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SUM

Studieshave been conductedto investigateexposurerates, and radionuclide

and trace metal distributionsalong the ColumbiaRiver where it bordersthe

Hanford Site. The last major field study was conductedin 1979. With recently

• renewedinterestin variousland use and resourceprotectionalternatives,it is

importantto have data that representcurrentconditions•

• Radionuclidesand trace metals were surveyed in ColumbiaRiver shoreline

soils along the HanfordSite (HanfordReach). The work was conductedas part of

the Surface EnvironmentalSurveillanceProject,PacificNorthwestLaboratory.

The survey consistedof taking exposurerate measurementsand soil samplespri-

marily at locationsknown or expectedto have elevatedexposure rates.

Exposurerate measurementsranged from 4 to 11 _R/hr at the Vernitaback-

ground area, to 8 to 28 #R/hr at the White Bluffs Slough area along the Hanford

Reach. In all, 12 discreteradioactiveparticleswere detected. Elevenof the

particleswere found on IO0-D Island. One particlewas found at the White

Bluffs Slough area. The particle from White Bluffs Slough and one particlefrom

IO0-D Islandwere identifiedas 6°Cowith activitiesof 16 and 1.7 _Ci, respec-

tively. The remaining10 particleswere not removedfor analysis.

Doses from exposureto the two particlescollectedwere calculatedfor var-

ious potentialexposurescenarios. The dose-limitingexposurescenariowas

determinedto be a particlethat is inhaledand depositedin the front part of

the nose. The dose from this scenariowould exceed the limit of 75 #Ci-hr expo-

sure to a skin surfacefrom a particleas listedby the NationalCouncilon

RadiationProtectionand Measurements. This limit could also be reachedfor

other plausiblealthoughimprobableexposurescenariosincludingcontactwith

bare skin for 5 hr, exposurethroughthe liningof a pocket for 30 hr, and expo-

• sure througha sleepingbag for 44 hr. The largesteffectivedose equivalent

from particleexposurewas 60 mrem through ingestion,comparedto a public stan-

" dard of 100 mrem. The probabilityof the public actuallycoming in contactwith

such particles,however,is consideredvery low.

Exposurerate measurementstaken adjacentto the IO0-NArea on the water

surfaceof the ColumbiaRiver, which is unrestrictedfor public use, rangedfrom
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4.1 to 20.1 #R/hr. These exposureshave been attributedto radiationfrom

liquidwaste disposalfacilitiesin the IO0-N Area rather than from shoreline

contamination. The estimateddose from fishingnear the IO0-N Area (over the

area surveyed),8 hr/d for a year, would be approximately45 mrem, or about one

half of the limit for public exposures.

Areas with elevated (comparedto background)soil concentrationsof major

radioactiveconstituents(i.e.,22Na,6°Co,9°Sr,137Cs,152Eu,154Eu,and 239'24°pu)

includeIO0-D Island,the Hanford Townsiteshoreline,and the White Bluffs

Slough area. The potentialexternalexposuredose rates from continuousoccu-

pancy at a hypotheticallocationwith soil containingthe maximum concentrations

measured at any locationwas calculatedto be approximately14 mrem/yr or less.

The only sampledlocationhaving a significantlyelevatedconcentrationof

any trace metal (i.e., chromium)was near the IO0-F floodplainarea. While

standardshave not been writtenfor freshwatersediments,the maximum chromium

concentrationwas about 30% of the WashingtonState standardfor marine sediments.

The data were examined (correlationof concentrations)to determinewhether

it is reasonableto assume that the highestconcentrationsof nongamma-emitting

radionuclidesand trace metals occur in the same places as the highestconcen-

trationsof gamma-emittingradionuclides. The results indicatedthat elevated

239'24°puconcentrationswere associated(correlated)with and thereforepredicted

by the presenceof severalgamma-emittingradionuclides. Uranium,9°Sr,and

trace metals concentrationswere not correlatedwith the concentrationsof

gamma-emittingradionuclides. The lack of correlationwith uraniumand stront-

ium suggeststhat they could have been distributeddifferentlyin the environ-

ment, but the lack of correlationmay also be due to the relativelyfew loca-

tions with significantlyelevatedconcentrations.

Several areas along the HanfordReach still show detectableimpactsfrom

past Hanfordoperations. No short-livedradionuclideswere detected,and no

significantvariationamong trace metal concentrationswas found, indicating

that there are no recentdepositionsof radioactiveand/or trace metal con-

taminantsalong the HanfordReach.

iv



_CKNOWLEDGMENT_

Severalindividualsmade valued contributionsto this study and report.

Gerald Simielewas the originalstudy leader. He developedthe original study

'design, but left to be employedby Roy F. Weston Co., Albuquerque,New Mexico,

. before the study was completed.

Field measurementsand soil samplingwas conductedby staff of the Field

" Samplingand Analysis Group, E. W. Lusty, Supervisor. Fieldworkwas performed

by MarshallAlmarode,GordonAndersen,Larry Belt, Wade Hankel,John Harrison,

Jim Jahnke,Ted Lakey, Jose Lopez,Dan Mackliet,Dana Mueller, and John Reck.

Their effortsduring a very warm summer are greatly appreciated. Thanks also

goes to Trevor VanArsdalefor technicalassistance.

Soil sampleswere analyzedfor radionuclidesby InternationalTechnology

Corporation,Richland,Washington;analysesfor trace metals were performedby

Data Chem Laboratories,Salt Lake City, Utah. The 8°Coparticleanalyseswere

performedby Elwood Lepel, PacificNorthwestLaboratory(PNL),Nuclear

ChemistrySection.

The discrete radioactiveparticledose calculationssummarizedin the

report and containedin AppendixE were preparedby James Durham and

Joseph Soldat, PNL, Health PhysicsDepartment.

Roger Dirkes and RichardGilbertpeer reviewedthe report for technical

contentand Regina Lundgrenedited the report. Their numerouscommentswere a

valuablecontributionto the report technicallyand editorially.



CONTENTS

SUMMARY ................................. iii

ACKNOWLEDGMENTS............................. v

1.0 INTRODUCTION............................ 1.1
a

2.0 STUDY OBJECTIVES .......................... 2.1

• 3 0 APPROACH 3 i• • • • • • • • • • • o • • • • • • l • e • • • • • • • • • • o

3.1 LOCATIONS ........................... 3.1

3.2 SAMPLINGMETHODS ........................ 3.17

3.2.1 ExternalGamma Surveys ................. 3.17

3.2.2 Discrete ParticleSurveys ............... 3.17

3.2.3 Soil Sampling ..................... 3.17

3.3 SOIL SAMPLE PREPARATIONAND COMPOSITING ........... 3.18

4.0 RESULTSAND DISCUSSION ....................... 4.1

4.1 EXPOSURERATE suRvEY ..................... 4.1

4.1.1 ComparisonWith 1988 Aerial Survey .......... 4.1

4.1.2 Comparisonof ExposureRates With Upstreamand
HistoricalData .................... 4.3

4.1.3 InstrumentCorrelations ................ 4.4

4.2 DISCRETERADIOACTIVEPARTICLEANALYSIS ............ 4.9

4.3 IO0-NAREA SURVEY ...................... 4.12

4.4 SOIL CONCENTRATIONSURVEY .................. 4.14

" 4.4.1 Radionuclides ..................... 4.14

4.2.2 Trace Metals ..................... 4.23

5.0 REFERENCES............................. 5.1

APPENDIXA - EXPOSURERATE DATA ..................... A.I

vii

inn -- II III



APPENDIXB - SOILSAMPLERADIONUCLIDECONCENTRATIONDATAAND
SUPPLEMENTALFIGURES.................... B.I

APPENDIXC - SOILSAMPLETRACEMETALCONCENTRATIONDATAAND
SUPPLEMENTALFIGURES.................... C.I

APPENDIXD - ANALYTECONCENTRATIONCORRELATIONMATRIX.......... D.I

APPENDIXE - DOSECALCULATIONS..................... E.I

viii



FIGUR{S i

3.1 Survey Track LocationsI Through3 ................ 3.3

3.2 Survey Track Locations4 Through 12 ................ 3.5

3.3 Survey Track Locations13 Through 31 ............... 3.7

3.4 Survey Track Locations32 Through 37 ............... 3.9

" 3.5 SurveyTrack Locations38 Through 44 ............... 3.11

3.6 SurveyTrack Locations45 Through 51 ............... 3.13

3.7 Survey Track Locations52 Through 56 ............... 3.15

3.8 Soil CompositingLogic ...................... 3.19

4.1 1988 EG&G Aerial RadiologicalSurveyof the IO0-N Area ...... 4.2

4.2 IndividualExposureMeasurementsTaken from Vernitato Richland . . 4.5

4.3 Median ExposureRates at Each SurveyTrack ............ 4.5

4.4 Log-NormalDistributionof ExposureRate Measurements ....... 4.6

4.5 Correlationof Ludlum/_Rand Bicron/_remMeasurements ....... 4.8

4.6 Correlationof Reuter Stokes PIC and Bicron/_remMeasurements . . '.4.8

4.7 ExposureRates on the ColumbiaRiver Adjacent
to the IO0-N Area, /_R/hr ..................... 4.13

4.8 Sodium-22(ZZNa)Concentrationsin Soils .............. 4.16

4.9 Cobalt-60 (B°Co)Concentrationsin Soils .............. 4.16

4.10 Zinc-65 (B5Zn) Concentrationsin Soils ............... 4.17

4.11 Cesium-137(137Cs)Concentrationsin Soils ............. 4.17

' 4.12 Europium-152(152Eu)Concentrationsin Soils ........... 4.18

4.13 Europium-154(154Eu)Concentrationsin Soils ............ 4.18

4.14 Strontium-90(9°Sr)Concentrationsin Soils ............ 4.19

4.15 Uranium-234(234U)Concentrationsin Soils ............. 4.19

4.16 Uranium-235(235U)Concentrationsin Soils ............. 4.20

ix



4.!7 Uranium-238 (Z3Bu) Concentrations in Soils ............. 4,20

4.18 Plutonium-239,240 (239'24°Pu)Concentrations in Soils ........ 4.21

4.19 Barium Concentrations in Soils .................. 4,24

4.20 Beryllium Concentrations in Soils ................. 4,24

4.21 CadmiumConcentrations in Soils .................. 4,25
I

4.22 Chromium Concentrations in Soils ................. 4.25

4.23 Cobalt Concentrations in Soils .................. 4.26

4.24 Lead Concentrations in Soils ................... 4,26

4.25 ManganeseConcentrations in Soils ................. 4,27

4.26 Comparison of MaximumTrace Metal Concentrations Between
Soils Along the Hanford Reach and Soils from Background
Areas Across the Hanford Site ................... 4,30

