 1 <5 --- <5 5: ---
1-H4-13 2 <5 <5 <5 + ---

1-I-14-14 1 ._t <5 --- <5 + ---
1-H4.15A 1 <5 .... <5 + ---
1-H4-15B 1 <5 --- <5 5: ---
1-H4-16 1 <5 --- <5 5: ---
1-H4.17 1 <5 --- <5 5: ---
1-H4-18 1 <5 --- <5 5: ---
l-N-2 3 <5 <5 <5 5: ---
1,N-3 4 <5 <5 <5 5: ---
1-N..4 4 <5 <5 <5 + ---
I-N-14 6 <5 <5 <5 + ---
I-N-16 1 <5 --- <5 + ---
I-N-17 1 <5 .... <5 5: ---
i-N-21 1 <5 --- <5 5: ---
1-N-23 1 <5 --- <5 + ---
1-N-24 1 <5 --- <5 + ---
1-N-25 1 <5 --- <5 + ---
1-N-26 1 <5 --- <5 5: ---
1-N-27 3 <5 <5 <5 + ---
1-N-29 3 <5 <5 <5 + ---
I-N-31 5 <5 <5 <5 5: ---
1-N-32 4 <5 <5 <5 5: ---
1-N-33 6 <5 <5 <5 + ....
1-N-36 5 <5 <5 <5 + ---
1-N-39 2 <5 <5 <5 + ---
I-N-41 4 <5 <5 <5 5: ---
1-N-42 4 <5 <5 <5 + ---
1-N-47 1 <5 --- <5 + ---
1-N-52 4 <5 <5 <5 :!: ---
1-N-54 1 <5 --- <5 + ---
1-N-55 1 <5 --- <5 5: ---
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TABLE C,45, Carbon Teu'achloride (contd)

Well No, of Concentration 0.tglL)0'_,
Name(`_ Samples Maximum Minimum Average ....

1-N-56 1 _:5 --- <5 5: ---
1-N.57, 1 <5 --- <5 5: -.-
1-N-58 3 <5 <5 <5 5: ---
1-/_-59 4 <5 <5 <5 5: ---
1-1_-60 5 <5 <5 <5 5: ---
1-1_.61 3 <5 <5 <5 5: ---
1-1_.66 4 <5 <5 <5 5: -..
1-1_.67 4 ,:5 <5 <5:t: ---
1-1_.69 4 <5 <5 <5 5: ---
l-b.70 4 <5 <5 , <5 5: ---
2-E16-2 1 <5 --- <5 5: ---
2-E17-1 2 <5 <5 <5 5: ---
2-E17-5 1 <5 <5 5: ---
2-E17-9 1 <5 --- <5.5: ..-
2-E17-13 1 <5 --- <5 ± ---
2-E_7-14 1 <5 --- <5 5: ..-
2-E17-15 2 <5 <5 <5 5: ---
2-E17-16 1 <5 --- <5 5: ..-
2-E17-17 1 <5 --- <5 5: ---
2-E17-18 1 <5 --- <5 5: ---
2-E17-19 4 <5 <5 <5 5: ---
2-E17-20 4 <5 <5 <5 5: ---
2-E18-1 4 <5 <5 <5 + ---
2-E18-2 1 <5 --- <5 + ---
2-E18-3 2 <5 <5 <5 + ---
2-E18-4 1 <5 --- <5 5: ---
2-E24-2 3 <5 <5 <5 5: ---
2-E24-16 4 <5 <5 <5 5: .--
2-E24-17 3 <5 <5 <5 + ---
2-E24-18 3 <5 <5 <5 + ---
2-E25-11 1 <5 --- <5 5: ---
2-E25-22 I <5.... <5 + ---
2-E25-24 1 <5 --- <5 + ---
2-E25-26 5 <5 <5 <5 5: ---
2-E25-28 5 <5 <5 <5 + ---
2-E25-29P 1 <5 --- <5 5: ....
2-E25-31 1 <5 --- <5 5: ---
2-E25-32P 4 <5 <5 <5 5: ---
2-E25-34 5 <5 <5 <5 5: ---
2-E25-35 5 <5 _'5 <5 5: ---
2.E25-36 3 <5 <5 <5 5: ---
2-E27-8 3 ' <5 <5 <5 5: ---
2.E27-9 4 <5 <5 <5 5:---
2.E27-10 3 <5 <5 <5 + ---
2.E28-26 3 <5 <5 <5 5: ---
2.E28-27 4 <5 <5 <5 5: ---
2.E32-2 3 <5 <5 <5 5: ---
2.E32-3 1 <5 --- <5 5: ---
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TABLE C.45. Carbon Tetrachloride (contd)

Well No. of Concentration (I.tg/L) c°) '

Name C'_ Sa.___mples Maximum Minimum Average

2-E32-4 4 <5 <5 <:5 + ---
2-E33-28 4 <5 <5 <:5 + ---
2-E33-29 3 <5 <5 <:5 + ---
2-E33-30 3 <5 <5 <5 + ---
2-E34-1 1 <5 --- <:5 + ---
2-E34-2 4 <5 <5 <:5 + ---
2-E3,_-3 3 <5 <5 <5 + ---
2-E34-5 3 <5 <:3 <4 + 0.7
2-E34-6 3 <5 <5 <5 + ---

2-W6-2 4 113 99 104 ± 3.1
2-W7-I 3 <5 <5 <5 + ---
2-W7-2 3 <5 <5 <5 + ---
2-W7-3 3 <5 <5 <5 + ---
2-W7-.4 3 222 189 210 ± 10.7
2-W7-5 3 34 27 30 + 2.1

2-W7-6 3 <5 <5 <:5 + ---
2-W8-1 3 <5 <5 <5 ± ---
2-W9-1 3 <5 <5 <5 +_ ---
2-W10-13 5 18 7 12 + 1.8
2-W10-14 4 <5 <5 <5 + --_

2-W15-12 1 1,920 --- 1,920 _+ ---
2-W15-15 3 543 380 454 + 47.6

2-W15-16 3 8,250 6,650 7,330 +476.0
2-W15-17 2 <5 <:5 <5 + ---

2-W15-18 3 1,710 189 1,160 +487.0
2-W18-4 1 194 --- 194 + ---
2-W18-21 4 148 138 143 + 2.5
2-W18-22 3 <5 <5 <5 + ---
2-W|8-23 4 760 195 575 +131.0

2-W18-24 4 945 575 727 + 79.9
2-W19-19 1 10 --- 10 + ---
2-W19-20 1 23 --- 23 + ---
2-W19-21 1 ...... <5 + ---
2-W19-23 1 20 --- 20 + ---
2-W19-24 1 14 --- 14 + ---
2-W19-26 1 30 --- 30 + ---
2-W19-27 1 7 --- 7 + ---

3-1-3 1 <5 --- <5 + ---
3-1-7 3 <5 <5 <5 + ---
3-1-10 2 <5 <5 <5 + ---
3-1-11 12 <5 <5 <5 _+ ---
3-1-12 2 <5 <5 <5 + ---
3-1-13 2 <5 <5 <5 + ---

3-I-14 2 <5 <5 <5 + ---
3-1-15 3 <5 ,,.5 <5 + ---
3-1-16A 2 <5 <5 <5 +---
3-1-16B 2 <5 <5 <5 .+_ ---
3-1-16C 1 <5 --- <5 + ---
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TABLE C.45. Carbon Tetrachloride (contd)

Well No. of Concentration 0xK/L)°')

Name(') Samples Maximum Minimum Average _

3-1-17A 25 <5 <5 <5 + ---
3-1-17B 2 <5 <5 <5 + ---
3-1-17C 1 <5 --- <5 + ---
3-1-18A 12 <5 <5 <5 +_ ---
3-1-18B 1 <5 --- <5 _+ ---
3.-1-19 5 <5 <5 <5 + ---
3-2-1 2 <5 <5 <5 + ---
3-2-2 1 <5 --- <5 + ---
3-3-7 3 <5 <5 <5 + ---
3-3-9 2 <5 <5 <5 +_ ---
3-3-10 2 <5 <5 <5 + ---

3-4-1 2 <5 <5 <5 + ---
3-4-7 2 <5 <5 <5 + ---
3-4-11 2 <5 <5 <5 _+ ---
3-8-1 2 <5 <5 <5 + ---
3-8-2 1 <5 --- <5 + ---
3-8-3 1 <5 --- <5 + ---
6-$43-E12 3 <5 <5 <5 + ---
6-S41-E13A 4 <5 <5 <5 + ---
6-S41-E13B 3 <5 <5 <5 + ---
6-$40-E14 3 <5 <5 <5 + ---
6-$37-E14 4 <5 <5 <5 + ---
6-S36-E13A 2 <5 <5 <5 + ---
6-S32-E13A 2 <5 <5 <5 + ---

6-S32-E13B 2 <5 <5 <5 + ---
6-$31-E13 2 <5 <5 <5 + ---
6-$29-E12 2 <5 <5 <5 .+_ ---
6-39-79 3 880 820 850 + 17.3
6-40-39 1 <5 --- <5 :t: ---
6-41-40 1 <5 --- <5 + ---
6-42-40A 3 <5 <5 <5 + ---
6-42-40B 1 <5 --- <5 + ---
6-42-42B 4 <5 <5 <5 + ---
6-43-41E 1 <5 --- <5 + ---
6-43-41F 1 <5 --- <5 :t: ---
6-43-42J 4 <5 <5 <5 + ---
6-43-43 4 <5 <5 <5 :t: ---
6-43-45 1 <5 --- <5 :t ---
6-44-42 3 <5 <5 <5 + ---
6-44-43B 2 <5 <5 <5 + ---
6-77-36 3 <5 <5 <5 :t: ---
6-81-58 2 <5 <5 <5 + ---
11-41-13C 1 <5 --- <5 + ---

(a) See Figures 5.1, 5.2, and 5.3 for well locations.
(b) Average concentrations +2 times the standard error of the calculated mean (no

estimate of standard error for one sample or if ali results reported at detection limit).
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TABLE C.46. Summary of United States Testing Company Results on EPA Laboratory

Intercomparison Studies Program Samples

Sample Type Anaylsis UST Result EPA Known Value

Air Filter Gross Alpha 21.7 + 0.6 21

(pCi/t'dter) Gross Alpha 7.0 + 0,0 6
Gross Beta 70.7 + 2.3 62
lrTCs 21.7 +_ 1.2 20
1tiCs 10.3 + 0.6 12
9°Sr 20.3 + 0.6 20

