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PRELAC_._

The Hanfor_ EnvironmentalDose Reconstruction(HEDR)Projectwas under-

taken in 1987 at the recommendationof the Hanford Health EffectsReview

(HHER)Panel. The HHER Panel had been formed to considerthe potentialhealth

implicationsof historic releasesof radioactivematerialsfrom the Hanford

Site.

The Centers for Disease Control (CDC) provides fundingfor the project;

Battelle,PacificNorthwest Laboratories(Battelle)performs the research.

The HEDR research is directed by an independentTechnicalSteering Panel

(TSP). The 18-memberpanel consists of experts in the various technical

fields of importanceto projectwork and representativesof the states of

Washington,Oregon, and Idaho;Native American tribes; and the public.

The projectobjective is to estimate radiationdoses to individualsand

populationgroups from exposure to historicalradioactiveemissions from the

Hanford Site. This document summarizesthe contributionto dose of radio-

nuclidesdischarged to the ground water at the Hanford Site. Ground water is

one of the transportpathways throughwhich radionuclideemissions at the

HanfordSite reached the public at offsite locations. The other transport

pathways includethe atmosphere,where iodine-131and other radionuclideswere

releasedfrom chemical separationsat the Site, and the ColumbiaRiver, where

effluent from the reactorswas discharged.

This document is an updated version of the previous versiondated March

1992. Changesfrom the March 1992 version are shown in italics. The document

number for the March 1992 versionwas PNL-7870 HEDR; the current (August 1992)

version is numbered PNWD-1974HEDR. The report numberingsystem changed from

the "PNL" designator (when Battelle'sHEDR work was under contract to the U.S.

Departmentof Energy) to the "PNWD"designator in June 1992 (when the work

came under contract to the Centersfor Disease Control). Appendix E is a

record of the Technical Steering Panel's (TSP) commentsand Battelle's

responses. In the report text, the comment number(s)appears in the left

margin next to the paragraph in which the correspondingTSP comment(s) is
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addressed. Any text that has been changed is shown in italics. Also, some

text has been changed to correct errors or to clarify.

The TSP has reviewed and approved this document, thus, evaluation of the

ground-water transport pathway is considered complete. As shown in

Figure P.I, however, the HEDR Project is scheduled to continue through

FY 1995. The technical work required to develop models and databases to

estimate radiation doses to individuals and special population groups for key

radionuclides and major exposure pathways will be completed by the end of

FY 1993. For the air-transport pathway, these models and databases will be

concentrated on a 19-county area around the Hanford Site from 1944 through

1991. Radiation doses from the atmospheric pathway will be used in the
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Hanford ThyroidDisease Study (HTDS)being conductedby the Fred Hutchinson

CancerResearch Center to determinewhether thyroiddisease increasedas a

result of Hanford radiationexposures. Models and databases are also being

developedfor the ColumbiaRiver transportand exposurepathway. Radiation

doses for the river pathway will be based on monitoringdata, modeling

results,or a combinationof the two. Source-termdata; demographics;and

food production,distribution,and consumptionestimateswill be developedto

supportdose estimatesfor both the atmosphericand ColumbiaRiver transport

pathways.

Two points about the ground-waterpathway study need to be emghasized"

I) it is retrospectiveand 2) it is concernedonly with radiologicalcon-

tamination. This study is retrospectivein that HEDR staff reviewed existing

literatureto estimate radiationdoses that populationsor individualscould

, have received in the past from radionuclidesin contaminatedground water

migratingoff the HanfordSite. A considerableamount of contamination"that

may result in future radiationdoses currentlyexists in the ground water and

the unsaturatedzone (betweenthe ground surfaceand ground water) at the

Site. With respectto the second point, the concern is with impactsonly from

radionuclidesin ground water at the HanfordSite. A considerableamountof
l

chemical contaminationis also documentedto be present in the ground water

and the unsaturatedzone at the Hanford Site (Jaquishand Bryce 1990).

There is a distinctiqnbetweenthe work conductedon the HEDR Projectto

addressground water and the monitoring and characterizationwork currently

being conductedto addresscompliancewith the ResourceConservationand

RecoveryAct (RCRA);the ComprehensiveEnvironmentalResponse,Compensation,

and LiabilityAct (CERCLA);the SuperfundAmendmentsand ReauthorizationAct

(SARA);and DOE orders. These complianceactivitiesare being conductedto

assess the risks of future exposuresto radionuclidesand hazardouschemicals

currentlyin the soil and ground water at the Hanford Site. On the other

hand, the HEDR Project is concernedonly with exposure from radionuclidesand

with exposures that may have alreadyoccurred.

z
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6BSTRACT

The Hanford EnvironmentalDose Reconstruction(HEDR) Project is being

conductedto estimate radiationdo._esthat populationsand individualscould

have received from Hanford Site operationsFrom 1944 to the present. Four

possiblepathways by which radionuclidesmigrating in groundwater on the

HanfordSite could have reachedthe public have been identified: i) through

contaminatedground water migratingto the Columbia River; 2) throughwells on

or adjacentto the Hanford Site; 3) through wells next to the ColumbiaRiver

downstreamof Hanford that draw some or all of their water from the river

(riparianwells); and 4) through atmosp:ericdepositionresulting in

contaminationof a small watershedthat, in turn, results in contaminationof

a shallowwell or spring by transportin the ground water. These four path-

ways make up the "ground-.waterpathway,"which is the subjectof this study.

Assessment of the ground-waterpathway was performedby I) reviewingthe

existingextensiveliteratureon ground water and ground-watermonitoring at

Hanfordand 2) performingcalculationsto estimateradionuclideconcentrations

where no monitoring data were collected. Radiationdoses that would result

from exposure to these radionuclideswere calculated.

io This study is retrospectivein that only radiationdoses that populations

or individualsmay have receivedwere considered. The question addressed is

to what extent the ground-waterpathwaymight have contributedto past radia-

tion doses. Potential future radiationdoses are being addressedby other

studies at the Hanford Site.

11-13 Estimateddoses for the ground-waterpathway are small: 0.02 millirem

per year (mrem/y)from dischargeof contaminatedground water to the Columbia

R,.'ver;I mrem/y effectivedose equivalent from HanfordSite wells; 11 mrem/y

effectivedose equivalentfrom riparianwells; and 15 mrem/y effectivedose

equivalentfrom a hypotheticalcalculationfor the watershedpathway. These

estimateddoses are small comparedto the TSP dose decision levels of

100 mrem/y effectivedose equivalentfor an adult and 50 mrem/y effectivedose
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equivalentfor an infant.(a) Therefore, the recommendationis that no

further work on the ground-waterpathway be performed,other than tracking

ongoingstudies related to ground water at the Hanford Site.

(a) Shleien,B. 1992. "ScopingDocument for Determinationof Temporal and
GeographicDomains for the HEDR Project." Prepared for the Technical
SteeringPanel, approvedby the Panel in April 1992. Washington State
Department of Ecology, 1-800-545-5581.
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SUMMARY

Staff on the Hanford EnvironmentalDose Reconstruction(HEDR)Project are

studying releases of radionuclidesto the air, to the Columbia River, and to

ground water, as well as transport of these radionuclidesto locationswhere

populationsand/or individualscould have been exposed. The Technical

Steering Panel (TSP) that directs the HEDR Projecthas identifiedfour

possible pathways by which radionuclidesoriginatingin ground water on the

Hanford Site could have reached the public during the time period 1944 to the

present:

I. drinkingwater contaminatedwith radionuclidesthat migrated offsite
either by ground-waterflow into the Columbia River or, possibly,by
ground-waterflow to wells on the FranklinCounty side of the river

2. drinkingwater from wells on or adjacentto the Hanford Site contaminated
by radionuclidesthat migrated away from disposal sourcesat the Site

3. drinkingwater from riparianwells (thosenext tpJt_river) contaminated
with radionuclidesfrom Hanfo_-doperations

4. drinking ground water from a shallowwell or spring contaminatedby
radionuclidestransportedthroughthe atmosphereand depositedon a small
watershed (streamdrainage).

These four pathwayswere investigatedin the ground-w_tertransport

subtask of the EnvironmentalTransport Task. Specifically,the objectiveof

the subtaskwas to assess the extent to which the ground-waterpathway

contributedto radiationdoses that populationsor individualsmay have

received from past operationsat the Hanford Site.

APPROACH

The technicalapproachto addressingthe ground-waterpathwaywas to

review and summarizeliteraturepertainingto ground water and ground-water

monitoring both on and off the Hanford Site. Where no monitoringdata were

available,calculationswere used to estimateconcentrationsof radionuclides

in ground water. The monitoring data and calculationresultswere used to

estimate radiationdoses from exposure to ground-watercontamination.
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The first ground-waterpathway, offsitemigration,was addressedby

reviewingand summarizingresults of ground-watermonitoring both olland off

the Hanford Site. In addition,calculationswere performedto estimate radio-

nuclide concentrationsin the Columbia River resultingfrom ground-water

discharge near the Hanfordtownsite where the main part of the tritiumplume

discharges to the river. As part of this pathwayevaluation,the extensive

ground-watermonitoringdata reported for the Hanford Site were summarized.

All ground-watermonitoringdata were considered,but more informationexists

for gross beta, tritium,and iodine-129than for other specific radionuclides.

Therefore,more emphasis is placed on gross beta, tritium, and iodine-129than

on other radionuclides. The changes in interpretationsof the monitoring

results are described and related to improvementsin monitoringtechnologies.

14 The second ground.-waterpathway, Hanford Site wells supplyingdrinking

water, was addressedby reviewingmonitoringdocumentspublishedby the

Hanford EnvironmentalHealth Foundationand other Hanford Site contractors,as

well as publicationsby the Washington State Departmentof Ecologyand the
.

WashingtonState Departmentof Social and Health Services. The third pathway,

riparianwells, was addressedby identifyingthe factors that impact radionu-

clide concentrationsin riparian wells and extrapolatingradiationdoses from

previous estimates for Richland and Kennewickwater supplies_ The radiation

doses for Richland are based on direct use of ColumbiaRiver water. The

fourth pathway, atmosphericdeposition resultingin contaminationof a small

watershed that, in turn, results in contaminationof a shallo_'well or spring

by transport in the ground water, was addressedby hypotheticalcalculations.

Dose estimatesfor representativeradionuclideconcentrationsin the

ground water are provided in this report. Dose estimateswere either taken

from published literatureor were calculatedwhere publishedestimateswere

not available. To place the dose estimatesin perspective,they are compared

with the TSP dose decision levels specifiedin Shleien 1992.(a)

(a) Shleien, B. 1992. "ScopingDocument for Determinationof Temporaland
GeographicDomains for the HEDR Project." Prepared for the Technical
Steering Panel, approvedby the Panel in April 1992. Washington State
Department of Ecology, 1-800-545-5581.
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RESULTS

IB The review of literaturepertainingto the offsitemigration pathway

revealedthat a considerableamount of informationhas been generatedon the

distributionof radionuclidesin ground water at the HanfordSite. Changes in

monitoringtechnologieshave improvedthe quality of informationavailableand

have changed interpretationsof the ground-watercontaminationdata. For

example, during the early 1960s when tritiumwas found to be a product of

Hanford Site operations,initialsampling and analysis of ground water in the

unconfinedaquiferdemonstratedthat tritium had reached the Columbia River in

detectablequantities (Brownand Haney 1964). However,additionalmonitoring

wells and improved analyticaltechniquessuggestedthat the earlier analyses

and interpretationsof the data were not correct. Therefore,a smaller plume

of tritiumwas interpretedto be in the ground water, leadingto the conclu-

sion that the contaminationhad not _eL reached the river (Essig 1968).

A conceptualdiagram of the primary exposure routes for the ground-water

pathway is illustratedin Figure S.I. Dose estimatesfo[the four ground-

water pathwaysare summarizedin Table S.I. A range in dose is presented for

each pathway along with the radionuclidesthat contributedto the dose calcu-

lation and the years for which the estimatesapply. Radiationdose estimated

for the offsitemigration pathwaywas 0.02 millirem per year (mrem/y)

effectivedose equivalent (at the Richland pumphouseduring 1989 and 1990)

from dischargeof contaminatedHanford Site ground water to the Columbia River

(Jaquishand Bryce 1990; Woodruff et al. 2991). The dose from migration of

contaminatedground water offsite to wells in FranklinCounty on the east side

of the river was negligible (WDSHS 1988). The dose estimateof 0.02 mrem/y

includescontributionsfrom tritium, technetium-99,and iodine-129_ The year

1989 was used to estimate the river concentrationsresultingfrom the ground-

water dischargebecause that is when the highest concentrationsof tritium in

ground water had reachedthe river; the contributionsduring previousyears

would be less.
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_j.. Summary of Dose Estimates for the Four Ground-Water Pathways

Pmhway Effective Dose
Descript:lon .E__u,_alent(mrem/v) Radionuclides Year

l l-z00f_s, ite Ml,grati,o,n to Coi,umbia River 0.02 Tritium, 1989, 1990
Technetium-99,
Iodine-129

OffstteM_grat_o,nto We,IlLsin Fra_klii_n --0 Uranium, iodine-129 Ali years
County

H_nford Site Drinking.Water WeH:s 0.0006..1 lodMe-129, TrttLum 1977

Riparian We¢l:sDownstream from Hanford .2-14 Phosphorous-32, 1964
Zinc.65, Arseni,c-76, through 1966
Neptunium-239,
Sodium-24,
Manga;nese-56

Atmospheric Transport, Dep,osttion, and 1-15 Rut:henlum-136 1945
Sha/Io,wGround-Water Transp,ortto a

. Wetl or Spring
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21 The expectedaverage concentrationof tritium in the Columbia River

during 1989 from ground-waterdischargewas estimatedwitllcalculationsto be

6 oicocuriesper liter (pCi/L),with a range of 1-11 pCi/L. This calculated

,'oncentrationw_s comparedwith 66 pCi/L, the measured differenc_between

averageconcentrationsupstreamof the HanfordSite (at Priest Rapids Dam) and

downstream (at the Richlandpumphouse)during 1989. The effluentdischarge

frem the IO0-N Area during 1990 was estimatedto be 38 curies (Ci) of tritium

and approximately2 Ci of strontium-90(Woodruffet al. 1991). Similar

estimateswere no_ published in the 1989 annual report by Jaquish and Bryce

(1990). Assuming that dischargeof these radionuclidesto the river was the

same during 1989, the resultingtritiumconcentrationin the river from this

dischargewas less than I pCi/L, i'hiscentributiondoes not significantly

improvethe comparisonbetween the calculatedand the measured concentrations

in the river from ground-waterdischarge. However, both the calculationsand

the measurementshave uncertaintiesthat have not been quantified,and these

uncertainCiesaffect this comparison. Quantifyingsome of the uncertainties

due to the _ssumptions_such as the representativenessof river concentration

measurementsat the Richlandpumphouse, is outside the scope of the HEDR

Project.

Monitoringresults for wells in FranklinCounty show that concentrations

of iodine-129provide doses in the rang_ of 2 x 10.7 to 2 x I0"smrem/yr

effectivedose equivalent (7 x 10.4to 7 x I0"Bmrem/y to the thyroid),well

below the 100 mrem/y effectivedose equivaTentfor an adult and 50 mrem/y

effectivedose equivalentfor an infantspecifiedby the TSP.(a) Uranium

found in Franklin County wells has been determinedto be of naturalorigin and

not from the Hanford Site (WDSHS 1988). Therefore,the dose from offsite

migration of Hanford Site radionuclidesto wells in FranklinCounty can be

considerednegligible.

(a) Shleien, 8. 1992. "ScopingDocument for Determinationof Temporal and
GeographicDomains for the HEDR _roject." Prepared for the Technical
SteeringPanel, approved by the Panel in April 1992. WashingtonState
Department of Ecology, 1-800-545-5581.
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The radiationdose for the Hanford Site well pathway was estimatedbased

on the dose from tritium and iodine-129in the well water _sed by people at

the Fast Flux Test Facility (FFTF) VisitorCenter,which is open to the

public. The dose from tritium at the FFTF, highest during 1977, resulted in

i mrem annual dose to workers based on drinking water during a 40-hourwork

week (Maas 1978). The impacts to occasional visitorswould be far less than

the calculated impactsto workers. As an example,Woodruff et al. (1991)

reported that,based on monitoringdata during 1990, the potentialdose

receivedby a member o_ the public from drinking I liter (L) of water during a

visit to the FFTF Visitor Center was 0.0006 mrem/y effectivedose equivalent.

The maximum organ dose (thyroid)was calculatedto be 0.0007 mrem/y.

2P_ The potential radiationdoses received from using contaminatedground

water from riparianwells were difficultto quantify because only limited

monitoringdata are available. The possibledose from riparianwells during

1964 through 1966 was estimated from Phase I of the HEDR Project (PNL 1991b)

to be 2-14 mrem/y effectivedose equivalent,based on the dose from direct use

of water from the Columbia River at Richland_ Kennewick is the nearest

municipalitydownstreamof the HanfordSit';that is supplied by riparianwells

and has the only water supply from a riparianwell known to have been

monitored for radionuclides. The average radiationdose from drinking water

from the Kennewickwater supply was 3 mrem/y effectivedose equivalent,

estimatedfor 1964 thrcugh 1966.

23 The dose estimatedwith calculationsfor the watershed pathwaywas

1-15 mrem/y effectivedose equivalent (during 1945) for a range of possible

parametersused. Ruthenium-t06was the only radionuclidepredictedto reach

the hypotheticalwell or spring through the shallowground-watersys._.min

concentrationsclose to its drinking-waterlimit (30 pCi/L [EPA 1976]),which

was used to screen the list of radionuclides.

CONCLUSIONSAND_RECOMMENDATION

Analyses of the ground-waterpathwaysled to the conclusionsthat ground

water did not make a significantcontributionto dose during the study period,

1944 to the present. The dose estimatesare small compared with the TSP dose
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decision level of lO0 mrem/y effective dose equivalent for an adult and

50 mrem/y effective dose equivalent for an infant. (a) The population

affecCed by discharge of ground-water contamination to the Columbia River was

primarily residents of Richland, Kennewick, and Pasco. These communities

accounted for 80% of the use of treated Columbia River water between Hanford

and the river mouth during 1964 through 1966.

24.2s Do_e estimates from published literature and calculations performed to

address the overall ground-water pathway contain uncertainties, not all of

which have been quantified. However, ground water made only a small contribu-
tion to radiationdose.

The TSP has reviewed and approvedthis document,thus, evaluationof the

ground-watertransportpathway is consideredcomplete. The recommendation

from the results of this study is that further work on the ground-water

pathway be limitedto tracking the results of ongoing studiesrelated to

ground water at the Hanford Site.

(a) Shleien,B. 1992. "ScopingDocument for Determinationof Temporal and
GeographicDomains for the HEDR Project." Preparedfor the Technical
SteeringPanel, approvedby the Panel in April 1992. WashingtonState
Departmentof Ecology, 1-800-545-5581.
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1.0 ]NTRODUCTIO_Q_N.

One of the possible pathways for radionuclidesfrom Hanford Site opera-

tions to have reached the public is through ground-watertransport. The

contribuzionto dose by contaminationtransportedthrough the ground-water

pathway was investigatedand is summarized in this report.

Followingthe introduction(S_ctionI), the technicalapproach of this

study and the data quality objectivesare describedin Sections 2 and 3,

respectively. In Section4, a generaldescriptionof ground water at the

Hanford Site and a summaryof the impact of Hanford operationson Site ground

water are provided. Monitoringtechnologiesused at the Site are describedin

Section 5. In Section6, the movementof contaminatedHanfordSite ground

water is discussed,with emphasison offsite migration. In Section 7, possi-

ble radiationdoses from drinking water from wells on and adjacent to the

Hanford Site are described. In Section8, potentialdoses from radionuclides

in riparianwells downstreamfrom the Hanford Site are summarized. In Sec-

tion 9, a summaryof possibie doses from atmosphericdepositionon a small

watershedand transportthrougha shallowground-watersystem is provided.

Finally,conclusionsand a recommendationare provided in Section 10.

The report has four appendixes. Appendix A is TSP Directive88-4, which

directs Battelle to investigatethe ground-waterpathway. Appendix B ontains

a summaryof sanitary-watersystems (for drinking and other uses) at the

Hanfov'dSite. Appendix C Ts a list of communitieswhose water might have come

from riparianwells downstreamof Hanford. Appendix D is a glossary of some

of the technicalterms used in this report. Appendix E is a compilationof

the TechnicalSteering Panel's comments and Battelle'sresponses.

i.I BACKGROUND

The Hanford EnvironmentalDose Reconstruction(HEDR) Projectwas

prompted by concern about possible health effects to the public from more than

45 years of nuclearoperations at the Hanford Site (Figure1.1). Battelle,

PacificNorthwest Laboratories(Battelle)staff performthe research on the
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HEDR Projectunder the direction of an independentTechnicalSteering Panel

(TSP). The TSP makes decisions on technicaldirection and reviewsand

approves all HEDR reports. One mechanismby which the TSP communicateswith

and providesdirectionto Battelle staff is by directives. The TSP issued

Directive88-4, Ground-WaterContaminationData, (see Appendix A) in 1988 to

provide directionfor investigationof the general ground-waterpathway. A

preliminaryresponseto the directivewas generated by Freshley (1989). This

report expands the original response to cover the other two ground-waterpath-

ways and provides additionaldetail.

2B Since 1944, large quantitiesof liquids (primarilywater) containing

radionuclideshave been discharged to the ground surfaceor subsurfaceat the

Hanford Site.(a) A total volume of 444 billiongallons of liquidshas been

dischargedto the ground from 19t4 through 1989. The total quantity (or

inventory)of radionuclidesdischarged to the ground has been reducedby

radioactivedecay; as of 1989, the quantityof radionuclidesin the unsatu-

rated zone and the ground water was approximately678,000 curies (Ci).

Because of these discharges and their impacton ground water at the Hanford

Site, the ground-waterpathwaywas of interestto the HEDR Project.

1.2 PURPOSE

The purpose of this investigationwas to determine the extent to which

radioactivityin ground water within and near the Hanford Site contributedto

radiationdoses receivedby representativeoffsite individualsand populations

from 1944 to the present.

I.3 .sc__o21

The scope of this report is to describe the potential contributionto

dose of radionuclidesin the ground water on and adjacent to the Hanford Site

from 1944 to the present. A summary is provided for tilemovement of

(a) From an April 1991 presentationby WestinghouseHanfordCompany,
"HistoricalPerspectiveof RadioactivelyContaminatedLiquid and Solid
Wastes Dischargedor Buried in the Ground at Hanford." Available in the
Public ReadingRoom, Federal Building,Richland,Washington.
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radionuclidesthat contaminatedground water in all of the HanfordSite opera-

tional areas, includingthe 300 Area where fuel was fabricated,the 100 Areas

where the reactors are, and the 200 Areas where spent fuel from the reactors

was reprocessed. All radionuclidesmonitoredin the ground water were

considered,but the greatest amount of informationexists for gross beta,

tritium, and iodine-12g. Populationsand individualsthat may have been

affected by ground water contaminatedwith radionuclidesare I) visitors to

the Hanford Site and 2) those living adjacentto the Hanford Site and

downstream along the Columbia River, which was impactedby HanfordSite ground

water and direct discharges to the river from the reactors.
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2.0 TECHNICAl,APPROACH

The potentialradiationdose from the ground-waterpathwaywas addressed

by reviewingand summarizingliteraturepublishedon HanfordSite ground water

and by performingcalculationsto evaluate impactswhere monitoringresults

were not available.

Weekly,monthly, and annualmonitoring reports, as well as ground-water

reports publishedby both Hanford Site and offsite sourceswere reviewed and

summarized. A general summaryof ground water at the HanfordSite is provided

in Section4. Changes in the monitoringtechnologiesover time are described

in Section 5. The results of the review of documentson offsitemigration are

summarizedin Section 6. In this report,radionuclideconcentrationsare

reported in the units used in the original references. Where necessary, they

have been converted to consistentunits (picocuriesper liter [pCi/L]),which

are shown in parentheses. In addition,other parameters (length)are reported

in the originalunits used in the referenceswhere the informationwas

extended.

The averageradionuclide(tritium)concentrationsin the Columbia River

were estimatedwith calculationsof contaminatedground-waterdischarge to the

river. Tritium concentrationsmeasured in ground-waterwells near the river

were scaled (multiplied)by the ratio of the ground-waterdischargeto the

averageannual flow rate of the Columbia River to estimatethe concentration

in the river. The resultsof these calculations,discussionof assumptions,

and comparisonwith previouscalculationsand river monitoringresults are

summarizedin Section 6.

29 The drinking-waterwell pathwaywas addressedby reviewingdrinking-

water monitoringreports publishedby the Hanford EnvironmentalHealth

Foundation(HEHF) and other Hanford Site contractors. Reports for offsite

water supplywells by the WashingtonState Departmentof Ecologyand the

WashingtonState _epartment of Social and Health Serviceswere also reviewed

and summarized (Section7). The riparian-wellpathwaywas addressedby

identifyingfactors that affect radionuclideconcentrationsin riparianwells
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and extrapolatingimpacts from previousestimates (PNL 1991b) of dose for the

Columbia River pathway (Section8).

The _atershed pathwaywas addressedby hypotheticalcalculationsof

shallowground-watertransport in a small watershed. Transportof radio-

nuclides releasedto the atmospherewas estimated based on atmosphericmodel-

ing conductedduring Phase I of the HEDR Project (PNL 1991c). Assumptionsof

recharge to the shallowground-watersystem and a l-year travel time in the

ground water were used to estimateconcentrationsat a well or spring

(Section9).

Radiationdoses for the ground-waterpathwayswere either extractedfrom

publishedliteratureor calculatedby hand. Doses for the offsite migration

and drinking-waterpathwayswere obtained from publishedliterature. Various

monitoringreports have been publishedby contractorsat the Hanford Site and

offsite to address the offsite migrationand drinking-waterpathways. Radia-

tion doses associatedwith the riparian-wellpathway were estimated based on a

limitedamount of available information. The doses for drinking Columbia

River water are an upper limit for the riparian-wellpathway because the

source of radionuclidesfor the dose calculationsis the river. The Phase I

resultsfor the Columbia River pathway (PNL 1991b) were used to estimate maxi-

mum potentialdoses for the riparian-wellpathway. Radiationdoses for the

watershedpathway were calculatedbased on hypotheticalradionuclideconcen-

trations predictedto reach a well or spring in the small watershed and on the

assumptionthat an individualdrank the water.

The resultsof dose calculationsor previouslypublishedestimates for

the ground-waterpathway were comparedwith the TSP dose decision level of

100 mrem/y effectivedose equivalentfor an adult.(a) This comparisonwas

made to place dose estimatesfor the ground-waterpathway into perspectiveand

determine their importancerelativeto the other major pathways, atmospheric

and surface-watertransport.

(a) Shleien, B. 1992. "ScopingDocument for Determinationof Temporal and
GeographicDomains for the HEDR Project." Preparedfor the Technical
Steering Panel, approvedby the Panel in April 1992. WashingtonState
Department of Ecology, 1-800-545-5581.
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3.0 ACHIEVEMENTOF DATA QUALITYOBJECTIVES

Data quality objectiveswere establishedin the FY 1992 task plans for

ground-watertransport(PNL 1991d) to addressaccuracy,precision,complete-

ness, representativeness,and comparability_ Each of these objectiveswas to

be addressedin completingthe investigationfor the ground-watertransport

task.

_0,_i In most cases, no new data were generatedfor the ground-waterpathway.

Becausemost of the data were from existingmonitoringreports, accuracywas

ensuredby checkingthe data in thisreport againstthe original sourcesfor

transcriptionerrors. For the simple calculationsof ground-waterdischarge,

the estimatesof tritium dischargeto the Columbia River were comparedwith

calculationsmade by other researchers(Prateret al. 1984) and with the

resultsof monitoring tritiumconcentrationsin the river (Jaquishand Bryce

1990). For the calculationsperformedto estimate the impactsof atmospheric

deposition on a watershedand shallowground-waterflow to a well or spring,

no monitoring data were availablefor comparisonof results.

Precisionwas includelas part of the data quality objectivesto quan-

tify uncertaintiesin reported and calculatedradionuclideconcentrationsand

doses. Most of the ground-watermonitoring resultspresented in this report

are summarized in maps showing the extent and/or distributionsof contamina-

tion. Because these maps were taken from publishedweekly, monthly, annual,

and topical Hanford Site reports, they are interpretationsof the data by the

researcherswho reported it. Where the informationis available,analytical

detectionlimits and monitoringtechnologiessuch as well constructionand

samplingand analysismethods are included in the discussionof the map inter-

pretations. Uncertaintyof the existingmonitoringdata was difficultto

assess because not all of the monitoring reports include informationon the

analyses that were used to generate resultsor even on the detectionlimits

during the early years. Reportingof analysesused and detectionlimits

improvedwith time, 3s did reportingthe resultsof multiple samplesas
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ranges. One part of the ground-watertransporttask was to demonstratehow

interpretationsof the monitoringdata changed with time and with improvements

in the monitoring technology.

Uncertaintieswere included in the calculat;onsperformedfor the

ground-waterpathway. Ranges of radionuclideconcentrationsand doses are

presentedwhere possible. This approach was used to ensure that the calcula-

tions account for variability(uncertainty)in the input parameters.

32 Completenesswas includedas a data quality objectiveto ensure that

discoveryof any additionalground-waterconcentrationdata would not change

the conclusionsof the investigation(PNL 1991d). Completenessof the review

of ground-waterdata for the Hanford Site was ensuredby reviewingall weekly,

monthly, quarterly, and annual monitoring reportspublishedsince operations

began in 1944 and summarizingthe results of the review in this report. An

annotatedbibliographywas developedfor the documentsthat were reviewed and

is availableas a projectrecord.(a) In additionto the publishedmonitor-

ing reports, topical reportsdescribingvarious studies of ground water at the

Hanford Site and reportsfrom the Basalt Waste IsolationProject (BWIP)were

reviewed. Outside publicationsby state agencies (WashingtonState Department

of Ecology and WashingtonState Departmentof Social and Health Services),

independentconsultingfirms (SEARCHTechnicalServices, Inc.), and the U.S.

GeologicalSurvey (USGS)were also reviewed.

All of the ground-watermonitoring results for the Hanford Site are not

includedin this report;there are far too many data to includethem all.

These data are included in the Hanford Site Ground-WaterData Base implemented

on a computer system at the Site. Interpretationsof the monitoring data and

how the interpretationschanged with time are presented. Where insufficient

data were availablefor previousresearchersat the Hanford Site to provide

map interpretations(plumes),the data are includedin this report as tables.

Data listings are provided only where changes from previous reportingperiods

were noted by the researchers.

(a) Available at the Public Reading Room, Federal Building,Richland,
Washington.
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The data quality objectiveon representativenesswas includedto ensure

that resultsof the investigationwere representativeof the conditionsexist-

ing at or near the Hanford Site during the past 45 years. The data quality

objectiveon comparabilitywas includedto ensure that results presentedin

this report were comparableto the existing reports. Because the results

presentedwere extractedfrom the publishedmonitoring and topicalreports,

they are representativeof conditionsexi_;tingat the time of the reports.

However, it is importantto recognizethat the results are based on interpre-

tations of the availablemonitoringdata. Individualswith considerable

ground-watermonitoring experiencepeer reviewed this report to ensure that

the resultswere representativeof monitoringdata on Hanford Site ground

water.
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4.0 HANFORD SITE GROUND WATER

Ground water at the Hanford Site (see Figure 1.1) has been investigated

since before Site operationsbegan in 1944. Parker and Piper (1949)summa-

rized early investigationsof Hanford Site geology and hydrologyby the USGS.

The USGS followedthe early investigations,.-;ithother reports on the Hanford

Site: I) Newcomb and Strand (1953),which is a modificationof Parker and

Piper (1949);2) Newcomb,Strand and Frank (1972);and 3) more recently,USGS

(1987). In additionto the USGS investigations,geologic and hydrologic

characteristicsat the Site have been summarizedin a number of reports by

Hanford contractors(duPontde Nemours, General ElectricCompany, Atlantic

RichfieldHanford Company,Rockwell HanfordOperations,WestinghouseHanford

Company, and PacificNorthwestLaboratory)and in DOE publicationssuch as the

Site CharacterizationPlan (DOE 1988) for the BWIP.

s_ Both confined and unconfinedaquifers are presentbeneath the Hanford

Site (Jaquishand Bryce 1990). The unconfined,or water-table,aquiferis in

lake-depositedand glaciallydeposited sedimentsoverlyingthe basalts

(Figure4.1). This relativelyshallow unconfinedaquifer has been affected by

waste-waterdisposal resultingfrom operationsat the Site (Grahamet al.

1981). The confined aquifers are found primarilybetween layers of the

Columbia River basalts. Each of these aquifers is confined by less permeable

geologic layers above and belo_J.Ground water in these aquifers is under

: pressure greater than that of the atmosphere.