3.1 Analyses and Methods ....................... 3.20

4.1 Comparisonof ExposureRates ................... 4.4

4.2 Comparisonof Maximum Shorelineand Background
RegionalSoil Concentrations,pCi/g ................ 4.22

4.3 ExternalDose Rates from Radionuclidesin Soils .......... 4.23

4.4 Trace Metals Comparisons,mg/kg .................. 4.29



INIR®UCI XON

In 1943, the Hanford Site in southeast Washington State was selected by

the U.S. Army Corps of Engineers, Manhattan District, as the site for future

nuclear reactors to produce plutonium. The area was chosen because of its

, distance from major cities,the relativelysmall local population,the

reliableelectricityfrom Grand Coulee Dam, and convenientaccess to the water

• of the ColumbiaRiver as a reactorcoolingsource and an effluent sink for the

reactors'byproducts(Becker1990). By FebruaryIg45, three reactors

(B, D, F) were operatingand producingplutonium.

A total of eight single-pass-coolingreactorswould eventuallyline the

HanfordReach of the Columbia River, the stretchof river from Priest Rapids

Dam to Just upstreamfrom the city of Richland. These reactorsdischarged

significantamountsof heat, radioactivity,and chemicalsdirectly into the

river. Suspensionof insolublechemicals,trace metals, and radionuclidesin

the river led to depositionin shorelinesoilsdownstreamof each discharge

point. The last such reactor(IO0-KE)ceased operationsin 1971. Since that

time, the radionuclideburden of the shorelinesoils along the HanfordReach

has been decreasingas the radioactivematerialdecays. Short-lived

radionuclides,which accountedfor the major componentof radiationexposure,

have sincedecayed to negligiblelevels (Sula 1980).

The most recentaerial surveyof the Site, conductedin 1988 (EG&G

1990), indicatedthat previouslyidentifiedareas of elevatedradioactivity

continuedto exist as a resultprimarilyof longer-livedradionuclides. The

aerial survey,however, is a relativeindicatorof contamination,and only for

gamma-emittingradionuclides.

The last major field study to quantifyexternal gamma rates and

radionuclldesalong the Columbia River in shorelinesoils was performedin

1979 (Sula1980). With recentlyrenewedinterestin various !and use and

resource protectionalternatives,one being the designationof the Hanford

Reach as a NationalWild and ScenicRiver, it is importantto have data that

representthe currentconditionson the HanfordSite. A wide range of

potentialuses for the Site is identifiedby the HanfordFuture Site Uses

Working Group (1992).
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Thisreportdescribesa studyconductedas an activityof theHanford

SiteSurfaceEnvironmentalSurveillanceProjectto investigateexposurerates
)

and radlonuclldeandtracemetaldistributionsalongtheHanfordReach. The )

studywas designedas a fieldsurveyratherthanas a statisticallybased

samplingdesign. The resultsprovidecurrentexternalexposurerates,

characterize radlonucltde concentrations, andprovide newdata on the

concentrations of trace metals in shoreline soils along the Hanford Reach,

Trace metals are of interest becauseof their use and disposal to the river

and soil columnIn reactor andchemical-processing operations.
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2.0 _TUoY_OB_CTIJLP_,S

The currentsteadywas performedduringJuiy thro.ghOctober1992with

the followingspecificstudyobjectives:

I, ExposureRates-.Assesspotentialhumanexposureritesit specific
• locationsalongtheHanfordReach,examinethedifferenceminexpolure

ratesbetweenlocations,assesschangesin exposureratessentiprior
studies,andquantifyexposureritesin areasidentifiedby aerial

. surveysas havingelevatedradioactivity,

). DiscreteRadioactiveParticleAnalysis-Recordthe frlquencyof
occurrenceof discreteradioactiveparticles,measuretheiractivity,
and comparethe frequencyof particleoccurrencesto data Fromprior
studies.

3. IO0-N Area Survey-Assesspotential humanexposure rates on the surfaco
of the ColumbtaRiver along the section that borders the iO0oNArea
(N Reactor),

4, SoilConcentrations-lnvestlgatetheeffectof Hanfordoperationson
concentrationsof radionuclldesand tracemetalsin soilsat specific
locationsalongtheHanfordReach,and examinethedifferencesin
concentrationsbetweenlocations,

5, ConcentrationCorrelations.-Determineifthe concentrationsof m,jor
gammaemittingradlonuclidesare correlatedwith the concentrationsof
otherradionucIIdesandtracemetals,i,e.,does the presenceof gala
emitterspredictthepresenceof otherradionuclldesand tracemetal+.

2,1
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3.0 APPROACH

The approachto the study was to chooselocations and sampltngmethods

that would help characterize external dose rates and radions,_cltdeand trace
_tal distributions.

' The areas ,f the Hanford Reachsurveyedare best described as islands,

flood plains, sloughs, low-lying penJnsuias, andexposedriver shoreline. The

Hanford Reich has an occasional sandy beach, but in general the terrain along
the Reachts dominated by embeddedlayers of rocks.

The area chosenfor backgroundsamplingwas the southern shoreline

ranging from the Priest RapidsDamto the VernJta Bridge. This area was
chosenfor backgroundsampltngbecausett ts upstreamof the HanfocdSite, not

impactedby Hanford operations, andgeographically and geologically similar to

the survey areas to be Investigated. A total of 21 soil sampleswere taken

from three locations (Tracks 1, Z, and3, Figure 3.1) to form three composite

samplesfor analysis and comparisonto downstreamsamples (see sampling

methodsbelow). A total of 51 exposure rate measurements(each measurement

was the visually averagedexposure rate along a lO0-m track, see sampling

methodsbelow) from etght backgroundlocations were averaged to provide an

exposure rate backgroundvalue for comparisonto downstreamvalues.

The 53 survey locations, downstreamof the VecnJta Bridge, (Tracks 4

through 56) are showntn Figures 3.2 through 3.7. The locations range

geographically from the northern stretch of the HanfocdReach(near the I_O-D
Reactor) to the southwestern stretch near the city of RJchlandwater intake

(commonlyknownas the Rtchland Pumphouse). The locations sampledwere chosen
t

by examininghistorical survey information (Sula 1980), the 1988 aerial

cadtologtca_, monitoring system report (EG&G1990), public useaccess

" information,and evaluationsof ColumbiaRiverflowcharacteristicsand

sedimentationzones. Areaswithknownradiationexposurelevelsgreaterthan

backgroundlevelsweregivensamplingpriority(EG&G1990),althoughother

areaswere alsosampled.
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FIGURE 3.4. Survey Track Locations 32 Through 37
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3.2 SAMPLINGMETHODS

Samplingmethods for externalgamma surveys,discrete particle surveys,

and soil samplingare discussedbelow.

3.2.1 ExternalGamma Surveys

. Externalgamma measurementswere made using Model 12S, portable Ludlum

_R meterswith audio output. The instrumentswere calibratedwith a 137Cs

. sourceat the mR level and pulse-calibratedat the _R level. Daily battery

checks and backgroundmeasurementswere made to ensure each instrument's

reliability.

The survey tracks as shown in Figures3.2 through3.7 consistedof two

survey lines 20 m apart and typicallyextendingapproximately1000 m. Each

line was surveyedwith a #R meter, at a height of approximately] m, by

walking along the line and observingexposurerates. The instrumentreadings

along the lines were visuallyaveraged (basedon the technician'sjudgement)

over 100 m and recorded. The _R meter readingsfrom both survey lines were

mathematicallyaveragedto ensure that bias from a single instrumentwould not

greatly affectthe data.

In some instancesa Bicron_rem meter was used to providedata for

comparisonto the /_Rmeter. The _rem meter was used to providea measureof

dose and is a more portableequivalentof the pressurizedionizationchamber

(PIC),as will be shown later.

3.2.2 Discrete ParticleSurveys

Discreteradioactiveparticle surveyswere conductedevery 100 m along

the track. The particlesurveysbegan at a point midway between the two

surveylines and coveredthe area circumscribedby a circle of 10 m radius

from the center point. The surveyswere conductedwith the _R meters at a

height of approximately0.25 m.