Milk lVCs 56.0 + 4.4 50

(pCi/L) 89Sr 31.0 + 3.6 39
9°Sr- 47.7 + 4.0 55

Water Gross Alpha 6.0 + 0.0 8

(pCi/L) Gross Alpha 29.7 + 1.2 29
Gross Alpha 31.4 + 3.5 30

Gross Alpha 4.0 + 0,0 4
Gross Beta 3.3 + 0.6 4
Gross Beta 47.7 + 1.5 57
Gross Beta 45.3 + 0.6 50
Gross Beta 7.3 + 0.6 6
133Ba 50.3 + 1.5 49
133Ba 63.3 + 1.2 59

_Co 10.7 + 0.6 10
Go 31.7 + 0.6 31

t'°Co 32.7 + 0.6 30
51Cr 237.3 + 14,6 235
l_,,s 9.3 + 0.6 10
lNL'_s 19.0 + 1.0 20
_Cs 37.3 + 0.6 39

_4Cs 27.3 + 0.6 29
_VCs 11.0 + 0.0 10
lrTCs 21.0 + 1.0 20
lrTCs 21,3 + 0.6 20
_r_Cs 65.0 + 0.0 59

' 3H 2407.0 + 205.9 2754
3H 4406.7 + 195.8 4503
3H 3475.3 + 121.7 3471

131I 99.7 + 7.5 106
131I 73.3 + 3.2 83
z39pu 4.0 + 0. I 4.2
z3_Pu 2.9 + 0.1 2.8
2_Ra 4.4 + 0.1 4.9
2_Ra 3.3 + 0.1 3.5
2_Ra 16.7 + 0.2 17.7
_Ra 8.2 + 0.2 8.7

2Z_Ra 1.8 + 0.3 1.7
2n_a 4,0 + 0.2 3.6
2_Ra 18.8 + 0.4 18.3

2_Ra 9.6 + 0.7 9.3
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TABLE C.46. Summary of United States Testing Company Results on EPA Laboratory

Intercomparison Studies Program Samples (contd)

Sample Type Anaylsis UST Result EPA KnownValue
Water _°6Ru 164.7 :t: 4.9 178
(contd) l°6Ru 123.0 + 3.6 128

l°6Ru 155.7 5: 2.5 161
S9Sr 40.7 + 1.5 40
S9Sr 6.3 :t: 0.6 8
SgSr 5.0 _ 0.0 6
_gSr 14.0 + 1.0 14
9°Sr 21.3 + 0.6 25
9°Sr 7.7 :t: 0.6 8
9°Sr 5.7 + 0.6 6
9°Sr 9.0 + 1.0 10

U (natural) 3.0 + O.0 3
23sU 4.3 + 0.6 5
2-_U 39.3 + 2.9 41

16.0 + 1.0 15
6SZn 173.3 + 5.7 159
6_n 184.0 + 2.7 165
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TABLE C.47. Summary of United States Testing Company Results on DOE Quality

Assesment ProgTam Samples

Sample Type Anayl.sis UST Result EMl,,Known Value

Air Filter Z41Am 0.1920 + 0.0384 0.225
(pCi/filter) Z_lAm 0.0173 + 0.0019 0.018

7Be 1180 + 59 1950
"rBe 120 + 4.8 123
l'UCe 302 + 21.14 327
_*_2e 7.22 _+ 0.7942 7.08
6°(20 126 4- 6.3 126
6°(20 8.67 + 0.4335 8.17
_2s 132 + 3,96 158
l_,,s 8,32 + 0.2496 9.33
_Cs 193 + 7.72 189
_rTCs 3.80 + 0.152 3.58
_Mn 3.99 + 3.71 3.74
_Mn 4.47 +_ 0.134 4.17

0.244 + 0.0244 0.27
0.014 + 0.001 0.018

12SSb 28.70 4- 6.03 96.8
9°Sr 2.60 + 0.31 2.39
9°Sr 1.11 + 0.16 0.20

• U (I,tg) 0.59 + 0.11 0.72
mU 0.07 + 0.017 0.09

0.081 + 0.016 0.09

Water _Am 0.0043 + 0.0003 0.0045

(pCi/L) _Am 0,300 + 0.024 0.333
l*_Ce 146 + 11.68 132
$7Co 0.824 + 0.041 0.88
57Co 144 4- 12.96 135
t_Co 0,917 4- 0.018 0.94
6°(20 160 4- 12.8 155
1_2s 2.35 4- 0.047 2.73
l_2s 63 4- 6.3 68.3
l_Cs 2.59 4- 0.1036 2.55
lrTCs 72.7 4- 7.27 68.3
3H 6.13 + 0.12 6.31
3H 372 4- 0 395
_Mn 0.30 4- 0.006 0.3
_Mn 69.70 4- 6,97 65
z_gPu 0.0068 4- 0.0003 0.0059

0.25 4- 0.017 0.35
9°Sr 0.637 + 0,08 0.55
9°Sr 28 4- 1.40 31.7
U (j,tg) 9.63 4- 0.48 13.2
U _g) 12.60 -t-_ 1.89 13.2
z_U 0.0039 4- 0.0002 0.0045
mU 0.14 4- 0.0140 0.167
2_..I 0.0044 4- 0.0003 0.0044
z_q3 0.1430 4- 0.0143 0.167
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TABLE C.47. Summary of United States Testing Company Results on DOE Quality

Assessment Program Samples (contd)

Sample Type Anaylsis UST Result EML Known Value

Soil _lAm 0.275 5: 0.050 0,21

(pCi/g) _lAm 4.46 5: 0.76 2,22
laTCs 21.9 5: 1.10 20.80
_rICs 692 5: 28 642
_K 25 5: 1,5 24.1
4°I{ 651 + 91.14 561

0,42 5: 0,017 0.42
ZSPu 15.3 + 0.77 17.1
9°Sr 1.3 5: 0,03 1.09
9°Sr 3.92 5: 0.67 5,73
z_U 25 5: 1.0 21.7

26.1 5: 2.09 21.7

Vegetation _ Am 0.014 5: 0.0015 0.015
(pCi/g) lrrCs 1.82 + 0.04 1.6

IrrCs 54.6 5: 1.09 47.9
4°I{ 30.6 5: 0 26.1
'_K 1570 5:125.6 1290
z_rPu 0.021 5: 0.0017 0.022
Z_Pu 0.074 5: 0.012 0.0745
9°Sr 3.93 5: 0.04 3.75
9°Sr 1330 5: 39.9 1830
z_U 0.0068 5: 0.0009 0.01
z_U 0.44 5: 0.04 0.6

0.0068 5: 0.0009 0.012
z_tJ 0.42 5: 0.029 0.60

tl
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TABLE C.48. WDOH- and PNL-Shared TLD Stations in 1989

Exposure Rate (mR/day)C')
First°'t Second Third Fourth

Location WDOH PNL WDOH PNL WDOH PNL WDOH PNL

U,S, Ecology NE Comer 0.22 0.23 0.23 0.31 0,19 0,30 0,25 0,27
NW Comer 0.23 0.24 0,25 0.26 0,20 0,30 0.25 0,26
SW Comer 0.29 0.27 0,31 * 0,26 0,32 0.35 0,34

WNP-2 Station 1 0.27 0.24 0,25 0,29 0,18 0.34 0,26 *
WNP-2 Station 4 0,25 0,21 0.20 0,26 0,14 0.31 0,22 0,25
WNP-2 Station 8 0.28 0,26 0.27 0.31 0,23 0,30 0,29 0,27
200-E SE 0,23 0.25 0.21 0.22 0.19 0,29 0,24 0,27
E 200-E 0.25 0.24 0,23 0.22 0,21 0.32 0,24 0,28
N 200-E 0.24 0.24 0,23 0.21 0.20 0.30 0,21 0,28
Rt. 1lA, Mile9 0.23 0,25 0,22 0,21 0.19 0,30 0.21 0.29
GTE Building 0.20 0,22 0.19 0,20 0,18 0,30 0.20 0,27
S 200-E 0.25 0,26 0,25 0,24 0.21 0.33 0.24 0,30
SW of BC Crib 0.24 0.25 0,21 0.23 0,19 0,33 0,23 0,30

Army Loop Camp 0.22 0.23 0,22 0.23 0,19 0.32 0,21 0,30
Yakima Barricade 0.24 0.25 0,23 0,23 0.21 0,33 0,23 0,29

Wye Barricade 0,21 0,21 0,19 0,19 0,17 0,27 0.21 0.24
Moses Lake 0.19 0,19 0,19 0.16 0,17 0.25 0,19 0,28
Connell 0.24 0.22 0,24 0.18 0,17 0.28 0.23 0,28
Richland 0,23 0.22 0,20 0,17 0,19 0.27 0.22 0,26
Sunnyside 0.21 0.21 0.20 0,18 0.18 0,24 0,17 0,29
Yakima 0.21 0.20 0.18 0.17 0,17 0,24 0,20 0,28

(a) TLD results for WDOH and PNL at the same location in units of milliroentgens per day,
(b) First, second, third, and fourth refer to the 1989calendar quarters.
• No data.
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APPENDIX D

ANALYTICAL PROCEDURES AND SAMPLING SUMMARY

SURFACE MONITORING: 5lCr l_Sb 2°8T1
RADIOLOGICAL SA]V'_PLES 54Mn l_Sb 212pb

59Fe 1311 212Bi

All routine environmental surveillance samples 57C0 133I 214pb
are analyzed according to detailed, written ana- 58C0 135I 214Bi
lyrical procedures that are described in general 6°C0 l_Cs 2_Ra
terms in this section. (.) Minimum detectable 65Zn 137Cs 226RaDa

concentrations for the various medium/analysis 76As 133Ba 228ThDa
combinations and other analytical information 75Se 1'tuBa 234Th
are shown in Table D. 1. 85Kr 14°BaLa 232ThDa

8SSr 139Ce 238U Da
AIR SAMPLES 9SZr 141Ce

9dNb 144Ce

Alpha. and Beta-Emitting Radionuclides are 95ZrNb Da = decay product
measured by a direct count from the glass fiber
filter. (b) Alpha radiation is counted on a low- Strontium-90 is leached from glass fiber fil-
background, gas-flow proportional counter and ters (b)with fuming nitric acid, scavenged with
beta on a gas..flow proportional counter, barium chromate, precipitated as a carbonate,

transferred to a stainless steel planchet, and
Gamma-Emitting Radionuclides _,recounted counted with a low-background, gas-flow pro-
directly from glass fiber filter¢ b>using a lith- portional counter. '
ium-ion drifted germanium [Ge(Li)] detector
with a multichannel, pulse-height analyzer. Uranium is leached from glass fiber filters (b)
Listed below are the nuclides that are scanned with nitric acid, extracted into hexone, and then

during the analysis: back-extracted into water. A portion of the
water extract is purified, electrodeposited onto

rBe 99M0 144CePr a stainless steel planchet, and then counted with
22Na I°3RH 147Nd an alpha spectrometer.
24Na _O6Ru 152Eu

4°K I_°MAg IS4Eu Plutonium is leached from glass fiber filters (b)
468C ll3Sn _SSEu with nitric acid and passed through an anion-

exchange resin. The plutonium ota the resin

column is eluted with nitric and hydrofluoric

(a) Procedures Manuai, UST-RD-PM, United acids, electrodeposited on a stainless steel disk,
States Testing Company, Inc., Richland, and then counted with an alpha spectrometer.
Washington.