4.1 MOVEMEN',OF GROUND WATER AT THE HANFORDSITE

The general flow pattern within the unconfinedaquifer at the Hanford

Site is from recharge areas in the west to dischargeareas (ColumbiaRiver) in

the east, as illustratedby the water-tablemap for June 1989 (Figure4.2).

As the unconfinedaquiferhas been rechargedfrom waste-waterdisposal in the

200 Areas of the Site, the ground-waterlevel has risen, altering the local

flow pattern for the aquifer. The water table in 1944, before HanfordSite

4.1
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operations began, is illustratedin Figure 4.3. Water levels in the uncon-

fined aquifer have changedcontinuouslyduring Site operations becauseof

variations in the volume of waste water dischargedto the ground (Zimmerman

et al. 1986; Newcomer 1990). As a result of these water-level variationsand

other influences,both the movement of ground water and contaminantsin the

ground water have changedwith time.

34 Ground water in the confined aquiferswithin the Columbia River basalts

originatesprimarilyas precipitationthat infiltratesin elevated recharge
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areas surroundingthe ColumbiaBasin (DOE 1988). The Columbia Basin is

definedby the areal extent of the Columbia River basalts,which were

restrictedduring their eruptionsby the CascadeMountains to the west, the

Blue Mountainsto the east, and highlandst_;the north and south. The upper

confined aquifers are artificiallyrechargedby irrigation,mainly in the

eastern and northeasternportions of the Pasco Basin (a subbasin of the

Columbia Basin),where the basalt formationsare at or near the land surface

(Gephartet al. 1979).

On the Hanford Site, ground water in the uppermostconfined aquifer

flows primarilyfrom the west to the east toward the Columbia River (Fig-

ure 4.4). Hydraulic-headmeasurementsmade in wells on both sides of the

Columbia River show that ground water in the confinedaquifer flows toward the

river (Bauer,Vaccaro and Lane 1984). Ground water in the uppermostconfined

aquifers eventuallydischarges to the Columbia River (DOE 1988). However,the

river is not a line marking the exact point of dischargefrom the confined

aquifers, as it is for the unconfinedaquifer. Ground water in the confined

aquiferslikely discharges first to the unconfinedaquiferand then to the

river.

Vertical flow of Ground water between confinedaquifers in the Columbia

Basin is impededby the low hydraulicconductivityof the basalt confining

units. The dense interiorsections of the basalt flows have vertical hydrau-

lic conductivitiesthat are about five orders of magnitude lower than the

moderately conductivetops of the flows and sedimentaryinterbeds (DOE 1988).

Therefore,because they are closest to the surface,the uppermostconfined

aquifers,the Saddle MountainsBasalt flow top, and the RattlesnakeRidge

Interbedhave the greatestpotential for contaminationby radionuclidesthat

have entered the unconfinedaquifer from HanfordSite operations.

A comparison of measured hydraulicheads (water levels)for the uncon-

fined aquifer (Figure4.2) and hydraulicheads in the upper confined aquifers

(Figure4.4) at the Hanford Site (DOE Ig88) shows that in the western half of

the Site, hydraulicheads are higher in the unconfinedaquiferthan in the

confined aquifer; in the eastern half of the Site, they are higher in the

confined than in the unconfinedaquifer. Therefore,over the western half of
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the Site, ground water can move downward from the unconfinedto the confined

aquifer. Over the eastern half of the Site, ground water can move upward from

the confinedto the unconfinedaquifer.

The Gable Gap area southwestof Gable Mountain has been shown to be an

area of increasedvertical movementof water between the unconfinedaquifer

and the uppermostconfined aquifers (Graham,Last and Fecht 1984; Early, Hall

and Johnson 1988). Accordingto Graham, Last and Fecht (1984),this increased

verticalmovement results from hydraulicgradientscreatedby waste-water

disposal in the 200 Areas, deformationfrom formationof Gable Mountain and

Gable Butte, and localizederosionof the upper confininglayers.

4.2 SOURCESOF _DIONUCLID_I]_HANFORD SITE_GROUNDWATER

The Hanford Site was establishedin 1943 as the location for facilities

needed to produce plutoniumfor atomic weapons used in World War II; opera-

tions at the Site began in 1944. Radionuclidesin ground water at the Hanford

Site are fron_operations in the 100, 200, and 300 Areas of the Site. Fuel for

the reactorswas fabricated in the 300 Area; reactor operationsto irradiate

uraniumfuel to create plutoniumoccurred in the 100 Areas; and chemical sepa-

ration of plutonium from uraniumand fissionproducts present in the irradi-

ated fuel was done in the 200 Areas. Research and developmentactivitieswere

also conducted in the 300 Area.

3s The waste products from operationswere dischargedto undergrounddis-

posal facilitiesdesigned to receivethe wastes. As previouslydescribedin

Section 1.I, about 444 billiongallons (1.7 billion cubic meters [m3]) of

liquidswere discharged to the ground, and approximately678,000 Ci of radio-

nuclideswere present in the unsaturatedzone and ground water as of

IgB9.(a) The waste-disposalfacilitiesat the Hanford Site are describedin

Parker (1954), Energy Researchand DevelopmentAdministration(ERDA) (1975),

and Stenner et al. (1988) and are summarizedin this sectionof the report.

(a) From an April 1991 presentationby WestinghouseHanford Company,
"HistoricalPerspectiveof RadioactivelyContaminatedLiquid and Solid
Wastes Discharged or Buried in the Ground at Hanford." Available in the
Public Reading Room, FederalBuilding,Richland,Washington.
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4.2.1 qontaminationfBmSolid-Waste Disoosal

Contaminatedsolid wastes have been disposed to the ground at the

HanfordSite since 1944 (Stenneret al. 1988). These wastes have been dis-

posed undergroundin trenches,caissons,and tunnels and on retrievable

storagepads. Most of these solid-wastefacilitieswere backfilledtrenches

of differentsizes and shapes. A cross sectionof a typical solid-waste

trench is illustratedin Figure 4.5. Contaminatedmaterials placed in the

trenches consistedprimarilyof failed equipmentplaced in concrete,wooden,

or metal boxes. Dry wastes consistedof contaminatedrags, paper, filters,

disposablesupplies,soil, small pieces of equipment, as well as other small

disposable items packaged in 4.5-cubic-foot(ft3) cardboardboxes.

36 Solid-wastedisposal facilitiesare present in all of the operating

areas, but have not contaminatedthe ground water (Stenneret al. 1988)..

Contaminantsare released slowly from the solid wastes; radionuclidesasso-

ciated with the solid wastes have not migrated far from the waste sites

because of the dry climate at Hanford and the low rechargerate (Gee and

He,lcr 1985)°

4.2.2 _ontamina_iQnfrom Liauid,WasteDisposal

As with solid wastes, radioactiveliquid wastes have been generated at

the Hanford Site since 1944 (Stenneret al. 1986). These wastes have been

dischargedto ponds and swamps,ditches, trenches,cribs, caverns, french

E_ist_ngGrade

.,,mo-,,_-vlh .' : ...... i i'ii ii _ i,i a_l_,_.,r

I_I_ IIii' =. I • •.

S9112086.5

FIGURE 4.5. SchematicCross Section of a Typical _olid-WasteTrench
(after Stenner et al. 1988)
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drains, sumps, and reversewells. The liquidwastes discharged to the ground

includeuncontaminatedwater, water contaminatedwith low-levelradioactive

wastes, and some water contaminatedwith high-levelradioactivewastes.

The locationsof many of the early radioactiveliquid-wastedisposal

facilitieswere documented in Clukey (1954a and 1956). The name, type of

structure,location in Hanfordcoordinates,surfaceand bottom elevations,

waste source, and drawing numbers of early facilitieswere all identifiedby

C1ukey (1954a and 1956). The locationsof facilitiesconstructedafter 1956

were summarizedby Stenneret al. (1988).

Dischargeof liquidscontainingradionuclidesto the waste-disposal

facilitieswas the primarymechanismfor contaminationof the ground water at

the Hanford Site. The differenttypes of disposal facilitiesand the waste

each received are describedbelow.

37 Ponds and swamps at the site are bodies of water in natural or manmade

surfacedepressions. The ponds were used for disposal of large volumes of

nonradioactiveliquid effluent from cooling and processoperations and other

streams such as laundrywastes. Some radioactivitywas introducedto these

effluent streams f_om failureof process vesselsand piping. As the effluent

seeped into the ground, many of the radionuclidessuch as strontium-gOwere

adsorbed by the soil. To prevent the contaminatedsoil from spreadingby

atmospherictransport,clean water was routinelydischarged to the ponds to

maintain the surfacearea of the pond and preventdrying.

A cross sectionof the unsaturatedzone beneath a typical pond is

illustratedin Figure 4.6. Major ponds used at the Hanford Site were U Pond

in the 200-WestArea and Gable Mountain Pond and B Pond in the 200-EastArea.

These pond_ receivedmost of the process coolingwater that was dischargedto

the ground in the 200 Areas. U Pond was decommissioned(shut down and covered

with backfill) in 1984, and Gable Mountain Pond was decommissionedin 1987

(Freshleyand Graham 1988).

38 _ are long, narrow,unlined excavationsused For conveyingto the

ponds large volumes of processcoolingwater containinglow levels of radio-

activity. The ditches_therefore, had the same levels of contaminationas the
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ponds. Ditches were also kept full to preventcontaminatedsoil from drying

out and spreadingby atmospherictransport.

_iQuid-wastetrenchesare long, narrow, unlinedexcavationsused for

disposal of process coolingwater containing low levels of radioactivity.

Trenches in the 100 Areas were used over long periodsof time for disposal of

batches of reactor coolantwater that containedradionuclidesfrom failed

fuel. The 200-Area trencheswere generallyused over short periodsof time

for disposal of limitedquantitiesof radioactiveeffluent. Some of these

liquid-wastetrencheswere covered; others were not.

The principle behind use of the liquid-wastetrencheswas for the radio-

nuclidesto remain close to the dischargepoint and the low-level radioactive

waste to move verticallydown toward the ground water (Parker 1954). Without

continuousdischargeof liquid to the trenches,radionuclidessuch as

strontium-g0and cesium-137were not expected to move downward very far toward

the ground water.

4.10



Cribs are soil-covered,liquid-wastedisposal facilitiesusuallyfilled

with rocks and timbers. Different crib designswere used. The early designs

consist_d of timbered boxes that were open only at the bottom (see Fig-

ure 4.7). The liquid waste was discharged into the ground inside the box,

which was also equippedwith a vent line. Some cribs had either a second

cavity or tile fields for spreadingthe dischargeover a larger area.

Cribs constructedin later years were built by partiallyfilling an

excavationwith sorted rock or gravel with a distributionpipe placed in the

rock or gravel to provide uniform flow of liquid over the crib bottom. The

gravel was topped by an impermeablemembraneor layer of asphaltand the

entire crib coveredwith soil to provideradiationprotectionand prevent dis-

persal of potentiallycontaminatedsoil.

Some cribs, known as caverns, consistedof covered gravel pits of

differentsizes designed to receive a variety of low-levelwastes, primarily

FIGURE 4.7. SchematicDiagramof a Typical "Timbered-Box"Crib
(Stenneret al. 1988)
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process condensatesand cooling water. During the early years of operations

(the exact length of time was not specified),open trenches served the same

function as cribs and were coveredwith wood, canvas, or plasticsheets to

prevent airbornespread of contamination(Parker1954).

are the same as liquid-wastedisposal trenches,but are essen-

tially square or round, rather than rectangular. Sumps were intendedto

receive only intermittent,low-volumewaste discharges.

French drains are covered or buried rock-filledstructureswith an open

bottom to allow liquid to drain into a gravel.-filledexcavation. French

drains are similarto cribs, but are much smaller. They were used primarily

for disposal of intermittent,low-volumewaste streams.

Reverse wells are drilled holes or wells that were buried or covered.

The lower end of the casing is perforatedor open to allow liquid to drain

into the soil or unsaturatedzone. These wells were drilled to within several

tens of feet of the water table. Early in Hanford Site operations,reverse

wells were used to a limited extent for low-levelwastes, but proved unsatis-

factorybecause they plugged easily and introducedthe wastes close to the

ground water. Accordingto Parker (1954),use of a reverse well early in

Hanford Site operationsresulted in a small amount of radioactivecontamina-

tion in the ground water.

Other t_pes of liquid storaqe facilitieswere used at the Hanford Site

to store radioactiveliquid wastes. Tanks and vaults were constructedto

contain radioactiveliquid wastes to prevent entry into the soil and unsatu-

rated zone. Documentedleaks in a number of the waste storagetanks have

introducedcontaminantsinto the unsaturatedzone (DOE 1987). Smoot and Sagar

(1990) summarizedmonitoringdata and the resultsof computer simulationsfor

the 241-T-I06single-shelltank leak. Resultsof the simulationsdemonstrated

that under certain recharge and soil conditions,ruthenium-t06in the soil

column (vadosezone) will reach the water table.

4.12



4.3 CLASSIFICATIONSOF RADIOACTIVE.WAST..TE.E

Liquid radioactivewastes at the Hanford Site were classified as high-

level, intermediate-level,or Iow_levelwastes (Brown and Raymond 1962b).

This classificationwas used to determinewhether the wastes were to be stored

in tanks or discharged to the ground.

High-levelwastes were those that containedmost of the fission products

from reprocessingoperationsin concentrationsgreater than 100 microcuries

per milliliter (_Ci/ml) (1011pCi/L). These wastes are stored in steel tanks

buried beneath the ground at the Hanford Site. Thepolicy for operatingthe

waste tanks was that no high-levelwastes would be intentionallydischargedto

the ground (Brownand Raymond 1962b). However, leaks from the waste tanks

have occurred (DOE 1987).

39.4o,41 Intermediate-levelwastes were those that had been separatedfrom the

high-levelwastes and generallyhad radionuclideconcentrationsin the range

of I0-Sto 100 _Ci/ml (10,000to 1011pCi/L). Most intermediate-levelwastes

at the Hanford Site are stored undergroundin the high-levelwaste tanks.

Some of the intermediate-levelwastes, however, were dischargedto trenches

when evaluationof tileparticularwaste showed that the soil column would

effectivelyretain radionuclidescontained in the waste.

42,43,44 Low-levelwastes consistedof process coolingwater and steam condensate

that occasionallybecame contaminatedfrom leaks in portions of the separa-

tions processes for recoveringplutoniumfrom spent fuel. The level of radio-

active contaminationin low-levelwastes was not intendedto exceed

10-__Ci/ml (10,000pCi/L). However, periodicdifficultieswith processing

operationsallowed small quantitiesof intermediate-and high-levelwastes to

enter these waste streams (Paas and Heid 1955). The large-volume,low-level

radioactivewaste streamswere dischargedto open swamps or ponds. Relatively

low levelsof radionuclideswere discharged to the ground in swamps and ponds;

these discharges had the greatest impact on the directionof flow in the

unconfinedaquifer because of the large volumes (seeFigures 4.2 and 4.3).

The smaller volume low- and intermediate-levelradioactivewaste streams

discharged to cribs and trenchescontributedthe most to ground-watercontami-

nation at the Hanford Site.
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4.4 INVENTORIESOF SOLID-WASTEDISPOSAL AND LIQUID-WASTEDISCHARGES

Inventoriesof solid-wastedisposal and liquid-wastedischarges to the

ground are summarized in HanfordSite documentsprovidedby the various

Hanford Site operatingcontractors. The amount of detail reported about the

numbersof specific radionuclidesin the waste streams and when discharges

occurred increasedwith time. Seymour (1946) provided an early summary in

total curies of radionuclidesreleasedto the environmentthrough 1946.

Ruppert and Heid (1954) summarizedthe inventoriesof radionuclidesin liquid

processwastes discharged to the ground in the 200 Areas for the period July

1952 throughJune 1954. The document also provides a summary of dischargesto

the ground in the 200 Areas from the beginning of HanfordSite operations in

1944 to July 1954. The data are summarized for waste stream volume and con-

centrationsof uranium, plutonium,beta emitters,cesium-137,and strontium-

90, with special analyses for antimony-125and ruthenium-t06. Paas and Heid

(1955)provided a monthly summaryof the amounts of radionuclidesdischarged

to the ground at separationsfacilities in the 200-Eastand 200-WestAreas

from July 1954 through June 1955.

Clukey (1954b)summarizedthe inventoriesof radioactiveliguid wastes

dischargedto the ground in the 300 Area during 1954. All of these wastes

were associatedwith fuel fabricationactivities;the dominant radionuclide

present was uranium. Two of the waste streamswere dischargedto the ground;

the third was accumulatedin storagetanks inside a 300-Areabuilding and

truckedto a crib in the 200-EastArea. Processwastes consistingprimarily

of unirradiateduranium were discharged in two diked surface ponds between the

300-Area fence and the Columbia River.

45 The inventoriesof radionuclidesstored in the greatest amounts as solid

wastes in the ground at the HanfordSite are listed in Table 4.1. The inven-

tories of radionuclidesare decayedto 1989 (listedas the inventoriespresent

during 1989, taking into account inventoryreductionsbecause of radioactive

decay). Radionuclidesother than those listed are present in solid wastes,

but in much smallerquantities. The total volume of solid waste in the ground

at the Hanford Site is approximately625,000m3. Additional solid-waste

, inventoriesare stored in strontium-90and cesium-137(apsules

(173,500,000Ci) in the 200 Areas; irradiatedfuel storage (62,870,000Ci) in
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4B TABLE 4.1. Total RadionuclideInventoriesPresent as Solid Was_Rs
Placed in the Ground at the Hanford Site as of 1989taj

Radionuclide Inventory(Ci) Disposal Locatfon

Tritium 266,800 100, 200 Areas

Strontium-90 2,030,600 100, 200, 300 Areas

Cesium-]37 2,541,200 100, 200, 300 Areas

Carbon-14 6,300 100, 200 Areas

Uranium 560 200, 300 Areas

Americium-241 1,100 200, 300 Areas

Plutonium 27,500 200, 300 Areas

Total (curies) 4,875,100 100, 200, 300 Areas

(a) From an April 1991 presentationby WestinghouseHanford
Company, "HistoricalPerspectiveof RadioactivelyCon-
taminatedLiquid and Solid Wastes Discharged or Buried
in the Ground at Hanford." Available in the Public
ReadingRoom, FederalBuilding,Richland,Washington.

the 100, 200, and 400 (Fast Flux Test Facility [FFTF])Areas; and solids in

above-groundstoragefacilities (651,000Ci). More than 99% of the solid-

waste inventoryis stored in the 200 Areas.z

49 The inventoriesof radionuclidesdischargedto the ground in liquid

effluent are listed in Table 4.2. l'heinventoriesof radionuclidesare also

decayed to 1989 (listedas the inventoriespresent during 1989, taking into

account inventoryreductionsbecause of radioactivedecay). Some of the

radionuclidesdescribed in Section 6 (such as ruthenium-lO6and cobalt-50)

were discharged to the ground but were decayed as of 1989 becauseof their

relatively short half-lives. Other radionuclideswere dischargedto the

ground, but in much smaller quantities. The total volume of liquids

discharged to the ground at the Hanford Site is approximately1,680,000,000m3

(1.7 billionm3). Additional liquidwastes (245,000m3 and 208,700,000Ci)

are stored in the high-levelwaste tanks located in the 200 Areas. As with_

the solid wastes stored in the ground, more than 99% of the liquid effluent

radionuclideinventorywas disposed to the ground in the 200 Areas.
z
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5o TABLE 4.2. Total RadionuclideInventoriesPresent in the Ground(_rom
Liquid-WasteDisposal at the HanfordSite as of 1989

Location of
Radionuclide .!LD.Yentory(Ci) _.Waste Dischr__Z.CL___

Tritium 423,300 100, 200 Areas

Strontium-90 40,500 100, 200 Areas

Cesium-137 195,000 100, 200 Areas

Technetium-99 960 200 Area

Iodine-129 9 200 Area

Carbon-14 220 100 Area

Uranium 200 200, 300 Areas

Americium-241 3,800 200 Area

Plutonium 13,600 200 Area

Total (cqries) 678,000 100, 200, 300 Areas

(a) From an April 1991 presentationby WestinghouseHanford
Company, "HistoricalPerspectiveof RadioactivelyCon-
taminatedLiquid and Solid Wastes Discharged or Buried
in the Ground at Hanford." Availableirlthe Public
Reading Room, Federal Building,Richland,Washington.

4.5 TESTS FORBROUND DISPOSALOF W_

Tests were conductedbefore waste dischargefacilitieswere used at the

Hanford Site. Parker (1954) reported on laboratorystudies to determinethe

capacity of Hanford Site soils to retain or sorb radionuclidescontainedin

the liquid-wastestreamsdischarged to the ground. Laboratory analyseswere

also performedto determinethe behavior of long-livedradionuclidesin the

soil. The tests were conducted for plutonium-239,as well as for

ruthenium-106,cesium-137,strontium-g0,yttrium-90,and other fission

products. Experimentswere either conductedin batch mode, where the waste

stream and soil were allowed to reach equilibrium,or in columns,where the

process waste streamswere passed through fixed volumes of soil. The experi-

ments demonstratedthat sorptionor retentionof radionuclidesin Hanford Site

soils depended on the initialradionuclidecr,ncentrationsin the waste stream;
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acidity (pH) of the waste stream and soils; and the chemicalcharacteristics

of each radionuclide,namely whether the radionuclideis present as an anion

or cation.

The different liquid wastes dischargedto the ground at the Hanford Site

had widely varying inventoriesand pH conditions (Parker1954). The chemical

form of the radionuclideinfluencedits behavior in the subsurface;cationic

forms of radionuclidesare more easily retained by soils. Of the radio-

nuclides tested, plutonium-23gand cerium-144were almost completelysorbed

over a wide range of pH conditions. Cesium-137,strontium-90,and yttrium-90

were sorbedto differentdegrees, dependingon the waste stream chemistry.

Ruthenium-t06mixed with distilledwater was sorbed under high pH conditions,

but was mobile under acidic (lowpH) conditions. Ruthenium-t06in waste

streams from Hanfordoperationswas found to be highly mobile and not sorbed

by sediments. Based on field observations(ground-watermonitoring),Parker

(1954)noted that uraniumforms complexeswith other chemicalsand is mobile.

This observationwas confirmedlater near the 216-U-Iand U-2 cribs in the

200-WestArea where uraniumwas found to be complexed (combined)with car-

bonate and was observed to be highly mobile (Delegardet al. 1986).

Brown (1957a)reported that laboratoryexperimentswere performedwith

wastes from the process operationsto determinevolumes of wastes that could

be dischargedto the ground before contaminantsin the soil column (unsatu-

rated zone) would break throughto the ground water° The laboratory

researchersreported the resultsof soil-columnexperimentsdesigned to

evaluatebreakthroughof cobalt-60.

Other tests performedbefore ground disposal of wastes includeda 4-month

field test designed to determinethe infiltrationrate of reactorcoolant

effluentdisposed to the ground in an existing trench at the IO0-D Area

(Eliasonand Hajek 1967). Th_ field test includedmeasurementsof water

elevations,temperature,and radionuclideconcentrationsin ground-watermoni-

toring wells and river bank springsnear the crib. The study demonstrated

that large volumes of reactor coolanteffluent could be disposed to the ground

near the river without raisingthe water table to the ground surface. Of the

radionuclidesinvestigated,phosphorous-32and zinc-65were retained by the
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sediments. Iodine-131and chromium-51were relatively unaffectedby sediments

and moved without being retained by the sedimentsbetweenthe crib and the

river.

4.6 INFLUENCESON RADIONUCLIDEMOV.EMENTAT HANFORD

The movement of radionuclidesin the unconfinedaquiferat the Hanford

Site is influencedby the patternof natural recharge;the locations and

volumes of artificialrecharge resultingfrom waste-waterdischarges,which

have changedwith time; the distributionof aquifer properties,primarily

hydraulicconductivity,within the aquifer; the startingand ending locations

for contaminantflow paths; the chemical compositionof liquid effluents; and

the geochemicalbehavior of contaminantsin Hanford ground water (Freshleyand

Graham 1988). While one or more of these factors can control the velocity of

ground water or a contaminantat a specificlocation along a flow path, all

may interactover the entire length of the particularflow path.

4.6.1 N__aatu.ralRecharqe

The pattern of naturalrecharge to the unconfinedaquiferat the Hanford

Site affectscontaminantmovement by,changingthe elevationof the water

table. Natural recharge to the unconfinedaquiferoccurs as surface runoff

from RattlesnakeMountain and UmtanumRidge to the south and west of the Site

(Newcomb,Strand and Frank 1972), upward leakage from the lower basalt aqui-

fers (Graham1983), and direct recharge from precipitation.

Newcomb, Strand and Frank (1972)estimatedthat the surface runoff from

uplands in a_d west of the Hanford Site is small. They observe that, for most

years, flow in the upper Cold Creek and Dry Creek valleys is small and is

measurableonly during brief periods. The surfacerunoff in these highlands

was thoughtto either evaporateor recharge the shallow aquifer in the

valleys. Surface runoff that rechargesthe Cold Creek and Dry Creek valleys

from irrigationof wine grapes and orchards in the Cold Creek Valley enters

the Hanford Site as ground-waterflow. Although this amount of rechargehas

not been measured directly, it has been estimatedwith numericalmodels of

ground-waterflow; specifically,Jacobsen and Freshley (1990)attemptedto

calibratea two-dimensionalmodel of ground-waterflow in the unconfined
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aquiferat the Site. They estimate that the inflowboundary representingthe

Cold Creek Valley is contributing311,000 ft3/dayto the unconfined aquifer.

An upward hydraulicgradient between the confined and unconfinedaquifers

exists over much of the Hanford Site. Thus, rechargemay occur as upward

leakage from the confined aquifers to the unconfinedaquifer (Dove et al.

1982). However, there is evidence that the hydraulicgradientshave been

reversed,and downward leakage has occurred around B Pond and Gable Mountain

Pond near the 200-EastArea as a result of increasedhydraulicheads in the

unconfinedaquiferfrom dischargeof waste water to the ground (Graham,Last

and Fecht 1984; Jensen 1987; Early, Hall and Johnson 1988).

Recharge from precipitationdrives contaminantsdownward through the

unsaturatedzone. Rechargeto the unsaturatedzone from precipitationhas

been the subjectof a number of investigationsat the Hanford Site. Gee and

Heller (1985) examined past studies of unsaturatedwater flow done primarily

by Hanford contractors(AtlanticRichfieldHanford Company, RockwellHanford

Operations,and PNL) to determinewhether there was a consensuson the mech-

anism of recharge to the unconfinedaquifer by precipitationand to quantify

the amounts.

Gee and Heller (1985)analyzed the results from deep (59 feet) lysimeter

investigationsin the 200 Areas and concludedthat recharge is occurringand

water is draining at the lysimetersite, althoughthe drainage is slow. They

calculated possibledownward recharge rates of 0.1 to I inches per year

(in./y). At the same site as the lysimeterin the 200 Areas, an uncasedwell

(drilledto 309 feet) was used to determinerecharge. Gee and Heller (1985)

calculateda range of possible recharge al this well of 0.01 to 2 in./y, based

on estimatesof hydraulicconductivities.

Gee and Heller (1985)also attemptedto estimate recharge in the unsatu-

rated zone based on the movement of tritium from atmosphericfalloutof

offsite atomic weapons testing. Results from sampling unsaturatedsediments

near the 200-East Area during 1969 demonstratedthat tritium attributableto

offsite atomic weapons testing was found to depths of 16 feet. The investi-

gators interpretthese data as correspondingto the depth of maximum penetra-

tion of recharge since the early 1950s when thermo-nucleardevices were first
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tested with direct releaseof tritium to the atmosphere. Gee and Heller

(1985) suggestedthat these data could also be consistentwith steady-state

recharge (calculatedto be 0.8 in./y) for a period of 20 years.

Results from shallowlysimeter studiesnear the 300 Area between 1974 and

1984 have shown that precipitationis infiltratingbelow the root zone of vege-

tation establishedon top of the lysimeters(Gee and Heller 1985). Recharge

has been estimatedto range from I to 3 in./y a_ a grass-coveredsite and has

exceeded 2 in./y at a bare soil site. A combinationof coarse-texturedsoils,

shallow-rootedplants, and above-normalprecipitationduring the time period

have been identifiedas causes for recharge rates that are high, compared with

other study locationson the Hanford Site.

Modeling studies at the Hanford Site have been helpful in estimatingthe

effectiverecharge (Kirkhamand Gee 1983). However, accordingto Gee and

Heller (1985),recharge cannot be accuratelypredictedwith numericalmodels

because key parameters,such as soil hydraulicproperties and actual evapo-

transpiration,have not been measured in sufficientdetail. Results of model-

ing studieshave shown that for the expected climate, topography,and soils at

the Hanford Site, recharge is in the range of 0 to 2 in./y. Jacobson and

Freshley (1990) includedareal recharge in the calibrationof a two-

dimensionalmodel of ground-waterflow in the unconfinedaquifer. Their esti-

mate of the areal distributionof recharge from naturalsources (precipitation

and snow melt) is illustratedin Figure 4.8.

Bierschenk (1957) identifiedsourcesof naturalrecharge to the uncon-

fined aquifer other than ground disposal of waste water and recharge by pre-

cipitation. Natural rechargeto the aquifer also occurs by subsurfaceinflow

from the west (Cold Creek and Dry Creek valleys). Other natural recharge

occurs at the base of RattlesnakeMountain from severalcreeks that flow

intermittentlyfollowingheavy rain or melting snow. In addition,Bierschenk

(1957) identifieda zone of ground water near the Columbia River that is

rechargedby bank storage from the river during periods of high river flow.

During more recent studies of the IO0-N Area, Jensen (1987) and Gilmore,
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Borghese and Newcomer (1991) noted that fluctuationof the Columbia River had

a significantimpact on water levels in wells next to the river.

4.6.2 Recharge from Liauid-Was_eDisposal and Irriqatio_

51 Artificial rechargeto the unconfinedaquiferoccurs from large volumes

of effluent dischargedto surfaceponds, cribs, and ditches in the 200 Areas

(Grahamet al. 1981). The major disposal ponds were U Pond, B Pond, and Gable

Mountain Pond (Figure 1.1). The effluentdischarged to these facilitieshas

artificiallyrechargedthe unconfinedaquiferand createdground-watermounds

(elevatedareas of the water table) beneath both the 200-East and 200-West

Areas (Grahamet al. 1981). This artificialrecharge is estimatedto exceed

by an order of magnitude the natural rechargeentering the Hanford Site as

ground-waterflow from the west (Grahamet al. 1981). The flow direction,

which was predominantlyfrom west to east under pre-Hanfordconditions

(Newcomb,Strand and Frank 1972), is now highly variablewithin the 200 Areas

(Figure4.2).

Bierschenk (1957) summarizedimpactsto water levels in the unconfined

aquifer from waste disposal operations. From 1944, when operationsbegan, to

June 1957, approximately3 billiongallons of low-levelradioactivewaste

water and 27 billiongallons of relativelyuncontaminatedcoolingwater were

dischargedto the ground. As of 1989, the total amount of liquids discharged

to the ground had increasedto 444 billiongallons (1.7 billion m3).(a)

Changes in the water table were observedmore than 15 miles away from the

disposal areas; Bierschenk (1957)observed a net water-levelincrease in all

wells on the Hanford Site from 1944 to 1957. Bierschenk (1957)observed more

than an 80-foot rise in the water table beneaththe 200-WestArea and approxi-

mately a 20-foot rise in the water table beneaththe 200-EastArea.

The locationsand volumes of effluentwaste water discharged to the

ground at the Site have changed with time (Grahamet al. 1981). As a result,

(a) From an April 199.1presentationby WestinghouseHanfordCompany,
"HistoricalPerspectiveof RadioactivelyContaminatedLiquid and Solid
Wastes Dischargedor Buried in the Ground at Hanford." Available in the
Public Reading Room, FederalBuilding,Richland,Washington.
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water levels in wells at the Site also have changed. Figure 4.9 illustrates

the water-levelhistory for a well near B Pond that responded to changing

dischargesto the pond.

The water-tablechanges for the period from 1944 to 1973 are documented

by Kipp and Mudd (1974). Zimmermanet al. (1986)documented historical

changesof the water table between 1950 and 1980. Zimmermanet al. (]986)

found that the water-tablechanges migrated outwardfrom the sources in the

200 Areas with time, reaching the Columbia River in the southeasternportion

of the Hanford Site during the period 1965 to 1970. These water-tablechanges

imply that the flow paths contaminantsfollowedfrom sources in the 200 Areas

also changed with time. Water-tablechanges from 1980 to 1990, which show

declining water levels in response to decreaseddischarges,were documented by

Newcomer (1990).

Several facilitiesand projects near Hanfordhave affectedground water

at the Site. Brown (1966)discussed impactsto unconfined and confined

aquifers resultingfrom irrigationin the Columbia Basin IrrigationProject.

beginningin 1950 and from constructionand operationof the Priest Rapids and
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Wanapum dams on the ColumbiaRiver upstream of the Hanford Site. The net

effect from constructionand operationof these facilitieswas to raise water

levels in the unconfinedaquifers in the ColumbiaBasin.