• 3.2.3 Soll SamDllnq

Soil sampleswere also taken at ]O0-m intervalsat a point betweenthe

survey lines (at the same locationas the particle surveys). The area sampled

was definedas a circulararea with a 10-m radius. The soil sampleswere

taken with a device called a "cookiecutter." The cookiecutter takes a

3.17
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I

sample 10 cm in diameter and 2.5 cm in depth. At many locations,soil samples

were taken with a shovel;this was due to the layeredbeds of rocks that

dominatethe ColumbiaRiver area. Smallerareas (i.e.,short stretchesof

shoreline)that displayeda potentialfor soil contaminationbased on the

aerial survey resultswere sampled/surveyedon a 50-m basis.

e

3.3 SOIL SAMPLEPREPARATIONAND COMPO_ITING

The soil was placed in a plastic bag and taken from the field for

refrigeration. The soil taken at each intervalalong a track was sievedwith

a 2.36-mm screen. Approximately250 g from each sieved sample were composited

to form an aliquotfor that particulartrack. The aliquotfrom each track was

thoroughlymixed, subsampled,and sent for analysis. Figure 3.8 illustrates

the logic of the samplecompositing. Table 3.1 lists the analysesperformed

on each sample and the methods involved. Radionuclideand trace metal

analyses in soil are reportedas pCi and /_g/gdry weight, respectively. The

analysisresultsare given in AppendixesB and C.
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.T_. Analyses andMethods

Analyses Methodsof AnalysisI _ II I _ ...... I fll III I IIIII ] f IU]l[lfi I IIIf -- .... " --IIIl

Radioactive ......
_ illl i i

Gammaanalysis Gammaspectroscopy
B

S°Sr Chemtcalseparation/gas flow
proportional counter

Isotopic uranium Chemical separation/alpha spectroscopy '

Isotopic plutonium Chemical separation/alpha spectroscopy

Chemical
[111I I I I lillll I I 11111I II I

Trace metals EPAMethod6010(a)/Inductively Coupled
PlasmaAtomic Emission Spectroscopy

EPAMethod7471(a)/Manua]Cold VaporMercury
Technique

Lead EPA Method7421(a}/AtomicAbsorption
FurnaceTechnique
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4.0 RESULT_AND DISCUSSION

Resultsforthe exposureratesurvey,discreteradioactiveparticle

analysis,the ]O0-NAreasurvey,and soilconcentrationsurveyare presented

in the followingsubsections.

4.1 EXPOSURERATESURVEY

" Resultsforthe exposurerate surveywerecomparedwiththe 1988aerial

surveyresults,andbackgroundand historicaldata.

4.1.1 ComDarisqnWithIgB8_erlalSurv@y

The largestdeterminingfactorin choosingthe surveyareasin this

studywas .heexposuremeasurementstakenby EG&GduringJuly/Augustof 1988.

EG&Gusedan elaborateNal detectionsystemattachedto a helicopterto

conductan aerialradiologicalsurveyof the Hanfordarea. The Nal detection

systemwas calibratedto suppressnaturalbackgroundand thereforeonly

detectedsourcesof anthropogenic,gamma-emittingradioactivity.The aerial

datawere presentedas Isoplethsoverlaidontoa map of theHanfordSite. The

dataprovidedthe informationneededto selecttracksfor subsamplingareas

with elevatedexposurerates.

Figure4.i showsthecategoriesEG&Gusedto differentiatebetween

relativelevelsof exposurerates. All the tracksin the currentstudywere

in areasclassifiedby EG&Gas eithercategoryA or B. CategoryA, 0 to

700 cps,designatesareaswith no detectableamountsof anthropogenicradio-

activity.Of the 53 tracksin the currentsurvey,20 are locatedin the areas

identifiedby EG&Gas havingrelativeexposureratesfallingin the A cate-

gory. The averageexposureratesof the 20 CategoryA tracksrangedfrom

. g to 14/_R/hrin the currentsurvey.

Twenty-threetracksare locatedin categoryB areas(700to 2200cps).

. The exposureratesof thesetracksrangedfrom11 to 24 /_R/hrin the current

survey. The remaining10 tracksin the currentstudyhad averageexposure

ratesrangingfrom11 to 17/_R/hrandwerenot locatedwithinthe EG&G

surveyarea.
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When interpretingthe isoplethspresentedon the EG&G survey (see

Figure4.1), it is importantto realizethat the isoplethsdo not accurately

6elineateareas of contaminatedsoil, and probablydo not accuratelyrepresent

the distributionof externalexposurerates that would be measuredby an

instrumentI m above the ground becauseof ground surfacescatteringand

. shieldingeffects.The isoplethstend to form a "bullseye" around the source

of gamma emissions,with higher exposurerates nearestthe center of the

, "bullseye" as shown in Figure4.1. Figure4.1 illustratesthe effect a point

source(s),in this case a facility,can have on exposure rates as reportedby

an aerialsurvey,even though areas within the isoplethsare not necessarily

contaminated. In general, the aerial surveywas an aid in locatingareas with

elevatedexposurerates but did not stringentlydefine contaminatedareas.

4.1.2 _omDar!sonof ExposureR_tes With Upstreamand HistoricalData

In 1978 and 1979 an extensiveradiologicalsurveywas conductedof the

shorelineand islandsalong the HanfordReach (Sula 1980). Table 4.1 shows

the six locationswith the highestexposurerate measurementsfrom the current

surveycomparedwith the measurementsreportedby Sula. Differencesin survey

locationsand number of instrumentreadingsmake direct comparisonof the

exposurerates in Table 4.1 inappropriatebut a decreasingtrend of exposure

rates is evident. BecauseSula also used the Lu,]lumModel 12S _R meter and

the methodshe used were very similarto the methods used in this survey,the

differencesin exposurerates shown in Table 4.1 are most probablya result of

the decay of radionuclidesrather than data bias from instrumentor human

error.

Figure 4.2 shows the individualexposurerate measurementsobserved from

upstreamof the VernitaBridgeto downstreamnear the RichlandPumphouse. As

expected,areas along the HanfordReach measure approximately5 to 15 #R/hr

" higherthan the backgroundlocations. Overall,exposure rate measurements

ranged from 4 to 11 _R/hr at the backgroundlocations,to 8 to 28 _R/hr along

' the HanfordReach. The trackswith the highestexposurerate measurements

were the White Bluffs Slough (tracks22 and 23), 28 and 20 _R/hr; Hanford

Peninsula(Track33), 20 _R/hr; and the HanfordTownsiteshoreline(Track37),

18 _R/hr. AppendixA lists the exposurerates as measured at each location.
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TABLE4.]. Comparison of Exposure Rates

1978/1979
Maximum,/_R/hr Current Survey Location in

..l.fromSula 1980) Maximum_#R/hr Current Survey

White Bluffs Slough 32 28 Tracks 20, 21,
22, and 23

Q

Hanford Peninsula 30 20 Tracks 32, 33,
and 34

Hanford Townsite shoreline 24 18 Track 37 .

Hanford Townsite slough 19 18 Track 35

Savage Island 28 18 Tracks 38

WoodedIsland 18 18 Tracks 49, and
5O

Figure 4.3 displays the median exposurerates at each track boundedby

95% confidencelimits. The exposure rateswere found to be log-normallydis-

tributedas shown in Figure4.4, so the data were log-transformed. Because

the data were log-normallydistributed,the median was selectedas the measure

of centraltendencyrather than using the arithmeticmean. The median was

determinedby calculatingthe mean of the log-transformedvalues. The

confidencelimitswere determinedby log-transformingthe data and determining

the confidencelimits as describedby Havilcekand Crane (1988),i.e.,

CL = mean ± t*(SEM).

The exposure readingstaken at the backgroundlocations (51 measure-

ments) were pooled and a median calculated. Each downstreammedian was

calculatedusing approximately10 measurements(seeAppendix A). All the

downstreamtracks had median exposurerates greater than the upper 95%

confidencelimit of the median backgroundvalue. The White Bluffs Slough area

had the highestmedian exposure rates (Tracks22 and 23) at 20 and 18.5 _R/hr,

respectively.

4.1.3 InstrumentCorrelations

For the past 15 years, the SurfaceEnvironmentalSurveillanceProject

has relied upon the Model 12S, portableLudlum_R meter for environmental

exposuremeasurements. The Ludlum_R meter was chosen for the currentsurvey

4.4
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FIGURE4_4. Log-Normal Distribution of Exposure Rate Measurements

so that data could be compared to historical results. Note that tn Sula

(1980) the Ludlum#R measurementswere corrected (standardized) to the Reuter

Stokes Pressurized Ionization Chamber (PIC). The exposure rates discussed

above are all based on the Ludlum#R meter (i.e., Sula's results were back-

corrected for comparison to the _R values in the current study). Sula

standardized hts Ludlum_R measurements to the PIC based on his reporting of a

significant correlation between the Ludlum and the PIC. In the current study;

a correlation between the Ludlum_R meter and the PIC was not found and

therefore dtrect comparisons between uncorrected Ludlum_R measurements were

made. Note also that the finding of no correlation between the Ludlum_R

meter and the PIC was demonstrated tn an tndirect but appropriate manner whtch
is described below.

l

Theoretically, values of exposures in roentgens (#R) can be considered

essentially numerically equal to absorbed doses tn Pads or dose equivalents in

rem. Therefore, an instrument measuring exposure (_R) should provide stmtlar

measurements as an Instrument measuring dose (_rem). Through comparison of
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instrument measurements it was found that the Ludlum _R meter did not provide

stmtlar readings to the Btcron _rem meter.

During this survey simultaneous data were not taken with the _R meter

and the PIC. Simultaneous data were collected with the _R meter and the

Btcron _rem meter. Simultaneous data were also collected with the Btcron #rem

' meter and the PIC. In short, the Btcron _rem meter was Found to be correlated

with the PIC. But the Btcron _rem meter was not found to be correlated to the

, Ludlum_R meter. These correlations are not surprising given the knowledge of

the energy response curves for each instrument.

The Ludlum _R meter contains a NaI scintillator that is very sensitive

to changes in exposure rates; however, because it over-responds to low-energy

photons, it is a poor quantifier of the true exposure rate, The Btcron #_em

meter is a portable hand-held instrument and has an energy response curve very

similar (i,e., flat) to the PIC over the ranges of 0.1 to ] Mev. The Btcron

_rem meter uses a plastic scintillationdetectorthat has a very flat energy

responseto low-energyphotons. The flat energy responsecurve of the Bicron

(and PIC) allows for a more accurateestimateof the true exposurerates,

especiallywhen a wide range of energy levels are being measured. The PIC

is an 8-L ionizationchamberand is the 'industrystandard' for measuring

environmentaldose rates.

Figure 4.5 shows the relationshipbetween the _R measurementsand the

_rem measurements. As expected,the scatterof the data points indicatesa

very poor correlation(r - 0.44). The lack of correlationshown is expected

becauseof the over-responseof the Ludlum_R meter to the wide range of low-

energy photonsfrom naturalradioactivedecay chains that are present in the

environment(i.e. thorium,neptunium,uranium,and actinium).