(b) >99% efficient for 0.3-_m panicles. Tritium in air as titrated water vapor is meas-
ured in water vapor collected in silica gel. The
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water vapor is removed from the gel by heat residue '.3plated on a stainless steel planchet
and vacuum action, and then collected in a and counted with a low-background, gas-flow
freeze trap. The 3H content of the water vapor proportional counter.
is determined with a liquid scintillation
spectrometer. Beta.Emitting Radionuclides are counted

directly from dried residue using a gas-flow
lodine-131 is collected on TEDA-treated acti- proportional counter.
vated charcoal (90% and 70% efficient for
methyl iodine at 2.6 and 5.2 mS/h, respectively) Gamma-Emitting Radionuclides are counted
and then counted on a lithium-ion drifted directly from 500 mL of sample concentrate
germanium [Ge(Li)] detector with a multi- using a lithium-ion drifted germanium [Ge(Li)], ,

channel, pulse-height analyzer, detector with a multichannel, pulse-height
analyzer. See page D.1 for a list of radionu-

Iodine-129 is collected on a special petroleum- elides included in gamma scan analysis.
based charcoal. Iodine is removed from the

charcoal, purified, and determined by mass St_'ontium-90 in large-volume water samples is
spectrometry, precipitated with fuming nitric acid, scavenged

with barium chromate, precipitated as a car-

Carbon-14 is collected as CO 2 gas using sod.a bonate, transferred to a stainless steel planchet,

lime. The CO z !s released from the soda-lime and counted with a low-background, gas-flow
sample with acid and injected into a "Benzene proportional counter. After 15 days, the 9°Sr

Synthesizer" instrument. The CO2 is quantita - decay product is separated and then counted
tively converted to benzene through a series of with a proportional counter.
catalytic reactions. The benzene product is
mixed with scintillation solution and counted Tritium samples can be counted directly with a
on a low-temperature, liquid scintillation liquid scintillation spectrometer, or the sample
counter, can be enriched by alkaline electrolysis and

then counted with a liquid scintillation spec-
Krypton-85 is removed from the air sample tromete '
and purified using a specially constructed cryo-
genic chromatography instrument. The sample Uranium in the water sample is adsorbed onto
is passed through a series of cold traps to anion resin following wet ashing, purified,
remove unwanted gases. The purified SSKris electrodeposited onto a stainless steel planchet,
then mixed with scintillation solution and and then counted with an alpha
counted on a low-temperature, liquid scintilla- spectrometer.
tion counter.

Filter-Resin Samples are analyzed for gamma-
WATER SAMPLES emitting radionuclides using a lithium-ion

drifted germanium [Ge(Li)] detector with a
Alpha-Emitting Radionuclides (uranium and multichannel, gamma-ray spectrometer. Ali-
plutonium) are extracted into ether from strong quots of the samples are analyzed by mass
nitric acid. The ether phase is evaporated. The
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spectrometry for 129Iand by chemical separation and weighed, The dried sample is counted
and alpha spectrometry for plutonium, directly with a low-energy photon detector

(LEPD) system,
MILK

Plutonium in foodstuffs is measured as it is in

Gamma-Emitting Radionuclides in milk are air-filter samples, after samples have been
counted directly using a lithium-ion drifted dried, ashed in a furnace, and treated with nitric
germanium [Ge(Li)[ detector with a multichan- a<:td,
nel, pulse-height analyzer,

Strontium.90 is measured as it is in air sam-

Tritium in water distilled from milk is counted ples, but samples are dried, ashed in a furnace,
directly with a liquid scintillation spectrometer, and treated with nitric acid before t;xposure to

fuming nitric acid,
Iodine.129 is separated from milk with an
anion-exchange resin, purified, and analyzed by VEGETATIONAND WILDI, IFE

mass spectromet(y,
Uranium is extracted into hexone from the

Iodine.131 is removed from milk with an sample following dry ashing, Uranium is back-
anion-exchang_ _,resin, The iodine is eluted extracted into water, purified, fused in a fluo-
with sodium hypochlorite, precipitated as ride flux, and then analyzed with a fluorimeter
palladium iodide, and beta-counted with a low- as total uranium,
background, gas..flow proportional counter.

Plutonium, Strontium, and Gamma-Emit-
Strontium-90 is removed from milk with a ling Radionuclides are measured using the
cation resin, eluted with sodium chloride, pre- prt_edures described for foodstuffs,
cipitated as a carbonate, and transferred to a
stainless steel planchet for counting with a low- SOIl., AND SEDIMENT
background, gas-flow proportional counter.

Ali soil and sediment samples are pretreated by
FOODSTUFFS weighing, drying, and ball milling to a constant

particle size of 300 microns or less. Samples
Gamma-Emitting Radionuclides in foodstuffs net requiring further pretreatment are counted
are counted directly on a lithium-ion drifted directly to detect gamma- and low-energy
germanium [Ge(Li)[ detector with a multichan- photon-emitting radionuclides, For plutonium
nel, pulse-height analyzer, and strontium analyses requiring chemical

separations, 1-gram aliquots of samples are
Tritium in water distilled from farm produce is dissolved with concentrated acids by heating in
counted directly with a liquid scintillation pressurized containers in a microwave oven.
spectrometer.

Gamma-Emitting Radionuclides are counted
Iodine-129 in foodstuff samples (other than en a lithium-ion drifted germanium IGe(Li)l
milk) is determined after the sample is dried
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detector with a multichannel, pulse-height GROUND-WATER MONITORING:
analyzer, after the sample is placed in a mar- RADIOLOGICAL SAMPLES
inelli beaker.

All ground-water monitoring samples are ana-
Plutonium and Strontium-90 are measured lyzed according to detailed, written analytical
after the sample is pretreated. Strontium is pre- procedures that are briefly described below.
cipitated from the sample as strontium oxalate, Minimum detectable concentrations for the
The sample is then convertect and precipitated various medium/analysis combinations and
as a carbonate, transferred to a planchet, and other analytical information are shown in
counted with a low-background, gas-flow Table D. 1.
proportional counter, After the strontium has
been removed from the sample, the plutonium Total Alpha.Emitting Radionuclides are
is coprecipitated with calcium oxalate, dis- measured after the samples are evaporatedand
solved, and loaded onto an ion-exchange resin the salts and solids are dissolved in nitric acid
column, The plutonium is eluted from the resin and extracted from the acid by tile diethyl ether
column withnitric and hydrofluoric acids, rnethod. Each sample is then evaporated, dried
deposited on a stainless steel or platinum disk, on a counting dish, and measured by the ZnS
and counted with an alpha spectrometer, scintillation counter. The chemical yield is

about 83%,

Uranium analysis is conducted after the
sample is pretreated, The sample is counted Total Beta.Emitting Radionuclides are meas-
directly with an LEPD system, ured after each sample has been evaporated

onto a 1-in, counting dish. The residue is theri
SURFACE MONITORING: counted with a gas-flow proportional counter.
NONRADIOLOGICAL SAMPLES

' Gamma-Emitting Radionuclides are meas-
Surface.Water Samples ured by analyzing 500-mL samples in poly-

ethylene bottles, A sodium iodide or lithium-
Water samples collected to monitor Columbia ion drifted germanium detector is used to count
River water quality are analyzed according to the samples. The standards are traceable to the
standard methods. Most onsite analyses make National Institute of Standards and Technology
use of the most applicable methods recom- (formerly the National Bureau of Standards).
mended by the American Public Health Asso-
ciation in their publication Standard Methods Tritium samples are first distilled from a neu-
for the Examination of Water and Wastewater: tralized aliquot to which holdback carriers have

" Including Bottom Sediments and Sludges been added..After the first fraction of distillate
(APHA 1985), Supplemental U.S. Geological is discarded, 20 naL are collected in a single
Survey (USGS) samples are analyzed accord- vial. Aliquots of distillate are counted with a
ing to approved USGS standard methods, liquid scintillation spectrometer. Duplicate

counts aze made to reduce the error of the
measurements.
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GROUND-WATER MONITORING: the plasma torch where excitation occurs, Tl:e
CHEMICAL SAMPLES atomic emission is then measured by an optical

l_pectroscopic technique, In the GFAA method,
Samples collected to monitor the quality of the the digest is dried, ashed, and atomized in a
ground water are analyzed according to stan- graphite tube furnace, The constituent concen-
dard methods, The most applicable methods tration is proportional to the absorption of
are recommended by the American Public hollow-cathode radiation during atomization,
Health Association in these publications:
Standard Methods for the Examination of Inorganic Anions (including nitrate) are
Water and Wastewater: Including Bottom determined by ion chromatography, After
Sediments and Sludges (APHA 1985); [ASTM's being injected into the ion chromatograph, the
(American Society for Testing and Materials)./ sample is pumped through three ion-exchange
Annual Book of ASTM Standards (Sections columns to convert the anions in the sample to
11,01 and 11,02) (ASTM 1987); Manual on their corresponding acids, The separated anl-
Water; STP 442A; and Test Methods for ons in their acid form are measured using an
Evaluating Solid Waste; Physical/Chemical electrical-conductivity cell,
Methods (EPA 1982),

Volatile Organic Chemicals are determined
Fluoride is measured by ion chromatography by Gas Chromatography and Mass Spectrom-
(see "Inorganic Anions") or by an electrode etry (GC/MS). Volatile organic chemicals are
method to attain a lower detection level introduced to the mass spectrometer by the
(50 ppb). A 50-mL aliquot of sample is mixed purge-and-trap method, in which the volatile
with ionic-strength buffer. The specific ion components are converted from an aqueous

electrode is placed in the mixture while it is phase to a vapor phase, trapped on a sorbent
being gently stirred. The meter reading is column, and then desorbed onto a gas chromat-
compared to a previously developed calibra- ographic column, This column is heated to
tion curve (50 to 25,000 ppb) to determine the elute the components, which are then detected
sample concentration, by the mass spectrometer.