Hydraulic heads in the uppermostconfined aquifersbeneath the Hanford

Site also increasedin responseto the irrigationand waste-waterdischarges.

On the north side of the Columbia River oppositethe Hanford Site (Wahluke

Slope),water levels in the unconfined aquiferrose in response to the

ColumbiaBasin IrrigationProject operationsto the east and in responseto

the Priest Rapids Dam to the west. Figure 4.10 from Brown (1966) illustrates

that, in the uppermostconfined aquifer, the hydraulicgradientsand resulting

ground-waterflow directionswere radially inward toward the Hanford Site from

irrigationto the east and Priest Rapids Dam to the west, then in a southeast

directiontoward WallulaGap in response to impactsfrom Hanford operations

and recharge from RattlesnakeMountain.

More recent measurementsof water levels in the unconfinedaquiferon the

west side of the Columbia River show a steep hydraulicgradient toward the

river (Figure4.11). The hydraulicgradient is also toward the river on the

Benton County (Hanford)side. Thus ground water in the unconfined aquiferon

both sides discharges to the river.

4.6.3 Pistributionof __oJL_IY_).j__._

The distributionsof aquiferproperties,primarilyhydraulicconductivity

and aquifer thickness,influenceground-waterflow and contaminantmovement in

the unconfinedaquifer. The upper surface of the unconfinedaquifer, the

water table, is the RingoldFormation,which consistsof sedimentsranging in

size from clay to gravel, and the Han/ord formation,which consists of

glaciofluvialsands and gravelsove','lyingthe Ringold Formation (Figure4.1).

The hydraulicconductivity,which describesthe abilityof the aquiferto

transmit water, is more than an ord_r of magnitudehigher for the Hanford

sedimentsthan for the Ringold Formation (Grahamet al. 1981).

The distributionsof hydraulicconductivityand transmissivity(which is

hydraulicconductivitymultipliedby a,_uiferthickness)var'iiacross the

Hanford Site. Hydrauliccharacteristicsof the unconfined aquiferhave been

determinedby aquifertests. These tests are generallyconductedby pumping
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ground water from the aquifer and observing the response in other nearby

wells. Bierschenk (1957 and 1959b) and Kipp and Mudd (1974) summarized the

results of aquifer tests conducted at the Site. The distribution of hydraulic

conductivity in the unconfined aquifer was first estimated from point measure-

ments (aquifer tests) by calibrating a two-dimensional model of ground-water
_d

flow (Cearlock, Kipp and Friedrichs 1975). This distribution was modified

with a more recent calibration of a different two-dimensional model of the

aquifer by Jacobson and Freshley (1990). Jacobson and Freshley (1990) applied
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an inversecalibrationmethod to estimate the distributionof transmissivity

in the unconfinedaquifer. The results of the inversecalibrationare

illustratedin Figure 4.12.

The difference in aquiferpropertiesbetweenthe Hanford and the Ringold

formationsis reflected in the ground_watermounds (circularpattern near the

200-EastArea and "bowed"contour in the 200-WestArea in Figure 4.1) beneath

the 200-East and 200-WestAreas (Grahamet al. 1981). By 1979, the water

table beneath U Pond had risen more than 85 feet as a result of waste-water

disposaloperations in the 200-WestArea, which began in 1944. At the same

time, the mound beneath B Pond near the 200-EastArea had risen only 30 feet.

Although receivingabout the same total volume of waste water, the B-Pond

mound is less than one half the height of the U-Pond mound. The heightsof

the two mounds differ becauseof the relativedistributionof the Ringold and

Hanfordformations. In the 200-WestArea, the unconfinedaquifer is mainly in

the Ringold Formation,but betweenthe 200-EastArea and the Columbia River,

it_ upper part is in the Hanfordformation.

The aquifer thicknessand distributionof variousunits that compose the

unconfinedaquifer have a strong influenceon contaminantmovement at the

Site. For example, the tritiumplume originatingin the 200-WestArea has

moved less than 4 miles from its sources,while the tritium plume originating

in the 200-EastArea has moved more than 16 miles from its sources and is

dischargingto the Columbia River (Jaquishand Bryce 1990; Woodruff et alo

1991). This difference in extent between the two contaminantplumes is the

result of differencesin the distributionsof the Ringoldand Hanford

formations.

4.6.4 Flow-PathVariation

The large volumes of waste water dischargedto the ground influenceflow

paths in the unconfinedaquifer. Flow from the southeasternportion of the

200-EastArea originally followedan easterly path and entered the Columbia

River near the Hanford townsite. Because of changes in the pattern of the

water table, mainly resultingfrom increaseddischargeto B Pond, those flow

paths now follow a more southerlypattern and dischargeto the river south of

the Supply System (Freshleyand Graham 1988)_ However, tritium in the ground
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water is dischargingto the river from betweenthe Hanford townsite and the

Supply System. The highest tritium concentrationsare entering the river near

the Hanfordtownsite (Jaquishand Bryce 1990_ Woodruff et al. 1991).

The flow paths that ground water and radionuclidesfrom the 200 Areas

will follow depends on where, with respectto the ground-watermounds beneath

the 200-East and 200-WestAreas (Figure4.1), the water or radionuclidesenter

the unconfinedaquifer. For example, the waste-waterdischarges to B Pond

have created a ground-waterdivide within the 200-East Area. Effluentdis-

charged to the aquifer north of this ground-waterdivide will follow a flow

path north through the gap between Gable Mountain and Gable Butte. Effluent

dischargedto the aquifer south of the ground-waterdivide will follow the

southeasterlyflow path previouslydescribed.

4.6.5 Geochemi_calProp_ertie_s

The geochemicalbehavior of radionuclidesalso influencestheir movement

in ground water at the Hanford Site. Tritium,which is present in high-volume

liquid effluent,has a widespreaddistributionin the unconfinedaquifer

because it is not sorbed by the sedimentscomposingthe aquifer (Jaquishand

Bryce 1990). Radionuclidessuch as strontium-gO,cesium-137,and plutonium-

239_240 are attenuatedor retained by sedimentsin the unsaturatedzone

through adsorption,chemical precipitation,and ion exchange (Routson1973;

Ames and Rai 1978). In addition,radionuclidessuch as strontium-90,cesium-

137, and plutonium-239,240were concentratedin low-volumeliquid effluent

waste streams and typicallydo not have a widespreaddistributionat the Site,

compared with the distributionof tritium.
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5.0 GROUND-WATERMO..NITO_NGON AN.DOFF THE HANFORD SITE

Ground water at the Hanford Site has been monitoredextensivelyfor

radionuclidessince 1944 (Brown and Raymond 1962a). Ground water off the

Hanford Site has also been monitoredperiodicallyto determinewhether radio-

nuclides have moved offsite.

5.1 SCOPE OF MONITORINGPROGRAM

Most of the early ground-watermonitoringdata were collectedfrom

drilled test wells and farm wells that existed before the Hanford Site was

established(Parkerand Gamertsfelder1945a). Gradually,the number of test

wells that were sampled increasedand evolved into the currentmonitoring

program (Woodruffet al. 1991).

Haney (1961a)describedthe scope of the monitoringfunction performedby

staff in the Chemical EffluentsTechnologyOperationof the General Electric

Company. The scope of the programwas to monitor and investigatethe impacts

of waste disposal, from both Bast and future operationsat the HanfordSite.

Field investigationswere conductedto determinethe impacts from past opera-

tions, and laboratoryinvestigationswere conductedto predict future behavior

of contaminantsthat were introducedinto the environmentby waste-disposal

operations. The intent of monitoringwas to provideassistanceand guidance

to the operatorsof the reactors and reprocessingplants.

In additionto providinginformationto operatorsof Hanford Site facili-

ties, the purpose of monitoring activitiesexpandedto includedetermination

of the distributionof mobile radionuclidesand nitrate from 20D-Areawaste-

disposal sites and to relate the distributionsof these constituentsto Site

operations (Woodruffet al. 1991). The unconfinedaquifer at the HanfordSite

was monitoredmuch more extensivelythan the confined aquifers becauseit was

affectedmore by Site operationsand because it had the greatest potentialfor

causing human exposuresby use of wells or by ground-waterdischargeto the

river. However, the confined aquiferswere also monitoredbecause they

representedpotentialpathwaysfor offsite migrationof radionuclides.
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5.2 DESCRIPTIONOF MONITORINGTECHNOLOGY

The technologiesfor ground-watermonitoringat the Hanford Site included

constructionof wells, samplecollection and analysis,and use of other

measurementdevices such as flow meters. As the technologiesevolved and

improved,the quality of data generatedby the ground-watermonitoring _"

activities improved. To evaluate the potential for contaminationand for

detectingground-watercontamination,the early monitoringdata are
-

acceptable. However, more recent data are better for delineatingplumes of

specific radionuclides.

5.2.1 Mon___itoringWel]_

Monitoringwells were the primary means of collectingground-watersam-

ples; very few (less than 130) springsexist on the Hanford Site, most of them

on RattlesnakeMountain (Schwab,Colpitts and Schwab 1979) and along the o

shorelineof the Columbia River (McCormackand Carlile 1985). More than

200 wells existed before the Hanford Site was established. Most were hand-dug

farm wells (McGhan 1989). Includingthe pre-Hanfordwells, over 3500 wells

have been constructedat the Hanford Site. Some have been destroyed; as of

January 1989, over 2900 wells existed at the Hanford Site (McGhan1989).

Approximately1990 of these were drilled to ground water in the unconfined and

confined aquifers. The remainingwells were used to monitor waste-disposal

facilitiesin the unsaturatedzone in the 200 Areas and were not drilledto

the ground water.

Brown and Raymond (1962a,1962b) providedgeneraldescriptionsof the

monitoringmethods and concepts of ground-waterflow that provided the basis

for the monitoring program for the unconfined aquiferduring the first

16 years of Hanford Site operations. Brown and Raymond (1962a)stated that

some of the monitoringwells were drilled to the basalt bedrock, others to the

first semi-imperviouslayer below the water table (generallya "blue clay"

member of the Ringold Formation),and others to only a few tens of feet below

the water table. Most of the wells were 6 or 8 inches in diameter, although

some had diametersof 10 inchesor more (McGhan,Mitchell and Argo 1985).

Because the unconsolidatedsedimentsthe wells penetratedcould not remain

intactwithout support,most of the wells were constructedwith carbon-steel
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casing (Raymond1958). The casing was puncturedwith a mills knife perfora-

tor; generally,four or five perforationsaround the entire diameter of the

casing and one round of perforationsper foot were used. Some of the wells

were perforatedwith a shaped charge system (barrelwith steel-piercing

bullets) because it was faster and less labor-intensivethan the original

mills knife method. Some of the wells were constructedwith piezometers,

which were smallerdiameter tubes sealedat differentdepths below the water

table (Essig 1971).

4 Wells constructedin the unconfinedaquiferbefore the mid.-1970swere

perforatedover the entire depth of the weil, although the possibilitythat

contaminationmight stratifywithin the aquiferwas recognized. Brown (1957c)

described an investigationto determinethe effects of geologic layering and

density of waste dischargedto the ground on the verticaldistributionof

radionuclidesin the ground water. A "delayed-actiondepth-samplingdevice,"

designed to collectundisturbedwater samplesfrom differentdepths was ,_sed.

The results of the investigationdemonstratedthat the contaminationwas

stratified,with the highestconcentrationsnear the bottom of the weil.

Haney (1960c)described a second effort to determinethe vertical

variationof radionuclideconcentrationswithin open wells in the unconfined

aquifer. The results of this investigation,near the 216-BY cribs, also

demonstratedthat most of the wells showed higher concentrationsnear the bot-

tom of the well than near the top. However, a later investigationby Eddy,

Myers and Raymond (1978)demonstratedthat maximum concentrationsof radio-

nuclides are near the top of the aquifer. Brown's (1957c)and Haney's (1960b)

earlier observationsof high contaminantconcentrationsat the bottom of wells

probably resulted from differencesin contaminantdensity within open well

casings.

The locations,construction,and status of wells are summarizedin

reports that are periodicallyupdated. Brown and Ibatuan (1958)summarized

data on exploratoryand monitoringwells constructedat the Hanford Site as of

1958. This documentwas updated by McGhan,Mitchell and Argo (1985) and later

by McGhan (1989) in summariesof "HanfordWells."
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In January 1974, a plan was generatedto upgrade the existing ground-

water monitoring program on the Hanford Site (McGhan 1978). The program

upgrade includedlowering speciallydesignedtelevisioncameras into the wells

to 'inspectconditions,performingstep-drawdowntests to evaluate aquifer

response in the weil, cleaning out all samplingwells, perforatingwell cas-

ings to eliminatestagnantwater columns in wells, reducing long water columns

in some wells with plugs to sample the upper portion of the unconfinedaqui-

fer, and installingwell screens and submersiblesample pumps where needed.

Cleanout of the wells consistedof removing silt and sand from the bottom

of the casing and brushing rust and scale from the side of the casing. Steel

casing walls were puncturedwith a mills knife where perforationswere limited

or nonexistent. Some wells were shortenedor plugged by installingwooden

plugs (approximately18 inches long),which were loweredwith well-drilling

tools; these plugs were left to swell overnightand bridge the casing. Cement

grout was then placed on top of the wooden plug to provide a permanent seal.

The lengthsof wells were reduced because the study by Eddy, Myers and Raymond

(1978) demonstratedthat most of the contaminationwas found in the upper

portion of the aquifer.

BetweenApril 1974 and December 1977, extensiveremedial work (as

described above) was done on 222 wells used for monitoringthe unconfined

aquifer. The results of the well remediationprogram are summarizedin

Table 5.1 (McGhan1978). The changes indicatedin the table refer to differ-

ences in concentrationsof radionuclidesmeasured in samples from the wells.

TABLE 5.1. Effectsof Well Remediationfrom 1974 to 1977 (afterMcGhan 1978)

Effect on Action Taken
Measured No. of Pump

Concentration Wells Pluqqed Perforated Developed Installed

Definite Change 59 21 24 50 43

No Change 91 40 21 81 78

InsufficientData 72 17 17 62 38
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In the table, "plugged" refers to shortening the water column by inserting a

cementplug; "perforated"refers to puncturing the casingwith a mills knife;

and "developed"refers to pumping the wells to develop a clean filter of

gravel near the openings in the weil. More than one action was taken for some

of the wells, so the numbers in the well remediationcolumn do not equal the

number of wells. Well remediationwork has been includedas part of Site-wide

ground-waturmonitoringactivitiessince 1977.

5.2.2 Sample Collectio_

Sampleswere collectedat varying frequenciesthroughoutthe historyof

Hanford operations. Parker (1945)stated that water sampleswere collected

from every availablewell at the Hanford Site during 1945 and analyzed for

radionuclides. In the monthly report for March, Parker (1945) stated that

64 wells were sampled and analyzedweekly, and 15 wells were sampledmonthly

during 1945.

Haney (1960a)indicatedthat the monitoringwell samplingand analysis

programwas revised and a new sampling schedulep_t into effect in

November 1959. The primarychange was less frequent samplingof wells that

were not in zones of existing contamination. Wells in cont=minationzones

were also sampled less frequently,but the number of wells sampled and

analyzedfor specificradionuclideswas increased. While the changes were

made to reduce sampling and analysis costs, they were designed to maintain the

integrityof the monitoringprogram.

Sampleswere collectedby differentmethods. Accordingto Brown and

Raymond (Ig62a),most ground-watersampleswere collectedat or just below the

water table by loweringan unstopperedglass bottle in a stainlesssteel cage

into the water. The samplingmethod was consideredto be relativelyfast and

eliminatedthe problem of possible cross contaminationfrom ground water at

greaterdepths. Piezometerswere sampledwith a smallerdiameter collection

, device or by airlifting, where compressed air was injected into the tube near

the bottom, forcing water out the top.
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Special sampling equipmentwas developedat the Hanford Site to obtain

water samplesat depths below the water table. A depth samplerwas developed

specificallyto collect samples from differentdepths (Brownand Raymond

Ig62a). The depth samplerconsistedof an evacuated (pressureless than

atmospheric)glass bottle fitted with a solenoidvalve attached to a length of

conduit. The device was lowered into the ground water to a predetermined

depth until water insidethe well casing, perturbedby intrusionof the

, sampling device, reestablishedequilibriumwith water in the aquifer. An

electricalcurrent then opened the solenoidvalve, allowing the water to enter'

the bottle. The valve was then closed and the sample raised to the surface.

Currently,ground-watersamples are collectedaccordingto documented

sampling procedures (Jaquishand Bryce 1990). Most wells are fitted with

submersiblepumps and are sampled after sufficienttime to allow temperature,

pH, and specific conductanceto equilibrate. These parameters are easily

measured physical and chemicalcharacteristicsof the water. This procedure

is used to eliminatestagnantwater in the wells and ensure that a sample

representativeof ground water near the well is collected.

The number of ground-watermonitoringwells sampledat the HanfordSite

continuesto change with time in response to changing regulatoryrequirements

(RCRA, CERCLA), to needs of the environmentalsurveillanceprogram at the

Site, and to movement of contaminationin the ground water. Figure 5.1 illus-

trates the distributionof ground-watermonitoringwells during 1989; this

:_ illustrationis from Jaquish and Bryce _19g0). The distributionreported in

the most recent)'ypublishedenvironmentalmonitoringreport (Woodruffet al.

1991) is similar.

5..2.3 Sample AnalvsiE

Healy and Gamertsfelder(1945)described in detail the sample analysis

procedureused in early monitoring activities. A 500-millilitersample of

water was evaporatedand subjectedto spectrographicanalysis. Sampleswere

also run through resins to collect radionuclidesfor analysis. The samples

were measured for radioactivityover severaldays to detect changes in beta

and gamma activities and to determinehalf-livesso that the radionuclides

could be identified.
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In 1945, the analysis procedurewas to evaporate a 100-millilitersample

and count the radioactivityfor 5 minutes (Parker Ig45). This procedure

allowed detectionof concentrationsas low as 3 x 10.4_Ci/L (300 pCi/L) for

identifiedgross beta emitters.

54 DuPont (1945)also describedmethods and equipment used to collect and

analyzewater samples and other environmentalsamplesduring early operations

of the Hanford Site. The original equipmentfor measuringradioactivityin

water sampleswas determined to be unsatisfactoryin 1945, and a considerable

effort was initiatedto improveit. A method for measuringgross beta

activity by placing a small dish of exposed liquid below a mica window Geiger-

MuelIer tube was researched and developed.

DuPont (1945)noted that cross contaminationbetweenmeasurementof

different sampleswas a persistentproblemthat was solved with only moderate

success. The problemswith early water sample collection and analysismethods

resulted in sporadicmeasurementresultsduring the 1940s and early 1950s.

However, the monitoring resultsdescribedin Section 6 are still useful for

interpretingthe extent of ground-watercontamination.

The method of analyzingground-watersamples changed betweenOctober and

December of 1945. Insteadof evaporatinga 100-milliliter(O.1-1iter)sample,

analystsevaporateda 500-milliliter(O.5-1iter)sample directly into a beaker

and used acid washes to transfer the residueto a counting glass. This change

in methods led to greater sensitivity(lowerdetection limit) in the measure-

ments. Sampleswere collected from effluentdischargesto f'_onitorcontami-

nants dischargedto the ground, from drinking-watersupplies,and from wells

intendedto monitor the unconfinedaquifer in general. By 1950, the detection

limit for gross beta concentrations(Paas and Singlevich 1950d) was loweredto

1.0 x I0"B_Ci/ml (10 pCi/L). Paas (1951b)referenced a "StandardProcedures

Manual of the Control FunctionsAnalyticalGroup" containingdescriptionsof

proceduresfor analyzingsample._.

Parker (1946a)reported that transfer"of the "water countingprogram"

from the Cold Semi-WorksBuilding to laboratoriesin the contaminated"Techni-

cal Building"exposed the system to potential contamination. Parker (1946a)

stated that this situationwould be investigatedfurther and, if necessary, a
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special laboratory would be constructed to perform this work. Parker (1946d)

reports that the Health Instruments Section laboratories were being moved to

the U Plant Control Laboratory and two quonset huts in the 300 Area. However,

he states that the U Plant laboratories had previously been contaminated with

plutonium and a special laboratory for analysis of low-levels of radionuclides

might be necessary.

Bierschenk (1959d) indicated that when gross beta activities in a well-

water sample exceeded I x 10.4 _Ci/ml (100,000 pCi/L), the sample was analyzed

for cobalt-60, strontium-90, and cesium-13/. The analytical detection limits

for these isotopes were 4 x 10.7, l x 10.8, and 5 x 10.7 _Ci/ml, (400, 70, and

500 pCi/L), respectively.

Haney (1959) listed analytical detection limits for different radio-

nuclides, gross beta, and gross alpha (see Table 5.2). No explanation was

provided for the different detection limits for cobalt-60 reported by

Bierschenk (1959d) and Haney (1959). The analytical detection limit for gross

beta concentrations was lowered from 1.5 x 10.7 to 8 x I0 "B /JCi/ml (150 to

80 pCi/L), effective September 22, 1959 (Haney 1959).

Brown and Raymond (1962b) reported that, as of 1962, gross-beta activity

was determined by evaporating I00 milliliter (0.1 liter) of the sample on a

TABLE 5.2. AnalyticalDetection Limits for Radionuclidesas of
September22, 1959 (Haney 1959)

Sample Volume DetectionLimit in
Radionuclide/Analysis in mi (L) ___Ci/ml (DCiJL)

Strontium-90 300 (0.3) 7 x I0"8 (70)

Cesium-137 50 (0.05) 5 x 10.7 (500)

Plutonium 10 (0.01) I x 10.7 (100)

Cobalt-60 100 (0.1) 6 x 10.7 (600)

Uranium --- 6 x 10.9 (6)

Gross Beta 100 (0.i) 8 x I0-B (80)

Gross Beta 10 (0.01) 8 x 10.7 (800)

Gross Beta I (0.001) 8 x 10.6 (8000)

Gross Alpha 100 (0.1) 7 x 10.9 (7)
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small stainlesssteel dish and counting the beta particleswith a mylar end-

window,gas-flow, proportionalcounter. Medium to high concentrationsof

gamma-emittingisotopes such as cesium-137and cobalt-60were determined

directly by gamma scintillationspectrometryusing a g-inch sodium iodide

crystalwith a 3-inch well for a 500-milliliter(O.5-1iter)sample. For low

concentrationsof gamma-emitters,the sampleswere concentratedand chemically

separated. All sampleswere analyzedroutinely for gross-betaemitters; in

addition,many sampleswere analyzed for uranium, cobalt-60,strontium-gO,

cesium-137,tritium, and ruthenium-106.

The routine detection limitsfor these radionuclidesin 1962, along with

required sample volumes, are listed in Table 5.3. In their report, Brown and

Raymond (1962b)stated that the detection limits could be lowered, if neces-

sary, by applying other, more expensiveanalyticalmethods.

s6 Myers, Fix and Raymond (1977)described a program for quality control

measures that was initiatedin 1974. The purpose of the programwas to ensure

that the results of sample analyseswere representativeof the ground-water

system beneaththe Hanford Site. In addition to the well maintenanceprogram

previouslyd.escribed,PNL began sendingblind and duplicatesamples to an

analyticallaboratory for qualitycontrol. As of 1976, the analytical

detectionlimits summarized in Table 5.4 were reduced.

T_AABLE5.3. RoutineAnalyticalDetection Limits for Radionuclidesin 1962
(Brown and Raymond 1962b)

Sample Volume DetectionLimit in
Radionuclide/An_l_ in ml (L) uCi/B)l(DCi/L)

Gross Beta 100 (0oi) 8 x I0"s (80)

Uranium 0.1 (I x 10.4) 6 x 10.9 (6)

Cobalt-60 I00 (0.I) 2 x I0"B (2000)

Strontium-90 375 (0.4) 6 x 10.8 (60)

Cesium-137 50 (0.05) 5 x 10-7 (500)

Tritium I (0.001) I x I0-s (10,000)

Ruthenium-106 I00 (0.I) 2 x 10-7 (20)
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TABLE 5._44.AnalyticalDetection Limits for RadionuclidesMonitored
in Ground Water at the Hanford Site During 1976 (after
Myers, Fix and Raymond 1977)

Detection Limit

....R_J_QDucljd_ in _Ci/ml (pCiZL).

Gross Beta 0.08 (80)
(as Ruthenium-t06)

Gross Alpha 0.017 (17)
(as Plutonium-239)

Tritium I (1,000)

Cobalt-60 0.02 (20)

Strontium-g0 0.03 (30)

Ruthenium-t06 0.06 (60)

Antimony-125 0.06 (60)

Iodine-129 1 x 10"B (1 x lO-s)

Iodine-131 0.01 (10)

Cesium-137 0.02 (20)

The methods currentlyused for sample analysis are listed in Appendix D

of Jaquish and Bryce.(1990). The detectionlimits for radionuclidesmonitored

during 1989 are listed in Table 5.5.

5.2.4 Other MeasurementDevices

Other measurementdevices and methodswere used to collectand analyze

additionalmonitoringdata. Raymond (1960) summarizedfield equipmentand

methods used to characterizeground water at the Hanford Site. Methods and

equipment for aquifer'tests, recordersfor continuouswater-levelmeasure-

ments, ground-.watervelocitymeasuringequipment,and tracer tests are

described.

As wells were constructed,tests were performedto determinethe

hydrauliccharacteristicsof the aquifer. Bierschenk (1959b)and Kipp and

Mudd (1974) summarizedthe methods used and the results of aquifertests

conducted at the HanfordSite from 1944 to 1973. Stevens recorderswere used

,5.11
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TABLE5.5.. AnalyticalDetection Limits for Radionuclides
Monitored in Ground Water at the Hanford Site
During 1989 (Jaquishand Bryce 1990)

Detection Limit
Radio.nuclide . in DCi/L

Gro_s Beta 16
(as Rutheniurn-106)

Gross Alpha 4
(as PIutonium-239)

Tritium 300

Strontium-gO 0.6

Iodine-129 I x I0"B

Plutoniurn-239,240 O.I0

Uranium (natural) 0.5

Technetium-99 15

Nickel-63 10

Carbon-14 20

to collect informationon continuouswater-levelvariations in some wells

(Raymond1960). Water-levelvariationswere most importantin wells near the

Columbia River and near effluent disposal facilitiessuch as the IO0-N Area

(Eliason 1967a).

The movement of radioactivewastes throughthe unsaturatedzone in the

200 Areas was monitoredwith gamma loggingequipment(Raymond and McGhan

1964). Gamma loggingwas a predecessorto the borehole geophysicalequipment

currently used at the Site and consistedof a well probe, wire line with a

surfacewinch, and recordingequipment. The probe was cylindricaland

consisted of a sodium-iodidecrystal and associatedelectronics. The output

from the probe was transmittedto a linear amplifierand then to an analyzer

for recordingdata. The readings from the probe were recorded by a count rate

meter and recorder. The sensitivityof the instrumentwas given as

5 x I0-BpCi/ml (5000 pCi/L).

Based on gross gamma well logs, Raymond and McGhan (1964) provided a

qualitativeevaluationof radioactivecontaminationbeneathwaste sites. The

method was used to estimate the magnitudeand extent of contaminationin the
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ground beneath the waste sites. Wells were logged periodically to obtain an

indication of the rate of downward contaminant movement. During a 5-year

period ending in 1964, well logging showed that wastes in the 200 Areas spread

laterally and gammaemitters moved downward in the unsaturated zone at a rate

of I to Z ft/y.

A vertical flow meter was developed for measuring vertical flow between

different zones in wells (McCormack 1961). The flow meter was lowered into a

well and sealed with packers (inflatable bladders) against the inside of the

well casing. Vertical flow within the weil, if any, was channeled through an

orifice in the meter. A signal transmitted to the ground surface provided

measurements of vertical flow with a sensitivity of about ±30 milliliters per

minute. Measurements with the vertical flow meter were used to assist with

interpretation of ground-water monitoring data from individual wells.

Raymond (1955) described an electrical conductivity method for estimating

the in situ velocity in a weil. The method was based on dilution and/or dis-

placement of an electrolyte. Electrical current flow between two electrodes

in a well was correlated with displacement of the electrolyte by fr@sh water

entering the well and was related to ground-water velocity through an equa-

tion. Because effective porosity was not well characterized at that time, the

velocity estimates were relative, rather than absolute.

57 The temperature of the ground water in the unconfined aquife_r at the

Hanford Site was also measured routinely (Brown and Raymond 1962b). Tempera-

ture me surement equipment consisted of a thermistor sensor, electrical wire

line, measuring circuitry, and recorder. The instrument was lowered into the

ground water in the unconfined aquifer. The temperature range that could be

measured was about IO°C to 80°C. Day-to-day accuracy of the instrument was

±0.2°C, and the instrument sensitivity was O.IoC. The average temperature of

natural ground water in the unconfined aquifer is about 17°C, while most of

the cooling water and steam condensate discharged to surface ponds and cribs

ranged from 50°C to IO0:C. The temperatures in individual wells were plotted

on maps and contour lines drawn. An example from measurements in 1962 (Brown

1962b) is provided in Figure 5.2. The spread in temperature made thermal

mapping a good method for determining the extent of impacts from ground
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FIGURL.5_,_2.,Ground-Water Temperatures in the Unconfined AquiFer During 1962
(afterBrown 1962b)

disposal of wastes, although thermalcontaminationwas associatedwith higher-

volume discharges than was most of the radioactivecontamination. Large

volumesof relativelyuncontaminatedprocess cooling water were discharged to

ponds and swamps,while most of the radionuclideswere discharged to cribs in

low-volumewaste streams. The ground-watertemperaturedid not vary much from

year to year, so temperaturemeasurementswere discontinuedin 1978.

5.2.5 Interpretatiqnof Resultsand Supporting_Studies

Monitoring resultswere interpretedby first studyingthe analytical

resultsfor the water samplesto determinewhich wells had contaminationabove

the radionuclidedetectionlimits (Brown and Raymond 1962a). The results were

checked for mathematicalerrors or possible cross contaminationthat could

have occurred during the analyses. Brown and Raymond (1962a)did not specify

how the checks were performedor'what criteriawere used. If problems were

5.14



identified,the sample was reanalyzed,or the well was resampled. The monitor-

ing resultswere comparedwith the contaminationhistory of the well to

establishwhether the radionuclideconcentrationswere increasingor

decreasing and to determine if the resultswere consistentwith recent trends.

After the results for individualwells were checked, the informationwas

plottedon maps and used to draw contours.

Raymond et al. (1976) reported a change in the format of the annual moni-

toring reports. Quarterlyand semi-annualmaps that had previously shown

contaminantconcentrations(tritium,total beta, and nitrates) in the uncon-

fined aquifer became annual maps illustratingaverageannual concentrations.

The reporting formatwas changed because, after 1976, only minor changes in

concentrationswere typicallyobserved each year, making annual reporting

sufficient.

Special studies to characterizeground-waterflow were performed

periodicallyduring Hanford Site operations. Brown (1957b)describedresults

from 70 borehol_dilution velocity tests and reportedmore than 200 measure-

ments. These tests were conductedas part of an effort to characterizethe

hydrologiccharacteristicsof the unconfinedaquifer beneaththe Hanford Site.

Nearly 53% of the reportedmeasurementswere consideredinvalid because

I) well casingswere improperlyor inadequatelyperforated;2) perforations

were plugged; 3) the electrolyteswere improperlymixed with well water, or

4) the volume of electrolyteresulted in density effects in the weil. Brown

(1957b)reported that laboratory studieswere directed toward determiningthe

usefulnessof the boreholedilution method for determiningaquifer charac-

teristics. The boreholedilution method was later dropped in favor oF other

methods such as aquifer tests.

Brown (1957c)discusseddevelopmentof a method for tracer testingwith

fluoresceindye. Using the dye, researchersmeasured velocitiesup to

770 ft/day southeastof the 200-EastArea. Later interpretationsof the data

were that the field tests had problems with cross-contaminationbetweenwells

and that the velocitiesmight have been artificiallyhigh.

Through tracer tests with fluoresceindye, Bierschenk (1959b)documented

a velocity for ruthenium-t06from the 200-EastArea to downgradientmonitoring
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wells of about 160 ft/day and 170 to 195 ft/day. These velocitiesare very

high, and Bierschenkcautionedthat "precisedeterminations"of travel time

could not be made at that time for Hanford becauseall of the influenceson

monitoringdata at the Site were not quantified.

Bierschenk (1959c)included a summaryon ground-waterhydrologywhere an

average "traveltime" of IBO years for contaminantsin the 200-EastArea to

reach the Columbia River is discussed. The calculationof travel time was

based on field measurementsof hydraulicconductivityfrom aquifer tests and

constructionof a water-tablemap with directions,rates, and volumes of

ground-waterflow. The "mean lateral path" was determinedto be a broad arc

trending south and east from the SeparationsAreas to the Columbia River.