Figure 4.6 shows a very strong correlation(r - 0.95) between the PIC
,

measurements and the Btcron #rem measurementsmade along the Columbia River

adjacent to the IO0-N Area (discussed later). The strong correlation between
t

the _rem meter and the PIC indicates that the Btcron _rem meter is a good

estimator of the true exposure rate/dose rate.

These results indicate that the _R meter should only be used as a

detector not as an estimator of the true exposure/dose rates. Whenpossible,

4.7
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the PIC should be used as an estimator of the true exposure/dose rates, but

because the PIC and associated electronics weigh about 70 lb, use of the PIC

is not always practical. The BJcron _rem meter can be used in place of the

PIC (because the energy response curves are very similar) when many exposure

readings need to be taken over large areas.

4.2 DISCRETERADIOACTIVEPARTICLEANALYSIS

, In the 1978/1979 survey, Sula reported findtng 188 particles of discrete

contamination mlong the Hmnford Reach, Sula removed and analyzed seven

particles from IO0-D Island. The particles were barely visible to the naked

eye (diameter approximately 0.! _) and contained a°Co mt activities rangtng

from 1.7 to 23 _Ct.

The terrain on IO0-D Island ts very rocky, with no significant

vegetation in most areas. Ourtng the current survey, a total of 11 particles

were detected on the tsland (Tracks 4 and 5), One particle was removed from

the tsland for analysts. The parttcle was located approximately 10 cm beneath

the ground and measured 400 _R/hr at the ground surface. The particle was

isolated to a few grains of sandy material and was identified as a°Cowtth an

activity of 1.7 _C1 2 0.8%. The exposure rates at the ground surface of the

10 other particles, which were not disturbed, ranged from 60 to 300 _R/hr.

Since the conclusion of this survey, Westinghouse Hanford Company, the Stte

operations contractor, has began 100%survey coverage of |O0-D Island. To

date, with approximately half of the island surveyed, 105 discrete radioactive

particles have been removed.

One other discrete particle was Found at the Whtte Bluffs Slough (Track

20) during the current survey. The particle wmsabout |0 cm beneath the

ground. The particle was found to contain 16 ± 4.5% _Ct of e°Co (]360 _R/hr

' at the ground surface). Sula reported Finding two dtscrete particles in the

White Bluffs Slough area In the 1978/1979survey.
e i

Various exposure scenarios were hypothesized to assess potential human

radJologtcal doses from the two particles found and quantttated. These
scenarios included:

4.9
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1. Inhalation of particles of a size that wouid deposit in the nose, naso-
and oropharynx regions, and bronchial regions of the respiratory system

2. ingestion by swallowing

3. vartous modesof external skin exposure (dtrect contact, exposure
through cloth such as tn a pocket, and exposure through a sleeptng bag),
These assessments were madeustng LUOEP(Btrchall et al. lggl),8IRDOSE
(Watson et al. 1984), and VARSKINZ (Durham i992) computer models,
respectively.

The dose-limiting exposure scenarto wmsdetermined to be a parttcle that

is tnhaled and deposited in the front part of the nose, where the residence

times may be as long as 48 hours. No regulatory guidance exists for this mode

of public exposure to dtscrete radioactive particles. The only available and

sppltcable health context found was for occupational exposures. For

occupational exposures, the limit ts 75,Ct-hr, or 1E+IO beta particles

emitted to a skin surface from the surface of the parttcle (NCRF 1989),

Because the exposure limit is based on deterministic (not cancer-inducing)

damage, and because doses at or below the ltmtt w111 not produce sktn damage,

tt is reasonable to use the same ltmtt for public protection.

For a 4e-hr residence time, the maximumdose to the nose was calculated

by the VARSKIN2 code to be 2000 tad (41 r|d/hr x 48 hr) for the 16-_Ct

particle and 360 tad for the 1.7-_Ci particle. If the 11mit for public

exposure to dtscrete radioactive particles was the same as the ltmtt for

occupational exposure (l,e., 75,Ct-hr), the ltmtt would be exceeded by about

a factor of 10 for the 16-MC1 part|tie, The exposure from the 1.7-_Ct

parttcle tn the nose would be very close to the NCRP11mtt (when credtt ts

taken for self-absorption as permitted tn NCRF1989), The smallest parttcle

that could approach the exposure 11mtt is about 1.6-_Ct, tf self-mbsorptton of

the source ts tgnored.

For the external sktn exposure scenarios |t was found that the 75-_Ct-hr

exposure 11mtt for the 16-_Ct particle could be reached tn ttme pertods that

are p!austble for these exposure scenarios. Specifically, the ltmtt wms

reached in about 5, 30, and 44 hr for the sktn contact, through the pocket,

and through a sleeptng bag exposure scenarios, respectively,
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The maximumeffective dose equivalent (EDE) for a particle exposure

scenario was 60 mrem if a 16 _CJ particle were ingested. The calculated EDE

does not exceed the annual limit For exposure to the general public

([00 mrem), and therefore the probability of cancer induction is not a concern

with these dtscrete radtoacJtve particles.

' The doses calculated above assumethat a parttcle comes into contact

with a person. A number of Factors qualitatively indicate that this is

. extremely unlikely. One mtt!gattng factor ts the Fact that the area where

particles were found is not currently open for publtc access, Also, the two

particles collected were well below the surface; therefore, they were not

available for tnhmlatton or contact and the beta radiation leading to external

dose would have been totally attenuated. Zn addition, the occurrence of

particles, except on |O0-D Island, was very low: only one particle was

detected in over 120,000 mz of area surveyed, Another factor is a suggestion

in the results shown in Appendix [ of Sula (1980)that the particles found

then were larger and more asymmetrical (less tnhalable) than assumed in these

calculations (the current study did not detemined the size or shape of the

two particles collected). Ftnal|y the 7S-#Ct-hr limit is at a level where no

effect is observed. Higher levels would be required to cause any observable

affect (e.g., a small discoloration of the skin), and muchhigher leve|s to
cause a small break in the skin.

While these mitigating factors make it extremely unlikely that a member

of the public would come in contact with such particles, there is a small

probability that similar particles exist at other publicly accessible

locations along the river. To fully understand the likelihood of discrete

radioactive rarttcle exposure, a detailed radiation survey of the accessible

areas along the Columbia River should be conducted. One method of making such

. a determination is to perform a thorough contamination survey of the public]y

accessible shorelines of the Columbia River. An appropriate instrument and

scan speed that would allow detection of particles that have an activity of lt

_Ct or more could be used. Particles with activities less than I _Ci should

not, in al) probability, pose a health hazard and would not result in exposure

of the public in excess of limits. Somefurther refinement of the dose

assessment could also be conducted by characterizing the particle sizes and
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activities, frequency of occurrence along the river, and the settings in which

they are found (buried or exposed on the surface).

4.3 !00:N A_ SURVE_

in recent history, the highest exposure rates From Hanford operations

observed at a locatton near where the public has access have been on the river

at the iO0-N Area shoreline (Woodruff et al. 1993). Thermolumtnescent dosi-

meter (TLD) measurements have been made at this locatton since 1990. In 1992,

the maximumannual average dose rate measured by TLDs on the shoreline was

324 mrem (or about 40 _rem/hr), The DOEpublic dose standard is 100 mrem/yr

for routine exposures and 500 mrem/yr under spectal circumstances, The shore-

itne is not accessible to the publtc, but the adjacent river is open to the

publtc for recreational uses. The source of the elevated exposures is sky

shine from liquid waste disposal trenches and other facilities located above

the river and back from the bluff line in the lO0-N Area. As such, questions

exist about the expected decrease in exposure rates with distance from the

shoreline. Measurements were made by boat on the adjacent Columbia River to

describe exposure rates over the publtcly accessible water body.

Figure 4,7 shows Four tracks running Fromthe powerlines upstream of the

lO0-N Area to a distance of about 1500 m downstream. The distance between

measurementpoints along a track was approximately SO m. The exposure rates

shown in Figure 4,7 were measured with a PIC (pR/h), although measurements

were also taken with the Btrcon _rem meter for comparison. Track A was

located approximately 75 m From the Hanford shoreline, and Track C was located

approximately 75 m from the opposite shoreline. Track S was located midway

between Tricks A and C. Track D was on the shoreline opposite the IO0-N Area,

Recause there is essentially no terrestrial component to the radiation

field on the river, the exposure rates on the river will be lower than the

exposure rates measured on land, This is assumtng there is no external source

of exposure such as radiation from the IO0-N Area. The minimum rate shown in

Figure 4.7 is 4,1 _R/hr. Exposure measurements taken at other river locations

(away from the lO0-N Area) indicated rates of 3,5 to 4,0 _R/hr in the center

of the river, and 4.0 to 4.5 along (within 15,25 m) the shoreline. So one can
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attribute approximately 3.5 to 4 _R/hr of the measurementson Track B and 4.0

to 4.5_R/hr on Tracks A andC to natural background.

The exposure rates along Track C are primarily attributable to the
cosmiccomponentwith somecontribution from the IO0-N Area. Becauseof the

IO0-N Area source, the exposurerates along Track B are slightly higher than
thosealongTrackC. This increasein exposureratesfromthe IO0-NArea

sourceis more evidentalongTrackA.

Becausethe IO0-NArea shorelineis off limitsto the public,the

exposure rates shownalong Track A are typical of exposure rates a fisher
would encounter. The highest exposure rate measuredwas 20,1 .R/hr. This

measurementappearsadjacentto theWashingtonPublicPowerSupplySystem

turbinegeneratorbuilding.Anotherincreaseoccursfartherdownstream

adjacentto the N Reactorbuilding,and thereis an apparentfinalincreasein

the areaof the 1301-NLiquidWasteDisposalFacility.Themaximum

measurementof 20.I_R/hrminusan estimatednaturalbackgroundof 4 _R/hr

extrapolatesto an annualdosecontributionof approximately45 mrem,assuming

one fishesfor8 hr/deveryday of theyear at thatlocation.