Temperature, plt, and Conductivity are Certain Organic Constituents are analyzed by
determined in the field according to field direct aqueous injection, which requires no pre-
instrument instructions, paratory steps before the samples are injected

into the gas chromatograph and detected by the
Coliform Count is determined by multiple- mass spectrometer. Substances identified in
tube fermentation, sar,aples by GC/MS techniques are verified by

comparing the suspect mass spectra to the mass
Metals are measured by either the Inductively spectrum of a standard of the suspected sub-
Coupled Plasma (ICP) method or the Graphite stance, The computerized system used to
Furnace Atomic Absorption (GFAA) method, search the mass-spectrometry library is capable
In either case, the sample is first acid-digested, of providing a forward comparison using the
In the ICP method, the digest is then nebulized, standard spectra contained in the EPA/National
with the resultant aerosol being _ransported to Institute of Health mass spectral data base.
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Pesticides, Herbicides, and Polychlorinated Total Organic Carbon is determined by the
Biphenyls are measured by gas chromatogra- combustion-infrared method. The sample is
phy with an appropriate detector, Extractions sparged with hydrochloric acid to remove inor-
are perfomled as necessary, Positive con- ganic carbon, Th,._homogenized sample is
centrations are verified by rea.rtalysis of the vaporized With an oxidative catalyst, thereby

extract using a confirmation gas choma- converting the organic carbon to CO2. The
tography column or by GC/MS. CO 2is measured with a nondispersive infrared

analyzer.
TOtal Organic ltalogens aa'emea,qured after
the sample is passed through a column con- A summary of analytical methods used for
taining activated carbon. The column is chemical ground-water monitoring is shown in
washed to remove trapped inorganic halides, Table D.2,
and the carbon is then analyzed to convert the
adsorbed organohalides to a titratable species
that can be measured by a microcoulometric
detector.
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, TABLE D.I. Radiological Monitoring Sampling Summary

Minimum

Scheduled Det,_ctable Analysis

Medium Type of Frequency Approximate Count Concentration Aliquot Sampling
Sampled Analysis of Collection Sample Size Time .... (MI)C) Size Location

Air Gross alpha Biweekly 850 m a 50 min 0.001 pCi/m 3 850 m3 Off Site/
On Site

Gross beta Biweekly 850 m 3 40 min 0.003 pCi/m 3 850 m3 Off Site/
On Site

HTO u) Monthly 10 m3 150 min 0.3 pCi/mL 5 mL Off Site/
On Site

_4C°'_ Bimonthly 40 m3 150 rnin 1.0 pCi/m 3 10 g of Off Site/
carbon On Site

SSKr_°_ Monthly 0.3 m3 150 min 2.0 pCi/m 3 0.3 m3 Off Site/
On Site

89Sr Quarterly 5100 m _ per 100 min 0.01 pCi/m 3 2000- ' Off Site/
comp. station 10,000 m3 on Site

9°Sr Quarterly 5100 m _ per 100 min 0.001 pCi/m 3 2000- Off Site/
comp. station 10,000 m3 On Site

_2_I(d_ Quarterly 850 m3 per NA 0.001301 pCi/m 3 850 m3 Off Site/
comp. station On Site

mi Biweekly 850 m3 1130min 0.01 pCi/m 3 850 m3 Off Site/
On Site

Gamma scan Monthly comp. 1700 m3 per 50 min 0.01 pCi/m 3 1700- Off Site/
(_rICs) station 7700 m3 On Site

Z3_lhl Quarterly 5100 m3per 1000 min 0.000025 2000- Off Site/
comp. station pCi/m _ 10000 m3 On 3ire

_9._'°Pu Quarterly 5100 m3 per 1000 min 0.000025 2000- OffSite/
comp. station pCi/m 3 10O_ m3 On Site

U (isotopic) I_ Quarterly 5100 m3 per 1000 min 0.00005 pCi/m 3 2000- Off Site/
comp. station 10000 m3 On Si,te

Ground Gross alpha Semiannually 1 L 100 min 4 pCi/L 1_ mL On S:ite
water

Gross beta Semiannually I L 30 rain 16 pCi/L 100 mL On,S lte

Gamma scan M,Q,SA,A _° 1 L 100 rain 30 pCi/L 50t') mL On Site

3H M,Q,SA (o '1 L 1200 min 300 pCi/L 4 mL On Site

9°Sr Q.SA (° 1 L 30 min 0.6 pCi/L 500 mL On Site

129I Annually 4 L NA ] x 10 .6pCi/L <1-<50 mL On Site

129I Annually 4 L 100 mh'l 15 pCi/L 4000 mL On Site

129I(DWS) Annually 4 L 1000 min 1 pCi/L 1000 mL On Site

z39'_'4°Pu Semiannually 1 L 1000 min 0.10 pCi/L 1000 mL On Site

Uranium M,Q _0 1 L 100 mira 0.5 pCi/L 0.5 mL On Site
(natural)

_I'c Semiannually i L i50 rain i5 pCb"t, I uuu........_,_' _ _':'__k..JlIdt 1 I.S..,
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TABLE D.1. Radiological Monitoring Sampling Summary (contd)

Minimum

Scheduled Detectable Analysis

Medium Type of Frequency Approximate Count Concentration Aliquot Sampling

Sampled Analysis of Collection Sample Size Time (MDC) Size Location

Ground _aNi Semiannually 1L 150 rain 10 pCi/L 1000 mL On Site
water
(contd)

14C p(0 200 mL 150 rain 20 pCi/L 200 mL On Site

River water Gross alpha Weekly 1 L 50 rain 4.0 pCi/L 1 L Off Site

Gross beta Weekly 4 L 20 rain 4.0 pCi/L 1 L Off Site

Gross alpha Monthly comp. 40 L 50 rain 4.0 pCi/L 500 mL Off Site

Gross beta Monthly comp. 40 L 20 min 4.0 pCi/L 500 mL Off Site

3H (enriched) Monthly comp. 40 L 450 rain 50 pCi/L 150 mL Off Site

89Sr Monthly comp. 40 L 100 rain 0.6 pCi/L 10 L Off Site

9°Sr Monthly comp. 40 L 100 rain 0.06 pCi/L 4-10 L Off Site

Gamma scan Monthly comp. 40 L 50 rain 8,0 pci/L 4-10 L Off Site

Uranium Monthly comp. 40 L 1000 min 0.06 pCi/L 100- Off Site
(isotopic) 1000 mL

Resin 129I Quarterly 6000 L NA 0.000001 pCi/L 1500- Off Site/
comp. water 3000 L On Site

Resin and Gamma scan Biweekly 1000 L 1000 rain 0.01 pCi/L 250-500 L Off Site/
particulate (t37Cs) water On Site

Resin z_'_°Pu QL,arterly 6000 L 24-72 h 0.0065 pCi/L 1500- Off Site/
comp. water 3000 L On Site

Particulate _9'U°Pu Quarterly 6000 L 24-72 h 0.00005 pCi/L 1500- Off Site/
comp. water 3000 L On Site

Surface Gross alpha Quarterly 10 L 50 rain 4.0 pCi/L 500 mL On Site
water

Gross beta Quarterly 10 L 20 rain 4.0 pCi/L 500 mL On Site

3H Quarterly 10 L 150 min 300 pCi/L 5 mL On Site

S9Sr Quarterly 10 L 100 min 0.6 pCi/L 4-10 L On Site

Gamma scan Quarterly 10 L 50 rain 8.0 pCi/L 4-10 L On Site
(_3_Cs)

Milk 3H Monthly 10 L 150 min 300 pCi/L 5 L Off Site

°°Sr Quarterly 10 L 100 min 2.0 pCi/L 1 L Off Site

131I Biweekly l 0 L 104)min 0.5 pCi/L 4 L Off Site

_. _'_I Monthly l0 L 1(30min 0.5 pCi/l., 4 L Off Site

129I Semiannually,, 4 L NA 0.00001 pCi/L 3-4 L Off Site

Gamma scan Biweekly 10 L 1000 min 10 pCi/L 450 mL Off Site
(137Cs)
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TABLE D.1. Radiological Monitoring Sampling Summary (contd)

Minimum

Scheduled Detectable Analysis

Medium Type of Frequency ApprOximate Count Concentration Aliquot Sampling
Sampled An_ysis of Collection S.ample Size Time (MDC) Size Location

Milk Gamma Scan Monthly 10 L 1000 min 10 pCi/L 450 mL Off Site
(contd) (WTCs)

Fruit SH Annually 2kg 150 min 300pCi/L 5 mL (water) Off Site

9°Sr Annually 2 kg 200 rain 0,005 pCi/g 100 g Off Site

Gamma scan Annually 2 kg 1000 rain 0.015 pCi/g 250-500 g Off Site '
(137Cs)

_9'_°Pu Annually 2 kg 1000 rain 0.0006 pCi/g 100 g Off Site

Produce 9°Sr Annually 2 kg 200 rain 0.005 pCi/g 100 g Off Site
and farm
products

Gamma scan Annually 2 kg 1000 rain 0.015 pCi/g 250-500 g Off Site
('STes)

z_9'_'°Pu Annually 2 kg 1000 min 0,0006 pCi/g 100 g Off Site

Beef 9°Sr Annually 1 kg 1O0 min 0,005 pCi/g 1O0 g Off Site

Gamma scan Annually 1 kg 1000 min 0,015 pCi/g 250-500 g Off Site
('"Cs)

Poultry 9°Sr Semiannually 1 chicken 1043min 0.005 pCi/g 100 g Off Site
(boneless
muscle)

Garmna scan Semiannually 1 chicken 1000 min 0.015 pCi/g 250-500 g Off Site
(mC,0 (boneless

muscle)

Eggs 9°Sr Semiannually 1 doz. 100 min 0,005 pCi/g 100 g Off Site

Gamma scan Semiannually 1 doz, 1000 rnin 0,015 pCi/g 250-500 g Off Site
('STes)

Wine SH Annually 1 L 150 mLa 300 pCi/L 5 mL Off Site

Gamma scan Annually 1 L 50 min 8.0 pCi/L 750 mL Off Site
('S_Cs)

Fish fillet , _°Sr 20 per year 1 fish fillet 100 min 0.005 pCi/g 100 g Off Site/
On Site

Gamma scan 20 per year 1 fish fillet 10":'0rain 0.015 pCi/g 250-500 g Off Site/
('STCs) On Site

Fish carcass 9°Sr 20 per year 1 fish carcass 100 min 0,005 pCi/g 100 g Off Site/
On Site

Gamma scan 20 per year 1 fish carcass 1000 min 0.015 pCi/g 250-500 g Off site/
(mCs) On Site

Ducks and 9°Sr 20 per year 1 bird (bone) 100 min 0,005 pCi/g 100 g On Site
gamebirds

Gamma scan 32 per year 1 bird (bone- 1000 min 0.015 pCi/g 250-500 g On Site
('s'lCs) less muscle)
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TABLE D.1. Radiological Monitoring Sampling Summary (contd)