Eddy, Prater and Rieger (1983) reported on the resultsof several sup-

porting studiesto the ground-watermonitoringprogram. In the first of these

studies, staff investigatedthe influenceof variations in the level of the

Columbia River on contaminantconcentrationsin the ground water. The results

of this investigationindicatedthat concentrationsin wells near the river

were influencedby head changes in the ground water, changes that were induced

by river-levelvariations. The other special studiesdescribed in this report

consistedof investigationof the bottom of the unconfinedaquifer near the

Hanford townsite where part of the tritium plume discharges to the river,

survey of wells with geophysicalloggingequipment,and update of the humeri-

cal model of the unconfinedaquifer based on the Variable ThicknessTransient

(VTT) ground-waterflow code (Kipp et al. 1976).
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G.O O_FFFSITEGROU..ND-WATERMIGRATION PATHWAY

Assessmentof the offsite ground-watermigration pathway is separated

into I) a detailed evaluationof monitoringdata for ground water both on and

off the Hanford Site (Section6.1); 2) a "bounding"estimate of the radionu-

clide dischargeto the Columbia River for comparisonwith the resultsof river

monitoring (Section6.2); 3) a summaryof river bank spring monitoring (Sec-

tion 6.3); 4) a brief evaluationof Columbia River monitoring because that is

likelywhere radionuclidesin the unconfinedaquiferwere discharged (Sec-

tion 6.4); 5) a review of ground-watermonitoring in Franklin County (Section

6.5); and 6) an assessmentof potentialradiationdoses for the different

componentsof the offsitemigration pathway (Section6.6). The evaluationof

ground-watermonitoring data in Section6.1 is detailed becausethis is the

first publishedcomprehensivesummaryof historicalmonitoringresults

covering the more than 45 years of Site operations.

A considerableamount of ground-watercontaminationhas resulted from the

dischargeof radioactivewastes to the ground at the Hanford Site (Stenneret

al. 1988). This contaminationhas been monitored and reported in weekly,

monthly, quarterly, and/or annual reports since Siteoperations began in 1944.

The monitoringresults indicate that many of the radionuclidesare not mobile

in Hanfordground water and have not moved very far from the source.

Radionuclidemonitoring near the sources is conductedby the operating

contractorat the Hanford Site; the most recent report, Serkowskiand Jordan

(1989),was publishedby the WestinghouseHanford Company. Radiologicalmoni-

toring for the entire Hanford Site was performedto protectdrinking-water

supplies and to determinethe impactsof Site operationson the ground water.

Table 6.1 relates radionuclidescurrentlyfound in the groundwater with Site

operationsand waste management practices (Jaquishand Bryce Iggo).

: For the HEDR Project, the concernfor the ground-watertransportpa_hway

is with radionuclidesthat are mobile. Therefore,the ground-watermonitoring

data were reviewed for informationon radionuclidesthat are mobite in ground

water at the Hanford Site. The monitoringresults indicatethat tritium,

ruthenium-t06(reportedas gross beta during early years), technetium-99,and

6.1
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TABL[ 6.1. Major RadiologicalContaminantsin the Ground Water and Their Link
to Site Operations (afterJaquish and Bryce 1990; Woodruff et al,
1991)

Area Faci!ityTvpe Radionqc].ides

100 ReactorOperations Tritium,cobalt-60, strontium-gO

200 IrradiatedFuel Processing Tritium, ruthenium-t06,cobalt-60,
iodine-12g,cesium-137,strontium-g0,
technetium-gg,uranium, and plutonium

300 Fuel Fabrication Uranium and technetium-99

iodine-129are mobile and have widespreaddistributionsin ground water at the

Site (Jaquishand Bryce 1990; Woodruff et al. 1991). In addition,these are

the radionuclidesfor which the greatest amount of monitoringdata are

published.

One issue that has been raised at the Hanford Site is concernedwith

travel time for contaminantsto migrate from waste sites in the 200-East Area

to the ColumbiaRiver, specificallywhen the tritium plume from the 200-East

Area reached the river. Travel time is the time required for ground water or

specificconcentrationsof radionuclidesto migrate from one location to

another. The USGS (1987) summarizeddifferent interpretationsof the ground-

water monitoring data by Hanford Site researchersand by staff from an outside

consulting firm, SEARCH Technical Services,Inc. The USGS estimatedthat the

average travel time for tritium to migrate from the PUREX cribs in the

200-EastArea to the Columbia River was slightlylonger than 13 years.

However, they determinedthat, becauseof uncertaintiesin interpretingsome

of the data, the travel time for tritiumto reach the river actuallyranged

from 10 1o 20 years.

The travel time that is reported depends on the definitionbeing used.

The average travel time for contaminationto reach a point in an aquifer such

as a well is generallydefined by arrivalof half the maximum concentrationin

the well from a continuous:ource (USGS 1987; Freshley and Graham 1988). The

maximum concentrationof tritium in well 699-40-I,which is near the river at

the Hanford townsite, is approximately225,000 pCi/L (Figure6.1); half of the

maximum concentrationin this well is 112,000 pCi/L. Therefore,the
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FIGURE 6.!. ConcentrationHistory for TritiumMeasured in Well 699-_40-I
(Woodruffet al. 1991)

concentrationrepresentingthe average travel time for the tritium plume

reachedwell 699-40-I in 1976. The tritiumplume probably reachedthe river

within a year or two after that.

A key assumptionmade by the USGS for their travel-timeestimate was that

most of the 'tritiumwas dischargedto the aquifer at the PUREX cribs after

1963 (USGS 1987). However, PUREX operationsbegan in 1956, and arrival of the

tritium plume at the river in 1976 to 1979 gives an average travel time of 20

to 23 years (Freshleyand Graham 1988). Freshleyand Graham (1988) summarize

other travel-timeestimatesthat have been made for the Hanford Site.

6.1 RADIONUCLIDEMOVEMENT ONAND OFF THE .HANFORDSITE

62 This section is a summaryof informationon offsitemigrationthat

is containedin the monitoringreports as well as in other Hanford Site

documents. Detailed summariesof the monitoringdata and descriptionsof

the distributionsof radioactivecontaminantsin the unconfinedand confined
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aquifers at the Site are included in the monthly, quarterly, semiannual,and

annual monitoring reportsthat were reviewed. This review was focusedon

determininghow interpretationsof the data changedwith time an_ with changes

in monitoringtechnologies. During review of the ground-waterreports for the

Hanford Site, a number of key "firsts"were identified. These and other

significantactivitiesare summarizedin chronologicalorder in Table 6.2.

Radionuclidemovementwithin and away from the 200 Areas is described in

Section 6.1.1. Contaminantmovement in the 100 Areas and the 300 Area is

described in Sections6.1.2 and 6.1.3, respectively.

6.1.1 _adionuc]i_eMovement from the 200 Areas

Discharge of processingwastes to the ground in the 200-East and 200-West

Areas has contributedto the widespreadcontaminationplumes observed in thr

unconfined aquifer. Radionuclidescommonly found in the ground water from

waste discharges in the 200 Areas were tritium,technetium-g9,ruthenium-t06,

iodine-129,cesium-137,strontium-gO,cobalt-60, antimony-125,uranium,

plutonium, thorium-234,'andprotactinium-234(Jaquishand Bryce 1990). The

gross beta concentrationsreported for over 30 years primarilyreflect

ruthenium-t06and cobalt-60concentrations. Of the radionuclideslisted,

tritium, tech,etium-g9,ruthenium-106,cobalt-60,and iodine-129have migrated

outside the 200-Area boundaries. The occurrenceand movement of gross beta,

ruthenium-t06,tritium, iodine-12g,and other key radionuclidesin ground

water at the site are describea in the followingsubsectionsof this report.

GrossAlphg_,Gross Bet_._Bn_ Ruthenium-10__6

Gross beta and gross alpha activitieswere reportedearly in the moni-

toring efforts at the Hanford Site becausemethods for determiningthe concen-

trations of specificradionuclideseither were not developed or were too

complex to be used for routinemonitoring. In addition,during most of the

early ground-wa_r monitoring activitiesat the Site, groun(i-watercontami-

nation either was not detected or concentrationswere close to the detection

limit and the distributionvarled from week to week.
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TABLE 6.2. Chronology of "Firsts"for Ground-WaterMonitoring at the
Hanford Site

Dccurrence(Event Yea..__Z..r Reference

HanfordSite Operation_ Began 1944 PNL (I 991a)

FirstReport of Ground-WaterMonitoringA_Jvitia= 1945 Parkerand GamertMelder
(I_Sa)

Development of ImprovedGross Radioactivity 1945 dupont (1945)
MeasurementMethods

FirstReference to Ground-WaterContamina_ton(Gross 1945 Perkerand Gamart_elder
Beta) Detectedin a Well Simple (1945a)

FirstKnown (Confirmed)Contamination of GroundWater 1947 EarthScience8 Personnel
(361-B ReverseWell In 200-East Ares) (1956a)

FirstDiscus.lionof ContaminatedGround-WaterMovement 1958 Parker (1956)

FirstDetection of Ground-WaterCont_minationOutside 1956 Earth Sciences Personnel
the 200-East,and 200-Wast Area= (1956a)

Rmt Maps Showing InterpretedExtent of Known Ground- 1956 Earth Sciences Personnel
Water Contamination(B=uH_don Gross Beta Measurements) (1956a)

PUREX Operations Began 1956 (=)

FirstContourMap of Contamination(Grou Beta) 1958 Blerechenk(1959a)

Tritium Identifiedas a Byproductof 1962 Haney, Brownand
Uranium Fissionat the Hanford Site Ralsenauer (1962)

TriiYumIdentified in Hanford Ground Water 1959 A/banes/us 1959

FirstArrivalof Gross Beta Emitter=st Well _99-24-23 1961 Haney (1961b)
(Approximately4 Mils= SouthesBtof the 20C-EastArea)

FirstSummary of Ground-WaterTemperature= 1962 Brown (1982b)
Mea=uwedin the UnconfinedAquifer

FirstReported MonitoringResultsfor Tritium inthe 1962 Brown (1962a)
UnconfinedAquifer

FirstMap ShowingDIstrib¢_onof Tritium Conta_ination 1982 Brown (1982b)
in the UnconfinedAquifer

FirstInterpretedArrivalof Tritiumat the Columbia River 1962 Brown and Haney (1964)

PUREX Shut Down 1972 PNL (1987)

Monitoring Wells Remedimed to ShortenWater Columnfor Sampling 1974 McGhan (1978)

First CooperativeSampling withthe USGS 1975 Myers, Fixand Raymond
(1977)

USGS-InterpretedArrivalof Tritium it the Columbia River 1976 USGS (1987)

Tritium Plume (Definedby 30,000 pCi/LTritium 1977 Myers (1978)
ConcentrationContour) Reached the Columbia River

PUREX Re_Bted 1963 PNL (1987)

FirstArrivalof Tritiumfrom PUREX st Downgradlent 1985 PNL (1987)
MonitoringWells (Ne&rWell 699-2¢23)

(_) From an Aprf/t991 presentationby WestinghouseHanford Company, 'l-Ii_toricidPerspectiveof Radioactively Contaminated
Liquid and SolidWe=res D_charged or Buried inthe Ground st Ha_'rford.'Avidlable in the Public Reading Room, Federal
Building,RichlaJld,Wa=htn_on.



Most of the early ground-watermonitoringactivities at the Hanford Site

were conductedto detect radionuclidesin drinking-watersupplies. A few of

the pre-Hanfordfarm wells and test wells at the Site that were not used for

drinking water were, however, monitoredfor radionuclides.

During 1945, sporadic concentrationsof gross beta emitterswere detected

in wells at the Hanford Site (Parkerand Gamertsfelder1945a). l'hefirst

report of ground-watermonitoring activitiesat the Site was for the week

ending February 23, 1945. The weekly report includesmentionof results from

a site survey reporting loss of liquidsfrom the 241-T retentionbasin to a

circular depressionapproximately200 feet across. Measurable levels of

radiation (1.1millirem per hour [mrem/hr]gamma) were reported. According to

the report, no contaminationwas found in the ground water which means

ground-watersamples had been collectedand analyzed.

The next discussion in Parker and Gamertsfelder(]945a)regardingground-

water monitoring activitieswas for the week ending April 6, 1945. The site

survey group reported that saltlplingof wells had been "placedon a more

vigorous basis," although no specificswere provided for either the new or

previous schedules. No ground-watercontaminationwas reportedduring that

week_

The report for the week ending April 20, 1945, includesseparate listings

of survey results: I) water and waste monitoring,2) air monitoring,and

3) ground contamination. No radioactivitywas reported in the well monitoring

the 241-T retentfonbasin contamination. The report includesa statement that

no contaminationhad been found in any source of potablewater at the Site,

which likely includedboth ground-waterand surface-watersources.

The first reference to contaminationpotel,tiallyfound in ground water is

in the report for the week ending July 27, 1945 (Parkerand Gamertsfelder

1945a). Gross beta contaminationin ground water was detected at

1.3 x 10.4pCi/L (130 pCi/L) in a well at "Ranch 13," which was located

between the 200 Areas and the IO0-B Area. The weekly report includesa

statementthat it was not known whether this measurementrepresentedtrue

ground-watercontaminationor resultedfrom cross-contaminationof the water

samplewith surfacecontamination.
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During the remainderof 1945, ground-watersampling focusedon detecting

radionuclidesin drinking water at the Hanford Site. Sporadic measurable

concentrationsof gross alpha and gross beta emitterswere reported in Parker

and Gamertsfelder(1945a,1945b). Measurable concentrationsof gross beta

emitterswere reported in the B-Y well and in wells st Ranch 13, White Bluffs,

ColumbiaCamp, the Hanfordtownsite,Richland,and Benton City (Figure6.2).

However, all of the reportedconcentrationswere only slightly above the

detectionlimits achievableduring 1945.

Detectableconcentrationsof gross beta emitterswere observed in dif-

ferentwells during this reportingperiod. No one well corlsistentlyhad

concentrationsabove the detectionlimit. The maximumreported gross beta

concentrationduring 1945 was 8.7 x 10-4_Ci/L (870 pCi/L) at the Ranch 13

well during the week ending November 7, 1945 (Parkerand Gamertsfelder1945a,

1945b).

Most of the monthly reports for 1945 (Parker1945) included a statement

that no pollutionof well water by radioactivewastes was evident. Because

radioactivityobserved in well water at Ranch 13 was attributedto airborne

sources and cross-contaminationof the water samples, all of the sporadic

detectionsof contaminationdescribed in the weekly reportsduring 1945 were

interpretedto be the result of these sourcesof contamination.

The same trend of sporadicmeasurementof detectableconcentrationsof

gross beta emitters continuedduring 1946 (Gamertsfelder1946a-j; Parker

1946a-c, 1947a_c). Detectableconcentrationsof gross beta emitters w_re

observed in the B-Y well and wells in Richland,Kennewick,the Hanford town-

site, WiliteBluffs, Ranch 13, the Benson Ranch, and the 300 and 3000 Areas

north of Richland. During 1946, an averageof 187 sampleswas collectedeach

month from surface-waterand ground-watersourcesused to supply drinking

water. The minimum number of samples collectedin a month during 1946 was

107 and the maximumwas 391.

During 1948, the number of samples collectedfrom surface-waterand

ground-watersourcesused to supply drinking water each month averaged326,

with a minimum of 241 and a maximum of 375 (Singlevich1948a-i;Healy 1948).

In addition,the reports for 1948 include resultsof sampling 11 to 15 test

6.7



6.8



wells not used to supply drinking water. With one exception, gross beta

concentrationswere below the detectionlimits in both the drinking-water

sourcesand test wells. One sample from a well in the 300 Area had a gross

beta concentrationof 5.8 x 10_s_Ci/L (58 pCi/L),only slightly above the

5 x 10..5_Ci/L (50 pCi/L) detection limit.
,'

Durin_ t_e,i_lastquarter of 1948, 1011 sampleswere collectedfrom drink-
i,

ing water o_'"igi_latingfromsurface-waterand ground-watersources at the

Hanford Site and analyzedfor radioactivecontamination(Singlevichand Paas

1949a). Ninety-ninesampleswere collectedfrom test wells at the Site.

ApproximatelyI/5 of the samples were 12 liters,rather than the 500-milli-

liter (O.5-1iter)samplesnormally collected. The number of samplesfrom each

source varied from 5 per week to I per month, depending on the locationof the

source, the probabilityof that source being contaminated,and the

concentrationtrends observed in previous analyticalresults.

During 1949 and 1950, the number of samplescollectedfrom test wells and

analyzed for radionuclidesincreased (Singlevichand Paas 1949b; Paas and

Singlevich 1950a-d;Paas 1951a). The detectionlimit for gross beta emitters

was loweredto 10 pCi/L. Concentrationsof gross beta emitterswere reported

above the detectionlimit (up to 117 pCi/L) in wells monitoring the unconfined

aquifer in north Richlandduring this time. Uranium concentrationswere above

the detection limit in wells at Richland,Benton City, and the 300 Area.

In additionto the Hanford Site and Richlandwells, 25 sampleswere col-

lected from irrigationwells located northeastof the Site during the first

quarter of 1950 (Paas and Singlevich 1950c). All of the samplescollected had

gross beta concentrationsless than the detectionlimit of 10 pCi/L.

During 1951, zones of contaminationin the 200-East and 200-WestAreas

were identifiedand monitored by analyses for r_dioactivityand nitrates

(Mickelson1952). These measurementswere made to determinethe rate of move-

ment, diffusion (dispersion),and behaviorof contaminantsin the ground

water. No specificswere provided in the report for the type or extent of

contaminationobserved,although it was most likely gross beta activity.



During 1951, the number of drinking-waterand test-well samplescollected

each month continuedto increase. The averagenumber of drinking-water

samplescollectedeach month during 1951 was 1005, and the averagenumber of

test-well samples collectedwas 250 (Paas 1951b, 1951c; Paas 1952a). Detect-

able concentrationsof alpha emitters (naturaluranium)were observed in wells

at Benton City and Richland. During the fourth quarter of 1951, an additional

48 wells drilled by staff in the GeologyGroup were added to the sampling net-

work (Paas 1952a).

During 1952 and 1953, the patterns of gross alpha and gross beta concen-

trations remained similarto those observed in previous reportingperiods

(Paas 1952b, 1952c; Paas 1953a-e). Most of the gross beta concentrations

were below the 5 x I0"B$+Ci/ml(50 pCi/L) detectionlimit during this report-

ing period. During the third quarter of 1953, trac_ amountsof contamination

by gross beta emitterswere observed in well 699-32-77,with an average

concentrationof 9 x I0"B_Ci/ml (90 pCi/L) and a maximum concentratiorlof

1.9 x 10.7pCi/ml (190 pCi/L) (Paas 1953e).

The first discussion of the movement of contaminatedground water was in

1956. Parker (1956)discussedmovement of contaminatedground water south-

eastward from cribs receiving scavengedwaste. The contaminationprobably

consisted of gross beta emitters. A velocity associatedwith this contamina-

tion was estimatedto be an average of 36 ft/day. These measurementswere

compared with boreholedilution velocity measurementsconducted in the same

general area and were found to be in agreement.

Parker (1956)estimatedthat the travel time for contaminationto move

13 miles from the 200-East Area to the Columbia River was 5 years. Parker

(1956) stated:

"The local measurementsof actual rate of ground-watermovement are
higher than one would have believed possible under the older methods
of study. They have been amply verifiednow by alternativemethods.
In brief, we can be sure that some radioactivewastes can travel
13 miles undergroundto the Columbia River in less than 5 years.
Five years ago, it was believed that the realistictraveltimewas
about 1000 years; an operationalphilosophywas built around the
apparently safe assumptionthat 50 years was the minimum time."
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The Earth Sciences Unit monthlyreport for January 1956 recorded the

first measurementof ground-watercontaminationoutsidethe 200-East and

200-WestAreas (Earth SciencesPersonnel1956a). Earth Sciences Personnel

(1956a)identifiedthe period between 1947 and 1948 as the time when the first

known contaminationof the ground water occurred in the SeparationsArea at

the 361-B reversewell site, which received wastes from B Plant. The extent

of contaminationin the 200-Eastand 200-WestAreas during January 1956 is

illustratedin Figures 6.3 and 6.4, respectively. The extent of contamination

illustratedin these figures is presumablybased on gross beta measurements,

but the specific radionuclidewas not listed. In addition,the concentration

limit used to specify the extent (_fcontaminationwas not listed.

i i i -- iii ,,..,

B,O_ IO0-F
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200- r- _ 200.

WestL .E.t

Area _rea
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_- : ....... ,_ t
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_,1 . , i _ L

$9112092.5

FIGURE 6.3. ApproximateExtentof Known Ground-WaterContaminationfrom
: the 200-EastArea During January 1956 (after Earth Sciences

Personnel 1956a)
_
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FIGURE 6.4. Approximate Extent of Known Ground-WaterContaminationfrom
the tOO-WestArea During January 1956 (afterEarth Sciences
Personnel 1956a)

The Earth Sciences Unit monthly report for April 1956 (EarthSciences

Personnel1956b) documented that contaminationsoutheastof the 200-East Area

had spread extensivelyfrom the previousmonth. The samplingand analysis

resultswere interpretedto indicatethat radioactivecontaminationhad moved

as far away as 13 miles southeastfrom sources in the 200-EastArea (Fig-

ure 6.5). This interpretationwas based on gross beta measurements,as well

as measurementsof sodium and nitratethat were dischargedto the ground along

with the radioactivecontamination. Interpretationof the distributionof

contaminationin ground water beneaththe 200-WestArea (Figure6.6) changed

significantlyfrom the previous reportingperiod, but it still did not
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FIGURE 6.5. ApproximateExtent of Known Ground-WaterContaminationfrom
the 200-EastArea During April 1956 (after Earth Sciences
Personnel1956b)

illustratethat contaminationhBd migrated significantlydowngradient. No

indicationwas providedof the concentrationlimit or contaminantused to

define the extent of contaminatioyl.

Brown (1957a)replaced the earlier Earth Sciences Personnelmonthly waste

disposal monitoring reports. A different interpretationof the water-table

configurationin the 200-EastArea resulted in a findingthat the extent of

ground-watercontaminationduring July, August, and September 1956 (Fig-

ure 6.7) was smaller than previouslyreported (Brown 1957a). The distribution

of ground-watercontaminationbeneaththe 200-WestArea had not changed
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FIGURE6.___6.Approximate Extent of KnownGround-WaterContamination from
_he 200-West Area During April 1956 (after Earth Sciences
Personnel 1956b)

significantly from the previous reporting period. The report did not indicate

the radionuclide used to define the extent of contamination.

Brown (1957b) described westward movement of ground water and contami-

nants beneath the 200-East Area disposal sites. This change in direction was

attributed to the ground-water mound resulting from operation of PUREX. The

extent of ground-water contamination during October, November, and December

1956 (Brown 1957b) was the same as the previous reporting period, but was

stated to be based on the 1.5 x I0"7 pCi/ml (150 pCi/L) concentration contour.

The radionuclide used to delineate the extent of contamination was not

specified, but presumably was ruthenium-106 represented as gross beta. The
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FIIGURE6.7. Approximate Extent of Known Ground-WaterContaminationfrom
the 200-East and 200-WestAreas During July, August, and
September 1956 (afterBrown 1957a)

approximateextent of ground-watercontaminationbeneath the 200-WestArea is

illustratedin a like manner; no significantchange from the previous quarter

was noted for contaminationin the 200-West Area.

Brown (1957c)reported that ground-watercontaminationbeneath the

200-EastArea, defined by the 1.5 x 10"7#Ci/ml (150 pCi/L) concentration

contour (Figure6.8), continued to move to the northwestand southeast in

responseto the hydraulicgradientresulting from operationof PUREX. No

significantchanges in the extent and distributionof contaminationin ground

water beneath the 200-WestArea were reported during the January, February,

and March 1957 reportingperiod.
-
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_FIGURE6,8, Approximate Extent of KnownGround-Water Contamination from
- - the 200-East and 200-West Areas During January, February, and

March 1957 (after Brown 1957c)

Brown (1957d)reportedthat radioactivecontaminationbeneath the

200-EastArea, defined by the 1.5 x 10.7pCi/ml (150 pCi/L) gross beta concen-

trationcontour, coatinuedto move westward and spread to the north and south

during April, May, and June 1957 (Figure6.9). Wastes dischargedto the

ground from PUREX operations were interpretedto form a second plume in the

southeastcorner of the 200-EastArea. In the 200-WestArea, contaminants

dischargedto the 216-S-1 and S-2 cribs reached the water table. An addi-

tional ground-watercontaminationplume is shown emanatingfrom the 216-WR

cribs (Figure6.10). The area of ground-watercontaminationfrom T-Plant
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.

operations in the northern portion of the 200-WestArea was interpretedto

show no change from the previous reportingperiod.

Brown (1957e)reportedthat the extent of ground-watercontamination

indicatedby the 1.5 x 10-7pCi/ml (150 pCi/L) contour of gross beta concen-

trations did not change significantlyduring the July, August, and September

1957 reportingperiod. The addition of anotherwell resulted in a larger area

of contaminationfrom the 216-WR cribs and ch,_ngedthe interpretationof the

monitoring results for the 200-WestArea.

Bierschenk (1958a)illustratedthe ground-watercontaminationplumes

= beneath the 200-East and 200-WestAreas for October, November,and December

6.17

'I" .... "_rllri ' " _"il' 'P_' ii , llr'l', ll_i_' 'qf'll'l, lr il, ri,l .... ,"ifil'r,l ii l(I_ , i,i " fm li ,,', ,,illl,l'm



......D .... i ....._Zoneof Contamination , ,_(Definedby 150pCVLLimit)

200-WestArea
LLI - u i i ii iiiii L J I II

e "_t,_ .._il_iiii!::i:!ii:ii_ii_.:!i::!::..%

"F_):!:i:_i'?'i:_1_iI'_I!!_I!:!:I!_:;:!:!:i:i';$'!i!IiIiiiii!i iiiii !i i ii!

:_i_!i!!_i;:i!:ii!_:ijii!;!!i_!!!i!ii_!!iii._
[_ii!!_i?:i_iii!?;.!!:?'.,;i_ii!?;i:i?i_!:_

U Pond_J_ l
.::;m.%

Po,nd ._,_:..

-' - ............ s_,o_,,_.

_E_6._.]_O. Approximate Extent of Knowr=Ground-WaterContaminationfrom
the 200-West Area During April, May, and June 1957 (after
Brown 1957d)

1957 in a single map (Figure6.11). As noted, the extent of contaminationwas

defined by the 1.5 x 10.7_Ci/ml (150 pCi/L) contour of gross beta concentra-

tions. In the interpretationprovidedby Bierschenk (1958a),the plume from

th(_216-B and 216-BY cribs in the 200-EastArea coalescedwith the plume from

the 216-WR cribs in the 200-WestArea. An additionalplume in the southwest

corner of the 200-WestArea was the result of dischargesto the 215-S-5 and

S-6 cribs associatedwith operationof the REDOX plant.

Bierschenk (1958b)illustratedground-watercontaminationplumes beneath

the 200-East and 200-West Areas for January, February,and March 1958, defined
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operations in the northernportion of the 200-WestArea was interpretedto

shew no change from the previousreporting9eriod.

Brown (1957e)reported that the extent of ground-watercontamination

indicatedby the 1.5 x 10.7_Ci/ml (150 pCi/l.)contour of gross beta concen-

trations did not change significantlyduring the July, August, and September

1957 reportingperiod, The addition of anotherwell resulted in a ]arguerarea

of contaminatiJnfrom the 216-WR cribs and changed the interpretationof the

monitoring results for the 200-West Area.

Bierschenk (1958a)illustratedthe ground-watercontaminationplumes

beneaththe 200-East and 200-West Areas for October,November, and December
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December 1957 (Bierschenk1958a)
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by the 1.5 x 10.7pCi/ml (150 pCi/L) contour of gross beta concentrations

(Figure6.12). The interpretationsof the plumes changed little from the

previous reportingperiod,with the exception of closingcontours to the

southeast,indicatingthat contaminationhad possiblymoved farther to the

southeastof the 200-EastArea.

Bierschenk (1958c,1958d) reported that there were no significantchanges

in the concentrationsor interpretationof ground-watercontaminationduring

the April through September 1958 reportingperiod. As in the previous report-

ing period, intermittentgross beta concentrationswere detected in wells

monitoringthe 216-BC cribs slightly south of the 200-EastArea. The inter-

preted distributionsof contaminationin ground water beneath the 200-West

Area were unchangedfrom the previous reportingperiod,other than the fact

that the plume in the southwestcorner of the 200-WestArea from the 215-S-5

and S.-6cribs was not shown.

Bierschenk (1959a)provided,for the first time, contours of different

levels of gross beta concentrations,startingwith 1.5 x 10.7pCi/ml

(150 pCi/L) for the period of October,November, and December 1958. Previous

maps had shown only an extent of contamination. Three differentgross bet_

concentrationcontours are shown (Figure6.13), with a maximum observed

concentrationof 1.2 x I0-z_Ci/ml (1.2 x I("IpCi/L). Bierschenk (1959a)

indicatedthat most of the gross beta coiltaminationwas attributedto

ruthenium-106. The gross beta contaminantplumes,which are different in

extent from those previously reported,are superimposedon a water-tablemap.

The area shown, however, is restrictedto the general 200-East and 20C-West

Areas. The contaminantplume from the 216-B and BY cribs in the northern

portiono'Fthe 200.-EastArea was interpretedas having receded to the point

where it was no longer connectedwith the plume from the 216-WR cribs in the

200-WestArea.

The plume associatedwith dischargeof wastes from PUREX to the 216-A

cribs in the eastern portion of the 200-East Area was interpretedto show two

separate zones of higher gross beta concentrations(Biershenk1959a). Ground_

water wells monitorin_ the 216-BC cribs south of the 200-EastArea continued

to show intermittentgross beta concentrations. No significantchanges were
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FIGURE 6.!2. ApproximateExtent of Known Ground-WaterContaminationfrom
the 200-Eastand 200-WestAreas During January, February,and
March 1958 (after Bierschenk1958b)
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noted in the 200-WestArea, other than the contaminantplume from the 216-WR

cribs was no longer connectedwith contaminationfrom the 216-B and BY cribs

in the 200-EastArea.

The interpreteddistributionof gross beta contaminationin ground water

beneath the 200.East and 200-West Areas remainedessentiallyunchangedfrom

January throughJune 1959. However, Bierschenk(195gd) indicatedthat gross

beta contaminationwas detected in three wells, 699-34-39A,699-31-30,and

699-24-33, approximately5 miles southeastof the 200-East Area. These wells

are outside the area shown on the map; there were no other wells between them

and the 200-East Area.

An area of contaminatedground water southeastof the 200-EastArea is

shown in Figure 6.14 from Haney (1959). However,the plume was not connected
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FIGUR._.6.14. Distributionof Known Ground-WaterContaminationBased on
Gross Beta Measurementsfor September 1959 (after Haney 1959)

with any of those interpretedto exist within the 200-EastArea because it did

not have an identifiedsource;two probable sourceswere identifiedas the

216-BY cribs or the 216-A cribs. The interpretationof this plume was based

on gross beta concentrationsfor two wells, 699-31-30and 699-.34-39A,and was

complicatedby informationfrom the hand-drawnwater-tablemap which indicated

that these wells are upgradientof the probable sources. At the time, Haney

(1959)attributedthe conflictingmonitoringand hydrologicinformationto

water-levelvariations in responseto waste discharges in both the 200-East

and 200-WestAreas.

The interpreteddistributionof gross beta contaminationin the aquifer

presentedin Haney (1960a)for October, November,and December 1959 (Fig-

ure 6.15) was dramaticallydifferentfrom those includedin previous quarterly

reports. Haney (1960a) interpretedthe gross beta contaminationin samples

from wells 699-34-39A,699-31-31,and 699-24.-33as being connectedwith the
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FIGURE6.15. Distribution of KnownGround-Water Contamination Based on
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December 1959 (afterHaney 1960a)

plumes beneath the 216-A (PUREX)cribs, thus identifyingthese cribs as the

source. Wells southeastof the 200-EastArea were resurveyedfor control ele-

vations at the ground surface. These control elevationswere used for depth-

to-water measurementsto establishelevationsfor contouring the water-table

maps. The resurvey showed that surfacecasing elevationsfor wells 699-30-31

and 699-24-33were in error by approximately7 feet. Once the error was cor-

rected, wells 699-34-39A,699-30-31,and 699-24-33were interpretedas being

approximatelydowngradientof the 216-A cribs. In addition,the interpreta-

tion of the plume from the 216-BY cribs changed to reflectmigration of

greater than I x 10.4_Ci/ml (100,000pCi/L) concentrationsof gross beta to

the north and to reflectconnection of the lower concentrationswith the plume

from the 216-A cribs. Connectingthe lower concentrationsin the 216-BY gross
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beta plume with those from the 216-A plume probably reflects a lower detection

limit for gross beta concentrationsof 8 x 10-8pCi/ml (80 pCi/L). The plume

of contaminationfrom the 216-WR and REDOX cribs in the southeasterncorner of

the 200-West Area was _nterpretedto have spread farther to the southeast,

reflecting the lower detectionlimit for gross beta concentrations.