The exposurerateson the shorelineoppositethe IO0-NArea (TrackD)

havebothterrestrialand cosmiccontributions,andpotentiallya contribution

fromthe IO0-NArea. Backgroundmeasurementsrangedfrom4 to 11_R/hrand

averaged9.7. Two locationsalongTrackD exceededthis rangesomewhat,as

shownin Figure4.7. Theseareaswere not investigated.

4.4 SO!LGONCENTRA_ION_URVEy

Soilconcentrationswere analyzedfor radionuclidesand tracemetals.

4.4.1 Radionuclide_

Of the 56 tracksin the currentsurvey,23 are locatedin the areas

identifiedby EG&Gas havingexposureratesgreaterthanbackground.Eachof

the 23 areaswere foundto havesoilconcentrationsof e°Coand 152Eugreater

thantheupstreambackgroundconcentrations.Elevatedconcentrationsof 137Cs

areevidentin 13 of the 23 surveylocations,154Euin 9, 22Nain 7, and BSZn

in 4. Elevatedconcentrationsof 9°Srareevidentin 2 of the 23 CategoryB

tracks,234Uin 2, 238Uin 2, and 239'Z4°Puin 3.

4,14
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Ftgures 4.8 through 4.13 show the concentrations of the elevated gamma

emttters tn sotls along the Hanford Reach, beginning with the background

locations (1, 2, and 3) and endtng with the island dtrectly downstream of the

Rtchland Pumphouse(Track 56). Ftgures 4.14 through 4.18 show the concentra-

tion of 9°Sr, urantum, and plutonium in sotls. Ftgures B.1 through B.IO of

, Appendtx B show stmilar ftgures for the other radtonucltdes that dtd not show

apparent elevations In concentrations.

. The concentrations shown tn F|gures 4.8 through 4.18 are the concentra-

tions of the sot1 composites taken from each track. The concentration values

are bounded by the 2 sigma error, which combines the counttng error and the

propagated analytical error', and defines the 95% confidence Intervals.

Certain tracks are of particular interest because they showedeievated

concentrations for more than one radtonuclfde. Track 4, located on IO0-D

Island, had sotl concentrations of: _2Na, e°Co, zaTcs, lSZEu, and lS4Euthat were

higher than those at the background tracks and most of the survey locations

along the Hanford Reach. The htgher concentrations in the sotls on IO0-D

Island can be attributed to the underground piping system that runs from the

IO0-D Reactor to IO0-D island. The piping was used to release cooling water
from the IO0-D Reactor back into the Columbia Rtver.

Track 37, along the Hanford Townstte shoreline, has elevated soil

concentrations of Z2Na, B°Co, 137Cs, 152Eu, and lS4Eu. The survey area along the

Hanford Townsite shoreline had thick matted layers of vegetation. Therefore,

it is hypothesized that when the radioactive contamination was deposited the

vegetation trapped the contamination and did not allow it to reenter the

Columbia Rtver by natural eroston processes.

Tracks 22 and 23, along the White Bluffs Slough area, have elevated

concentrations of B°Co, 137Cs, and lSZEu. The White Bluffs Slough ts located

south of the IO0-H Reactor. The slough is normally above water but during

high water the Columbta River will flow between the IO0-H floodplain and the

Hanford shorel!ne, thus forming the marshy slough area. Because the IO0-H

Reactor outfall is located directly upstream of the slough, it is hypothesized

that during high water periods the effluent stream From the reactor entered

4.15
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the slough. The nonsoluble contaminants then sett]ed out and becameaffixed

to the soils before the next htgh water period.

Tracks 12, 27, 48, and 52 show elevated concentrations of g°sr in soils.

Tracks 10 through 17, 23, 40, 44 through 46, and 49 show elevations in Z34U

and Z3eUconcentrations, and Tracks 10 and 1] indicate elevated levels of

23SU. Tracks 4, 7, 21, 22, and 56 have elevated concentrations of z_e'z4°Pu.

Strontium-90 4s likely the resu]t of knowndischarges from the N Springs.

The presence of elevated uranium may be due to reactor fuel rod failures;

this 4s especially suggested in tracks 11 to ]3, which are not only elevated
' In 234U and Z3aUconcentrations, but also tn those for Z3SU. Results for tracks

farther downstream that are elevated 4n Z34Uand _3aUconcentrations, relattve

. to the upstream background locatton concentrations, are difficult to interpret

because of naturally elevated urantum tn Frankltn County soils adjacent to

the river.

Table 4,2 shows the upstream background maximum,downstream maximum,and

regtonal background maximum (nonshoreltne) so11 concentrations, The regional
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1i_J,_,...4_._.Comparisonof HaxtmumShore]the and Background
Regional Sot] Concentrations, pCt/g

....... Shoro!ine So!is ............. Reglona1_++_S+o_l]s_+.......

Radlo. Distant.
nucltd+e Upstream Downstream .............LOC!ttons!')........

ZZNa 0.01 o. 13 NR(b) '

"°Co 0.02 0.9] 0.0!
°°St O.03 O,11 O.05 .

i3_(::s 0.62 5.97 0.45

_SZE:u 0.14 2.41 NR

;_4Eu 0.03 0.23 -0.01

234U 1,25 2.19 NR

Z3SU 0.05 O.10 -0.04

Z3"U 1.18 2.03 0.84

Z3aPu 3.24E-04 I, ]5E-03 6.51E-04

239'Z4°pt! 9. B2E-03 2. i 1E-02 7.76E-03

(a) Maxtmumvalue recorded in 1992 Pot either location
(Yaktmaor Sunnystde).

(b) NR- not reported.
I

!

sotl was collected from ¥aktmaand Sunnystde(communitiesupwtndfrom Hanford)

tn 1992. Sodium-22, lSZEu,and _34Uwere not reported (,htch implies they were

not detected) for the dtstant locations. D|stant locations showstm|lar con-

centrations of 8SZn,9°St, and Z3"Puwhencomparedto the upstreamlocations.

The concentrations for the reported radtonucltdes tn the downstreamsot]s are
htgher than the upstream and the distant concentrations for each rad|onucl|de

except 6SZn. +

4.4.1.1 EXternal DoseEsttm|tes FromQamma[mltters

Table 4.3 showsthe external dose contribution from the maxtmummeasured

concentrations of the stgnt£tcant gammaem|tters found tn the sotls along the

Hanford Reach. The calculations assumean tnftntte plane o£ plane of so|l

4.22
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IJ_,_J.,_. [xternal DoseRates from Radtonuclides tn Soils

Maximum
Concentration,

.......R|dtonuc)t.de_....... ........_.pC!/n_........._ _se, ..mre_y

Z_Ne O. IS O.S

'°Co 0 9 3 0l t J

"Zn O.OOO O.007

:3TCs 6 S,3
o

:'[u _. ! 4.2

:S'Eu O.ZS O.!

I cm In depth containingthe concentrations sho_. If any one location along
HanfordReachhad 111 of the soil concentrations sho_ tn Table 4.3, the

yearly dose (not including normal background)contribution from continuous

occupancywould be approximately 14 mrem/yr, Thepublic dose standard ts
]00 area/yr,

4,4.z Tr.c,M,t ls

Chemicalscontaining several trace metals were knownto have been used

anddischarged in past reactor andchemical processing operations, or have

been Identified as 'contaminants of concern' as part of site restoration

studies becausett ts suspectedthat they were used and disposedof tn the

environment, Figures 4.10 through 4.2S showthe concentrations tn the soil

composites taken from each trick for those trace wtals analyzed that hive

been Identified as 'contaminants of concern' (barium, beryllium, cadmium,
chromium,and lead) potentiai!y entering the river or for which results were

higher than at the upstreambackgroundlocations (cobalt andmanganese).

Hercury has a|so been Identified as a 'contaminant of concern' andwas

. analyzed for, but was not detected (<0,4 mo/kg) In any sample. (The data for

all results and supplemental figures appear tn AppendixC.) Theconcentration

, values are boundedby the estimated 2 sigma analytical error (t,e,, the gS%

confidence intervals). The analytical error for each type of trice metal

analysis wascalculated by analyzing multiple spiked samplesand determining a
coefficientof variation(standarddeviatlon/meln)foreach analysistype.

Eachanalyticalresultwas thenmultipliedby 2 timesthecoefficientof
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FIGUItI[4,23, Cobalt Concentrations tn Sotls
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variation of the appropriate analysts type to provide an estimate of the

2 sigmaerror about each analyt!cel result,

Overall the trice matt1 results are very consistent andcomparewell

with those from the upstreambackgroundlocst|ons. The only significantly
elevlted results were for barium on Tracks 35 and36 (the Hanford Townstte

Slough shoreline and the Qppostteshore, respectively), chromiumconcen-

trations along Track 27 (the lO0-F Reactor floodplain area, see Figure 3.3),
cobalt on Tracks 24 end 46, andmanganeseon Tracks 4 and 46. Host notable

amongthese results is elevated chromium(asmg/kg). Historically, e!evated
' concentrations of chromiumalong the Hsnford Reachhave been attributed to the

use of sodiumdichromate, which was addedto reactor cooling water to prevent

. corrosion. Tracks 25, 26, and 20 through 31 are also located at the lO0-F

floodplain area but showno chromiumconcentrations abovethe norm. Elevlted

chromiumconcentrations have previously been reported In N Springs area and
associated sediments, the highest sedimentconcentration reported being 12Z

mg/kg (OOE/RL1992).

4.27
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Table 4.4 compares the concentrations of trace metals tn HanFord Reach

shoreline sotls to Washington State martne sedtment standards (WAC-173-204)

established for the Puget Sound area and the concentrations established in the

Hanford background soils study (Hoover 1993). Figure 4.26 shows that the

maximumconcentrations of trace metals in soils along the Hanford Reach are

very simtlar to the maxtmumresu!ts reported tn the Hanford Site background.

Also, the concentrations of trace metals along the Hanford Reach fall well

below the marine sediment standards established by Washington State (see

Tab!e 4.4). Standards for fresh water sediments have not yet been

promulgated.