Minimum

Scheduled Detectable Analysis
Medium Type of Frequency Approximate Count Concentration Aliquot Sampling

Sampled Analysis of Collection Sample Slze Time __ (MDC) Size Location

Game birds Gamma scan 22 per year 1 bird 1000 rain 0,015 pCi/g 250-500 g On Site
(137Cs) (muscle)

Deer Gamma Scan 8 per year 1 kg (muscle) 1000 min 0,015 pCi/g 250-500 g On Site
(137Cs)

9°Sr 8 per year 250 g (bone) 100 rain 0,0006 pCi/g 100 g

z_9'z_:_u 8 per year 1 kg (liver) 1000 min 0.006 pCi/g 100 g On Site

Rabbits 9°Sr 12 per year 250 g (bone) 100 min 0.005 pCi/g 1130g Oq Site

Gamma scan 12 per year 500 g I000 min 0.015 pCi/g 250-500 g On Site
(137Cs) (muscle)

z_9'_Pu 12 per year 1 liver 1000 min 0.0006 pCi/g 100 g On Site

Soil and 9°Sr Annually 1.5 kg 100 min 0.005 pCi/g 100 g Off Site/
sediment On Site

Gamma scan Annually 1.5 kg 100 min 0.02 pCi/g 500 g Off Site/
(t37Cs) On Site

Uranium Annually 1.5 kg 500 rnin 1.0 pCi/g 100 g Off Site/
(LEPD) On Site

_9a,_ Annually or 1.5 kg 1000 min 0.0006 pCi/g 1.0 g Off Site/
quarterly On Site

Native Gamma scan Annually 2 kg 1000 min 0.03 pCi/g 125 g Off Site/
vegetation (137Cs) On Site

_°Sr Annually 2 kg 200 min 0.1305pCi/g 100 g Off Site/
On Site

Total U tLqnually 2 kg NA 0.01 pCi/g 10 g Off Site/
On Site

z39a'_:Sa Annually 2 kg 1000 min 0.0006 pCi/g 109 g Off Site/
On Site

Direct Thermolumi- Monthly 5 TLDs per NA 1.9 mR _0 NA Off Site/
radiation ,nescent holder On Site
exposure dosimeter

(TLD)

(a) Tritiated water vapor.
(b) Five locations.
(c) Twelve locations.
(d) Four locations.
(e) Nine locations.
(f) M = monthly, Q = quarterly, SA = semiannually, A = annually, P = periodic.
(g) Absolute sensitivity in the manner it is used is well below one millirem.
NA Not applicable.



TABLE D.2. Analytical Methods for Chemicals in Ground Water

Collection and Detection

Constituent Preservation ¢',b) Methods I°_ Limit, ppb Cd)

!

Barium 6
Cadmium 2
Chromium 10
Silver 10

Sodium 200
Nickel 10

Copper P, HNO_ to pH<2 EPA 1982 10
No. 6010

Vanadium , 5
' Aluminum , 150

Manganese 5
Potassium 100
Iron 30

Calcium 50
Zinc 5

Beryllium 5
Strontium 20

Antimony 1O0

Arsenic P, HNO 3 to pH<2 EPA 1982 5 -
No. 7060

Mercury G, HNO 3to pH<2 EPA 1982 0.1
No, 7470

Selenium P, HNO 3 to pH<2 EPA 1982 5
No, 7740

Lead ' P, HNO 3 to pH<2 EPA 1982 3
No, 7421

Nitrate 500, 2500 C°)
Sulfate 500

Fluoride P, None 70-IC of'8) 500
Chloride 500

Phosphate 1000

Total Organic Halogen G, H2SO4 to pH<2 EPA 1982 20
No headspace No. 9020

Total Organic Carbon G, H3PO4to pH<2 APHA 1985 1000
No. 505

Total Carbon G, None APHA 1985 1000

No. 505

Ammonium ion G, H2SO4 to pH<2 APHA 1985 50
No. 4] 7, A-E

Cyanide P, NaOH EPA 1982 10
No. 9010

Fluoride (LDL) Cb) P, None Specific Ion Electrode 20
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TABLE D.2. Analytical Methods for Chemicals in G. ound Water (contd)

Collection and Detection

Constituent Preservation _''bl MethodstO Limit, ppb_d)

Volatile Organic Analysis G, No headspa_ EPA 1982
(see Table D,3 for No, 8240
detailed list)

Gross Alpha P, HNO_ to pH<2 EPA 1975 4 pCt/L
No, 680

Gross Beta P, HNO 3 to pH<2 EPA 1975 8 pCI/L
No, 680

AlkaliTdty P, None APHA 1985 .-.
No, 403

pH (Lab) P, None APHA 1975 .-.
No, 423

pH Field measurement 0,01 pH unit 0_

Temperature Field measurement 0,1 °C0)

Specific Conductance Field measurement 1 Iss

Hexachlorophene 10
Naphthalene 10

Phenol 10
, Kerosene 10

Chlorinated Benzenes 10 ppm
1,2-dichlorobenzene
'1.3-dichlorobenzene

1:4-dichlorobenzene G, None EPA 1982
No, 8270

hexachlorobenzene

pentachlorobenzene
1,2,4,5-tetrachloro benzene
1,2,3,4-trichlorobenzene

1,2,3-trichlorobenzene
1,3,5.trichlorobenzene
1,.2,3,4-tetrachlorobenzene
1,2,3,5-tetrachl orobenzene

(a) G = glass, P = plastic,
(b) All samples cooled to 4°C on coUection,

(c) Constituents grouped together are analyzed by the same method,
(d) Detection limit units except where indicated.
(c) Detection limit 2500 when five-fold dilution used.

(f) In-house analytical method fi om United States Testing Company, Inc. (UST) Procedure Manual based on Test Method,

The Determination of Inorganic Anions in Water by Ion Chromatography (O'Dell et al. 1984).
(g) lC = ion chromatography.
(h) LDL = low detection level.
(i) Measurement resolution.
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TABLE D.3. Volatile Organic Compounds
and Detection Limits

Constituent Detection Limit

Acetonitrile <3 ppm
Ethylene Oxide <3 ppm

Tetrachloromethane (carbontetrachloride) <5 ppb
Benzene <5 ppb
Chloroform <5 ppb
Toluene <5 ppb
1,1,1-Trichloroethane <5 ppb
1,1,2-Trichloroethane <5 ppb
I, 1,2-Trichloroethene (Trichloroethylene) <5 ppb
perchloroethylene <5 ppb
Xylene (O, P) <5 ppb
Xylene (M) <5 ppb

Acrolein < 10 ppb
Acrylonitrile < 10 ppb
Bis (Chloromethyl) Ether <10 ppb
Bromo Acetone < 10 ppb
Chloromethylmethylether < 10 ppb
Crotonaldehyde <10 ppb
1,2-Dibromo-3-Chloropropane <10 ppb
1,2-Dibromoethane <10 ppb
Dibromomethane < 10ppb
1,4-Dichloro-2-Butene <10 ppb
Dichlorodifluoromethane < 10ppb
N,N-Diethylhydrazine <10 ppb
Hydrogen Sulfide < 10ppb
Iodo Methane <10 ppb
Methacrylonitrile < 10ppb
Methanethiol < 10ppb '
Chloromethane < 10ppb
1,1-Dichloroethane < 10ppb
1,2-Dichloroethane < 10ppb
Methyl Bromide < 10ppb
Carbon Disulfide <10 ppb
Chlorobenzene < 10ppb
2-Chloroethylvinylether < 10ppb
Methylethyl Ketone < 10ppb
Methyl Methacrylate < 10ppb
Ethyl Methacrylate <10 ppb
Pentachloroethane < 10ppb
I, 1,1,2-Tetrachloroethane < 10ppb
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TABLE O.3. Volatile Organic Compounds and

Detection Limits (contd)

Constituent Detection Limit

Trichloromethanethtol < 10ppb
Trichlorofluoromethane < 1(3ppb
Trichloropropane < 10ppb
1,2,3-Trichloropropane < 10ppb
Diethylarslne < 10ppb
Trans- 1,2.Dichloroethene < 10ppb
1,1-Dichloroethene < 10ppb
Methylene Chloride < 10ppb
1,2.Dlchloropropane < 10ppb
1,3-Dichloropropenes < 10ppb
1,1,2,2-Tetrachloroethane < 10ppb
Bromoform < 10ppb
Vinyl Chloride <10 ppb
Hexone < 10 ppb

Dioxane <500 ppb
Formaldehyde <500 ppb
Pyridine <50C ppb

ii
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APPENDIX E

DATA SUMMARIES

Measuring any physical quantity (e,g,, tom- of the mean, If the data fluctuate randomly,
perature, distance, time, or radioactivity) has then the SE is a measure of the uncertainty in
some degree of inherent uncertainty. This the estimated mean of the data due to this
uncertainty results from the combination of ali randomness, If trends or periodic (e.g,, sea-
possible inaccuracies in the measurement proc- sonal) 3uctuattons are present, then the SE is
ess, including such factors as the reading of the primarily a measure of the variability in the
result, the calibration of the measurement trends and fluctuations about the mean of the

device, and numerical rounding errors. In this data, rather than a measure of the uncertainty
report, individual radioactivity measurements of the estimated mean due to random fluctua-
are accompanied by a plus or n 'nus (+) value, tions inthe data,
which is the uncertainty term known as a two-
sigma counting error. Because measuring a The mean, _, was computed as:
radionuclide requires a process of counting
random radioactive emissions from a sample, 1
the two-sigma counting error gives information _

•--- XIn

on what the measurement might be if the same
sample were counted again under identical

conditions. The two-sigma counting error where xI is the ith measurement and n is the
implies that epproximately 95% of the time, a number of measurements.
recount of the same sample would give a value
somewhere between the reported value minus The standard error of _ was computed as
the two-sigma counting error and the reported

value plus the two-sigma counting error. /-_
Values in the tables that are less than the two- SE,

sigma counting error indicate that the reported
result might have come from a sample with no
radioactivity. _ uch values are considered as where S2, the variance of the n measurements,
below detection. Also note that each radioac- was computed as
rive measurement must have the random back-

ground radioactivity of the measuring instru- sMa I _n (xi'_)2
ment subtracted; therefore, negative results are "n--ST
possible, especially when the sample has very
little radioactivity.