The interpreteddistributionof gross beta contaminationin the 200-East

and 200-WestAreas from January through December 1960 is essentiallyunchanged

from the previous reportingperiod (Haney 1960b, 1960d; Haney 1961a, 1961b)o

The exceptions to this observationwere in the plume southeastof the 200-East

Area and east of the 200.-WestAre_. Low gross beta concentrationsshowed up

during the Januarythrough June 1961 reportingperiod in wells 699-26-15and

699-20-20. These wells are located 2.5 miles east and southeastof well

699-24-33,the southernmostwell with gross beta concentrationsduring the

previousreporting period. Haney (1961b)observed that, based on first

arrival of radionuclidesat well 699-24-23 and subsequentarrival at the down-

gradientwells (699-26-15ahcl699-20-20),movement over the 2.5 miles occurred

in approximately2.5 years.

Haney (1961b)marked a change from quarterlyto semiannual reportingof

the Chemical EffluentsTechnologyOperationsactivities. For the first time

in a quarterlyreport (Haney1961b),the averagegross beta measurementsfor

each well sampled at the HanfordSite were includedin an appendix table.

The distributionof gross beta concentrationsfor July throughDecember

1962 defined by the 8 x I0-BpCi/ml (80 pCi/L) detectionlimit (Figure6.16)

was different from the previousreportingperiod {Brown1963). The gross beta

plume that extends southeastfrom the 200-EastArea was mapped as having

extended nearly to the river. Brown (1963)noted only minor changes in the

distributionof gross beta concentrationsin the 200-WestArea, althougha

larger area of contaminationto the west is shown.

The distributionof gross beta concentrationsfor January throughJune

1963 (Figure6.17) in Harley(1963) was differentfrom that in the previous

reporting period in that the plume was interpretedto have retreatedfrom the

river. However, intermittentconcentrationsof gross beta emitters were
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observed in wells near the river and were mapped as isolatedzones of gross

beta contamination. The reductionin the extent of gross beta contamination

was attributed to reductionsin the quantity of radioactivewaste discharged

to the ground from the REDOX plant and to decay of low concentrationsof

ruthenium-106 and rhodium-106.

The distributionof gross beta concentrationsreported by Brown and Haney

(1954)was interpretedto indicatethat the §ross beta plume had reached the

Columbia River, based on intermittentdetectableconcentrations(Figure6.18).

Brown and Haney (1964) based estimatesof travel time on "...the appearance

time of gross beta-emitters(ruthenium-t06and rhodium-t06)and tritium in

m_nitoringwells located at variousdistances from liquid waste disposal

sites." They estimatedan average travel time of 7 to 8 years for ruthenium-

106 to move from the PUREX plant southeastto the Columbia River. They also
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estimateda travel time of 20 years to the river for "radiocontaminants"

dischargedto the ground from the REDOX plant in the 200-WestArea.

l'hedistributionof averagegross beta concentrationsfor January through

December 1964 (Figure6.19) reported in Brown (1964)was differentfrom the

previous reportingperiod in severalareas. The gross beta plume was mapped

as having reachedthe river. A zone of detectableconcentrations(10 to

100 pCi/L) is shown adjacent to the river, where ground water and Columbia

River water mix during periods of high river stage.

The interpreteddistributionof averagegross beta concentrationsfor

January through June 1965 reported in Brown (1965)was essentiallythe same as

that during the previous reportingperiod. Samples collectedfrom wells in

the large gross beta plume southeastof the 200-East Area were analyzed to

determine the isotopescontributingto the gross beta concentrations. Brown
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(1965) interpretedthe resultsto indicatethat essentiallyall of the gross

beta activitywas attributableto ruthenium-106/rhodium-106and tritium (later

researchersstated that none of the gross beta was tritium). Brown (1965)

reported that analysesof ground-watersamples from wells near the Columbia

River showed detectableconcentrationsof both ruthenium-t06and chromium-51.

This findingwas interpretedas an indicationthat ground water and river

water were mixed because ruthenium-t06is associatedwith ground-water

contaminationand chromium-51from reactoroperationswas present in the

Columbia River (Hall 1991).

The distributionof averagegross beta concentrationsin the unconfined

aquifer from July through December 1965 (Figure6.20) reported by Eliason

(1966a)changed considerablyfrom the previous reportingperiod. This
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interpretationwas based on the same reportinglevels (contours)and detection

limit [O.OB pCi/ml (80 pCi/L)] as in previousreportingperiods. However,

Eliason (1966a)interpretedthe extent of contaminationto be larger, based on

detection of gross beta in several additiona3wells.

Eliason (1966b)provided a summaryof gross beta measurementsfrom the

unconfinedaquifer from January throughJune 1966. The interpreteddistribu-

tion of averagegross beta contaminationin the aquiferwas ._lightlydifferent

from the previous reportingperiod. Eliason (1966b)includeda discussionof

travel-timepredictionsfor bets.emitters from the 216-A-I0 crib downgradient

of well 699-34-.39A.In late 19{2, an increaseof beta activitydischarged to

the 216-A-I0 crib for a 2-m,onthperiod was observed. A maximum activityin
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well 699-34-39Awas observed in January 1965 (Figure6.21), which confirms a

2-year predictionby Brown and Haney (1964). The travel time to this point

was 26 months (just over 2 years).

The interpreteddistributionof gross beta contaminationin the uncon-

fined aquiferchanged only minor amounts from July 1966 through December 1974

(Eliason1967b; Kipp 1972; Kipp ]973a, 1973b; Raymondet al. 1976). Kipp

(1972) cautionedthat concentrationcontourspresented in the report should

not be interpretedas indicatingthat no radioactivitywas present in the

ground water beyond the outermostboundary of the interpretedplume. Some

radionuclideconcentrationsexist outside this boundary and may even have

reached the Columbia River, but were not det_:tableby the measurementtech-

niques employed at the time.
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The distributionof gross beta contaminationin the unconfinedaquifer

during 1974 (Figure6.22) changed only slightly from the previous reporting

period, although the plume was beginningto shrink (Raymondet al, 1976).

Previously,the 0.08 pCi/ml (BO pCi/L) contour was used to define the extent

of the gross beta plume. The plume in Figure 6.22 was definedby the

0.1 pCi/ml (100 pCi/L) contour.

The contributionof differentradionuclidesto the gross beta concentra-

tions in ground water at 'theHanford Site changed from previous interpreta-

tions. Previously,ruthenium-t06was assumed to be the dominantcontributor

to gross beta concentrationsat all locationson the Hanford Site. Raymond

et al. (1976)reported that the contributionof other radionuclidesto gross

beta was importantat differentlocationsin the unconfinedaquifer.
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Specifica'lly,away from the operatingareas, cobalt-60was found to be the

dominantcontributorto gross beta concentrations. This difference is because

ruthenium-t06has a shorter half-life(367 days) than cobalt-60 (5.3 years),

so the ruthenium-t06concentrationsin the ground water were reducedmore than

cobalt-60concentrations. Table 6.3 illustratesdifferencesin the ratio of

ruthenium-t06to cobalt-60concentrationsin the ground water southeastof the

200-EastArea.

Myers et al. (no date) reportedthat during 1975, the gross beta plume

continuedto decrease bec_,seof radioactivedecay. Myers et al. (no date)

attemptedto correlate peaks in gross beta concentrationsat wells 699-34-42

and 699-33-22with source releases in the 200-EastArea. However, correlation

was difficultbecause dispersionwithin the flow system coalescedminor

contaminantplumes from differentrelease points and masked the true time of

releasefrom any one source.

Myers, Fix and Raymond (1977) reported that the gross beta plume con-

tinued to shrink during this reportingperiod. The interpretationof the

plume, however, showed only minor changes compared with the previous year.

Further analyseswere performedon ground water using a large-volumewater

samplerto refine definitionof the key radionuclidescontributingto the

_ gross beta concentrations. Ruthenium-t06and cobalt-60were found to be the

dominant contFibutorsto gross beta, confirmingprevious analyses by Raymond

et al. (1976).

Eddy and Wilbur (1980)reportedthat during 1979, the gross beta plume

continuedto recede because of radioactivedecay. By 1982, gross beta

TABLE 6.3. Ratio of Ruthenium-t06to Cobalt-60 for SelectedWells Southeast
of the 200-EastArea During 1974 (Raymondet al. 1976)

Ruthenium-106/Cobalt-60
Well Number ConcentrationRatios

699-34-39A 1.12

31-31 0.29

20-20 0.20

26-15 0.17
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concentrationsin the aquifer had decreased, and the plumes had receded to a

point where it was no longer necessaryto includethe maps in the annual

reports (Eddy, Prater and Rieger 1983).

Tritium

63 Tritium is the most mobile of the radionuclidesdischargedto the g_Dund

in large quantities at the Hanford Site; because it exchangeswith stable

hydrogen in water molecules, it moves directly with the ground water, lt is

currentlythe most extensivelymonitoredradionuclidein the ground water at

the Site and has been used as an indicatorof the maximum extent of ground-

water contaminationsince it was determinedto be present (Jaquishand Bryce

1990). The most recently publisheddistributionof tritium in the unconfined

_quifer is illustratedin Figure 6.23.

Because of differences in geology, the pattern of migrationfor radionu-

clides moving out of the 200-EastArea differed from that of radionuclides

moving out of the 200-WestArea. The tritium plume to the east and southeast

of the 200-EastArea has a much larger distributionthan the tritium plume

south of the 200-.WestArea (Figure6.23). In the 200-WestArea, the water

table is located in the middle Ringold rormatien;whereas, in the 200-East

Area, it is located in the more permeableHanford formation(Jaqui:_hand Bryce

1990). The higher permeabilityof the Hanford formationallows contamination

to migrate a greater distance from the 200-EastArea than from the 200-West

Area where the ground water (and contaminalion)is in the middle Ringold

Formation.

Tritiumwas not always monitored in the unconfinedaquifer because,

before 1959, its release was not recognizedto be a result of Hanford Site

chemical separationsoperations. Tritium is a low-energybeta emitter that

was not detected with the gross beta measurementmethodsused during early

monitoring at the Hanford Site. In 1959, tritiumwas reported in offsite

publicationsas a byproductof uranium fission (Albenesius1959). After this

discovery,waste streamsdischargedto the ground and the ground water beneath

the 200 Areas were analyzed for tritium (Haney,Brown and Reisenauer 1962).
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The first monitoringresults for tritiumin the ground water were

reported in Brown (Ig62b). For the initialassessmentof the extent of

tritium in the unconfinedaquifer, sampleswere collected from 55 monitoring

wells that were alreadypart of the routinemonitoringnetwork. The highest

concentrationreported from the initialsamplingwas 0.05 pCi/ml

(5 x 107 pCi/L) in well 69g-34-3gA. Resultsof the initial sampling for other

wells were summarizedin an appendix in Brown (Ig62b).

The first map produced to illustratethe distributionof tritiumcontami-

nation in the unconfinedaquifer (Figure6.24) was based on a detectionlimit

of I x I0-spCi/ml (10,000pCi/L) (Brown 1962b). The leading edge of the

tritium plume was interpretedto have nearly reached the Columbia River, with

detectableconcentrationsaveraging7 x 10-5pCi/ml (70,000pCi/L) in well

699-20-E12 near the river. Samples collectedfrom springs along the banks of

the Columbia River did not contain tritium in concentrationsabove the detec-

tion limit.

The distributionof average tritiumconcentrationsfor July through

December 1962, illustratedirlFigure 6.25 (Brown 1963), covers a smallerarea

than that shown on the first map provided by Brown (1962b)for the previous

reporting period (the first 6 months of 1962). Both of the plumes from the

200-East and 200-WestAreas, defined by the I x 10.5_Ci/ml (10,000pCi/L)

contour and higher concentrations,are smaller.

The extent of tritium in the unconfinedaquifer interpretedfor January

through June 1963 (Figure6.26) was further reducedfrom the previousreport-

ing period (Haney 1963). Exceptionswere noted in wells 699-41-23and

699-40-I,where intermittentdetectable concentrationsof tritiumwere

present. These wells were mapped as isolatedzones of contamination,but

probablywere associatedwith the plume from the 200-East Area. Analytical

results for tritiumduring this reportingperiod were based on a detection

limit of I x 10.5#Ci/ml (10,000pCi/L). Referencewas made to loweringthe

detection limit to 2 x 10.6pCi/ml (2,000pCi/L) for routine analysesand to

I x 10.7to 5 x 10.9pCi/ml (100 to 5 pCi/L) for nonroutineanalysesof samples

from wells to better define the outer edge of the plume.
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(after Brown 1962b)

The distributionof average tritiumconcentrationsin the unconfined

aquiferduring January throughDecember 1964 reported in Brown (1964) was

essentiallythe same as that for the previous reportingperiod. However, the

area affectedby dischargesto B Pond was interpretedas having expanded

slightly,and the tritium concentratioasnear the river were thought to be

affectedby mixing of contaminatedground water and clean river water. Inter-

pretationof the distributionof tritium concentrationswas based on the lower

detectionlimits referenced in Brown and Haney (1964).

Brown and Haney (1964) presenteda summary of the early tritiummonitor-

ing data, one year after tritiumwas reported as a fissionproduct. The dis-

tributionof tritium in the unconfinedaquifer for July through December 1963

is shown _s having reached the Columbia River (Figure6.27). The distribution

of monitoringwells that the interpretationis based on is included in
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Figure 6.27. In addition to the monitoringresults for tritium, Brown and

Haney (1964) included _ sectionon travel-timeestimates in their report.

Their estimatesof travel time for tritiumwere based on the first appearance

or arrivalof tritium concentrationsnear the detection limit. However, in

the monitoringdata for wells near the Columbia River, the appearanceof

tritium and other radionuclideswas sporadic. Brown and Haney (1964)

attributedthe sporadicmeasurementsto the fact that the concentrationswere

close to the detection limit and to fluctuationsof the river stage.

Brown and Haney (1964) identifiedthree sourcesof uncertaintyfor the

estimatesof arrivaltime at the wells and the river: I) variations in

measured concentrationsbecauseradionuclideconcentrationsvaried with depth

(at that time, many of the wells were open to a wide interval);2) the rela-

tively sparsemonitoringwell coverage at some locations (therewere not very
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many wells locatednear the river at the time); and 3) possible inaccuracies

in the flow system interpretation(and also problemswith ground-water

monitoringmeasurements). As will be shown later in this section, the limited

number of monitoring wells contributedthe most to uncertaintyin estimatesof

arrival time. Brown and Haney's (1964) statedphilosophy for estimating

travel times was to err on the conservativeside when anomalies in the

monitoring data were evident. This meant that intermittentconcentrations

were used to estimate travel times. A summaryof the interpretationof travel

times in the unconfinedaquifer by Brown and Haney (1964) is illustratedin

Figure 6.28. These travel-timeinterpretationswere based on tritium and

gross beta (ruthenium-t06)monitoringdata.

The interpreteddistributionof tritium remainedessentiallyunchanged

between 1963 and 1965 (Brown1965). As with gross beta monitoringresults for
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1965 (Figure6.20), the distributionof averagetritium concentrationsin the

unconfined aquiferfrom July throughDecember 1965 (Figure6.29) reported by

Eliason (1966a)was considerablydifferentfrom that during the previous

reportingperiod, although the same contour intervalsand detection limit

(2 pCi/L) were used. The expanded zone of tritiumcontaminationwas based on

measurementsshowingtritium levels slightlyabove the detection limit in

several additionalwells.

Eliason (1966a)reported on analyses of samples from wells drilled to

monitor the confined aquifers,although the specificconfined aquifers that

were sampled were not listed. The maximum tritiumconcentrationobservedwas

2500 pCi/ml (2,500,000pCi/L) in well 699-30-31Rat a depth of 300 feet. This

concentrationwas consistentwith the 2300 pCi/ml (2,300,000pCi/L) concen-

trationmeasured in the same well during the previousreporting period.
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Eliason (1967b)mapped the tritiumplume as having reached the Columbia

River. The distributionof tritium (Figure6.30) includes a zone of detect-

able concentrations(2 to 4 pCi/ml; 2000 to 4000 pCi/L) that appear intermit-

tently in wells attributed to river fluctuationsthat affectedwater levels

and concentrationsmeasured in wells. The area coveredby the 100,000to

1,000,000pCi/L concentrationrange increasedover the previous6-month

period. Eliason (1967b)attributedthis increase in tritium activity to

disposal of condensatewastes from B Plant.

Essig (1968)reported a much smallerextent of tritiumcontaminationin

the unconfinedaquifer during July throughDecember 1967 (Figure6.31). The

extent of tritiumshown in Figure 6D31 differs from that shown in Figure 6.27

because, by 1967, additionalmonitoringwells had been drilledbetween the

leadingedge of the plume and the river. No specificexplanationwas provided
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for the different interpretationof the tritium (and gross beta) plume, other

than that responsibilityfor reportinghad shifted to a differentorganiza-

tion. However, monitoringdata from the additionalmonitoringwells demon-

strated _hat the extent of contaminationwas less than previously thought.

Interpretationof the tritiummonitoringdata for 1968 through 1972 remained

essentiallythe same with some minor changes (Kipp 1972). During this time,

the tritiumplume was not interpretedto have reached the river.

Kipp (1975) includeddata from the 200 Areas and a number of new monitor-

ing welis; these data changedthe interpretationof the tritium distribution

in the unconfined aquifer (Figure6.32). The first change consistedof

joining the tritiumplumes in the 100 Areas with the plume originatingfrom

the 200-East Area. Previously,these two plumes were separatedin the area

between Gable Mountain and Gable Butte (Gable Gap), indicatingseparate
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sources. Accordingto the iwfterpretationin Kipp (1975),the plume to the

north of Gable Gap had tritium both from 100-,Areaand 200-East-Areasources.

A second changp in the interpretationof the tritiumplume was in the area of

the WashingtorPublic Power Supply System (SupplySystem) where severalwells

were sam_pledduring pumpingfor constructionwater at the Supply System Number

2 reactor, Tritium was detected in severalmonitoringwells, and the tritium

pluLmewas extended to the Supply System 'location.

Raymondet al. (1976)reported that the detectable front of the tritium

plume in the unconfinedaquifer from the 200-EastArea was interpretedto have

moved slightly toward the Columbia River. The tritium plume was not mapped as

having reached the river during this reportingperiod.
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_GURE 6.31. Distributionof Average Tritium Concentrationsin the
UnconfinedAquifer During July Through December 1967
{after Essig 1968)

Myers, Fix and Raymond (1977) reported that, based on monitoringdata

from well 699-40-I (Figure6.1), the tritium plume was expected to reach the

Columbia River "in the near future.' The leadingedge of the tritium plume,

definedby the 30 pCi/ml isopleth (30,000pCi/L),was mapped as having nearly

reachedthe river.

'Thetritium concentrationhistory in well 699-40.-Iillustratesthe

resultsof the well remediationeffort describedby Eddy, Myers and Raymond

(1978);McGhan (1978);and in Section 5.2 of this report. Before 1974,

tritium concentrationsmeasured in the we'llwere highly variable. This varia-

tion resulted from collectingsamples at differentdepths in an open weil. As

described in Section 5.2.1, the well was shortenedduring 1974 to sample

approximatelythe upper 30 feet in the aquifer. The variabilityin the

reported concentrationsdecreaseddramatically(Figure6.1); however, the
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measured concentrationsof tritium increasedbecause the highestconcentra-

tions are in the upper part of the aquifer.

Staff in a consulting firm, SEARCH TechnicalServices, Inc. (SEARCH),

interpretedthe monitoringdata from well 699-40-I differentlyin that they

assumed the data indicatedperiodic arrivalof high concentrationsof tritium

from PUREX in a hypotheticalhigh-permeabilitychannel extendingfrom the

200-EastArea to the Columbia River (Buske and Josephson 1986). However, the

USGS (.1987)c_!_cludedthat problems with samplingan open borehole and the

effects of the _ubsequentwell remediationare more feasibleexplanationsof

the increasesin measured tritium concentrations.

Myers (1978) reportedthat the tritiumplume to the southeastof the

200-EastArea continued _o shrink. The tritium plume had changed little from

the previous year, althoughthe leadingedge of the plume, defined by the

30 pCi/ml (30,000pCi/L) isopleth,was mapped as having reached the Columbia

River (Figure6.33) near well 699-40-I. This interpretationwas based on

increasingconcentrationsin well 699-40-I. The time required For the

112,000 pCi/L tritiumconcentrationto reach the river in 1976-1979represents

the average travel time for tritium to migrate from the 200-EastArea to the

river (see p. 6.3). This estimate differs from the travel times previously

estimated by Brown and Haney (1964),which were for first arrivalof detect-

able concentrations(see Figure 6.27).

Eddy and Wilbur (1980) reportedthat the tritium plume had reachedthe

Columbia River before 1979. They statedthat tritiumwas dischargingto the

river, but impactsfrom this dischargewere not discernableby comparingwater

concentrationsat upstream and downstream locationsin the Columbia River.

Their interpretationof the tritium plume was different from previousyears,

with the map showingconcentrationsbetween30 and 300 pCi/ml (30,000to

300,000 pCi/L) being discharged to the river (Figure6.34).

The interpretationsof the tritium plume during 1980 to 1984 (Eddy and

Wilbur 1981; Eddy, Prater and Rieger 1983; Prater et al. 1984; Cline, Rieger

and Raymond 1985) differ from year to year. These changes in the interpreta-

tion of the tritiummonitoring data (as well as those from previousyears)
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arose from slight differencesin reported concentrationsand from different

investigatorsprovidingthe interpretation. All of the maps presentedin the

annual reports were interpolatedby hand. The tritium plume was mapped as

having reached the river, and the 300 pCi/ml (300,000pCi/L)isopleth was

approachingthe river.

64 Price (1986)was the first annual monitoringreport to includeground-

water monitoring resultswith resultsof the other types of environmental

monitoring performedat the Hanford Site. The interpretationof the tritium

monitoring data was different from previousyears; contour intervalsof

20,000, 200,000, and 2,000,000pCi/L were used (Figure6.35). Price (1986)

interpretedthe 200,000pCi/L isoplethas having reached the Columbia River.

lt is difficultto determinehow much the change in the concentrationcontours

(from 300,000 pCi/L to 200,000 pCi/L) reflectsarrival of higher concentra-

tions at the river versus continuedmigrationof _he tritium plume toward the

river. The first wells downgradientof the discharge facilitiesfor the PUREX

crib (wells699-33-42and 699-34-42) began to show increasingtritiumconcen-

trations, indicatingthat tritium first arrivedat these wells 2 years after

PUREX restartedin 1983.

PNL (1987) reportedthat during 1986, tritiumconcentrationscontinuedto

increase significantlyat two wells downgradientof the PUREX liquidwaste

discharge facilities. Interpretationof the tritiummonitoring data illus-

trates a second plume of higher concentrationsresulting from restartof PUREX

(Figure6.36).

Jaquish and Mitchell (1988) reportedthat the tritium plume to the south-

east of the 200-EastArea (Figure6.37) continuedto dischargeto the Columbia

River near the Hanford townsite. In addition,the leading edge of the plume

was observed to be moving farther south, and the new plume of higher con-

centrationsresultingfrom restart of PUREX operations in December 1983

continuedto move to the southeast.

Jaquish and Bryce (1989_ 1990) reported that the tritium plume to the

southeastof the 200-EastArea continuedto move to th_ east-southeastand to

dischargeto _i_ ColumbiaRiver. The second plume resulting from restartof
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PUREX operations in December 1983 continuedto expand to the southeast,and

concentrationsnear the source continuedto increase.

An outside consultingfirm, SEARCH, hypothesizedthat the time for wastes

from the PUREX facilityto travel to the ColumbiaRiver in a high-permeability

channelwas on the order of 2.5 years (Buske and Josephson 1986). In a review

of the work by SEARCH and Hanford Site contractors,the USGS (1987) reported a

summaryof ground-watermonitoringdata for the unconfined aquiferand

estimated a 13-year averagetravel time for contaminantsto migrate from the

PUREX cribs to the Columbia River (Figure6.38). However, the USGS stated

that because of uncertaintiesin interpretingsome _)fthe data, the average

travel time probably ranged from 10 to 20 years. The USGS arrived at the

13-yeartravel time by assuming,on the basis of discharge records,that most

of the tritium was dischargedto the aquifer from the PUREX cribs after 1963.

An arrival time at the Columbia River of 1976 gave the 13-yearestimate.

In addition to their review of the SEARCH travel-timepredictions,the

USGS concluded that the availablegeologic,hydrologic,and water chemistry

data neither confirm nor refute the existenceof the hypotheticalchannel

(USGS 1987). However, the USGS stated that an alternativehypothesisto the

channel is possible: broad areas of high permeabilitywith local ground-water

discharge near the Hanford townsite.

Review of ground-watermonitoringdata for the unconfined aquifershowed

that the tritium plume reached the Columbia River between 1976 and 1979 (Myers

1978; Freshley and Graham 1988). Assuming that most of the tritium in the

ground water between the 200-EastArea and the Columbia River is from PUREX

operations,which began in 1956, arrivalof the 30 to 300 pCi/ml (30,000to

300,000 pCi/L) tritium isoplethat the river in the 1976 to 1979 period

represents an averagetravel time of 20 to 23 years. The 112,000pCi/L

tritiumconcentrationused to estimate the averagetravel time from the PUREX

cribs to the river is approximatelyhalf the maximum sustainedconcentration

in well 699-40-I (Price 1986),which is near the river (Figure6.1). Higher

concentrationsof tritium (200 to 300 pCi/ml /200,000to 300,000pCi/L])were

interpretedto begin dischargingto the Columbia River in 1985 (Price 1986).
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lodine-129

Less informationis availableregardingconcentrationsof iodine-12gin

the unconfinedand confined aquifersat the HanfordSite than for gross beta

and tritium. The monitoring reportsgenerally includelistingsof iodine-129

monitoringdata, but do not providemap interpretations. As with tritium,

iodine-129is generally not retardedby chemical interactionsand therefore

generallytravels at the same velocity as ground water, lt is regarded to be

an excellenttracer and has a very long half-lifeof about 16 million years.

A small amount of naturallyoccurringiodine-129is associatedwith all iodine

present in the environment. However, since the 1940s, additionaliodine has

been present in the Hanford Site environmentfrom operationof reactors,

reprocessingof fuels from the reactors,and fallout from offsitenuclear

weapons testing.

Raymond et al. (1976)reported concentrationsof iodine-129in Hanford

Site ground water measured during 1975. These measurementsof iodine-129are

the result of 10 years of cooperativeresearch by the Atlantic Richfield

Hanford Company (ARHCO)and PNL to develop analyticalmethods for detecting

low levels of selectedradionuclides. Iodine-129was reportedto have essen-

tially the same distributionas other contaminants,such as tritium, in the

unconfinedaquifer.

During 1976, water samplesfrom 10 wells monitoringthe unconfined aqui-

fer were analyzed for iodine-12g(Myers,Fix and Raymond 1977). Results of

the analyses (Table6.4) indicatethat iodine-129behavesthe same as other

contaminants;concentrationswere highest near the 200-Area sourcesand

decreased as they move toward the Columbia River.

Myers (1978)also reported iodine-129concentrationsfor ground water in

the unconfinedaquifer. The maximumconcentrationobserved in 10 wells was

I pCi/L in well 699-27-8,which is locatedbetween the Columbia River and the

200-EastArea.

E_dy and Wilbur (1980)reported that during 1979 more wells were sampled

for iodine-129than in previousyears. The distributionof wells for

iodine-129analyses is illustratedin Figure 6.39. Concentrationsreported
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TABLE 6.4. lodine-129Concentrationsin SelectedWells Monitoringthe
UnconfinedAquiferDuring 1976 (afterMyers, Fix and
Raymond 1977)

Iodine-129
Concentration

Well Date of Sample . (pCi/L)

699-S29-E12 4/8/76 O.00005

699-S3-E12 4/8/76 O.00008

699-8-17 4/8/76 0.1

699-27-8 4/8/76 I

699-32-22 4/8/76 2

699-33-56 4/8/76 O.0002

699-34-42 4/8/76 5
2/13/76 5

699-35-70 4/8/76 37.0

699-35-9 4/8/76 0.8

699-49-57 4/8/76 0.2

for wells away from sources in the 200 Areas were similarto those observed

during previousyears. The maximum concentrationof.iodine-129measured in

the unconfinedaquiferwas 37 pCi/L in well 699-35-70next to the 200-West

Area. During 1980, fewer wells were sampledand analyzed for iodine-129than

in 1979 (Eddy and Wilbur 1981). All of the reported concentrationswere less

than I pCi/L.

Iodine-129monitoring results also have been includedin the routine

monitoring reportspublished since 1980. The list of monitoringreports

containing iodine-129monitoring resultsconsists of Eddy and Wilbur (1980);

Eddy, Cline and Prater (1982);Eddy, Prater and Rieger (1983);Prater et al.

(1984);Cline, Rieger and Raymond (1985);Price (1986);PNL (1987);Jaquish

and Mitchell (1988);and Jaquish and Bryce (1989, 1990).

The occurrenceof iodine-129in ground water was investigatedas part of

the Basalt Waste IsolationProject (BWIP) study of the suitabilityof basalts

beneath the HanfordSite as a potentialgeologic repositoryfor high-level

nuclearwaste. In the BWIP investigations,iodine-129and other radionuclides
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were consideredpotentialtracers for examiningground-watermovement beneath

the Hanford Site (DOE 1988). The interestwas in locating flow paths for

rapid transportof radionuclidesfrom the proposed repositoryto places where

exposurescould occur. The available iodine-129data were consideredto be

"...insufficientto make any supportedconclusionsregardinglarge-scale

ground-watermovement beneaththe HanfordSite or in the general area of the

UmtanumRidge-GableMountain anticline." The latter is a major geologic

structuralfeatureon the Hanford Site that resultedfrom foldingof the

basalt layers, However, the data were interpretedto supportthe potential

for aquifer communication(transferof water and/or contaminantsbetween

aquifers)along 'theanticline(DOE 1988).

Most of the iodine-129data at the Hanford Site were collectedas part of

ground-watersurveillanceactivitiesperformedunder the Site-wideground-

water monitoringprogram. Most of the data collectedunder these special

programswere unpublished,although some of the data were includedin the

publishedquarterly reports. To correct this, DOE establishedan intercon-

tractorworking group (IWG) in November 1986 to assemble and review all previ-

ously unpublisheddata on iodine-12gin ground water at the Hanford Site. The

findingsare contained in the working group report (IWG 1987).

Four offsite water supply wells on the east side of the Coiumbia River

and two former Army wells north of the Hanford Site (Figure6.40) were sampled

during the late Ig60s and early Ig70s to determine if contaminantswere

present, llostof these wells were open to more than one confined aquiferand,

in some ca::e,',,to the unconfined aquifer. The main interest in the sampling

programwas to determinethe concentrationsof iodine-129in ground water (IWG

1987). Because Hanford Site operationsand offsiteweapons testing introduced

iodine-129into the atmosphere,concentrationsof iodine-129in recently

rechargedground water are significantlyhigher than concentrationsfound in

"older"ground water. Natural backgroundconcentrationsof iodine-129for

ground water in the basalt aquifers range from 10.8to I0"9pCi/L, while the

resultsof the offsitewell sampling indicatedthat some iodine-129was

present in the wells at measured concentrationsranging from 10.6to 10.4pCi/L

(IWG 1987). This comparisonof concentrationsindicatedpossible migrationof
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contaminatedground water off the HanfordSite. However, it was not conclu-

sivelydeterminedwhether the observed iodine-129was from Hanford (IWG 1987).

The range of concentrationsshown in Figure 6.41 is approximatelythe

same as that currently found in surfacewater such as the Columbia River and

in precipitation. A few samplescollectedduring the early round of offsite

samplinghad concentrationsbetween 10.4and 10"_pCi/L. However, the early

resultswere questionablebecausethe sample-handlin9procedureswere poor and
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samples could be easily contaminated with iodine-129 during handling and

analysis (IHG 1987). SampTe-handlfng procedures improved during the following

years, and later samples collected from the same wells showed lower concentra-

tions of iodine-129.
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No conclusionhas been reachedregardingthe sourceof iodine-129in

these offsitewells (IWG 1987; DOE 1988). Hydraulicheads in the confined

aquifers indicatethat groundwater is not likely to flow across the Columbia

River from the Hanford Site, especiallywith input of irrigationwater on the

east side of the river (Bryceet al. 1991). One possibleexplanationof the

iodine-129in the lower confined aquiferswas that water from the unconfined

aquiferflowed down unsealedwell casings (IWG 1987). The unconfinedaquifer

east and north of the Hanford Site has beenrecharged with surfacewater from

the Columbia Basin IrrigationProject. This water containsconcentrationsof

iodine-129that are higher than background,either from Hanford Site releases

or offsiteweapons testing.