The major Factor in choostng survey and soil sampling locations for this

study was the EG&Gexposure measurements, which identified areas wtth elevated

levels of gamma-emitting radioactivity. This strategy assumes nongamma-

emitting radionuclides and trace metals are deposited in the same locations as

the gammaem|tters. One of the objectives of this study was to test thts

assumption by examining the correlation between the concentrations of gamma-

emttttng radtonucltdes and nongamma-emitters and trace meta!s.

Because the analytes deposited along the Hanford Reach came from the

same source streams, there should be somedegree of correlation between

analyte concentrations. Appendix D shows the Pearson correlation coefficient

(r) of paired (by location) sets of analytes for this survey. Goodpositive

correlations (0.43< r < 0.96) exist between the major gammaemitters (i,e.,

Z_Na, S°Co, 137Ca,lSZEu, and lS_Eu). Goodpositive correlations (0,52 < r

< 0,68) extst between 239'24°puand ZZNa,S°Co, ;3ZCs, lSZEu, and lSdEu. A good

correlation between Z39puand gamma-emitter concentrations indicates that the

presence of elevated concentrations of gammaem!tters predicts the presence of

Z3ePu. Uranium, on the other hand, exhibits low correlations with the gamma

emitters.

As shown in Appendix D, the trace metal concentrations showminimal

correlation with radioactive antalytes. Because the trace metal concentra-

tJons shown in Figures 4.19 through 4.25 and C,1 through C.9 are generally at

background levels, one would not expect a corre]atton between trace metal and
radioactive concentrations.
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_. Trace Metals Comparisons,mg/kg

Hanford Background Washington
SolIs HanfordReachSolIs State

L_ - / ......... J_lll ..... _.. ....... --±_--- _:L.T T __Z ZL ...... _ : "F __: --_Ti___ .........;_L_ .-_-

Sediment
Maximum __Hean, _ Maximum Mean Standards

i

Barium 221 94.5 120 77

BerrylIIum 2.I I.I i.I O.5

' Cadmlum O.66 O.7 2 I.5 6,7

Calcium 86,600 I 1,312 9,000 5,407
Chromlum 33.2 I I. 3 88 23 270

Cobalt 17.4 12 I0 7

Copper 36.1 15.8 40 26 390

Iron 35,100 24,585 29,000 21,285
Lead 26.6 6.2 73 34 530

Magnesi um IO,500 5,251 7,600 4,739

Manganese 704 384 460 278

Mercury 3.8 O.3 <4(`) <4(a) O.59
Nickel 28.4 13.2 20 15.8

Potassium 3,780 1,415 1,900 1,245
Stlver 14.6 1.5 <2(a) <2(a)

Sodium 6,060 480.4 920 457
Vanadtum 105 58.3 77 53

Ztnc 119 52.6 300 212 960

(a) Less than the applicable detection limit.
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APPENDIXA

EXPOSURERATEDATA



.T._J}.LLJ_J..ExposureRatesListedby Track

: ........_ ' 8'urvey Ares ............- Tr|_k# - Number for.........Treek Maximum Track Average ......Track Median.... 25D .partlc!as
..... Re¢.orded uR/hr . uR/hr .......uR/hr ...... uR/hr :_ , , _,_ ................. ......... ,

_ ,:...._ ........................ Measurements * ...............................................

,,,-, ,, , ,J i,,| r , .,,.,,, ,,,,. ,,,, r , , ,

Lower 100 D Island ...... 5 :, .7 ............ 11.0 ..........10.! ......... 10,0 .... 0.8 3 _
....s ........1,0...........14.0 ,, 11.3.................!2.0 3.!..........

....:_......:: o_loodPlaln............... 7 .......... !..3........... 14,0 .............. !.0.7 11.0...... 3.3.... .........

................. 13 . , _ _ _Island 376 , 9 13,0 11,2 11.0 2.4 .........
.........Wh"'"'U,'S"or'!!,.i ....a...... .... o.J............ o.o.......

• , _ Island 378 8!o,ugh 1 1 ! I .............. 13,0 .............10,1) ...... 10..0..... 2.3 _ _
Island 378 Shoreline ] 12 !0 ......... 11,0 .... t0.2 _...............10.0 ....... !,,3 ........

13 7 10,0 8,7 9,0 i.5

Island 373| ......... 14_ ,...... 5 ,, _ . 10.0 ...... 9:,,2.............. 10.0 , 2.2 .....
Lower Locke Island .........! 5 ............1,1 _ 15.0 ..... 1 3 ' 2 ........ J ..... 13,0 , 2, 6

...._ U!dLockeiamnd...................IS 9 15,0..........1.2,4............_2.0 ,2,,,8._ _
...... Upper Locke)Slmnd 17 .........12 14,0 12,2 12,0 2.1

_. H Area ShOre!ins ............ !B ' i4 ..... ..............i6,0 .......... _i......;/!.3 ' ii ..... 11,0 ............314 , ,, : ....
H Area 8horeline 19 12.0 ......... 11,4 12.0 . 1.8....... ............ .... 12 ......................

,,, _White Bluffs Slough 20 ............ 16 ............. 1,8.0, 13.9 ............... 13.0 _ 4.4 L 1.....
..... _While BI,ffl Sloug h 21. 14 17,0 ................ 1,4.4 ..................... 1,4,0 3,0

• .....Wh,e.muffsSough........ 22................13 26.0............ 20.8 ........22..o .......11.6.......
........ Whl,te,Bluffs Slough 23 ...... 12 20,0 ..................... !8,5. 18,0 _ ._ ,2,5 ,

EastBankShOt!line ........ 24 .... 10 ....... 12.0 ..... !,1,.7 ........ 12.0 .....!,3
-- -F Area Shoreline 25 ...... 11 11,0 ............ 10,6 ................... !,!0,, 1.0 _
..........FAt.'ShOr;;i'n. 28 11 14,0 12,9 13,0 2,3

...... FIll. IS JOUlg h i Aro' 2 7 ...... 1 _ 1 7,0 13 . B ...... 13 , s ...... 3: ,4_ __

IIland 367 28 10 i3,0 12,1 13.0 2,6
- F Arel 8horeilne .......... 29 ........ 9 ..................... i4,'0 12.7 ........... 12.5 1,7 .............

:: , F Area Sh°rellne ............... 30 ......... 12 ..... !,4.5 .......... 12,6 ............ 13,0 . 2,7 : . _
F Area Shoreline 31 8 16,0 14,4 14,5 2,4

:: H'nford'TOwnaiiePeninsula........32....... 14 _ 18.0......... 15.2................ !.5:5 .... 4...7
20,0 .......1,6,2........... 16:0 .....4.3 ....

Hanford Townslte Peninsula 34 10 18,0 15,0 15.0 4.3

i__,_'Hanford,T°wnslt, SlOugh, 35 .... _i, !5 . 18.0....... 13.7,, .... 14:0 .......... 4.,5 ,
-East Bank/Public Boat Launch 36 10 !2,0 ........ 9,6 ,,,9.5 .......2:!

Hartford Townslie,$h@rellne .... 37 ...... 10 ..... 18,0 !4,2 ..... 15,0 7,6 : _
...... savage Island Slough 38 8 ...... !8,0 16,5 !6,5 .........2.,! .....

Save,ge ISlalndilShOrellne .......... 39 __ !l 0 ...... !6,5 ..... 15,2 ...... 1 5 l: 5 1,9 ' I _

West Bank Shoreline 40 10 14.0 1t .7 12,0 3,4

.... Rlngoldlsland ............... 4i ' I0 ' ::i3.0........ 11.6......: .... 11.8 ..........1.7 .'..:

.....: Ringold!sland 42 10 : 12,5 ....... 11,4 , 11.5 1,3
: Upper Island 353 43 10 ..... 12,5 11,4 ..... 11,:5 ..... 1, 7 ..............

Lower Island 353 44 10 14.5 11,5 11,3 3,7
....... ,....,.... ................ _ ................ , .... ..

• West Bank Shoreline 4 5 9 14.0 12.2 12.0 1,9
. _ , , ..... ,.. . ,........................................ - _ _

East Bank Shoreline 46 i 0 12.0 11,2 11.0 1.6
..... _,......... .......... i . .. , ... _ .

Island 350 47 6 14,5 11,4 11.0 3,2
................ . ..................... . ...............

Island 349 48 9 13.0.. 13.0 ...... 13.0 ...._f).O

• ::- '.Upper Wooded l,la:nd '. 49 . . _iO ... !5.0 ........... !4.3 ......... 14._8 2,0 _
Lower Wooded Island 50 10 17.5 15,3 15.5 3,0

- West Bank Shoreli'ne 5i ..... i"O ' ' 12.0 ..... 10.6 ....... 10:0 -I.9 = -

:. ',,-Lo-werCapp,!sland ..... 52 :'.":' 11 . . 14.5'11 ........... I 'i3'5 ....... I _ :II15 1 r _II:I9 --_

_ __ _Upper Capp Island 53 ........... !0 16.0 ...... 15,1 .......... 15.3 ....... !.4 .......
East Bank Shoreline 54 10 12.0 11,2 11,0 1,1

-Rlchlandpumph0Usa Shoreline _55 __ .... 10 ' 12,0 ....... 10:6 .............. 10,5 2.3 :....... ..