This estimator, S2, includes the variance

Just as individual values are accompanied by among the samples and the counting variance,
two-sigma counting errors, reported means (_) The estimated S_ may occassionally be less
are accompanied by two standard errors (SE) than the average counting variance.
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DOSE CALCULATIONS

The radiation dose that the public could have of release (stacks and effluent streams), Envt-
potentially received from 1989Hanford opera- ronmental concentrations were estimated from
ttons is calculated in terms of the "dose equtwl- these effluent measurements by environmental
lent" and "effective dose equivalent," These transport models, Dietary and exposure param-
dose quantities are given in units of milltrem eters were then applied to calculate radionu-
(torero) [mtlltsievert (mSv)]C'lfor individuals elide intakes and radiation doses to the public,
and in units of person-rem (person-Sv) for the Standardized computer programs were used to
collective dose received by the total population perform the calculations, These progq'amscon-
within an 80-km radius of the Site, These twininternally consistent mathematical models
quantities provide a way to express the radia- that use site-specific dispersion and uptake
tion dose, regardless of the typeor source of parameters, These codes are incorporated in
radiation or the means by which it is delivered, the master code titled GENII (Napier et al,
The values given in this report may be com- 1988a,b,c), which employs the dosimetry
pared to standards for radiation protection methodology described in ICRP Reports (1979-
(Table B,5, Appendix B), This appendix 1982), The assumptions and input data used in
describes how the doses were calculated for these calculations are described below,

this report,
TYPES OF DOSE CALCULATIONS

The transport of radionuclides from the envi- PERFORMED
ronment to the body is predicted by empirical
models of exposure pathways, These pathways Revised DOE Guidance for Dose
account for inhalation or ingestion of radionu- Calculations
elides present in air, water, and foods. Radio-
nuclides taken into the body may be distributed Calculations of radiation doses to the public
among different organs and retained for various from radionuclides released into the environ-
times, In addition, long-lived radionuclides ment are performed to demonstrate compliance
deposited on the ground become possible with applicable standards and regulations,
sources for long-term external exposure and
uptake by agricultural products, Beginning in 1985, the DOE required that

esr'mates of radiation exposure to the general
Radionuclide release rates from Hanford Site pl._blicbe in terms of the "effective dose equiv-
activities are usually too low to be measured in alent." The effective dose equivalent is a meas-
offsite air, drinking water, and food crops, ure of the total risk of potential health effects
Therefore, in most cases, the dose calculations from radiation exposure, The adoption and use
were based on measurements made at the point of the effective dose equivalent was previously

recommended by the ICRP (1979-1982). As in
the past, when concentrations of radionuclides

(a) 1 rem (0.01 Sv) = 1000 mrem (10 rnSv), in the environment are too low to measure, then

Appendix F ' F. 1



doses are calculated from effluent data using 1, "Fence.Post" Whole-Body Dose Rate
environmental transport and dosimetry models, (mrem/h and nlrem/yr)_ The maximum

external radiation dose rate during the year in

Estimated radiation doses from DOE operations areas accessl_:,l¢:by the general public was de-
have previously been reported in terms of the tenntned from _neasurements obtained in
dose equivalent (or simply, dose), whtch is a proximity to operating facilities.
measure of the energy absorbed by tissue

(rads), multiplied by a radiation quality factor, 2. "Maximally Exposed Indlvlduar' Dose
and modified by any other necessary factors, (mrem). The maximally exposed individual is
Under this system, standards for radiation pro- a hypothetical member of the public residing
tection were presented in terms of the critical near the Hanford Site who, by virtue of location
organ dose limits and were expressed in rem and living habits, could receive the highest
(or mrem), possible radiation dose from radioactive efflu-

ents released from Hanford. All potentially
The effective dose equivalent is the sum of significant short- and long-term exposure path-
individual committed (50-year) organ doses ways to this hypothetical individual were con-
multiplied by weighting factors that represent sidered, including the following:
the proportion of the total health-effect risk that
each organ would receive from uniform irradia- • inhalation of airborne radionuclides
tion of the whole body. The committed organ
dose may result from irradiation by either • submersion in airborne radionuclides
internal or external sources, and the two
sources are to be summed. • ingestion of foodstuffs contaminated by

radionuclides deposited on vegetation and the
In addition to implementing the effective dose ground by both airborne deposition and irriga-
equivalent requirement for offsite population tion water drawn from the Columbia River
dose calculations, the DOE has also adopted downstream of the 100-N Reactor site
the revised biokinetic models and metabolic

parameters for radionuclides given by the ICRP • exposure to ground contaminated by both
(1979-1982) for estimating radiation dose, airborne deposition and irrigation water

The calculation of the new effective dose • drinking of uncontaminated water from
equivalent takes into account the long-term deep wells
internal exposure from radionuclides taken into
the body during the current year. In this report, • ingestion of fish taken from the Columbia
the effective dose equivalent is expressed in River
rem (or millirem), with the corresponding value
in sievert (or millisievert) in parentheses. • recreation along the Columbia River,

including boating, swimming, and shoreline
The following types of radiation doses were activities.
estimated:
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3. 80-km Population Doses (person.rem). 125,000 people reside adjacent to the river
Regulatory limits have not been established for within 80 km of the Hanford Site and are
population doses, However, evaluation of the assumed to be affected by these pathways,
collective population doses to ali residents
within an 80.km radius of Hanford Site opera- , Flsh Consumption. Population doses from
tions provides an indication of the overall radi- the consumption of fish obtained locally from
ation exposure of the surrounding population, the Columbia River were calculated from an
The 80-km population dose equivalent and estimated total annual catch of 15,000 kg/yr
effective dose equivalent represent the summed (without reference to a specified human group
products of the individual doses for the number of consumers),
of individuals involved for ali potential expo-
sure pathways, DATA

The pathways for the maximally exposed indi- The data that are needed to perform dose calcu-
vtdual were assumed to also be applicable to lations based on measured effluent releases

the offsite population with the addition of include information on initial transport through
drinking water drawn from the Columbia River, the atmosphere or river, transfer or accumula-
Consideration was given, however, to the frac- tion in terrestrial and aquatic pathways, and
tion of the offsite population actually affected public exposure, By comparison, calculations
by each pathway, The river-related exposure based on measured concentrations of radio-
pathways for the population are as follows: nuclides in food require data describing only

dietary and recreational activities, exposure

• Drinking Water, The cities of Richland times, and dosimetry, These data are discussed
and fiasco obtain their municipal water from in the following sections,
the Columbia River downstream from the Han-

ford Site, The city of Kennewick began draw- Population Distribution
ing a portion of its municipal water from the
river ii1late 1980, During 1989, approximately Geographic distributions of population residing
40% of Kennewick's drinking water was drawn within an 80-km radius of the four Hanford Site
from the Columbia River, A total population of operating areas are listed in Tables F, 1 through
approximately 70,000 in the three cities drinks F,4, These distributions are based on 1980
water derived from the Columbia River, Bureau of Census data (Sommer et al, 1981),

• Irrigated Food. Columbia River water is Atmospheric Dispersion
withdrawn for irrigation of small vegetable
gardens and farms in the Riverview district of Radioactive material released to the atmosphere
Pasco in Franklin County. Enough food is becomes diluted as the wind carries it away
grown in this district to feed an ;_stimated from the release point. The degree of dilution
2000 people, and the magnitude of resultant air concentra-

tions are predicted by atmospheric dispersion
• River Recreation. These activities include models that use site-specific measurements of

swimming (10 h/yr), boating (5 h/yr), and the occurrence frequencies for wind speed,
shoreline recreation (17 h/yr), An estimated wind direction, and atmospheric stability, The
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products of the dispersion models are annual Certain parameters are specific to either
average dispersion factors (YUQ', in units of "maximally exposed" or "average" individuals.
Ci/m3 per Ci/s, or s/m3)that, when combined Note that beginning in i987, the food catego-
with annual average release rates, will predict des in Tables F.9 and F. 10 were regrouped and
average radionuclide air concentrations for the combined into fewer categories than in previ-

' year. Annual average dispersion factors around ous years. This new arrangement reduced the
the 100, 200, 300, and 400 Areas during 1989 number of calculations required without nota-
are given in Tables F.5 through F.8. Population bly changing the calculated doses.
expogure to airborne effluents was determined
using values uf population-weighted atmos- Public Exposure
pheric dispersion facturs for each compass
sector and distance. The potential offsite radiation dose is related to

the extent of external exposure to or intake of
" Terrestrial and Aquatic Pathways radionuclides that are released from Hanford

Site operations. Tables F.10 through F.12 give
Following their release and initial transport the parameters describing the diet, residency,
through the environment, radioactive materials and river recreation assumed for "maximally
may enter terrestrial or aquatic pathways that exposed" and "average" individuals.
lead to public exposure. These potential path-
ways include consumption of fish, drinking DOSE CALCULATION
water, and locally grown food. For example, DOCUMENTATION
radioactive material released to the river is

dilmed and may be withdrawn downstream for The Hanford Dose Overview Panel has the
irrigation. Radionuclides deposited on plants responsibility for defining standard, docu-

. and soil during irrigation can be taken into mented computer codes and input parameters to
plants through their roots and leaves, and may be used for radiation dose calculations for the
then be eaten by people oz'farm animals. The public in the vicinity of the Hanford Site. Only
numerous transfer factors used for pathway and those procedures, models, and parameters
dose calculations have been documented in defined by the Hanford Dose Overview Panel
GENII (Napier et al. 1988a, 1988b, 1988c). were used to calculate the radiation doses. The

calculations were then reviewed by the Dose
Important parameters affecting the movement Overview Panel. Summaries of dose calcula-
of radionuclides within potential exposure path- tion documentation for this report are given in
ways, such as irrigation rates, growing periods, Tables F.13 through F.17.
and holdup periods, are listed in Table F.9.
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TABLE F.1. Distribution of Population in 80-krn Radius of the 100-N Area by Population
Grid Sector ('_

Number of People
,_ 0-16 16-32 32-48 48-64 64-80

Direction km km km km km Totals

N 36 953 420 1,492 7,583 10,484
NNE 5 285 561 18,531 1,350 20,732
NE 0 624 1,013 2,691 259 4,587
ENE 0 620 5,884 1,129 429 8,062
E 0 294 625 2,742 605 4,266
ESE 0 306 1,493 596 247 2,642
SE 0 54 2,1.13 28,922 5,001 36,090
SSE 0 0 35,127 50,292 3,354 88,773 _
S 0 127 4,592 2,041 176 6,936
SSW 0 258 1,676 12,603 625 15,162
SW 0 547 4,946 16,747 469 22,709
WSW 0 680 1,699 8,297 15,274 25,950
W 18 395 936 5,149 75,686 82,184
WNW 54 573 377 490 1,598 3,092
NW 74 277 425 515 683 1,974
NNW 64 277 438 1,030 4,696 6,505

Totals 251 6,270 62,325 153,267 118,035 340,148

(a) Based on 1980 census data.
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TABLE F.2. Distribution of Population in 80-km Radius of the 200 Areas' Hanford