Because of the presenceof iodine-129in offsitewells, 13 wells were

drilled into the confined aquifersystem on the HanfordSite during the mid-

1970s as part of an offsitemigration study funded by ARHCO and BWIP. As

noted earlier, BWIP staff considerediodine-129to be an ideal tracer that

would assist them in determiningthe potential for offsitemigrationthrough

the confined aquifers (IWG 1987). The wells were sampledannually for a few

years for iodine-129;tritium;carbon-14; and oxygen-16,18,as well as for

major and minor chemical constituents. The locationsof these wells and

resultsof analysis for iodine-129are illustcatedin Figure 6.42. Some of

the iodine-129sampling resultsfor well DB-7 may have been affected by drill-

ing practiceswhich could have introduced iodine-129into the sampledaquifer

(IWG 1987).

Although the BWIP studiesdid not determinethe source of the iodine-129

in the offsite wells, the measured concentrationsranged from 10-6 to 10-4

pCi/L. These concentrationsresulted in doses between2 x 10-7to 2 x 10.5

mrem/y effectivedose equivalent (7 x 10.6 and 7 x 10.4mrem/y dose to the

thyroid). Therefore, iodine-129in confined ground water did not result in

significantradiationdoses.

Other Radionuclides

Reportingof other radionuclidesin Hanford Site ground water was spo-

radic. In general, interpretationsof the distributions(maps) of
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radionuclidesother than gross beta and tritiumwere not published. The

reportingof radionuclidesother than gross beta and tritium in the ground

water increasedwith time. Evans et al. (1990),Jaquish and Bryce (1990),and

Woodruff et al. (1991)provided summariesof the distributionsof various

radionuclides.

As previously indicated(p. 6.33), cobalt-60contributedto gross beta

concentrationsmeasured during early monitoring at the site. However, because

of radioactivedecay during 1989 and 1990, most cobalt-60 concentrationsin

the unconfinedaquiferwere consistentlynear or below the detectionlimit of

20 pCi/L, except in the IO0-N Area and near isolatedportions of the 200_East

Area (Jaquishand Bryce 1989; Woodruff et al. 1991). The highest concentra-

tion of cobalt-60 in ground water (532 pCi/L) at the Hanford Site during 1989

was in well 699-50-53,directly north of the 200-EastArea. This migrationof

cobalt-60 is attributedto the presence of a complexingagent (another

chemical)convertingthe cobalt-60to a form that is mobile. This contamina-

tion is associatedwith cribs in the northernhalf of the 200-EastArea where

the flow directionis to the north through Gable Gap.

Strontium-g0is present in ground water near sourcesof liquid.-wastedis-

charge in the 200-EastArea (Jaquishand Bryce 1990). Concentrationsranging

up to 5740 pCi/L were present near the 216-B-5reverse weil, which was in

operation from 1945 to 1947 (Stenneret al. 1988), and up to 301 pCi/L in well

699-53-48near Gable Mountain Pond. Strontium-gOis not very mobile in soil

and ground water at the Hanford Site and h_s remained near the sourcesof dis-

charge. Except for possibly the IO0-N AI'ea,strontium-90did not contribute

significantlyto dose because it did not migrate offsite.

The highestconcentrationof technetium-99in ground water at the Hanford

Site was 41,000 pCi/L measured in well 299-W19-24(Jaquishand Bryce 1990),

downgradientof the inactive216-U-I and U-2 cribs in the 200-WestArea.

Technetium-99is not attenuated in soil at the Hanford Site and moves with the

ground water. Contaminationassociatedwith these cribs is the combined

result of past waste discharges and recent (1985)dischargesto anothernearby

facility (Delegardet al. 1986; Baker et al. 1988).
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Cesium-137 in ground water at the Hanford Site is associatedwith dis-

charges to the 216-B-5reversewell (Jaquishand Bryce 1990). Concentrations

measured during 1989 were 844 pCi/L in well 299-E28-23,1070 pCi/L in well

299-E28-25,and 33 pCi/L in well 299-E28-24in the 200-EastArea. As with

strontium-90,cesium-137is generally not mobile in soil and ground water at

the Hanford Site. Therefore,cesium-137did not migrate offsite or contribute

significantlyto dose.

Plutonium-239is present in ground water near the 216-B-5 reversewell

(Jaquishand Bryce 1990; Woodruff et al. 1991). Plutoniumalso binds strongly

with sedimentsthat make up the aquifers and thus has limited mobility in

ground water at the Hanford Site. During 1989, concentrationsof plutonium-

239 were 7.2 pCi/L in well 299-E28-23and 72 pCi/L in wells 299-E28-25and

299-E28-24o Plutonium-239has not migrated away from the 216-B-5reversewell

and thereforedid not contribute to offsiteradiationdose.

Uranium is present in 200-WestArea ground water near the 216-U-I and U-2

cribs.(Jaquishand Bryce 1990). Concentrationsof uranium in monitoringwells

near this inactivefacilitywere 85,000 pCi/L in 1985 (Delegardet al. 1986;

Baker et al. 1988). The uranium, which is normally not consideredto be

mobile in soil and ground water at the HanfordSite, became mobile by com-

plexing (chemicallycombining)with carbonate. Remediation in the form of

ground-waterpumpingand uranium removal by anion exchange (Bakeret al. 1988)

decreased the concentrationsto near 2000 pCi/L during 1989 (Jaquishand Bryce

1990).

6.1.2 B___ionuclideMovement from the 100 Areas

Both the dischargeof effluent associatedwith reactor operationsand the

migration of contaminantsfrom the 200 Areas have contributedradionuclidesto

the ground water beneaththe 100 Areas. The primary radionuclidesin the

ground water from wastes associatedwith reactoroperations are tritium,

ruthenium-lO6,technetium-99,strontium-90,and cobalt-60 (Jaquishand Bryce

1990).

Early monitoringdata for radionuclides in the 100 Areas are relatively

sparse; however, the quantity of data increased with time. Published
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interpretationsof distributionsof radionuclidesin the 100 Areas are

limited. However, the flow paths for radionuclidesfrom the 100 Areas to

dischargeinto the Columbia River are relativelyshort, comparedwith flow

paths from the 200 Areas. For example, Nelson (1964)estimatedthat N-Reactor

coolantdischarges to a crib in the IO0-N Area would require 60 to 120 days to

reach the Columbia River (less than I/2 mile away). This analysiswas per-

formed with conductancepaper electricanalogs (digitalcomputerswere not

widely used at the time).

Gamertsfelder(1946e)reportedthat active springsalong the river banks

near the IO0-D and IO0-F Areas had maximum levels of gross beta emitters of

2.4 x 10.4and 1.7 x 10-4pCi/L (240 and 170 pCi/L), respectively. These

springswere probablythe result of ground-waterand contaminantseepage from

the retentionbasins near these operatingreactors. Accordingto

Gamertsfelder(1946e),the concentrationreported at the IO0-F Area spring

during February 1946 was four times higher during the previousmonth.

Although the retentionbasins for the reactor areas have been deactivatedfor

some time, high concentrationsfrom ground..waterflow are observed in springs

along the river bank (McCormackand Carlile 1985)o During the 1970s, gross

beta emitterswere detected in ground water in the IO0-N Area (Kipp 1972,

1973a_ 1973b, 1975).

More recently (1989),cobalt-60was found in the ground water near the

1325-N liquid-wastedisposal facilityin the IO0-N Area in concentrationsnear

100 pCi/L (Jaquishand Bryce 1990). Antimony-125in concentrationsof up to

94 pCi/L was observed in ground water in the IO0-N Area. In addition,during

1989, strontium-90col_centrationsof up to 23,400 pCi/L were observed in the

IO0-N Area. Although these concentrationsare high, the ground water in the

IO0-N Area is not used for drinking and dischargesdirectlyto the Columbia

River. Woodruff et al. (1991)reported that during 1990, approximately2 Ci

of strontium-90were discharged to the river. However, this dischargewas not

measurableby comparingupstreamand downstreamconcentrationsof strontium-90

in the ColumbiaRiver during 1989 (Jaquishand Bryce 1990) and 1990 (Woodruff

et al. 1991). As described in Section 6.3, impactsto the Columbia River
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(determinedby comparing upstream and downstream river concentrationsof

strontium-gOand other radionuclides)are small and are within the errors of

measurement.

6.1.3 RadionuclideMovement from the 300 Area

Fuel fabricationwastes dischargedto the ground are the source of radio-

nuclides in the ground water beneaththe 300 Area. The primary radionuclide

in ground water from operationof the 300 Area is uranium, but chromium-51,

cobalt-60, and ruthenium-lO6have also been detected (Kipp 1973a). These

radionuclideswere attributed to disposal of low-levelfuel processingwastes

to two process ponds locatedin the northern portion of the 300 Area (Kipp

1973a, 1973b).

Early ground-watermonitoring efforts in the 300 Area were directed

toward detectionof radionuclides(grossalpha and gross beta emitters) in the

wells used to supply sanitary (drinking)water for the area. Parker (1945)

included a statementthat during ].945no pollutionof well water by radio-

active wastes was evident. Alpha contaminationobserved in the 300 Area was

attributedto the presence of naturaluranium.

Parker and Gamertsfelder(1945b)reported that during the week ending

June 30, 1945, alpha contaminationnear the detectionlimit was observed in a

well in the 300 Area. The radionuclidewas identifiedas uranium. Concentra-

tions in the well decreased by the end of July 1945. Detectableconcentra-

tions of gross beta emitters were observed in wells in the 300 Area

(Gamertsfelder1946a-j; Parker 1946a-c_1947a-c).

During the 1940s, uranium contaminationcontinuedto be detected in wells

in the 300 Area and in Richland. Until July 1948, uranium concentrationsin

the 300-Areawells ranged from 8 to 29 micrograms per liter (pg/L) and were

consideredto be indicativeof natural uranium in the ground water (Healy

1948). During 1948, concentrationsof uranium in the 300 Area increased

dramatically. Healy (1948)reportedthat during July !948, the maximum

uranium concentrationin the 300 Area was 234 _g/L, and the average uranium

concentrationfor the same month was 103 _g/L. Elevated concentrations

continuedthrough the remainderof 1948; however, the reason for this increase
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was not known at the time. The use of wells in the 300 Area as a supply for

drinking water was discontinuedduring December 1948 because of consistently

detectableconcentrationsof uranium(30 to 65 _g/L during October). The

wells remained on the sampling and analysisschedule as test wells.

During 1949 and 1950, uranium concentrationscontinuedto be above the

detection limit in the 300 Area (Singlevichand Paas 1949b; Paas and

Singlevich1950a-d; Paas 1951a). Uranium concentrationswere reportedas

_Ci/L, rather than the _g/L units previouslyused. During 1951, the concen-

tration of uranium in one well in the 300 Area increasedto a maximum of

1400_Ci/L (1.4 x 109 pCi/L) with an average of 633 _Ci/L (6.3 x 10B pCi/L)

(Paas 1951b, 1951c; Paas 1952a). The well is located in the northernportion

of the 300 Area, and the contaminationwas attributedto dischargesto process

ponds.

During 1972, relativelyhigh concentrationsof gross beta emitterswere

reported for one well in the 300 Area (we'll399-3-8)and were attributedto

leakageof waste solutionsfrom a line (thatwas repaired)to the 340 Labora-

tory waste-handlingfacilities.

The distributionof uranium beneath the 300 Area was interpretedfor the

first time in a monitoringreport for 1986 (PNL 1987). The distributionof

uranium in the 300 Area during 1987 is illustratedin Figure 6.43. Subsequent

monitoring reports indicatedthat the distributionof uranium in the aquifer

in the 300 Area was similarto that observed during previous years (Jaquish

and Mitchell 1988; Jaquish and Bryce 1989, 1990).

6.2 RIVER CONCENTRATIONSRESULTZ__GFROM GROUND-WATERDISCHARGE

Bs Radionuclide(tritium)concentrationsin the river from ground-water

dischargeto the river during 1989 were estimatedand comparedwith past

estimatesand resultsof river monitoring (Section6.3). The calculationwas

made for the locationwhere the tritiumplume from the 200-EastArea enters

the river near the Hanfordtownsite. Concentrationswere calculatedat some

point downstreamwhere the plume in the river is assumed to be completely

mixed.
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The calculationto estimate river concentrationresultingfrom discharge

of ground-watercontaminationoriginatingin the Z00 Area was performed for

1989 because that is the lastyear for which the ground-watermonitoring

results (Jaquishand Bryce 1990) were publishedo Woodruff et al. (1991)

provided a summary of monitoringresultsfor 1990, but the data listingshave

not been published.

The approachused for the simple estimate of radionuclide(tritium)

concentrationsin the river from ground-waterdischargenear the Hanford

townsitewas the same as that used by Prater et al. (1984):

Criver = Cwell (Qgw/Qriver)

where Criver = the resultingradionuclideconcentrationin the river (pCi/L)

Cwell : the average radionuclide(or maximum and minimum)
concentrationin the ground water (pCi/L)

Qgw = the averageground-waterdischargeto the Columbia River in
cubic feet per second (cfs)

Qriver = the average (or maximum and minimum) flow rate of the river
(cfs).

B7 An averageground-waterdischargeto the Columbia River of 3 cfs was

assumed for a 5-mile length of the river near the Hanford townsite. This

estimate of ground-waterdischargeto the river was based on a model by Kipp

et al. (1976) of ground-waterflow in the unconfinedaquifer. The average

flow rate of the Columbia River at Priest Rapids Dam during 1989 was

99,400 cfs, with a maximum monthly flow of 158,000cfs and a minimum monthly

flow of 67,000 cfs (Jaquishand Bryce 1990). The averageconcentrationof

tritiummeasured in wells next to the river near the Hanford townsiteduring

1989 was 195,000pCi/L, with a maximum of 242_000 pCi/L and a minimum of

66,900 pCi/L (Jaquishand Bryce 1990). Based on the average Columbia River

flow rates and average ground-waterconcentrations,tritium concentrationsin

the river (at the point downstreamwhere the plume in the river is completely

mixed) from ground-waterdischargeat the Hanford townsitewere estimatedto

be 6 pCi/Lo The minimum river flow rate (67,000cfs) was combinedwith the
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maximum observedground-waterconcentration(242,000pCi/L) to provide a

maximum concentrationof approximately11 pCi/L in the river. A minimum

concentrationof I pCi/L in the river was estimatedwith the maximum river

flow rate (158,000cfs) and the minimum ground-waterconcentration

(66,900pCi/L). These numbers provide an estimate of the possible range of

concentrationsin the river resultingfrom ground-waterdischarge.

Comparedwith the calculated river concentrations,the averagetritium

concentrationsmeasured in the Columbia River at Priest Rapids Dam and the

Richland pumphouseduring 1989 were 63 ± 5 and 129 ± 18 pCi/L, respectively

(Jaquishand Bryce 1990). The differencebetween the average upstream and

downstreamriver concentrations,determinedby Jaquish and Bryce (1990) to be

statisticallysignificant,was 66 pCi/L. Other contributionsof tritium to

the Columbia River along the Hanford shorelineoccur from ground-waterdis-

charges in the 100 Areas. The radionuclidesin liquideffluentsdischarged to

the ColumbiaRiver from the IO0-N Area during 1990 were estimatedby Woodruff

et al. (1991). Their estimate for tritiumwas 38 Ci, and the estimate for

strontium-90was approximately2 Ci. The effluent estimatesfor 1989 were not

published in Jaquish and Bryce (1990),so they were not iPcludedin the

calculationdescribed in this report. However, assuming the dischargewas

similar to that for 1990, the average contributionof tritiumto the river

from the IO0-N Area resulted in less than I pCi/L. This estimatedoes not

improvethe comparisonbetween the calculationand the measured differehce

between upstream and downstream concentrationsin the Columbia River.

However, the assumptionsaffectingboth the measured and calculated

concentrationsin the river are describedbelow.

The first assumptionfor the ground-waterdischarge calculationwas that

the ground-waterflow model used to estimate unconfinedground-waterdischarge

to the Columbia River (Kipp et al. 1976) was properly calibratedand that the

dischargewas correct. Calibrationof the model of ground-waterflow in the

unconfinedaquiferwas describedin Cearlock,Kipp and Friedrichs (1975). The

model was calibratedsuch that the predictedheads matched observed (measured)

heads. Although this method is commonlyused to calibrateground-waterflow

models, it does not guarantee that the discharges are correct.
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A second assumption is that the ground-waterdischarge is based on the

entire saturatedthicknessof the aquifer. This means that all of the flow in

the unconfined aquiferacross the 5-mile length of river near the Hanford

townsitewas assumed to dischargeto the river; and the tritium contamination,

which has been demonstratedto be in the upper 30 feet of the aquifer (Eddy,

Myers and Raymond 1978),was assumed to mix with the entire ground-water

discharge_

_B A third assumptionwas that the averageflow of the Columbia River was

used for the calculation. Variationsof the Columbia River (which occur daily

and even hourly) change both the ground-waterand contaminantdischarge;as

river levels increase,both the ground-waterdischargeand radionuclide

concentrationsin wells next to the river decrease in response to influxof

river water into the aquiferand rising ground-waterlevels. As river levels

drop, ground-waterdischargeand radionuclideconcentrationsin wells next to

the rivet"increase in response to ground-waterflow and radionuclidetransport

from inland areas. During 1989, the monthly averageflow ranged from

67,000 cfs to 158,100cfs {Ja_uishand Bryce 1990). The variationsin weekly

and daily flow rates were probably larger than this range.

Finally, the concentrationcin the river were calculated for the Richland

pumphouse,the nearestdownstreampoint at which drinking water is drawn from

the Columbia River. At this point, the tritiumconcentrationswere assumed to

be mixed with the entire flow rate of the river. This assumptionhas not been

tested;determiningwhether it is correct would requireadditiona7measure-

ments of concen_:rationacross the river at Richland,which is beyond the scope

of the HEDR Project.

Other estimatesof ground-waterdischargehave been made at the Hanford

Site. Based on the model of Kipp et al. (1976),Raymond et al. (1976)and

Cline, Rieger and Raymond (1985)report 100 cfs as the averagedischargeof

the unconfinedaquiferto the Columbia River over the entire Hanford reach of

the river (comparedwith the 3-cfs estimate for the 5-mile reach of river near

the Hanford townsite).

Prater et al. (1984)estimatedtritium concentrationsof approximately

4 pCi/L in the Columbia River resultingfrom ground-waterdischargeto the
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river near the Hanford townsiteduring 1983. Their estimatewas based on a

ratio of the ground-waterdischarge (3 cfs) to the flow rate of the river

(130,000cfs) and an averagetritium concentrationof 173,000 pCi/L measured

in the ground water. By comparison,the averagetritium concentration

actuallymeasured in the unconfinedaquifer near the Hanford townsite during

1983 was slightly lower, and the average flow rate of the Columbia River was

higher (Prateret al. 1984), resultingin the lower predicted river

concentration.

The calculatedconcentrationof tritium in the river from ground-water

dischargedoes not agree with the difference in measured concentrationsin the

river at upstream and downstream locations. As described in this section,not

all of the uncertaintiesassociatedwith the calculationsand with the

measurementshave been quantified. However, because they are higher than the

calculatedvalues, the measured data will be used to developdose estimates

for this pathway.

6.3 RIVER BANK SPRING MONITORING

4 Several differentstudieshave been conductedrecently to characterize

and monitor river bank springsdischargingradionuclidesto the Columbia River

along the boundary of the Hanford Site. McCormackand Carlile (1985) summa-

rized initial investigationof the springs;Dirkes (1990) summarizedfurther

characterizationdata for the spring discharges.

Most of the springsare small, flow intermittently,and are influencedby

bank storage. Bank storageoccurs when river water flows into the river bank

during periods of high river flow. The water is then slowly released back

into the river when the river is low. Bank storageis common along the

Columbia River boundaryof the Hanford Site because operationof Priest Rapids

and other dams upstreamof the Hanford Site is highly variable on a daily and

even an hourly basis (Jaquishand Bryce 1990).

The interfacebetweenthe ground water and the Columbia River is complex

(Dirkes 1990). Seepage above the river level in river bank springs is con-

sideredto be a fractionof the total amount of ground water entering the

river along the Hanford shoreline. The exchange of contaminantsbetweenthe



ground water and river through submergedseepage (below the river) is not well

understood. Quantifyingthis exchange,however, requiresboth characteriza-

tion and analysis and is beyond the scope of the HEDR Project.

6.3.1 Descriptionof River Bank Spring Monitoring

McCormackand Carlile (1985) visually inspectedthe Hanford shorelineto

locate springsand record their physicalcharacteristics. Based on that

inspection,selectedspringswere sampledand analyzed for tritiumand

nitrate. Dirkes (1990) representsa follow-upto the McCormack and Carlile

(1985)study. Springs previously identifiedby McCormackand Carlile (1985)

were sampledand analyzed for gross alpha, beta, and gamma emitters,as well

as for tritium,nitrate, and variouschemicals. In additionto the springs

along the Hanford shoreline,Dirkes (Iggo) sampledand analyzed springsalong

the FranklinCounty side ol= the ColumbiaRiver and analyzed the samples for

radionuclides.

Within the 41 miles of _;_nfordshorelinecovered by the visual inspec-

tion, McCormack and Carlile obs:.rvedand documented 115 springs. Samples were

collectedfrom 41 of those spring,"and analyzedfor tritium and nitrate. Sam-

ples were collectedfrom 6 additionalspringsand analyzedfor uranium and

nitrate. Dirkes (1990) collectedsamplesfrom 18 differentsprings.

6.3.2 S_ummaryof Resqlt.s

Tritiumconcentrationsmeasured by McCormack and Carlile (1985) in

springsalong the Hanford shorelineranged between80 and 110,000pCi/L. The

maximum tritiumconcentrationsof 38,000 pCi/L and 110,000pCi/L were measured

at the IO0-N Area and near the Hanfordtownsite, respectively. Uranium con-

centrationsup to 19 pCi/L were measured in springs in the 300 Area.

During 1988, Dirkes (1990)measuredgross beta, tritium,and strontium-90

in 100-Area springsand found concentrationsthat were above the applicable

drinking-waterstandards. The maximum concentrationof tritiummeasured in

the 100-Areaspringswas 111,000pCi/L, and the maximummeasured concentration

of strontium-g0was 7000 pCi/L. Tritiumconcentrationsup to 155,000pCi/L

and technetium-99up to 220 pCi/L were observed in springsnear the Hanford

townsite.
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Dirkes (1990)reported that samples from springs on the Franklin County

side of the river showed uranium concentrationsat levels above those measured

in the ColumbiaRiver. Uranium-234,-235, and -238 also were found in

concentrationshigher than those observed in the river. However,the

Washington Departmentof Social and Health Services (WDSHS)determinedthat

the uranium observed in ground water in Franklin County was natural, rather

than from the Hanford Site (WDSHS1988). In addition,concentrationsof

strontium-g0near the detection levelwere measured in samplesfrom two

different irrigationreturn canals in FranklinCounty, althoughthe uncer-

tainties associatedwith these resultswere large with respectto the measure-

ments themselves.

6.4 CQ_UMB!A RIVER MONITQR!NG

The Columbia River is used as a source of drinking water at onsite facili-

ties and at communitieslocateddownstreamof the Hanford Site (Jaquishand

Bryce 1990). The river near the Hanford Site has been used for a variety of

recreationalactivities,includingfishing,hunting, boating,water skiing,

sailboarding,and swimming. Water from the Columbia River is also used to

irrigatecrops downstream of the Hanford Site.

The river has been monitored at a number of different locationssince

Hanford Site operationsbegan. The scope of the river monitoringprogram was

to determine the impactsof Hanford Site operationson the ColumbiaRiver and

to measure concentrationsof radionuclidesin the river that may have reached

public drinking-watersystemsdownstreamof the Site (Jaquishand Bryce 1990).

6.4.1 Descrip._t_jonof Rive_.Monitorinq

Samples of Columbia River water have historicallybeen collectedfrom

various locationsnear the HanfordSite, includingdrinking-.watersupply sys-

tems for the cities of Richland, Pasco, and Kennewick. Since 1963, the city

of Richland's pumphousehas been the first point at which river water is

withdrawn for public drinking water. From the mid-lg70sto the present,water

samples were collectedfrom Priest Rapids Dam, the Vernita Bridge,White

Bluffs, at the intake for the 300-Areawater supply,and at variousother

locations in the Hanford reach of the Columbia River between Priest Rapids Dam



and McNary Dam. Water sampleswere collectedfrom the river with composite

samplingsystemsdesign_J to collect a fixed volume of water at set intervals

and combine them in one sample.

6.4.2 _ummary of Results

In the annual environmentalmonitoring reportsand in some of the ground-

water monitoring reports before 1985, monitoringresults for different

radionuclidesat locationsupstreamwere comparedwith those for locations

downstreamof the Hanford Site. These comparisonshave been made for tritium,

uranium, strontium-g0,and iodine-129in the river. Concentrationsof cobalt-

60; cesium-137;and plutonium-239,240in the river were also measured at

upstream and downstream locationsand then compared. Concentrationsof radio-

nuclides in the Columbia River upstream of the Hanford Site are from residual

weapons test fallout and naturalradioactivity. The difference between

upstream and downstreamconcentrationswas assumedto be from HanfordSite

operations.

Although the tritium plume in the unconfinedaquifer from the 200-East

Area reachedthe Columbia River in !977 (Myers 1978; Freshleyand Graham

1988), no difference betweenupstream and downstreamconcentrationswas

observed in the river until higher concentrations(greaterthan 100,000pCi/L)

reachedthe river. Beginningin 1986, the differencesbetweenmonthly average

tritiumand iodine-129concentrationsat locationsupstreamand downstreamof

the HanfordSite were reportedto be statisticallysignificant(PNL 1987).

Becausenone of the single-passreactorswas operatingat that time, the

contributionof radionuclidesto the downstreammonitoringlocation at the

Richlandpumphousewas attributedto ground-waterdischargeat the 100-Area

springs,from the 300 Area, and near the Hanford townsitewhere the contamina-

tion plume from the 200-EastArea enters the river. The appearanceof

measurableconcentrationsof tritium in the river correspondsto arrivalof

higher concentrationsof tritium (200,000to 2,000,000pCi/L) from the

200-EastArea at the river during 1985 (Price1986).

The average monthly differencesof tritium and iodine-129measured at

locationsupstream and downstreamof the Hanford Site continuedto be statis-

ticallysignificantfrom 1987 through 1989 (Jaquishand Mitchell 1988; Jaquish
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and Bryce 1989, 1990). Differencesbetween tritium and iodine-129concentra-

tions at upstream and downstreamlocationswere also significantwhen compared

annually (see Figures6.44 and 6.45). Comparisonsof uranium and strontium-90

concentrationsat upstream and downstreamlocationswere not statistically

significantduring this reportingperiod.

From 1986 through 1989 the differencesbetweenmonitoringresults

upstream and downstream for tritiumand iodine were measurable (Figures6.44

and 6.45). However, during that time contributionsto dose from all sources

of radionuclidesin the river, includingground-waterdischarges,were small.

In 1986, SEARCH collectedwater samples from the Columbia River to deter-

mine nitrate concentrationsresultingfrom ground-waterdischarge near the

Hanford townsite (Buske and Josephson 1986). They measured nitrate concen-

trations at partial transects (crosssections) in the river along an 852-foot

reach of the river. Ground-waterdischargeswere estimatedfor nitrate based

on observed concentrationsin springslocated on the banks of the river and on
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measured river velocities,depths, and nitrateconcentrations. The USGS

reviewed SEARCH'smeasuremei_tsand concludedthat the results probably

reflectedreleaseof bank storage water, rather than ground-waterdischarge

from the unconfinedaquifer (USGS 1987).

6.5 GROUND WATER IN FRANKLIN COUNTY

Concern has been raised regardingthe potentialfor ground water'on the

Franklin County (east)side of the ColumbiaRiver to be contaminatedwith

radionuclidesof Hanford origin. A large-capacityweil, such as an irrigation

weil, might "pull"contaminatedground water under the river throughone or

more confined aquifers. During pumping,the hydraulichead around the well

could be loweredenough to cause water to flow toward the well from across the

river.

To address this potentialcontamination,HEDR staff reviewedwell records

maintained by the state of Washington. The records show that approximately
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100 privatelyowned wells are open to the confined aquifers in the area east

of the Columbia River and within approximately12 miles of the Site boundary.

Most of the wells are domestic wells for farms and houses. No large

irrigationwells were identified. Irrigationwells are not common because, in

most of the area, surfacewater is availablefor irrigationthroughthe

Columbia Basin IrrigationProject. A few of the domestic wells serve more

than one householdbecause the wells are deep and the cost of installationis

relatively high. One relativelylarge domesticwell is located about 3 miles

east of the river near Ringold. Informationcollectedduring a well survey

(ConverseWard Davis and Dixon Inc. 1981) indicatedthat this well was

equipped with a 20- to 25-hp submersiblepump; the depth to water was about

300 feet. With this configuration,the well can probably produce a few

hundred gallons per minute. .hiswell was sampled as part of the BWIP offsite

investigationsdescribed in Section 6.1 (IWG 1987).

Work currentlyunder way at PNL is designedto improve the characteriza-

tion of ground-waterflow in the upper confined aquifersto determinethe

potentialfor offsitemigration of contaminants° As part of this effort,

informationfrom existingboreholeswhich penetratethe upper confined

aquiferswas compiled,and two new boreholeswere drilled on oppositesides of

the river near the Hanford townsiteduring 1990 and 1991. Current plans call

for drilling additionalboreholes and samplingover the next severalyears to

determine if offsitemigration of chemical and radiologiCalcontaminants

through the confined aquifer system is occurringor is likely to occur in the

near future.

6.5.1 Effectsof Irrigation

Brown (1966)discussedthe impactsto unconfinedand confined aquifers

within the Columbia Basin from irrigationin the Columbia Basin Irrigation

Project,which began during 1950. In addition,he included observationsof

water-levelchanges resultingfrom Hanford operationsand constructionof

Priest Rapids Dam and Wanapum Dam on the ColumbiaRiver upstream of the

Hanford Site. The net result from operationof these facilitieswas to raise

the water levels in the unconfined aquifers. Hydraulicheads in the uppermost

confined aquifers beneaththe Hanford Site also increasedby rechargefrom the

6.78



waste-waterdischarges where the upper confining basalt layer was eroded. On

the north side of the Columbia River (north of the Hanford Site) in the

Wahluke Slope area, the water levels in the unconfinedaquifer rose in

response to the Columbia Basin IrrigationProject operationsto the east and

to the Priest Rapids Dam pool to the west.

Large-scaleartificialrecharge still occurs from agriculturalirrigation

off the Hanford Site. Figure 4.10 illustrateswater levels on both the Benton

and FranklinCounty sides of the Columbia River and demonstratesthe increased

water-levelelevations on the Franklin County (east)side of the river (Bryce

et al. 1991). Because of the large hydraulicgradient toward the river

(decreaseof 150 M over less than 5 km), the unconfinedaquifer on the

FranklinCounty side discharges to the Columbia River. As previously

described in Section 4.6.1, recharge from irrigationin the Cold Creek Valley

enters the Hanford Site as ground-waterflow across the western boundary of

the Site (Woodruffet al. 1991).

6.5.2 Monitorinq Results

As previouslydescribed, elevated levels of uraniumhave been measured in

a Few domestic wells on the east side of the Columbia River (WDSHS 1988).

Similarly,elevated concentrationsof uranium have also been found in wells in

other parts of eastern Washington,includingthe OkanoganValley, southern

Stevens County, and an area west of Spokane. The uranium in these areas was

attributedto naturally occurringuranium minerals or to the use of fertil-

izers containing uranium (WDSHS 1988). However, the discoveryof uranium in

ground water near the Hanford Site prompted concernthat contaminantsmight

have moved across the ColumbiaRiver. A plume of uranium-contaminatedground

water exists beneaththe Hanford300 Area (see Figuv_e6.43). This ground

water is known to be enteringthe river in concentrationsof about 20 to

30 pCi/L (Evans et al. 1990). The plume is located about 4 miles from the

area where the water supply wells were found to contain elevated uranium

concentrations.

69 The WDSHS conducted a follow-upstudy which includedtaking additional

samples and analyzingthem for tritium; cobalt-58,60;cesium-134,137;and

strontium-g0(WDSHS 1988). None of these additionalradionuclideswas found.
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Therefore, the WDSHS concludedthat water from the wells was in compliance

with drinking-waterstandards,althoughno limit has yet been establishedfor

uranium, lt was also determinedthat the affectedwells were upgradientfrom

the contaminationin the 300 Area and, therefore, could not be impacted by the

uranium plume in the 300 Area.