Willow Island 56 10 1610 -- 13.7 14.0 3,9
................... _.................. ,__ : .......:

;-A-measurement wal recorded overiO0 meter Intervals ........ ,..... .........
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.TJ_.LL.B._t.Gamma-EmitterData

Iraak# r_ _ Q._

1 Be-7 6,26E-02 1,54E-01
2 Be-7 -1,27 E-Oi 1.45E-01
3 Be-7 9,65E-02 1.63E-01
4 Be-7 3, 86E.02 1.71E-01
5 Be-7 3,98E.02 1,eOE.01
8 Be-7 6,49E.02 i.82E-01
7 Be-7 1,28E.02 2,17E-01
8 Be-7 -7,10E-02 1,80E-01

i

9 Be-7 .2.10E-02 1,40E-01
10 Be-7 2,52 E.02 1.22E-01
1 1 Be-7 .2.89E.02 1,38E-01

" 12 Be-7 1,17E.01 1.58E-01
i 3 Be-7 4,98 E.02 1,SBE.O1
14 Be-7 9,03E-02 1.31E-01
15 Be-7 '1,04 E_02 1,SSE-01
16 Be-7 .2,27E-02 1,55E-01
17 Be-7 7,62E-02 1.56E-01
18 Be-7 .2.49E-02 1,68 E-01
19 Be.7 -4,24 E-02 t .23E-01
20 Be.7 .1,27 E.O1 1,71 E-01
21 Be-7 2,24E-01 2.00E-01
22 Be-7 1.22E-01 2,39E-01
23 Be-7 .1,03E.01 2.26E-01
24 Be-7 1,68 E-O1 1,68 E-O1
25 Be-7 2,37E.01 1,75E-01
26 Be-7 6.37E.02 1,35E-01
27 Be-7 3,52E-02 1,34E-01
28 Be.7 .5,24E-02 1,67E-01
29 Be-7 1.04E-02 1,27 E-01
30 Be.7 4,14E-02 1,68E-01
31 Be-7 .7.12E-02 1.53E-01
32 Be-7 9,92E-02 1,32E-01
33 Be-7 5.77E-02 1,47E-01
34 Be-7 -5,10E-03 1,60E-01
35 Be-7 -3,69E-02 1,55E-01
3 6 Be-7 7.26 E-02 1,63 E-O1
37 Be-7 1.58E.01 2,35E-01
38 Be-7 2,56E-01 1,84E-0i
39 Be-7 7.78E-02 1,BOE-01
4 0 Be-7 7,43E-02 1.15E-01
41 Be-7 8.39E-02 1,13E-01
42 Be.7 7,44E-02 1.20E-01

• 43 Be.7 2,14E-01 1,36E-01
44 Be-7 .7.01E-02 1,48E-O1
4 5 Be-7 6.76 E-02 1,39E-O1

. 46 Be-7 1.22E-01 1.04E-01
47 Be-7 1.09E-01 1.07E-01
48 Be-7 6o92E-02 1.46E-01
49 Be-7 4.29 E-02 1.25E-O1
50 Be-7 6.36 E-02 1.15E-01
51 Be-7 7.56E-02 •2,22 E-01
52 Be-7 4,39Eo02 1.23E-01
53 Be-7 7.77E-02 1,07E-01
54 Be.7 7,45E-02 1,02E-01
55 Be.7 4,03 E-02 1,40 E-O1
56 Be.7 -9,22E-02 1,20E-01
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:T._I.L._. (contd)

1 Ns.22 .4,068.03 t ,t8E.02
2 Na.22 i,188.02 t,83|.0|
3 Na.22 4,008.03 1,941E-02
4 Ni.22 t,32E.01 3,81E-0|
iS Nl-22 4,19|.02 1.81|.0:
IS Na.22 2.5! E.02 2.|7E.02
? Na.22 2,408.02 2,4:)|.02
8 Ns-22 4,i7E.02 1,93|-02
9 Ns.22 4,09|.03 1,798.02

10 Ns.22 .1,42|.02 1,728.02
1 1 Na.22 .7,87|.03 1,ttE.02
12 Na.22 1,888.02 1,91E.02
13 Ns-22 e,04E.0S 2.148.02
14 Ns.22 1,88E.02 1,80E.02
18 Na.22 0,04483 0,02138
18 Na.22 .7,86|.03 1,99|.02
17 Na.22 .3,488.03 2,07|.02
18 Ns-22 3,188.02 1.91E.02
19 Na-22 2,428.02 1,38E.02
20 Ns.22 2,798.02 2,388.02
21 NI-22 4,81|.02 1,978.02
22 NI.22 8,388.02 3,878-02

' 23 Nl.22 4,988.02 2,§88.02
24 Ns-22 .3,84E-03 1.878.02
25 Ns.22 5,058.02 2,011E.02
28 NI.22 2,98E.02 t ,81E.02
27 Na.22 5,83E.02 1.828"02
28 Na.22 .4,348-03 2,128.02
29 Na.22 1,848.02 1,88G.02
30 Na.22 2,298.02 2,01E.02
31 Na.22 4,88E.02 2,038.02
32 Na-22 5,77E-02 1,788.02
33 NI.22 5,938.02 2,488.02
34 Na-22 3,97E.02 2,08E-02
35 Ns.22 3.938.02 2,188.02
3 6 NI.22 .8,88E-03 2,058.02
37 Na-22 9,55E.02 2,48E-02
3 8 Ns-22 8,438.03 2,078.02
3 9 Na.22 .5,43E-03 1,988.02
4 0 Nl.22 .3,698.03 1,498.02
41 Na.22 2,148-02 1,68E.02
42 Nl-22 2,968-02 1,608.02
43 Na.22 2,41E-02 t,88E.02
44 Na-22 3,54E.02 2,03E.02
4 5 Na.22 6,64E.03 1,808.02
4 6 Ne.22 .4,888-03 1,85E.02
47 Na-22 8.08E-03 1,408.02
4 e Na.22 3,35E.02 i ,93E.02
4 9 Na.22 2.30E-02 t,40E.02
50 Ni.22 1,698-02 1,728.02
51 Na.22 6,328-02 2,438.02
52 Na.22 8,448.03 1,728.02
53 NI.22 3,898.02 1,50E.02
54 Na.22 .1,568-02 1,68E.02
55 Na.22 1,778.02 !,958.02
56 Na.22 3,888.03 1,738.02
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2ABU.JJ. (¢ontd)

1 K.40 1+4t1,01 1+11i,00
1 K.40 I+411,01 I+UI,O0
$ K.40 i.4t1,01 t +iOi,O0
4 K.40 1+i01,01 1+i11,00
t K.IO _+H|,0t _+UI,O0
i K.40 1+i?1+01 I+?i1+00
? K,40 i+t1E,01 !+?$|,00
i K.40 1.40t,01 l+iii,O0

' I K.40 t.141,O'i it.?|i,,O0
t 0 K,40 +,III,0! t+?+l,O0
+t K.40 1,411+0'! I+UI.O0

' i I K.4,O I +171,0+ i+711+00
! + K.40 I+171,0! 1,+_I.00
14 K.40 I+411.,.0i I.+I?I,00
'I I K.40 ++1414,,0i 'I.141,00
I I K,40 'I+III,0'! 1+III,00
17 K,40 1,_i.01 'I+171,,00
11 K.40 t,4'lI,,,01 1,III,,00
1 1 K,40 i.4114,.0! it+iii,00
lO K,40 !+Ui,O'I I+111,00
J I K.40 i .I$I,01 i +UI,.O0
II K.40 1+|i1,01 t.?81,00
IS K.40 !.?$i+,,01 I+UI,O0
14 K,40 '!.Iii,01 'I.IIII,00
il K.40 1.7'I II,0'I 1+I011,00
|I K.40 1.441,01 1+141+00
i? K-tO +,111,01 ++lil,,O0
it K,40 1.711.,.0'I i+111,00
le K,40 1+411,.01 I+III+,.00
+0 K.40 i.1111.,.01 'I.I011,00
+ 1 K.40 1.1t1,01 1.?Ji,O0
$1 K.40 1.41|,01 ++861.,.00
32 K+40 1.14 U.,.O1 t +?ll+,.O0
+4 K,40 I.|4i+01 1.t4i+00
36 K.40 !,|1|+0t 1,6t|+,00
31 K.40 I+IIIF+01 I.?I|.,.00
$? K.40 1.77|+0t 1.1i|,00
$i K.40 1.711,01 !.itl,O0
SI K.,40 1,718+0+ i+1118,,,,00
40 K-40 1,4|i,,,01 1,14|,,,00
4 1 K.40 ! .141+0t 1.?t1,00
4| K.40 1,|3|+01 t.13i,00

, 43 K.40 1,|t1,01 1.1ii,O0
44 K.40 1.74|+0! t.1||,00
4 8 K.40 t.47|,0 t 1.|ii+O0

. 46 K.40 1.75|+01 1.t38,00
47 K.40 I.|4|+01 1.13E,O0
48 K.40 1,|2|+01 1.II||+00
49 K.40 1,46|+01 I,|4|,,,00
60 K.40 1,tiE+01 t.7||.,,00
61 K.40 1,6i[+01 1,11|+00
62 K-40 t.S4|,,,0t 1,113|.00
63 K.40 t,49|+.01 1.6t1+.00
64 K.40 1,t3|+01 1,94|+.00
68 K-40 1,66|.0t 1,?6|+00
66 K.40 1,7=E.01 t,14E+00

B,3
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2il,t,.l + (¢ontd)

I _,t0 !,?II,01 iti!+0|
i _,i0 ,t+itl+0| t+411,0|
l _40 1.NI,0I t+?i I+0|
4 _ I+1|1,0! t+0tl*0t
i _I0 l_i?l.0t 4+??1,0|