Meteorological Tower by Population Grid Sector _'_

Number of People
0-16 16-32 32-48 48-64 64-80

Direction km km km km km Totals

N 0 174 1,124 772 1,957 4,027
NNE 0 92 656 5,547 14,822 21,117
NE 0 262 5,930 2,963 596 9,751
ENE 0 235 773 2,366 435 3,809
E 0 340 1,329 1,659 588 3,916
ESE 0 283 1,374 230 652 2,539
SE 0 6,757 48,661 50,519 3,474 109;411
SSE 0 1,997 13,161 2,717 5,218 23,093
S 0 1,532 1,489 195 1,799 5,015
SSW 0 905 5,283 652 129 6,969
SW 0 1,190 19,786 2,182 459 23,617
WSW 5 1,840 5,063 15,088 4,573 26,569
W 32 648 949 6,874 78,635 87,138
WNW 73 444 802 833 2,833 4,985
NW 0 555 398 493 1,454 2,900
NNW 0 246 456 864 4,521 6,087

Totals 110 17,500 107,234 93,954 122,145 340,943

(a) Based on 1980 census data.

m
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TABLE F.3. Distribution of Population in 80-km Radius of the 300 Area byPopulation
Grid Sector ('_

Number of People
0-16 16-32 32-48 48-64 64-80

Direction km km km km km Totals

N 289 241 989 5,655 5,317 12,491
NNE 307 475 841 1,950 2,269 5,842
NE 18 966 2,583 562 205 4,334
ENE 307 465 349 470 238 1;829
E 291 114 137 174 687 1,403
ESE 338 288 863 594 17,891 19,974
SE 2,549 26,150 2,922 877 1,235 33,733
SSE 7,161 30,357 1,114 1,117 1,113 40,862
S 15,561 6,651 96 17,223 5,127 44,658
SSW 11,124 4,034 99 1,209 2,038 18,504
SW 10,066 3,931 706 182 181 15,066
WSW 4,429 1,810 5,531 8,988 621 21,379
W 294 984 2,226 16,878 16,293 36,675
WNW 0 0 692 1,543 1,679 3,914
NW 0 0 74 923 785 1,782
NNW 0 0 8 875 1,212 2,095

Totals 52,734 76,466 19,230 59,220 56,891 264,541

(a) Based on 1980census data.
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TABLE F.4. Distribution of Population in 80-km Radius Of the 400 Area by Population
Grid Sector ('_

Number of People
0-16 16-32 32-48 48-64 64-80

Direction km km km km km Totals

N 0 78 859 811 16,267 18,015
NNE 20 343 5,728 2,945 1,021 10,057
NE 114 377 760 1,033 217 2,501

i ENE 211 1,041 2,644 492 451 4,839
E 229 600 183 169 183 1,364
ESE 229 442 544 292 1,060 2,567
SE 344 25,267 13,654 2,105 952 42,322
SSE 10,829 40,933 5,688 719 2,364 60,533
S 11,760 9,385 1,525 5,611 15,691 43,972
SSW 1,446 4,550 583 185 1,927 8,691
SW 179 1,538 5,234 535 239 7,725
WSW 0 1,206 7,748 14,956 481 24,391
W 0 190 3,339 6,089 17,171 26,789
WNW 0 0 932 1,221 3,176 5,329
NW 0 0 295 903 705 1,903
NNW 0 0 264 1,302 1,182 2,748

Totals 25,361 85,950 49,980 39,368 63,087 263,746

(a) Based on 1980 census data.
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TABLE F.9. Food Pathway Parameters Used in 1989 Dose Calculations

Holdup, days (except as .n0ted)¢') Growing Irrigation
Maxhna!ly Exposed Average Period, Yield, Rate,

Individual Individual _ kg/m_ L/m2/month

Leafy vegetables 1 14 90 1,5 150
Other vegetables 5 14 90 4 170
Fruit 5 14 90 2 150
Cere',d 180 180 90 0.8 0
Eggs 1 18 90 0.8 0
Milk 1 4

Hay (100)cb) (100) 45 2 200
Pasture (0) (0) 30 1,5 200

Red Meat 15 3z_

Hay (100) (100) 45 2 200
Grain (100) (180) 90 0,8 0

Poultry 1 34 90 0,8 0
Fish 24 h 24 h .........

Drinking water 24 h 24 h .........

(a) Holdup is the time between harvest anticonsumption,
(b) Values in ( ) are tile holdup in days between harvest and consumption by farm animals,

TABLE F.10. Dietary Parameters Used in 1989 Dose Calculations

ConsumpticQn,__k.g_LL....
Maximally
Expo_d Average
Individual Individual

Leafy vegetables 30 15
Other vegetables 220 140
Fruit 330 64
Grain 80 72

Eggs 30 20
Milka) 270 230
Red Meat 80 70

Poultry, 18 8.5
Fish 40 ...Cb)

Drinking watera_ 730 440

(a) Units L/yr.
(b) Average individual consumplion not identit'ic_t;radiation

doses were calculated based on estimated total annual

catch of 15,fXX)kg,
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TABLE F.11. Residency Parameters Used in the 1989 Dose Calculations

Exposure, h/yr
"M_ix_mally
Exposed Average

Parameter Individual Individual

Ground contamination 4,383 2,920
Air submersion 8,766 8,766
Inhalatton¢'_ 8,766 8,766

(a) Inhalation rates: Adult 270 cm3/s,

TABLE F.12. Recreational Parameters Used in the 1989

Dose Calculations

. E_xposure_h/yr"_
Maximally
Exposed Average

Parameter Individual Individual

Shoreline 500 17

Boating 100 5
Swimming 100 10

(a) A_sumedriver water travel times from 100-N to the
point of aquatic recre_ltionwere 8 h for the maximally
exposecl individual and 13h for the average individual,
Correspondingly lesser times were used for other
lcx:ations,
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TABLE F.13. Documentation of 100-N Area Airborne ReleaseDose Calculation for 1989

Faclltty name: 100-N Areat

Releases: See Table O, 1

Meteorological conditions: 1989 annual average, calculated from data collected at the 100-N Area
and the Hanford Meteorology Station fromjanuary 1989 through
December 1989, ustng the computer code HANCHI (see Table F,5)

/Q': Maximally exl,osed Individual, 4,0 x l(t 9s/m3 at 30 km SE; 80-km
population, 7,1 x 104person-s/m3

Release height: 89-m effective stack height

Population distribution: 340,000 (see Table F,1)

Conaputer code', GENII, Version 1,436, 1-29-90

Doses calculatext: Chronic, 1-year exposure, 50-year committed Internal dose equivalent,
and annual effective dose equivalent to tndtvtdlml anti population

Pathways considered: External exposure to plume and ground deposits
Inhalation

Ingestion of locally produced fotxls

Files addressed: Radionuclide Library, Rev, 8-29-88
Food Transfer Library, Rev. 8-29-88
External Dose Factor Library, Rev. 5-9-88
Internal Dose Factor Library, Rev, 8-29-88
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TABLE F.14. Documentation of IO0-N Area Liquid Release Dose Calculation for 1989

Facility name: ltX).N Area

Relea_s: See Table G,5

Mean rtver flow: 99,410 cfs (2815 m3/s)
q

Shore-width factor: 0,2

Population distribution: 701000for drinking water pathway
125,000 for aquatic recreation
2000 for consumption of irrigated foodstuffs
15,000 kg/yr total harvest of Columbia River lash

Computer code: GENII, Version 1,436, 1-29-90

Doses calculated: Chronic, I-year exposure, 50-year committed internal dose equivalent, and
annual effec0ve dose equivalent to individual and population

, Pathway considered: External exposure to irrigated ,soil,to river water, and to shoreline scztlments
Ingestion of aquatic foodt_and irrigated farm products

Files addressed: Radionuclide Library, Rev, 8-29-88
Food Transfer Library, Rev, 8..29-88
External Dose Factor Library, Rev, 5-9-88
Internal Dose Factor Librar;,, Rev, 8-29-88
Bioaccumulation Factor Lil rary, Rev, 3-7-90
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TABLE 1i',15, Documentation of 2(X) Areas Airborne Release Dose Calculation for 1989

Factlltj name: 200 Areas

Releases: See Table G,I

Meteorological condttlc_ns: 1989 annual average, calculated from data collected tit the Hanford
Meteoroiogy Station from January 1989through December 1989,
using tilecomputer code HANCHI (.geeTable F,6)

X/Q': Maximally expend lndlvtdttal, 6,5 x 10.9s/m 3at
26 km ESE; 80-km population, 9,3 x 10-4person-s/m_

Release hetght: 89-m effective stack height

Population distribution: 341,000 (see Table F,2)

Colnputer code: GENII, Verston 1,436, 1-29-90

Doses calculated: Chronic, l.year exposure, 50-year committed Internal dose equivalent,
and annual effective (whole.body) dose equivalent to Individual and
population

Pathways considered: External exposure to plume and ground deposits
Inhalation

Ingestion of locally produced fcy.)ds

Ftles addressed: Radionuclide Library, Rev, 8-29-88
Food Transfer Library, Rev, 8-29-88
External Dose Factor Library, Rev, 5-9-88
Internal Dose Factor Llbrru'y, Rev, 8-29-88
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TABLE F.16. Documentation of 300 Area Airborne Release Dose Calculation for 1989

Facility name: 300 Area ' •

Releases: See Table G. 1

Meteorological conditions: 1989 annual average, calculated from data collected at the 300 Area
and the Hanford Meteorology Station from January 1989 through
December 1989, using the computer code tLMqCHI (see Table F.7)

X/Q': Maximally exposed individual, 9.0 x 10.8m3/sat
13 km N; 80-km population, 7.6 x 10.3person-s/m3

Release height: 10 m

Population distribution: 265,000 (see Table F.3)

Computer code: GENII, Version 1.436, 1-29-90

Doses calculated: Chronic, 1-year exposure, 50-year committed internal dose equivalent,
and annual effective (whole-body) dose equivalent to individual
and population

Pathways considered: External exposure to plume and ground del)osits
Inhalation

' Ingestion of locally produced foods

" Files addressed: Radionuclide Library, Rev. 8-29-88
Food Transfer Library, Rev. 8-29-88
External Dose Factor Library, Rev. 5-9-88
Internal Dose Factor Library, Rev. 8-29-88
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TABLE F.17. Documentation of 400 Area Airborne Release Dose Calculation for 1989

Facility name: 400 Area

Releases: See Table G. 1

Meteorological conditions: 1989 annual average, calculated from data collected at the 400 Area and
• e Hanford Meteorology Station from January 1989 through
December 1989, using the computer code HANCHI (see Table F.8)

X/Q': Maximally exposed individual, 6.9 x 10"as/m 3at 11 km NE; 80-km
population, 4.7 x 10.3 person-s/m 3

Release heighti 10 m

Population distribution: 264,000 (see Table F.4)

Computer code: GENII, Version 1.436, 1-29-90

Doses calculated: Chronic, 1-year exposure, 50-year committed internal dose equivalent,
and annual effective (whole-body) dose equivalent to individual
and population

Pathways considered: External exposure to plume and ground deposits
Inhalation

Ingestion of locally produced foods

Files addressed: Radionuclide Library, Rev. 8-29-88
Food Transfer Librar i, Rev. 8-29-88
External Dose Factor Library, Rev. 5-9-88
Internal Dose Factor Library, Rev. 8-29-88
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APPENDIX G

i

EFFLUENTS AND WASTE DISPOSAL

The operating contractors at Hanford have the responsibility to control, monitor, sample, and
report effluents released into the environment from their facilities. This section briefly sum-
marizes the planned and unplanned releases of effluents that occurred at ltanford during
1989 as reported by the contractors.