Water from one of the wells containingelevated concentrationsof uranium

was analyzedfor three uranium isotopes: uranium-234,uranium-235,and

uranium-238(WDSHS 1988). Naturallyoccurring uraniumcontains about 0.7%

uranium-235with nearly all the remainderbeing uranium-238. However, most of

the uranium in the 300-Area plume is enriched in uranium-235because it origi-

nated from enriched reactor fuel. PNL also analyzed samplesfrom the Franklin

County well and found that the water contained0.65% uranium-235by weight,

which approximatelymatches the natural isotopicratio and indicatesthat the

uranium did not originatefrom the enriched uranium plume in the 300 Area.

Some uraniumwith a natural isotopicratio was also disposed to the

ground in the 300 Area during the earliestyears of Hanford Site operations.

This uraniumaffectsground water to the south of the more concentratedplume

of enriched uranium (Evanset al. 1990). The maximum concentrationof uranium

with the natural isotopic ratio found in some of the 300-Areawells is

approximatelythe same or a little less than the concentrationsfound in the

Franklin County water supply wells. Dispersionwould be expected to dilute

the concentrationconsiderablyif the uraniumwere moving offsite. So, even

if there were an apparent hydraulicpath to the water supplywells, it is

unlikely that the concentrationsof natural uranium found in the water supply

wells could have a source in the 300 Area where concentrationsare about the

same. This was an additionalreason that WDSHS presentedfor concluding that

the 300-Area plume did not affect the water supply wells in Franklin County.

Additionalevidence is presented in Figure 4.11. As that figure shows, the

hydraulicgradient in Franklin County is toward the river. This steep

hydraulicgradient would prevent contaminationfrom migrating to wells in

Franklin County.

PNL collectedand analyzedsamplesof well water from five offsite

domestic wells in 1988 and four wells in 1989 (Jaquishand Bryce 1989, 1990).
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The wells are located in FranklinCounty east of the Hanford Site (Fig-

ure 6.46). Samples were collectedquarterlyfrom the wells and analyzedfor

gross alpha, gross beta, tritium, iodine-129,and uranium-234,235,238. Ele-

vated gross alpha and gross beta concentrationsare attributedto elevated

concentrationsof natural uraniumpresent in the area. The general levels of

radionuclides,includingiodine-129,were comparablewith concentrations

reported by WDSHS (1988)and were within the applicabledrinking-water

standards(EPA 1976) which apply to water from wells in Franklin County.
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6.6 BADIATION DOSES FROM OFFSITE MIGRATION

Radiationdoses from the offsite migrationpathwaywere assessed by

review of publisheddose estimates. The twoprimary ground-waterpathways for

which dose calculationshave been publishedare from radionuclidedischargeto

the Columbia River (Woodruffet al. 1991) and from consumptionof ground water

from wells in FranklinCounty (WDSHS 1988).

70,71 Calculationsof radiationdose were made based on the difference in

average radionuclideconcentrationsmeasured in the Columbia River upstream

and downstream of Hanford (Woodruffet al. 1991). The differencesbetweenthe

upstream and downstream river concentrations(Figures6.44 and 6.45) were

large during 1990 comparedwith other years; this difference was attributedto

seepage (discharge)of contaminatedground water from the Hanford Site. The

effectivedose equivalentattributableto the differences in the annual aver-

age concentrationsof tritium,technetium-g9,and iodine-129in the river

during 1989 was estimatedto be 0.02 mrem/y effectivedose equivalent.

Approximatelythe same dose was reportedfor 1990 for the river pathway

(Woodruffet al. 1991). The dose for 1990 was calculatedonly for tritiumand

iodine-129because technetium-99was not detected in the river. The doses

were calculated for a hypotheticalmaximallyexposed individualand included

external exposuresfrom river recreation,drinkingwater, consumptionof

foodstuffscontaminatedby irrigation,and consumptionof fish from the river.

The calculationwas based on the differencebetween the averageconcentrations

at Richland and at Priest Rapids Dam during 1990.

The population affectedby dischargeof ground-watercontaminationto the

Columbia River was primarily residentsof Richland,Kennewick, and Pasco.

These communitiesaccountedfor up to 80% of the use of treatedColumbiaRiver

water for drinking betweenHanford and the river mouth. The 1990 population

totals for the Tri-Citiesarea were Richland,30,250; Kennewick, 37,910; and

Pasco, 17,820 (Woodruffet al. 1991). The populationsof these communities

have varied over time, but most of the time, the totals are expected to be

less than the 1990 data.

Because the contributionof radionuclidesto the river from ground water

was smaller during previousyears, the doses estimatedfor 1989 and 1990
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representthe maximum. Thus, the averagedose attributableto dischargeof

radionuclidesin Hanford Site ground water to the Columbia River was small

over the full study period.

Two radionuclidespotentiallycontributedto radiationdoses from

drinking water from wells in Franklin County. First, the radiationdoses for

exposure to iodine-129in drinking water from wells in Franklin County range

from 2 x 10-7to 2 x 10"smrem/y effectivedose equivalent (7 x I0-Bto 7 x I0"4

mrem/y dose to the thyroid). Comparedwith the TSP dose decision level of

100 mrem/y effectivedose equivalentfor an adult, these doses are

negligible.(a) Second, resultsof the WDSHS investigation(WDSHS 1988)

demonstratedthat the uranium found in Franklin Countywells was of natural

origin and was not from the Hanford Site.

(a) Shleien, B. 1992. "ScopingDocument for Determinationof Temporal and
GeographicDomains for the HEDR Project." Prepared for the Technical
Steering Panel, approvedby the TSP in April 1992. WashingtonState
Department of Ecology, 1-800-545-5581.
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7.0 HANFORD SITE DRINKING-WATERWELL PATHWAY

The Hanford Site drinking-waterwell pathway consistsof wells on and

adjacentto the Site that were used for water supply. A number of ground-

water wells on the Hanford Site have been used to supply drinking water.

Currently,ground-waterwells are used to supplydrinking water at remote

locationssuch as the Hanford Patrol TrainingAcademy and the PNL Observatory

on RattlesnakeMountain. A few wells near the Hanford Site are currentlyused

to supply drinking water; the closest offsitelocation of drinking-water

withdrawal is the backupwell system for the city of Richland.

7.1 P.B!NKING-WATER_S ON AND ADJACENT TO THE HANFORD SITE

Drinking water at the Hanford Site is obtained from both the Columbia

River and ground water. Ground water has been used as a source of drinking

water at a number of DOE facilitieson the Hanford Site (Figure7.1). The

individualsystems supplyingthis water generallyconsist of a raw water

supply,treatment facilities,and distributionpiping. The total number of

systems has varied with time, but during 1989, 15 individualdrinking-water

systemswere used (Thurman1990). The currentdrinking-watersystemsat the

Hanford Site, includingthose suppliedby water from the Columbia River, are

summarizedin Appendix B. All of the systemswere operated by DOE contractors

except for the city of Richlandmunicipal system,which provides water to the

areas in the southernportion of the Hanford Site and backup to the Columbia

River supply. During 1989, ten of the systemsused Columbia River water as a

raw water source; four systems used ground water; and one system used a

combinationof the two.

During early operationof the Hanford Site, ground water was used as a

drinking-watersupply at a number of locations: the 300 Area, the Hanford

townsite,Columbia Camp, Richland, the Pistol Range, and White Bluffs. The

use of wells in the 300 Area as a supply for drinkingwater in the 300 Area

was discontinuedduring December 1948 because of consistentlydetectable

concentrationsof uranium (30 to 65 _g/L during October). The wells remained
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on the samplingand analysis scheduleas test wells (Healy 1948) and were used

as backup to the supply from the ColumbiaRiver until 197B (Maas 1979).

Ground water was used as a source of drinking water for Richland until

1964, when withdrawalsdirectly from the Columbia River replacedground water

as the primary source. Since 1964, ground-waterwells in Richland have been

used as backup for the river supply. Most of the Richland water supply wells

are near unlined basins in North Richlandwhich are rechargedwith water

pumped from the ColumbiaRiver.

The drinking-watersystemscurrentlyused at the HanfordSite range in

size from those providingplant-scaletreatment and servingextensive areas to

e_ght systemsthat supply water to single or small facilities. Four systems

using ground water as a raw water source serve single or small facility com-

plexes. The facilitiescurrentlyserved by wells for drinkingwater include

the FFTF in the 400 Area, the Yakima BarricadeGuardhouse,the Hanford Patrol

TrainingAcademy, the PNL Observatory,and the 6652-I buildingon the Arid

Lands Ecology (ALE) reserve (Somers1988). Ground water was used instead of

river water because these facilitiesare relativelydistant from the river'.

Before 19BI, ground water was used for drinking at the Supply System's

Nuclear Plant 2 (WNP-2), a non-DOE facilityon the HanfordSite. The two

wells that suppliedthe drinking water, 699-13-1A and 699-13-1B,are con-

structed in the upper portion of the unconfinedaquifer. In 1980, a deeper

(700+ foot) well (699-13-IC)was drilledand was used until 1981, when treated

water from the Columbia River replacedground water as a source of drinking

water. Well 69g-13-IC is now used only for emergency supply.

7.z sAM_  ELI   A.LYSIS

During the 1940s, ground-watermor_itoringeffortsat the Hanford Site

were directed toward detectingradionuclides(gross alpha and gross beta

emitters)in the wells used to supply sanitary (drinking)water. Samples were

collectedand analyzed weekly (Parker1945) from all drinking-watersources,

includingthe Richland wells.

During recent years, all sourcesof drinking water at DOE facilities on

the Hanford Site have been sampledat least once every 3 months and analyzed
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for water qualityand radiologicalparametersto ensure compliancewith

applicabledrinking-waterregulations. These sources includeboth river water

and ground water.

72.73 Surveillanceof drinking water quality at the Site is shared by HEHF and

PNL. PNL contributesto the radiologicalportion of the surveillance.

Resu'Itsof the drinkingwater qualitysurveillanceare summarizedin annual

reportsproduced by HEHF and PNL (Somers1988; Jaquish and Bryce 1990).

Typically, samplesare analyzed for gross alpha and gross beta radiationas

well as for specific radionuclides. The list of radionuclidesfor which

analyseswere performedvaried over time, but tritium, uranium, iodine-131,

strontium-90,cobalt-60,zinc-65, and cesium-137 are included. Doses from the

different radionuclidesin drinking water at the Hanford Site are not included

in the HEHF reports. Instead, the radionuclideconcentrationsare compared

with appropriateEPA (EPA 1976) and Washington State drinking-waterlimits.

Raw water supplies (untreated)were sampledwhere multiple treatment

facilitiesor extensivedistributionsystemswere served by a single water

source. These were mainly systemsthat used Columbia River water as the water

source. In other cases with a single source and distributionsystem,the

finished or treatedwater was sampled. Most of these single source and

distributionsystemswere for ground-waterwells. Sampleswere collectedfrom

wells primarilyas monthly grab samples (Maas 1977; Thurman 1990). Several of

the samples,notably at the 300-Areawell and the 615 Building,were collected

as weekly cumulativesamples. The cumulativesamples from these systemswere

based on automaticcollection of 30 millilitersof water every 30 minutes to

provide a weekly integratedsample.

Radiationdose equivalents(for a year of intake)resultingfrom exposure

to radionuclidesin drinking water on the Hanford Site were calculatedeach

year and are summarizedin the HEHF reports. The doses were calculatedfor

occupationalexposure based on a 40-hourwork week and a 220-L/y intake

(Thurman 1990). Thus, impactsto occasionalvisitors to the FFTF would be far

less th_, the calculateddoses to workers. In comparison,the EPA standard

for normal exposure to drinking-watercontaminationis based on a 168-hour

week residencyand a 730-L/y intake.
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7.3 MONITORING RESULTS

Results of the early ground-watermonitoringshowed that concentrations

were at or below the detectionlimits,which are summarizedin Section 5.2.3

(Parker1945; Parker and Gamertsfelder1945b;Gamertsfelder1946a-j; Parker

1946a-d,1947a, 1947b; Healy 1948). Wells in the 300 Area continued to have

concentrationsof radionuclidesat and near the detectionlimit. Until July

1948, uranium concentrationsin the 300-Areawells were considered to be

indicativeof natural uraniumin the ground water. In mid-Ig48,concentra-

tions of uranium in the 300 Area wells increaseddramatically,as described in

Section6.1.3.

Of the drinking-watersystemsthat HEHF monitorsat the Hanford Site,

only two have shown detectableconcentrationsof radionuclides: uranium at

the well providingbackup drinkingwater to the 300 Area, and tritium and

iodine-129in the well supplyingdrinkingwater at the FFTF. In the 300 Area,

observationsof tritiumand uraniumduring 1977 were 720 and 36 pCi/L,

respectively. The averageuraniumconcentrationduring 1977 resulted in a

dose of less than 0.1 mrem (Myers 1978). As noted previously,use of the

300-Areawell as backup was discontinuedin 1978.

The only drinking water from a ground-watersource at the Hanfora Site

that is currently accessibleto the public is at the FFTF Visitor Center.

Potentiallyaffectedpeople would be visitors to the FFTF. The originalwells

supplyingthe drinkingwater for the FFTF were drilled in I972 (McGhan,

Mitchell and Argo 1985). An additionalweil, currentlythe main water supply

weil, was drilled in 1985 and first used in 1986 (Somers 1987).

Monitoring resultsfor radionuclidesin the FFTF'swater supply are

summarizedin Table 7.1. The concentrationsof tritium in the drinking-water

supply at the FFTF over time are illustratedin Figure 7.2. The highest

reportedtritium concentrationof 51,000 pCi/L during 1977 resulted in a

calculateddose of I mrem/y, based on the occupationalexposure that is

described in Section7.2 of this report. Changes in the trend of concentra-

tions over time result from stratificationof contaminationin the upper

portionof the unconfinedaquiferand from use of wells drilled to different
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TABLE7.1. Sumary of MonitoringResultsfor the WaterSupplyat the FFTF

Concentration (_Ci/LJ

Yea._....rr Alpha Beta Tritium Cobalt-60 Zinc-65 Cesium-137

1976 1.2 <8 49,000± 27,000 ,(a) , ,

1977 0.88 8.8 51,000 ± 25,000 * * *

1978 0.96 ± 0.93 <7.1 48,000 ± 22,000 * * *

1979 0.54 ± 0.37 8.5 ± 3.9 27,000 ± 19,000 0.96 ± 1.6 0.45 s:3.7 0.82 ± 13.1

1980 0.72 ± 0.91 7.3 = 7.6 35,000 ± 20,000 1.20 ± 2.6 0.11 ± 4.8 0.34 ± 2.1

1981 1 1 ± 0.31 6.4 ± 3.1 39,854 ± 5,537 1.60 ± 0.63 0.26 ± 0.3 0.07 t 0.13

1982 0 50 ± 0.81 8.5 ± 7.4 18,000± 6,500 - ''NRIb) NR NR

1983 7 9 ± 1.0 5.1 ± 6.6 25,000 ± 19,000 NR NR NR

1984 0 53 ± 0.27 9.0 ± 4.8 29,000 ± 5,800 NR NR NR

1985 0 52 ± 0.38 10.0 ± 2.51 21,800 ± 1,800 NR NR NR

1986 0 46 ± 0.31 7.7 ± 2.2 8,500 ± 12,700 NR NR NR

1987 0 05 ± 0.12 7.2 ± 2.2 4,100 ± 2,400 NR NR NR

1988 -0 02 ± 0.29 8.0 ± 1.5 7,290 ± 2,980 NR NR NR

1989 0 12 ± 0.10 6.0 ± 0.5 8,280 ± 1,080 NR NR NR

Concenrz_tloo(pC(/LI

Yea..._.rrStrontium-90 Iodine-!3! Radium-26L Radium-228 Technetium-99 Ruthenium-t06

1976 NR(b) NR NR NR NR NR

1977 * * 0.15 0.46 NR NR

1978 <0.60 * <0.05 0.35 NR NR

1979 0.06 ± 0.11 0°07 ± 0.42 0.05 ± 0.06 0.26 ± 0.25 0.47 ± 6.6 1.4 ± 2.0

1980 0.04 ± 0.34 0.01 ± 0.57 0.05 ± 0.08 0.45 ± 1.4 7.5 ± 5.2 0.45 ± 6.2

1981 0.08 ± 0.07 NR 0.06 ± 0.02 0.10 ± 0.06 NR -0.78 ± 1.8

1982 0.16 ± 0.37 NR NR NR NR NR

1983 NR NR NR NR NR NR

1984 0.063 ± 0.047 NR NR NR NR NR

1985 0.12 ± 0.10 NR NR NR NR NR

1986 0.08 ± 0.04 NR NR NR NR NR

1987 0.01 ± O.OZ NR NR NR NR NR

1988 -0.0005± 0.009 NR NR NR NR NR

1989 -0.008± 0.005 NR NR NR NR NR

(a) Asteriskdenotes a reportedvalue that is "lessthan the detectionlimit.
(b) NR denotes"not reported."
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FIGURE 7.2. ConcentrationHistory of Tritium in Drinking Water at the FFTF

depths in the aquifer. As reported by Eddy, Myers and Raymond (1978),concen-

trations are higher near the top of the unconfinedaquifer. After construc-

tion of the latest well at the FFTF in 1985, which is open to only the lower

part of the unconfinedaquifer, tritiumconcentrationsin the water supply

dropped to below 10,000pCi/L.

The concentrationsof iodine-129in the drinking-watersupply at the FFTF

over time are illustratedin Table 7.2. Before 1987, iodine-129concen-

trations in the ground water at the FFTF were not reported. During 1989, one

sample of FFTF drinkingwater was analyzed for iodine-12g. The reported

concentrationof iodine-12gwas 0.06 pCi/L, well below 1.0 pCi/L level which

would result in a dose of 4 mrem/y (Thurman1990).

74 Myers, Fix and Raymond (1977) reportedconcentrationsin wells supplying

drinking water during constructionof WNP-2. These concentrationsare shown

in Table 7.3. Based on ingestionof I L/day, 5 day/wk, and 50 wk/y, the

annual dose from tritium in drinking water at the Supply System was calculated

to be 4 mrem (Myers,Fix and Raymond 1977). This occupationalconsumption
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TABLE 7.2. Concentrationsof Iodine-129Reported
in Drinking Water at the FFTF

Iodine-129
Concentration

Year (pCi/L) _

1987 0.01

1988 0.005

1989 0.06

rate (250 L/y) differs from the consumptionrate used for dose calculationsat

the FFTF (220 L/y). However, the doses vary linearlywith consumptionrates,

so the doses can be scaled by the ratio of the consumptionrates. The numbers

reported here are the values originallyreported in the references. However,

as previouslydescribed,use of ground water to supply drinkingwater at the

Supply System facilitywas discontinuedin 1981.

Wells in the unconfinedaquifer adjacentto the Hanford Site that could

have been affected by radionuclidesof Hanfordorigin are the water supply

wells for the city of Richland (Bryce and Goodwin 1989). As described in

Section 6.1.1, during the 1940s and early 1950s, concentrationsof gross beta

emitterswere intermittentlymeasured in the Richland wells. However, the

TABLE 7.3. RadionuclideConcentrationsin Drinking Water at the WNP-2
ConstructionSite During 1976 (from Myers, Fix and Raymond
1977)

Number of Detection I Concentration(pCi/L)
Radionuclide .......Samples Limit (cp_cj./_....M_m_m Minimum Averaqe

Alpha 3 0.3 4 3 4

Beta 52 5 11 (a) <6

Tritium 12 300 310,000 18,000 140,000

Cobalt-60 12 30 (a) (a) (a)

Cesium-137 12 3U (a) (a) (a)

Radium-226 2 0.05 0.09 0.08 0.09

Radium-228 2 0.1 0.4 0.3 0.4

(a) Less than detectableconcentration.
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concentrationswere always near the detection limitsand were not attributable

to radionuclidesof Hanford origin. The wells, used to supply water for the

city Of Richland,were sampled routinelyas part of the Hanford Site monitor-

ing activities. The population affectedwould be individualsliving in

RichIand.

After 1964, the Richlandwells (Figure7.3) were used only as backup to

the primary system,which uses water withdrawndirectly from the Columbia

River, during periods of peak demand and when the primarywater supply system

is shut down for maintenance. The wells are rechargedby basins (Figure7.3),

which receivewater pumped from the river. Recently,five wells were drilled

adjacentto the Richlandwell field to monitor the unconfinedaquifer for

contaminationresultingfrom operationsat maintenancefacilitiesfor the

HanfordSite, which are immediatelyupgradientof the well field. Most of the

concern fnr contaminationwas with chemical contaminantsfrom spent battery

acid, antifreeze,motor oils, solvents,degreasers,paints,and paint

thinners. Water from these wells was also screened for possibleradiological

contaminantsby sampling and analyzingfor tritium. For all of the wells

sampled,the analytical resultswere less than the 300 pCi/L detection limit

for tritium during 1989 (Jaquishand Bryce 1990).

In summary,most of the locationson the HanfordSite where wells are

used to supply drinking water are remote. Radioactivity(gross alpha and

gross beta) was detected in wells supplyingwater to residentsof Richland

during the 1940s and 1950s, but the concentrationswere close to the detection

limits in effect at that time. More recent monitoringof wells near the

Richland water supply wells shows that radionuclideconcentrationsare below

the currentdetection limits,which are lower than those in effect during the

earlieryears. At the only locationwhere ground water from a Hanford Site

well is open to the public, the FFTF Visitor Center, the occupational

radiationdose resultingfrom maximum observed concentrationsof tritium and

iodine-129is below I mrem/y. The dose to an occasionalvisitorwould be far

less than the occupationaldose.
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8.0 .RIPARIANW.ELLPATHWAY

s Use of riparianwells next to the Columbia River has been identifiedas a

possible pathway for radionuclidesoriginatingat Hanfordto have reached

populationsor individualsdownstream from the Hanford Site. Some or all of

the water from riparianwells came from the river, which has received

radionuclidesdischargedfrom Hanford operationsin varying amounts since

1944.

75,7B The possible radiationdoses resultingfrom use of water from riparian

wells were estimated. However, the only direct raaionuclidemonitoringdata

availablefor riparianwells is from samplingof the Kennewickwater supply,

which mainly comes from riparian wells. (Becausethe wells were near recharge

basins,which elevatedthe water table, wells for the city of Richlandwere

not consideredto be riparianbecause they would not have pumped river water.)

For other individualsusing riparianwells, the radiationdose from direct use

of Columbia River water was taken as an upper limit because the river is the

source of Hanford radionuclidestransportedto riparian wells. The distribu-

tion of radiationdoses resultingfrom use of river water is being determined

under the "ColumbiaRiver Pathway" portionof the HEDR Project. Radionuclide

concentrationsin riparianwells were expected to be lower than those in the

Columbia River because of a number of factors identifiedin Section8.I of

this report.

8.1 FACTORS.AFFEC_TLNGIMPACT FR_OM.RIPAR.I_ANWELL_

The impact to humans in terms of radiationdose that might have been

received from use of a riparianwell along the Columbia River depends on the

followingfactors:

° concentrationof radionuclidesin river water

° percentageof river water versus uncontaminatedground water pumped
from the riparianwell

• the effects of filtration,sorption,and radioactivedecay as the
water moves through the aquifer toward the well

° uses of the well water.
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79 Each of these factors is discussedseparately in this sectionof the report.

8.1.1 Concentrationof Radionuclidesin River Water

Results from surface-watercalculationsperformedduring Phase I of the

HEDR Project were used to estimate the impactsof using water from riparian

wells. As previouslydescribed,direct radiologicalmonitoring data for

riparianwells are limited. Thus, an estimate of impactswas extrapolated

from calculated radiationdoses for Phase I. These Phase I dose estimatesare

based on measured and estimatedconcentrationsof radionuclidesin the

Columbia River.

77 During Phase I of the HEDR Project, radiationdoses were calculatedfor

the Columbia River pathway betweenthe Hanford Site and McNary Dam for the

period 1964 through 1966 (PNL 1991b). The 1964 through 1966 periodwas

selected because I) the greatest number of reactorsat the Site was operating

at the highestpower levels and 2) better radionuclidemonitoring data for the

Columbia River were availablefor the 1964 through 1966 period than for

previousyears (PNL)991b). Concentrationsof radionuclidesfrom Hanford

operationswere expectedto be high in the Hanfordreach of the river because

it is the closestdownstreamfrom the operatingreactors.

78 For the Phase I area and time period, eight radionuclideswere considered

to estimate doses for the Columbia River pathway: phosphorous-32,zinc-65,

arsenic-76,neptunium-239,sodium-24,manganese-56,copper 64, and

chromium-51. These eight radionuclidesaccountfor more than 80% of the

expected dose to maximallyexposed individuals(Napier1991). However, the

relativelyshort half-livesof these radionuclidesmay make them relatively

less importantfor riparianwells because ground-waterflow i5 slow compared

with flow of the ColumbiaRiver.(a) Therefore,radioactivedecay will

decrease the concentrationof those radionuclidesreaching a riparianweil.

Radionuclideconcentrationsused in the Phase I dose calculationsfor the

Columbia River pathway were taken directly from historicaldocumentsor were

calculated. The historicaldocumentsthat providedthe monitoringdata

(a) The half-lifeof seven of these radionuclidesranges from 0.11 to
28 days; the half-lifeof the eighth is 245 days.
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includeWilson and Foster (1964);Foster and Wilson (1965);Foster et al.

(1966);and Honstead, Essig and Soldat (1967). During the period 1964 through

1966, monthly samplesof raw river water were collectedat the Hanford Site

and at Richland and Pasco. Samplesof treated drinkingwater were collected

from Richland,Pasco, and Kennewickwater supplies. These sampleswere

analyzed for all of the above radionuclidesexcept manganese-56(which has a

2.6-hr half-life). In addition,weekly monitoringdata for four of the

radionuclideswere availablefor McNary Dam. The concentrationsof other

radionuclidesfor which no monitoringdata were availablewere estimatedwith

calculations(PNL Igglb). The distributionof manganese-56in the river was

calculated,as were the distributionsof the other radionuclidesbetween

monitoringpoints (PNL 1991b). Preliminarydistributionsof radiationdoses

from drinking treated or untreatedColumbia River water were calculatedon the

basis of the determined radionuclideconcentrations(PNL 1991b).

8.1.2 P_ercentaqeof Rive_.Waterfrom a RiparianWell

Part or all of the water drawn from a well near the Columbia River may

come from sourcesother than the river, sources such as precipitationon

adjacentwatershedsor ground-waterflow from aquifersnot connectedwith the

river. For a riparianwell completed in a shallowaquifer next to the

Columbia River, the percentageof river water pumped from the well depends on

the

• elevationof static hydraulichead in the well

° elevationof the river surface

° pumping rate and duration

° distance from the river

• hydraulicpropertiesof the aquifer.

A detailed hydrogeologicanalysisof each riparianwell would be needed

to accuratelydetermine the relative percentagesof river water and uncon-

taminatedground water pumped from the weil. However, a detailed analysiswas

not performedbecauseconditionswould vary from well to well and in response

to operationof the weil.
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Water will be drawn from the river only if the water level (hydraulic

head) in the well during pumping is lower than the elevationof the river

surfaceor if the river level increasesabove the ground-waterlevel. In most

areas along the Columbia River, the hydraulichead of the ground-watersystem

adjacentto the river is higher than that of the river, and ground water flows

into the river under natural conditions. An example of this is the water

table in the unconfinedaquifer at the Hanford Site and in FranklinCounty _"

(see Figure 4.10). A pumpingwell could reverse the directionof flow, i.e.,

cause water to flow from the river to the well by drawingdown the aquifer so

its hydraulichead is lower than that of the river. As pumpingcontinues, a

greater percentageof water would come from the river, lt is also possible

that a well might draw in river water only at the end of a long pumping cycle.

The ground-waterflow system near the river is also affectedby changes in

elevationof the river surface. River surfaceelevationsare changed both by

the operationsof hydroelectricdams and by seasonal flow variations.

8.1.3 Effectsof Filtration,Sorption,and RadioactiveDecay

Filtration,sorption, and radioactivedecay are processesthat influence

the concentrationof radionuclidesin ground water. These processesalso

influencethe concentrationof radionuclidesthat move from the Columbia River

to riparian wells.

BI Suspendedparticles in the Columbia River containsome of the radio-

nuclides that originated at Hanford (PNL 1991b). Radioactiveparticles in the

river result from precipitationof dissolvedradionuclidesand sorption (bind-

ing) of radionuclidesonto river sediment,as well as from direct release from

the once-through-coolingreactors. As these particlesmove in a shallow aqui-

fer toward a riparian weil, they are removedby filtration in the aquifer.

Filtrationoccurs because ground water flows through pore spaces in sediments

that make up an aquifer. These pore spaces will preclude all but the smallest

particles from travelingvery far. Radionuclidesmay also be taken up by

river biota (NCRP 1984) that will also be filtered out.

Radioactivedecay reduces radionuclideconcentration. The amount of

reductiondepends on the time required to reach the well from the river and

the half-lifeof the radionuclide. Travel time from the river to different
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wells may vary greatly, dependingon distance from the river to the weil, the

hydraulicpropertiesof the aquifer (abilityto transmitwater), the pumping

rate of the weil, and the extent to which the radionuclideis sorbed in the

aquifer. Dissolvedradionuclides,particularlycations, may be sorbed by

minerals formingthe solid matrix (i.e.,sand and/or clay) of the aquifer as

ground water flows through the aquifer toward a riparianweil. Sorptionwill

cause the radionuclideto travel more slowly than the averageground water

(Freezeand Cherry Iglg), and the concentrationsin the well will be further

reduced by radioactivedecay.

The maximum limit for the concentrationof radionuclidesfrom a riparian

well is probably similarto that of treated (filtered)river water from the

same location. Filtration,sorption,and radioactivedecay reduceradio-

nuclide concentrationsduring flow to a riparianwell and during water treat-

ment. In additionto reductionof concentrationsby filtration,sorption,and

rad_oa_;:tivedecay, radionuclideconcentrationsin water from a riparianwell

would be dilutedwith uncontaminatedground water as the well is pumped.

8.1.4 L_Z@eof_W ter from Riparian Wells

The dose that humans may have received from using water from a riparian

well contaminatedwith ra_'ionuclidesvaries because of differentexposure

pathways. The possibleexposure pathways include ingestion(drinkingwater or

consuming irrigatedcrops), inhalationfrom showering,and direct dermal

(skin) contact (PNL 1991b). However, there is little informationavailableon

use of water from riparianwells along the Columbia Riveru

8z Potentialradiationdoses were estimatedonly for drinking water from

riparian wells. However, irrigationmay have also been a pathwaybecause

certain radionuclidesmay have been taken up by plants and concentratedin

plant tissues or in animals eating the plant matter (NCRP 1984). Such uptake

would increasethe radiationdoses from irrigatingwith water from riparian

wells along the Columbia River. The potentialdose from irrigatingwith

Columbia River water was not included in the Phase I dose calculationsfor the

Columbia River pathway (PNL 1991b). The significanceof irrigationwill be

determined as part of ongoingwork on the Columbia River pathway.
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8.2 BAD!AT_ON DosEs FROM USE OF RIPARIANWELL_

According to the City Engineer,Kennewickpumps approximately'80% of its

water from a well 400 feet from a lagoon fed by the river and 800 f'eetfrom

the river itself; another10% of the water is pumped from a well 10 feet from

the _iver; and the remaining 10% is pumped directly from the river and

treated. Therefore, it was assumed that nearly all the water for'Kennewick

comes from the river and that the wells are riparian.

83.84 Radiation doses Kennewickresidentsreceivedfrom drinking water during

1964 through 1966 range from about 2 to 4 mrem/y effectivedose equivalent

(PNL 1991b). Doses receivedfrom drinking treatedColumbia River water at

Pasco and Richland during this period range from 5 to 9 mrem/y effectivedose

equivalent and 8 to 14 mrem/y effectivedose equivalent,respectively. The

drinking-waterdoses were calculatedfor Phase I of the HEDR Projectbased on

estimated river water concentrationsand estimatesof water treatmentplant

transmissionfactors (PNL 1991b). These radiationdoses were based on

exposure to phosphorous-32,zinc-65, arsenic-76,neptunium-239,sodium-24,

manganese-56,copper-64,and chromium-51(PNL 1991b).

Bs The doses for Kennewick include the effects listed in Section 8.2 for

riparianwells. In addition,the lower doses at Kennewickmay be partially

attributedto the fact that the Yakima River enters the Columbia River about

6 miles upstream from Kennewick'sriparianwells. Water from the Yakima may

"push"part of the Columbia River water away from the bank and reduce the

concentrationsof radionuclideson the Kennewickside of the river'.

The radionuclideconcentrationsin downstreamriparian wells used by

other communitiesand individualsare expected to have been lower than the

concentrationsin treatedColumbia River water used by Richland. Additional

travel time and radioactivedecay in the river, sorption of radionuclidesonto

river sediments,and dilution by tributariesand ground water enteringthe

river reduced the river water concentFations. In addition,radioactivedecay,

dilution, sorption,and filtration 'inthe ground water further reducedthe

concentrationsin riparianwells. The medialdexpecteddrinking water dose for

riparian wells would thereforebe less than 10 mrem/y effectivedose

equivalent.