EFFLUENTS AND WASTE DISPOSAL Plutonium Uranium Extraction (PUREX) Plant,
and organic liquids evaporated from scientific

Radioactive and nonradioactive materials were laboratories.

released to the environment during operations
at Hanford in 1989. These releases consisted Liquid Releases

of airborne effluents (gases or particles), liquid
effluents, and solid wastes. Both anticipated Liquid wastes generated at Hanford were
and unanticipated releases occurred. The for- managed in several ways. They were stored,
real reporting of effluent release data was the converted to solids, discharged to the ground
responsibility of the operating contractors, through cribs, ditches, ponds, or septic systems,
Radioactive discharges to the environment or discharged directly into the Columbia River.
were reported to DOE. Nonradioactive dis- Radioactive and nor_radioactive effluents
charges to the Columbia River were reported to (except sanitary wastes) discharged to ground
EPA through monthly National Pollutant Dis- disposal facilities during 1989 are summarized
charge Elimination System (NPDES) Dis- in Tables G.3 and G.4.
charge Monitoring Reports.

Radioactive liquids discharged into the Colum-
Airborne Releases bia River from operating facilities during 1989

are listed in Table (53.5.The reported dis-
Radioactive and nonradioactive effluents dis- charges are from liquid effluent systems in the
charged to the atmosphere during 1989 are 100 Areas, and include seepage into the river
summarized in Tables G.1 and G.2. These from the 1301-N and 1325-N Liquid Waste
tables are subdivided according to the major Disposal Facilities. The 3H, 99Tc,and _:'9Ithat
operating areas and include all releases may have entered the Columbia River through
reported by the contractors. Radioactive mate- springs from the unconfined aquifer and the
rials discharged to the atmosphere consisted small quantities of other radionuclides that may
mainly of fission and activation products, have reached the Columbia River from ground
uranium, and some transuranics normally asso- disposal in the 300 Area (Table G.3) are not
ciated with Hanford operations. Nonradioac- included in the releases listed in Table G.5.
tire airborne releases consisted primarily of However, the quantities of these radionuclides
emissions from fossil-fueled steam plants, the entering the river have been estimated, and the
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estimates have been included in the calculation products, uranium, and transuranics. Solid
of potential radiation doses to the public (see wastes containing 238Uor transuranic radionu-
Section 4.8). Nonradioactive liquids released clides were packaged and buried separately
to the Columbia River were monitored accord- from other wastes for planned retrieval at a
ing to the individual requirements of each future date. Table G.6 lists the quantities of
NPDES-permitted discharge point, radionuclides buried during 1989 as low-level

waste,
Solid.Waste Burial

Nonradioactive solid wastes were buried in

Solid radioactive wastes were buried in sanitary landfills near the 200 Areas, The
trenches or special retrievable storage facilities quantities of nonradioactive solid wastes buried
within the 200 Areas. Radioactive materials in during 1989 are also included in Table G.6,
solid wastes included fission and activation
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TABLE C,.I. Radionuclides in Gaseous Effluents Discharged to the Atmosphere in 1989

Release, Ctc')
Radionuclide cb_ Half-Life I(X) Areas 2(XIAreas 3(X)Area 400 Area

SH 12,3 yr 180, (c) i',2
_4C 5730 yr 0,22
4_Ar 1,8 I1 22,
54Mn 312 d 0,0(I8

_o 5,3 yr 0,88 <2,3 x 10'l
_°Sr 28,8 yr 2,3 x 10 .5 0,0046 c'll 0,0()C)89_)

' l°SRu 39,4 d 0.(XX)21
l°_'Ru 367 d 0.022

!L_Sn 115 d 0,00052

lZ_Sb 2,7 yr 0.(D097
12_I 1,6 x 107yr 0,11
_S_l 8,0 d (<) 0,017 1.5 X 10-4 <9,4 x 10.6
_Cs 2,1 yr 0,31
_37Cs 30,0 yr 0,55 0,0013 <9,7 x 10_
147Pm 2,62 yr 0,00017

lSSEu 4,96 yr 1,9 x I04
2"_'Fl 3,1 min 0,026
mPb 10,6 h 0,13
212Bi 60.6 rain 0.077
zlZPo 3 x 10.7s 0,051
216pO 0,15 S 1.2
2tuRn 55,6 s 1600,

z:_U 2,4 x 10-syr 1,1 x 10"5
2ssU 7,0 x 108 yr 3,8 x 10.7
_s_iU 2,3 x 107 yr 8,7 x 10.7
23sU 4.5 x 109 yr 6,3x 1()_ <6,4 x l 08

23Xpu 87.7 yr 1,8 x 10.7 8,2 x 1().6
zsg'_°Pu 2,4 x l(P yr 5,7 X |0 .7 0,(10082m <6,6 x 10"_'(_)
z41Pu 14.4 yr 0,0019
alara 433 yr 7,4 x 105

|

(ai Except as noted in this table, ali el'fluent releases are as reported by operating contractors via the DOE's
Effluent Information System,

(bi The activity values are for the listed radionuclides only. For those radionuclides whose radioactive
daughters are not listed, the daughter activity is added during the dose calculations.

(c) Blank entry indicates no value reported by the operating contractor.
(di Includes 4,6 x 103 Ci reported as gross beta, assumexl to be z_Srfor dose calculations,
(e) Includes 8.9 x 104 Ci reported as gross beta products, assumed to be '%r for dose calculations.
(f) Includes 4,8 x 104 Ci reported as gross alpha, assumed to be z39Pufor dose calculations.

(g) Includes 6.3 x 10" Ci reported as gross alpha, assumed to be =s_'Pufor dose calculations.
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TABLE G.2. Nonradioactive Constituents in Gaseous Effluents Discharged

to the Atmosphere in 1989

,,.Rel_se, kg!'_.
Constituent 100 Areas 200 Areas 300 Area 1100 Area

P',u'ticulates 16,000 149,000 11,000 510
Nitrogen oxides 47,_)0 412,000 130,t300 2,700
Sulfur oxides 220,000 718,000 230,000 1,700

Carbon monoxide 4,000 53,9130 17,000 i00
Hydrocarbons 800 27,000 8,600 7
Ammonia ...(b) 6,840 ......

(a) Values are those reported by operating contractors,
(b) --- indicates no value reported by the operating contractor.
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TABLE G.3. Radionuclides in Liquid Et'tlucnts Discharged to Ground Disposal Facilities

ill 1989

Release, CiI')

Rtldionucitde I-1till'-Lit'¢ 100 Areas 200 Arears 3J)_0Ar_ca3 400 Area

_FI 12,3 yr 74 390 (b)
S4Mn 312 d 5,0
c,c_Co 5,3 yr 33
'9OSr 28,8 yr 28 0,3
99Tc 2,1 x los 0,II
lC_Ru 367 d 2,1
ii3Sn I 15d 0,022
lzsSb 2,7 yr 1,0
Iz*I 1,6 X 10 7 yr ND
t_Cs 2,1 yr 0,52
137Cs 30.2 yr 23 0,86
144Ce 284 d 1,8

• 147pm 2,62 yr 0,60
Unidentified beta 2,01ol <0,096 <(),(X)_X_,
Unidentified alpha 0'28Cd>
234U 2,4 x lOsyr 0,043 0,0025
z3_U 7,0 x 1@yr 0,0015 0,0(X)I
z_U 2,3 x 107yr 0,0035
z3_U 4.5 x 109yr 0,025 0,0019
23_pu 87.7 yr 0.0046 0.0093
239,_'pu 2.4 x 104 0,023 0,31
uqJu I4,4 yr 0,062
_Am 433 yr 0,54

(a) Values are those reported by operating contractors,
(b) Blank entry indicates no value reporled by the operating contractor,
(c) Assumed to be 9°Srlhr dose calculations,
(d) Assumed to be z3'JPufor dose calculations.
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TABLE G.4. Nonradioactive Constituents in Liquids Discharged to Ground

Disposal Facilities in 1989

Release_kgt'_ .........
Constituent 100 Areas 200 Areas 300 Area 400 Area

Ammonia (b) 4,990
Total organic carbon 5,990 4,600 45

' Nitrates 16,100 3,000

Copper 20
Aluminum sulfate 180,000 4,900
Ammonium hydroxide 1,090
Hydrm,.lne 25
Polyacrylamtde 250 36
Sodiuin sulphate 450,000
Lead < 11
Silver <9

Volume (m3) 1,300,000 1,700,000 1,900,000 16,000

(a) Values are those reported by operating contractors,
(b) Blank entry indicates no value reported by the operating contractor,

TABLE G.5. Radionuclides in Liquid Effluents Discharged to the Columbia River
in 1989 from the 100 Areas

Radionuclide Half-Life Release, Ci_)

3H 12,3 yr 74
6°Co 5,3 yr 0,078
9°Sr 28.8 yr 1,7
t37Cs 30,2 yr 0,073
z39,_°Pu 2,4 x 104yr 8,4 x 10_

(a) Values are those reported by contractors,
l
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'FABI,E (],6. Composition of Solid Wastes Btiried o,1 tile Site
During 1989

Constituent ._Quantlffes I'_

Radioactive (low.level)
Uranium 2,2 x ICY'g
Plutonium 1,4 x 1()_g
Americium 0,0 g
Thorium 2,7 x 10_g
Strontium 2,4 x 1()_Ct
Ruthenium 3,3 CI
Cesium 1,8 x i0 _CI
Other fission and activation products 1,9 x 1()_CI

Nonrad h)actIve
Nonhtu,,ardoustrash, refuse 4,4 x I{Y n9
Asbestos 3,(}x 10t m_

Septic sludge 1,0 x 10_nP

(a) Values are those reported by the operating contractors,
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