The communities downstream of Hanford served by ground-water wells that

are possibly riparian or a mixture of ground-water well and river sources are

listed in Appendix C. The appendix also list's population estimates for each

community.



9.0 WATERS.HEDpATHWAY

Deposition of airborne radionuclideson ground-waterrechargeareas, sub-

sequenttransportthroughground water in small watersheds (surface-waterand

ground-waterdrainagebasins), and then dischargeto wells and springswas

identifiedas a possible pathway by which offsite populationsor individuals

might have been exposed to past releasesof radionuclidesfrom the Hanford

Site (AppendixA). This process will be referredto as the watershedpathway.

For this pathway,the radionuclidesdepositedon the recharge areas were

assumed to be dissolvedby infiltratingwater and then carried throughground

water to a well or spring. Individualsor populationswho used the well or

spring for drinkingwater would have been exposedto the radionuclides.

g.1 APPROACH AND ASSUMPTIONS

8a To evaluate the radiationdose that a person drinking ground water in the

watershed pathwaymight have received,a scenariowas developed in which a

hypotheticalspring supplied drinkingwater and all of the spring'swater came

from rechargewithin a small watershed. Such a scenario is possible in some

areas near the HanfordSite. Springsthat dischargeground water collected in

small recharge areas exist on the slopes of RattlesnakeMountain and the

Saddle Mountainswest of the Hanford Site (Gephartet al. 1979).

The largest radionuclidereleases to the atmosphereat the Hanford _te

occurred during the early years of operationand originated from the chemical

separationof irradiatedfuel (PNL Iggla). The expected averagedeposition

rate of radionuclideson the hypotheticalwatershedwas determinedfor 1945,

the year of highestdeposition,based on Phase I atmospheric-transport

calculations(PNL 1991c). The resultingconcentrationsof radionuclidesin

water from the hypotheticalspring were then calculated,as discussedbelow,

and the effectivedose equivalent from drinking the water was determined.

89 Because this analysis is not based on an actual case, the resultsshould

not be interpretedas a prediction of the radiationdose actuallyreceived by

any person or group. The analysis is intendedrf)estimate the magnitudeof

the "worst case" radiationdose that might be expected through such a path_ay.
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Therefore, severalassumptionshave been made which tend to result in a high

estimate of the concentrationof radionuclidesin the spring water:

• The watershed is located in HEDR Census Division BEt, which was an area
of relativelyhigh iodine-131deposition,accordingto the Phase I
atmospheric-transportcalculations.

° Other radionuclidesare deposited on the watershed in proportionto the
deposition of iodine-131predictedas part of the HEDR Phase I
atmospheric-transportpathway.

• All of the radionuclidesdeposited on the watershed are "washedoff" by
precipitationand dissolved in the infiltratingground water.

° No radioactivedecay of radionuclidesoccurs during atmospherictransport
and before 'infiltration.

° The radionuclidesare not dispersedduring transport througheither the
unsaturatedzone or the aquifer.

° The radionuclidesare not diluted by mixing with uncontaminatedground
water.

° The average travel time for ground water in the watershed is I yeal".

As noted, these assumptionsresult in a "worstcase" estimate. In

reality, some depositedradionuclideswould probablybe insolubleor would be

sorbed by particlesin the soil. Also, during the period between deposition

and infiltration,decay would reduce the concentrationof radionuclideswith

short half-lives. These periods could be severalmonths in the semiaridcli-

mate of southeasternWashington State. Radionuclidetransportwould be fur-

ther reduced by dispersion in the unsaturatedzone and ground water. The

assumed averagetravel time of I year through the ground water is probably

short for some of the flow paths to springson RattlesnakeMountain. A longer

travel time would result in lower radionuclideconcentrationsat the spring

because the radionuclideswould be decaying. Also, the concentrationof

radionuclideswould probably be reducedby mixing with uncontaminatedground

water in the aquifer.

9.2 WATERSHEDDEPOSITION CALCULAT!_O_L_

The first step in the ar,alysis was to determinethe deposition rate at

the watershed locationfor each of the radionuclidesreleased during 1945. As



part of the Phase I atmospheric-transportcalculations,normalizedreleases in

Ci/y were determined for each of the radionuclidespresent in the processed

fuel. The depositionof iodine-131from the atmosphere in each of the HEDR

census divisionswas also determinedduring Phase I through atmospheric-

transportmodeling, lt wa_ _si/med'thatthe ratio of depositionrate to

releaseterm was the same for e_achrradionuclide.In reality, iodine deposits

more readilythan other radionuclidesconsidered in the watershedpathway, so

this assumptionresults in more depositionthan would actually occur. The

depositionrate for each radionuclidewas calculatedfrom the deposition of

iodine-131as

D = R (Diodine_131/Rlodine_131)

where D - averagedeposltion rate for the radionuclideof interest

(pCi/mZy)

R = normalizedrelease term to the atmosphere for the radionuclide

of interest (Ci/y)

Diodine_131= average atmosphericdepositionrate of iodine-131(pCi/m2y)

Riodine..131= normalizedatmosphericreleaseterm for iodine.-131(Ci/y).

To calculatethe initial concentrationof each radionuclidein infiltrat-

ing water, the deposition rate was divided by the rate of water infiltration:

where q is the rate of water infiltration(m/y). The rate of w_ter infil-

trationwas assumed to be 3.5 cm/y (0.035m/y) based on work by Gutknecht

et al. (1980). To determine the travel time throughthe unsaturatedzone to

reach ground water, the assumeddepth to ground water, 10 feet (3 meters), _vas

divided by the velocity of the infiltratingwater, which is the water infil-

tration rate (0.035 m/y) divided by an assumed moisture content (0.10)

9.3
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90 where tvz= travel time to reach the ground water (y)

d = distance from surfaceto the ground water (m)

8 = soil moisture content (cm3/cm3).

The resultingtravel time throughthe unsaturatedzone was 8.7 years. With an

assumed travel time of I year in the ground water, the total time required for

radionuclidesdepositedon the watershedto reach the spring was 9.7 years.

The only factor consideredto reduce the concentrationwas radioactivedecay

during the assumed 9.7-year travel time to the spring. Therefore,the concen-

tration of each radionuclideat the springwas calculatedfrom

A = AO e"t (0'693/ti/2)

where A = radionuclideconcentrationat the spring (pCi/L)

Ao = the initialconcentrationof the radionuclide(pCi/L)

in infiltratingwater

t = travel time (y)

tl/2= half-lifeof the radionuclide(y).

To screen the list of possible radionuclides,the concentrationsin the spring

were first calculatedassuming none of the radionuclideswas sorbed on soil in

the unsaturatedzone or the geologic formationswithin the aquifer. The

results of this screeningcalculationare given in Table 9.1. The results

indicatethat ruthenium-t06is the only radionuclidethat arrives at the

spring in concentrationsclose to its drinking-waterstandard,which is

30 pCi/L (EPA 1976). The drinking-waterstandard was used to screen the list

of radionuclidesfor those that would contribute to dose.

91 Some radionuclides,particularlycations,will be adsorbedonto minerals

in the soil and aquifer. This slows the transport of adsorbedradionuclides

toward the spring. The amount by which transportof a particularradionuclide

will be slowedunder particulargeochemicalconditions is quantifiedby the

distributioncoefficient (Kd). Geochemicalevaluationsof ruthenium-t06(Ames

and Rai 1978) demonstrateda wide range (0 to 752 millilitersper gram [ml/g])

of possibledistributioncoefficients(higherKds indicategreater sorption).
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TABLE 9.1. Summaryof RadionuclideScreeningfor Watershed PathwayCalculation
(AssumingNo Sorptionof Radionuclides)

Normalized
Release Deposition Concentration Spring
Term Rate in Infiltration Concentration

_dionuclide Half-Life _C__(_C_iJ_y_}_(DCi/m2v) . (pCi/L) m (pCi/L)_

Tritium 12.3 y 8.5 946 27 16

Cobalt-60 5.3 y 3.2 356 10 2.7

Strontium-S9 50.5 days 1.1 122 3.5 0

Strontium-90 28.8 y 0.01 1.45 0.04 0.03

Yttrium-91 58 days 1.3 145 4.1 0

Zirconium-95 64 days 1.5 167 4.8 0

Niobium-g5 35 days 1.2 134 3.8 0

Niobium-gSM 84.1 hr 0.01 1.22 0.03 0

Ruthenium-t03 39.6 days 12,000 1,340,000 38,152 0

Ruthenium-t06 3_ days 860 95,700 2734 3.4

Iodine-131 d _ys 1.0 1,560,000 44,510 0

Cesium-137 30 y 0.02 1.78 0.05 0.04

Cerium-144 284 days 0.4 49 1.4 0

However, Kd = 0 ml/g was used in the calculationssummarizedin Tables 9.2,

9.3 and 9.4. Assuming even a small Kd of I, no ruthenium-t06was predicted to

reach the spring.

In a sensitivityanalysis,each of the assumedparameters used in the

calculationwas varied by a reasonableamount (Table9.2). The range of

spring concentrationspredictedwhile varyingeach parameter independently

(assumingall other parameterswere constant) is summarized in Table 9.3.

The concentrationsof ruthenium-t06at the spring predicted in this

sensitivityanalysis ranged from 0 to 68 pCi/L.

27 9.3 RADIAT].IONDOSES FROM WATERSHED DEPOSITIONCALCULATIONS

The expected dose over a 1-year period from drinking water with the

calculatedconcentrationsof radionuclideswas determinedusing the GENII

computersoftware system (Napieret al. 1988a, 1988b). This softwarehas been
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TABLE 9.2. Summaryof ParameterVariationsfor the Watershed
SensitivityAnalysis

Variation
Parameter Low Base Hiqh

DistributionCoefficient(Kd) All Cases
Kd = 0 ml/g

DepositionRate (pCi/m2y) 85,800 95,800 105,800

Depth to Ground Water (m) 1.5 3.0 4.6

InfiltrationRate (cre/y) 0.5 3.5 6.0

Soil Moisture Content (cm3/cm3) 0.05 0.10 0.15

Ground-WaterTravel Time (y) 0.5 1.0 1.5

_. Summary of PredictedConcentrationsof Ruthenium-106
for the WatershedSensitivityCalculation

PredictedRuthenium-106
Concentrationin SDrinq (DCi/L)

Para_meter Low Base _ _Hiqh

DistributionCoefficient (ml/g) All Cases
Kd = 0 ml/g

DepositionRate (pCi/mZy) 3.0 3.4 3.7

Depth to Ground Water (m) 68.2 3.4 0.17

InfiltrationRate (cm/y) 0.0 3.4 24.1

Soil Moisture Content (cm3/cm3) 68.2 3.4 0.17

Ground-WaterTravel Time (y) 4.8 3.4 0.17

tested and has been used in previous HEDR dose calculations(Napier 1991),

Doses were calculated for the watershed pathwaybased on the range of

ruthenium-t06concentrationspredicted at the spring in the sensitivity

analysis. The resultingdose estimates from ruthenium-t06range from 0 to

1.4 mrem/y effectivedose equivalent (Table9.4). The maximum possibledose

calculatedfrom the combinationo_ parametersused in the sensitivityanalysis

(highestdeposition and recharge rates and lowest depth to ground water, soil

moisture content, and ground-watertravel time from Table 9.2) was 15 mrem/y
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effectivedose equivalent. All doses calculatedfor this pathway are well

below the TSP dose decision level of 100 mrem/y effectivedose equivalentfor

an adult.

TABLE 9.4. Summary of Dose Calculationsfor the Watershed Sensitivity
Calculation

Dose (mrem/y)
parameter Low........ Base . Hiqh.

DistributionCoefficient (ml/g) All Cases
Kd = 0 ml/g

Deposition Rate (pCi/mZy) 0.06 0.07 0.07

Depth to Ground Water (m) 1.4 0.07 0.004

InfiltrationRate (cm/y) 0.0 0.07 0.5

Soil Moisture Content (cm3/cm3) 1.4 0.07 0.003

Ground-WaterTravel Time (y) 0.1 0.07 0.003
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10.0 CQNCLUSIONSAND RECOMMENDATION

Ground-watermonitoringhas generateda considerableamount of informa-

tion on the distributionof radionuclidesin the ground water at the Hanford

Site over time. Changes in the monitoringtechnologies(describedin Sec-

tion 5) have resulted in improvementsin the quality of informationthat is

available. During the early years (1940s throughthe early 1960s),only gross

alpha and gross beta measurementswere availableon a routine basis. More

recently,detailed informationis availableon the concentrationsof specific

radionuclidesin HanfordSite ground water.

The improvementsin the quality of monitoringresults have changed the

interpretationsof the ground-watercontaminationdata. For example,during

the early 1960s, the discoverythat tritiumwas a product of uraniumfission

prompted sampling and analysisof ground water in the unconfinedaquiferto

detect tritium. At the time, the lowest level of detection for tritiumwas

10,000 pCi/L. When tritiumwas found to be present in the unconfined aquifer,

as reported by Brown (Ig62b),the tritium plume was interpretedas having

reachedthe Columbia River (see Figure 6.24). In 1963, additionalmonitoring

wells and improvedanalyticaltechniquessuggestedthat the prior analysesand

interpretationswe_'_not correct. Tigerefore,the tritiumplume was inter-

preted by Honey (1963) to be farther back from the river'than was previously

thought (see Figure 6.26)°

Radiationdoses that the public:received from dischargeof Hanford Site

ground water containingradionuclidesto the Columbia River were small (com-

pared with the TSP dose decision levels). The dose attributedto ground-water

dischargeto the river during 1990 was 0.02 mrem/y effectivedose equivalent

(Woodruffet al. 1991). This dose was calculatedby the differencebetween

measured upstream and downstreamconcentrationsof tritium and iodine-129in

the river during 1_90 when the ground-waterdischargewas high comparedwith

previousyears (Figures6.45 and 6.46). Monitoringresults for wells in

FranklinCounty show that doses from iodine-129were 2 x 10-7 to 2 x 10.5
c

mrem/y e_fectivedose equivalent7 x ]0-Bto 7 x ]0.4mrem/y dose to the
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thyroid,well below the TSP dose decision levels(a)of 100 mrem/y effective

dose equivalentfor an adult (althoughthe source of the iodine-129was never

determined) (IWG 1987). Uranium in FranklinCounty wells was shown to be of

natural origin and not from the Hanford Site (WDSHS 1988).

Use of water from wells on the HanfordSite that were contaminatedby

radionuclidesdid not result in significantradiationdoses to the public.

Only the Visitor Center at the FFTF is accessibleto the public. The dose

from tritium at the FFTF, which was highestduring 1977 (51,000pCi/L)

resulted in I mrem annual dose to workers, based on a 40-hourwork week and a

220-L/y intake. The radiationdoses to occasionalvisitorswould be much less

than the calculateddoses to workers. As an example, the potentialdose to a

visitordrinking I L of water was calculatedto be 0.0006 mrem/y effective

dose equivalent.

The radiationdoses from using water from riparianwells were estimated

to be small, althoughthey were difficultto quantify becauseno direct

monitoring data are available. The maximum radionuclideconcentrationsin

riparianwells are expected to be similar to those for treated (filtered)

river water. Maximum possible radiationdoses from use of riparianwells were

estimatedbased on doses from direct use of water from the Columbia River.

Kennewick is the nearestmunicipalitydownstream of the Hanford Site that

is supplied by riparianwells. Radionuclideconcentrationsin the Kennewick

water supply were monitoredover time, and these data thereforerepresentthe

only direct radionuclidemonitoringdata for riparianwells. During Phase I

of the HEDR Project,the distributionof doses resultingfrom drinkingwater

from the Kennewickwater supply was estimatedfor 1964 through 1966, which was

the period of highest radionuclidedischargeto the river from the operating

reactors at the HanfordSite (PNL 1991b). The range in dose calculatedfor

riparianwells downstream of Hanford was 2 to 14 mrem/y effectivedose

equivalent.

(a) Shleien, B. 1992. "ScopingDocument for Determinationof Temporal and
GeographicDomains for the HEDR Project." Prepared for the Technical
Steering Panel, approvedby the TSP in April 1992. WashingtonState
Department of Ecology, 1-800-545-5581.
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Radionuclideconcentrationswere monitored in water withdrawndirectly

from the river and treated in Richlandand Pasco. These concentrationspro-

vide an estimate for maximum possible impactsof drinkingwater from riparian

wells. Results from Phase I (PNL 1991b) show the median dose from drinking

treated river water in Richlandwas 10 mrem/y effectivedose equivalentduring

1964 through 1966. The dose from drinking riparianwell water is expected to

be lower than the dose from drinking river water because of the factors

reducing radionuclideconcentrationsin wells (describedin Section 8.1).

92,93 The range in doses calculatedfor the watershedpathwaywas less than

I mrem/y for a range of possible parametersused in the calculation. The

maximum possibledose by combiningthe "worst" parametersin the calculation

was 15 mrem/y effectivedose equivalent. In the calculation,ruthenium-t06

was the only radionuclideto reach the hypotheticalwell or spring throughthe

shallowground-watersystem in concentrationsclose to drinking-water

standards.

Analysis of the ground-waterpathways and extensivereview of available

publicationson ground water at the Hanford Site indicatethat ground water

did not make a significantcontributionto dose during the study period

(1944 'topresent). Even at locationswhere ground water was used directly or

where surfacewater containingradionuclidesfrom ground water was used, the

contributionsto dose were small.

The TSP has reviewed and approvedthis document,thus, evaluationof the

ground-watertransportpathway is consideredcomplete. The recommendation

from analysisof the ground-waterpathways identifiedby the TSP is that

further work on the ground-waterpathway be limited to trackingground-water

studiesat the Hanford Site and surroundingenvirons (i.e.,wells in Franklin

County).
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Technical Steering Panel
HanfordEnvironmentalDose

ReconstructionProject
P. O. Box1734

Richland,Washington99352

TECHNICAL STEERING PANEL
RESEARCH DIRECTIVE

Directive Number: 88-4

Date: November 23, 1988

Subject: GROUND WATER CONTAMINATION DATA
Action to be Taken:

The TSP recommends that three activities be carried out by Battelle in

their ground water transport subtask. These activities should be carried out
immediately.

1. (a) List ali wells on and adjacent to the Hanford Reservation which
may have supplied ground water (for irrigation or domestic use) which
was contaminated by radionuclides originating on the Hanford
Reservation.

Co) Make estimates of the level of contamination and the number of

people affected.

2. Make some reasonable estimates of the location and number of

irrigation and municipal supply wells which are near enough to the
Columbia River to have been affected significantly by radionuclides

discharged into the river by operations at Hanford.

3. Make an estimate of the radionuclides discharged into the Columbia

River by unconfined ground water flow which originates in the 200 Area
and seeps southward into the river.

_ Till, Ph.D.
ban, Technical Steering Panel
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TABLE B.I. Sanitary-WaterSystems at the Hanford Site (afterThurman 1990)

_ Svstem Name Source of Supply Notes

182-B (_olumbiaRiver Filteredand chlorinated

IO0-D Columbia River Filteredand chlorinated

IO0-K Columbia River Filtered and chlorinated

IO0-N Columbia River Filtered and chlorinated

200-E/200-W Columbia River Filtered and chlorinated

251 Building Columbia River Filteredand chlorinated

609 Building Columbia River Filteredand chlorinated

622-R Columbia River Filtered and chlorinated

Yakima Barricade Well 699-49100-C No treatmentprovided

6652-C (PNL Developed Spring at Chlorinationonly
Observatory) 3160 ft on Rattlesnake

Mountain

Patrol [raining Well 699-$28-E0 Chlorinationonly
Academy

400 Area (FFTF) Wells 499-$I-8Jand Suppliesmixed: 93% from
499-S0-7 $I-8J and 7% from S0-7;

chlorinationonly

300 Area Columbia River Filteredand chlorinated

Richland Columbia River and River water filtered and
ground water chlorinated;ground water

chlorinatedonly
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APPENDIX C

.COMMUNITIESWHOSE DRINKING WATER MAY .HAVECOME..,FRO_____M

RIPARIANWELLS DOWNSTREAM OF HANFORD

, . c
i , , , i i i ii l i i ,,, i_ ,,,.,,, i .,,i i, ,,,., , ,

RichIand WA X X 33,578 Ground-waterweIIs with
Columbia River recharge

Kennewick .... WAX X 34_397 Wells installed1954 ,
Pasco WAX 18,428

, -.,,,,,

FinleX ...... WA . . X X uninc. Private wells _
Burbank WA X uninc.

......... . ,,,

Wallula WA X uninc.

Umatilla OR X X 3,199
,,,,,. i, i ,, , ,, ,

Plymouth WA X . uninc.. ....

Irrigon OR X X uninc. Riparian well installed
in 1977

,,,, ,.., i ,i .,,i ,, , ,,,,,,

Paterson WA X uninc.
,,,,, , , ,, ,,,, , , ,

_oardman OR X X 1,261 Riparian well installed
in 1977

. , , i,,i ,i, ..... , ,,,

Whitcomb WA uninc.
,,

Castle OR uninc. , ,,,,,,, , , , ,

Alderdale WA uninc.
L ,,,,,, , " '

McCredie WA uninc.
"-- i " i,,,, , , ,,,

HeppnerJnct.. OR ... uninc. . ...........
Moonax WA uninc.

, . ._-- ....... , .,,

Roosevelt WA uninc.
, ,, I ,,,,

Arlington . . OR .. X uninc..
Mosier OR X uninc.

, , ,, , , __ .,,,, , , , ,,,,

Blalock OR uninc.
, , , , , ,

Quinto,: OR uninc.........,
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COMMUNITY COMMENTS
..............

Hook OR uninc.
i , ,, ,, -- , - J ,, ,, ,,

Cliffs WA uninc.
' '"" """ ' "' 'i '

Rufus OR X uninc. 250 and 272 ft. deep
wells near river

, ,, i ,,, . ,_

Maryhil! ...........WA X , uninc,.

Big_s OR , ,uninc. , ,,

Miller OR uninc.
,,,,, --- i,, ,.,,, ,,,, ,.,..,,, ,, ,,

Moody .... OR ,, , uninc. ,,,

Wishram WA X X X uninc.
,.

Celilo OR uninc.
_ , _ , ,,,,,, _J...... , , LL . '' J , "'" .

The Dal.les OR X X 10,820 90% surface source, ,. ii ,i, ,.,, J

Dallesport, WA, ,, uninc. .......

Crates OR uninc
, n ,. ,.. , ,,. ,iii, ,,,, , ,,,

Murdock WA uninc.
, ,,,, , i, l i ,,,,.,

Rowena OR uninc.
, , , , , , .... , , , , ,,, ,

Lyle ..........WA X X X uninc.

Mosier OR X uninc.
, ,, L , , ,,,,, L, _

Binge9 .... WA X 679,_ ...............

White Salmon WA X 1,853,,, , . ,

Hood River OR X 4,370, ,,,

Underwood WA X uninc.
i . , , ,

Hood WA uninc.
, i , ,,,.,, , j , , __

Viento OR uninc.
, , ,..

Cook WA X uninc.
,, ,, , ,,, i , ,

Wyeth ,,, OR .... unin,c. ,,

Home Valley . WA uninc...... ,,

C.2
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Carson WA X uninc.
, , . , ..,

Stevenson WA X 1,172
, , ,,._

Cascade Locks OR X X uninc.

N. BonneviIle WA X X 431
...... i ,,.,

Bonnevilie OR uninc.
,,,, ,,, ,, , , ,, ,.,,

Skamania WA X uninc. _

Multnoma Falls OR uninc.
, ,, ., ,,

Bridal VeiI OR uninc.
___ ,,,,, , ,, , ..... , ,, ,,,

LatourellFalls OR uninc. _,.,

Mt. Pleasant WA uninc.
,._ , ,,,

Corbett OR uninc.

Washou(,lal WA X 3,834 ..... __

Camas WA X 5,681............... j
E

Fairview OR X uninc.
,, , , .... ,,,,.,,,

Portland OR X X 379,967 < 5% from wells

be_linnin_lin 1986

Vancouver WA X X 42,834
, , , , , ,,,, =,, , =, ,

Rid_lefield' WA X 1,195...................

Warren WA X uninc.
i ,, , , ,,,m

St...Helens OR X 6,212 Infiltrationtrench

Columbia City OR .... X 678 Infiltrationtrench __

Deer Island OR X uninc.
,,, ,,,

Kalama WA X 1,216
,, , ,, L,, , --

Gobel OR X uninc., ,,,, ,,__ ,,,=,,,,,,,

IIPrescott ..... OR .......uninc. .......
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COMMUNITY POP; COMMENTS
........ -_ ...............

.... . ...... i ;_" ...........Carolls WA _ uninc.

Vision Acres WA uninc.
' ', .,,,, .e',._ , ,, , , , ,_

Rainier OR X 1,655,,,,,.,,, , ,,, i , , .,,,

Longv.iew/Ke.!so WAX ...... 42,181

Mayger OR X X X uninc.
, , , ,i_ , i

Stella WA uninc.
,,,, i L ,, i _'- ,,,..., ,,.

Westport OR X uninc.
,,,,, i , , , i i , , ,,, ,,,,,, , ,, ,,,, .. ,._

Wauna OR X _ninc.
, ,.. ,,. _:_:_ , ,,, ,

Cathlamet WA X 605
L_,i ,,. , , ,, ....

Bradmood OR uninc.
-- , , , ., ,,,. i

Clifton OR uninc.
,,,,. ,,,. ,

Skamokawa WA uninc.
, ,, , ,, ,, , ,,i , ,

PiIlar Rock WA uninc.
, , ,,,• , , ,,, , , i , ,,,,

Dahlia WA uninc.
, ................... ,,

Altoona WA uninc.
,, i , , ,, ,

Knappa . OR X X uninc. ..........

Svenson OR X 650
, ,,,, , i ,, , ,, , ,.,,

Knappton WA uninc. , , ,,,

Astoria OR X 10,244
, ,,,, , i, , .-:.:

Megler WA . uninc. . ........

McGowan WA uninc.
,, i ,,..., , ,

Hammond OR X uninc.
,,., ,,,,,, i ,, , ,

Ft. Stevens OR uninc.
...... ,, , ,,,,,, ,,, , , ,

Chinook WA X uninc.
., ,,ULL'J ,.,, ,

Strin_town _ WA uninc.
.... , ,,, . , , L J,,,,, .__. ., ....

Ilwaco WA 604
,_ .... , ..... ,L,,.,,,,.,,.,., , ,_ ,,.,
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APPENDIX D

GLOSSARY

Alpha Radiation - Least penetratingtype of radiation. Alpha radiationcan be
stopped by a sheet of paper or the outer dead layer of skin.

Aquifer - Saturatedgeologic unit that can transmit significantquantitiesof
water.

BackgroundRadiation- Radioactivityin the environment,includingcosmic rays
from space and radiationthat exists elsewhere in the air, in the earth, and
in manmade materialsthat surround us. In the United States, the average
person receives about 300 millirems (mrem)of backgroundradiationper year.

Bank Storage - Hydrologicterm describingriver water that flows into and is
retained in permeablestream banks during periods of high river stage. Flow
is reversedduring periods of low river stage.

Beta Radiation - One form of radiationemitted from a nucleus during radio-
active decay. Beta radiationcan be stoppedby an inch of wood or a thin
sheet of aluminum.

Composite Sample - Sample formed by mixing discrete samplestaken at different
points in time.

ConfinedAquifer _ An aquifer boundedabove and below by less permeable
layers. Ground water in the confinedaquifer is under a pressuregreater than
atmosphericpressure_

ContinuousSample - Sample formed by the continuouscollectionof the media or
contaminantswithin the media during the entire sample period.

Curie (Ci) - A unit of radioactivityequal to 37 billion (3.7 x 10I°) nuclear
disintegrationsper second.

Decay, Radioactive- The process by which a radioactivenucleus spontaneously
changes into the nucleus of a differentelement,which may be radioactiveor
stable.

Deposition - Processthrough which material in the air settlesto the ground.

Detection Limit - Minimum concentrationefa substancethat can be measured
with 99% confidencethat the analyticalconcentrationis greater than zero.

Dispersion - Processwhereby effluentsare spread or mixed as 'theyare trans-
ported by ground water.

D.I



94 Drlnking-WaterStandard - A maximumconcentrationlimit establishedby the
U.S. EnvironmentalProtectionAgency for radionuclidesin public drinking-
water supplies.

EffectiveDose - See "EffectiveDose Equivalent."

EffectiveDose Equivalent- An estimateof the total risk of potentialhealth
effects from radiationexposure. This estimate is the sum of the committed
effectivedose equivalent from internaldeposition and the effectivedose
equivalent from external penetratingradiationreceivedduring a calendar
year.

Effluent - Liquidwaste streams releasedto the environmentfrom a facility.

EffluentMonitoring - Samplingor measuring specificliquid effluent streams
for the presence of pollutants.

Exposure - Subjectinga target (usuallyliving tissue) to radiationor
chemicals.

ExternalRadiation - Radiationoriginatingfrom a source outsidethe body,
such as cosmic radiationor natural and manmade radionuclides.

Fallout - Radioactivematerialsmixed into the earth's atmospherefollowinga
nuclear explosion. Falloutfrom past testing is suspended in the atmosphere
and precipitatesonto the earth.

Fission (fissioned)- Splittinga nucleus into at least two other nuclei.

FissionProducts - Elementsor compoundsformed from fissioning. Many 'fission
products are radioactive.

9s Gama Radiation - Form of electromagnetic,high-energyradiationemitted from
a nucleus. Gamma rays are essentiallythe same as X rays and require heavy
sh_elring, such as concrete or steel, to be stopped.

Grat Sample - Individualdiscrete sample collectedover a short period of
time,

_6 Gross-Alpha - The total alpha radiation(heliumnuclei) emitted by a unit mass
or volume of material containingradionuclides.

Ground Water - Subsu_,facewater that is in the pore spaces of saturated soil
and geologic units.

97 Gross-Beta - The total beta radiation(electronsand positrons)emitted by a
unit mass or volume of material containingradionuclides.

Half-Life - Length of time in which a radioactivesubstancewill lose one-half
of its radioactivitythrough radioactivedecay.

Do2
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HydraulicConductivity- A parameterthat quantifiesthe ability of a porous
media to transmit water.

Infiltration- The rate at which water on the surfaceflows into the soil.

Isopleth - A line of equal concentrationof a dissolvedchemical species.

Isotopes - Differentforms of the same chemical elementthat are distinguished
by differentnumbers of neutrons in the nucleus.

Mean - Average value of a series of measurements.

Median - Middle value in a set of resultswhen the data are ranked in increas-
ing or decreasing order.

Millirem (mrem) - A unit of radiationdose equivalentthat is equal to one
one-thousandthof a rem.

Minimum DetectableConcentration- see de_ectionlimit.

Plume - Distributionof a pollutant in air, soil, ground water, or surface
water after being released from a source.

PUREX - Plutonium,uranium extraction (process).

Radiation- Energy emitted in the form of rays or particlessuch as those
thrown off by disintegratingatoms. The rays or particlesemittedmay consist
of alpha, beta, or gamma radiation.

Radioactivity- Propertypossessedby some elements,such as uranium, whereby
alpha, beta, or gamma rays are spontaneouslyemitted.

Radioisotope- Radioactiveisotopeof a specifiedelement. Carbon-14 is a
radioisotopeof carbon. Tritium is a radioisotopeof hydrogen.

Radionuclide- Radioactivenuclide. There are severalhundred known radio-
active nuclides,both manmade and naturallyoccurring. Nuclides are charac-
terized by the number of neutronsand protons in an atom's nucleus.

Rem - Acronym for Roentgen EquivalentMan; a unit of dose equivalentthat
indicatesthe potential impacton human cells.

RiparianWell - Well, all or part of whose water comes indirectlyfrom a
nearby river or stream.

Sorption - The reversibleattachmentof charged, dissolvedparticlesto the
surfaceof solid materials.

Spent Fuel - Nuclear fuel that has been irradiatedin a nuclear reactor;this
fuel contains uranium, activationproducts,fissionproducts,and plutonium.
At Hanford, spent fuel is processedin the PUREX Plant.

D.3
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Travel Time - The time required for ground water, surfacewater, or a
dissolvedsubstance in either media, to move from one point to another in an
aquiferor stream.

UnconfinedAquifer - An aquifercontainingground water that is not confined
above by relatively impermeablerocks. The pressure at the top of the uncon-
fined aquifer is equal to that of the atmosphere. At Hanford, the unconfined
aquifer is the uppermostaquiferand is most susceptibleto contaminationfrom
Site operations.

Water Table - Theoreticalsurfacerepresentedby the elevationof water sur-
faces in wells penetratingonly a short distance into the unconfined aquifer.

Watershed - An area, delineatedby a drainage divide, in which surfacerunoff
and shallowground water flow into a common watercourse.
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