? _.I0 1+111.01 IAil+01
i to.t0 1+_1t,0t i iil,0J
i _,40 i+?il._ I ill,0| .
! 0 _.t0 i+|?i,04 t +341+0|
i i _._ 1°Oil,Or |+!tI.0t
! t (_t-tO 1_||1,01 1_0!1,0|
tt b+ t_Hl,0t ++0ll+0l
t 4 Co_ 'I++II.01 l°101.01
t I Co,IO t++!i+01 t+lll,0i
t i _+ 4+I?!._ Si+I.01
I ? h,10 l+lll,fl t +lll,0i
11 0o40 t+?ll 0'I l_'I0|*0i
11 Co40 I+_I.. l+_tl.01
I0 CO.10 !,MI,01 i, III,01
11 _ i .Hi,01 l+itl,Ol
II 0440 t,411,01 I+101,01
11 00-t0 1+41i.0i i+l?l,OI
t4 _*I0 ,I,0t1.0t !+14i,01
tt 0o,4t0 t+_l,Oi I, tt1,01
It h,tO 4+II1,0t i+401,01
17 ¢_t0 t+471,01 t 1t1,01
It h,iO 1+001,01 I,!01,01
Ii h,tO t+011,01 I+t11.01
!0 _-I0 I+111.01 4+III,01
t S _40 I,001.01 $,I01.01
$1 C0-10 I+iSI.01 I+III,01
$$ C0,10 I+411.01 $+III,0|
$4 Co,10 1,171,01 l+?ll+01
31 Co+ i+0il,0t 3+411,0i
31 Co.4t0 P+3|l,01 I+011.01
3? Co,10 ?.!11o01 t_ill,0i
3t Co,!0 ?+i41,0l $+071,01
3t Oo,i0 i+i01,0| t ,141,0+
4 0 {0,I0 ?+l II,03 ! +i|l,01
4 ! _,I0 1,HI,01 $.+?I.01
41 Co.tO I,011.01 i,+ii,01
41 0o40 $+701,01 4,711,01
44 0040 I,i!I,01 $,111.01 ++
41 Co,IO i+431,0i 1,141,01
+I C040 l+Itl,01 t,++ll,01
4? Co,10 l+?il,01 l.?ll,0i
4t CO,tO !,|1i,01 t,lil,Ol
4i C0.10 I,3i I,01 i, ll|,01
t0 {0,10 1,111.01 3.411,0|
I ! C0,10 i,|!l,0t 4+30i,0i
li 0o,I0 l, Jli,OI l,ili,Ol
I$ Co,10 J,1711,01 1,4?|,Ol
14 C0"I0 1,4|1.0i i,Sii.0|
16 Co,iO 7,141,0| 1,ill,O+
tt Co,tO 1,i11,01 |,771.0|
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]JUU.LL_, (contd)

_ _ emuJ2.km

t Zn4i ,1+44t,Ot 4+i|i,0|
i Zn+U .I+ 146.01 4_|1,0|
$ Zn.ii ,|.?i1+0t i+lil,0|
4 Zn,tl ,$+j0|,0t I+I01,01
t In.it +l+til.Ot t+itl.OI
I _.it .t+?i1.01 ?,111.01
? Zn.U 4_S41.0t iAtl,01
t ln.ll .4+$11,0t ?+lil.Oi

' t Zn.tl ,1+011.01 t, 1I1.01
10 ln.ll .t+t41.01 $+ti1.01
1i ln.U .1+t4i+01 tA01'01

+ t I in,it ,i+ill+Ol t,311"01
I t ln,U .t+UI'O! 7+t71.0|
14 Zn.U . ! ,AI.01 4+III.01
11 In,l! ,I+Ul,01 I+iii.01
! I Zn,il ,S++01,01 I+141.01
1? ln.ll 4+411,01 ?+7ii,01
t I Zn,ll .I+001.01 I+!41.01
I I Zn,ll •! +mi'0i $,i01.0i
I0 Zn,ll .I+141.0! i+001.01
11 Zn.ll .I+711,01 T+$11.01
II Zn,ll .$,471,01 1.771,01
II Zn,ll .i,?li,01 I+001,01
i 4 Zn,ll ,$+011,01 I+i ! 1.01
il Zn,ll ,l+111,0+ ?+00i.01
II _,II ,1+!ll.0s 4+$II.01
I? Zt+,ll ,t,HI,01 4,411,oi
II Zn,ll .l,iii.01 I,ili,OI
II ln,ll ,7.Oli,OI i+?tl,ol
Io Zn.ll •i +iii,o! I,III,01
$ t In,it ,I,171,01 1+?Tl.Ol
II Zn.ll 4+lii,01 i,ili,01
il Zn,ll ,I+iii,0! I+$41,0|
i4 Zn,ll .4+III,01 ?+77i,01
$t Zn,Ii ,4,1$i,Ot 7,tli,Ol
3t Zn,t| ,3+4t|,01 P+OPl.OI
37 Z.,ll 4 111,01 1+071.01
31 Zn,ll ,|,47i,0| 4+t11,0|
3i Zn,l| ,t+t01.01 4,i! i,Oi
40 Zn,tS ,3,|ii,Oi i,i t i,Ol
4 ! Zn,tl ,I,341.01 _+iOi,Ol I
41 Zn,tl ,I+1ii,0t $,iti,Ol +

, 43 Zn.t| ,I,7t|.01 |+||l,O|
i 4 Zn,ll .3,14I,Ol 7,$ti,01
41 Zn,tt .1,tOl'O+ 4,tOl,Oi

, 4t Zn,ll ,|,ll i,Ot $,$I |,Ol
47 Zn.tt ?,10i,03 l,lti,Ot
i t ln,!t .++411.01 1,33|,01
41 Zn,IS .t,i41,Oi 3,|0|,0|
I0 Zn.tl ,t.10i,0! 4,||i,Oi
| 1 Zn,l| .$,41|.01 t,|11,O|
1| Zn,tl ,i,17i,0t 4,t0|,01
|3 Zn,l| .I,t9i,01 3,t!|,0i
|4 Zn,t| ,l,il|,Ol $,4||.01
|| Z.,l§ ,3,41|.01 I,!6|.01
It Zn,ll ,I,SJJ,Oi 3+31|,0i

........ ,ll +_ I IIII II III .........



_, (contd)

t ZtNb,lt ,t+$tl,0t 4,11i,01
I Z_Nb,it .t+ill,Oi 4.i0i,0i
$ ZrN_lt t. 1ti,01 4+101.01
4 ZrN_i| ,1+1tl.01 4.11|.01
I lrN_lt 1.i01,0i 4+lli,01
t ltNb-lt t.11|,01 t,ili.0i
? ZrNb,t| 1,? t i,0t t.00i,01
t ZrNb, tt ,$+PPI,03 4.111.0|
1 ZrNb, lt ,$+07|.01 4.011.01
10 ZrNb,t| t+i01,01 3.i0i.0;I
I 1 ZrNb.ll .$+4ii.0i 4,01i.01
I I lrNb, it $+iII,0i 4.lll,01
13 ZrNb,il l+Oll.Oi 4,111.0i
I 4 ZrNb,tl i,I?1,01 l+i41,Oi
11 ]rNb, tt 1.t41,01 i. 141,0i
i t ZfNb,l| t, I li,01 4+lit.0|
I ? ZrN_tt $,t01,0| 4.t! |.0|
11 ZrNb-il 1.341.03 4+?II.0| J
t t ZrN_|l .1, t li,01 3,1ti,0|
t0 ZrNb.il ,?.t4i,0| 4,41|.01
i I ZtNb, t| ,i. 1ll,0t 4,liE.0|
i| ZrNb+tl ,1 .|?1,01 |AlE.0|
I$ ZrNb, il 1, tQi,0t l.t4i,0t
ii ZrNb, tl $,lli.0i 4.?ii.Ql
i I ZrNb, l| .$. t|1,0| 4.tl i.01
1t ZrNb, tt ,t,ili,01 $,ili,0i
l? ZrNb, t| ,i, 111.01 i,101,01
il ZrNb.l| ?,101.01 i.Tii,01
ii ZrNb,tt ,t,ili,0| l.ili.01
_0 lrNb, t| ,1.1i|,01 1.441,01
$1 ZfNb, i| ,1,1 |0,01 4,70|.0|
S| ZrNb.t| ,1.33i,0| 3,|iE.0|
$$ ZrNb,t| ,i+?li.0i 4.i11.0i
34 ZrNb,i6 i+J?|,0i 4,|3|'0i
36 ZrNb,96 $+4ti.0i 4.1t|.02
31 ZtNb. t| t+?||,0i 4.|t|.0|
37 ZrNb.16 1.4t|.0i |.I6E.0i
3t ZrNb,16 .3,30|,01 ?,43|.0i
3i ZrNb.iS ,I.SiE,0_ e t0i,oi
40 /rNo.i| ,! .4l|,01 3.1ti.01
41 ZrNb.i8 •1.10i.01 3,791,0i
4J ZrNb.t| .t .|4|.01 Z.?4J.O|

45 ZrNb,|| |,6t|.0| 3.73E.0_
44 ZrNb,t6 1.11|,01 4.198,0_
4| ZrNb.l| ,7.iit,0i 3,t9|,02
4# ZrNb.t| .1,37|.01 ,1.t4 |.01
47 ZrNb,98 t.t0i,01 3.48E,0i
41 ZrNb.ll6 .3, li1|.0;'1 4+1711,0|
49 ZrNb,9| .I ,liE,01 4,17|,0_
60 ZrNb,96 ,7.|OE.O| 3,42|,0_
II t ZrNb,t| t .ill-01 t,0ii,02
| l ZrNb,I6 1,311.03 _,47 |.O|
ll3 ZrNb,t6 ,1,;tlE,01 3,49E,0_
84 ZrNb.9| .|,3i|,0a S,$||.02
B6 ZrNb.9| 1,31E.04 3,P4|.0|
61 ZrNb.t| ,t,77E,01 3,t4|.02

S,6
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.TL_. (contd)

1 Ru.tO¢lO, .2,tlIE.O;I 1,;_0E.ol
| Ru.1011Oa .430E.03 1.111;.01
3 Ru.lOeOs .lt,JOli-02 1,30|.01
4 Ru.IOS D| 1.7||-01 1,4||.01
Ii Ru.IOtl Ol .4,81 |-02 1,38|.01
(I Ru-lOe Oa 4,42|.0Q 1,43|.01
? lqu.lOe 011 .3,03|-0| 1,|g|.01
I Ru,IOII 011 e,.II|,o| 1,3||.0i

• 9 Ru-_OiOa .1,1eii.O| 1,;i2E-01
10 Ru.10eO, |,Og|.O| 1,01|,,01
11 Ru.tOtl O| .3.41 |.02 1,_7|.01

, 12 Ru.lOtDa 7,07|.0;I 1,311E.Ol
13 Ru.tOll 011 1,47|.01 1,43B.01
i 4 Ru.101O, 3.S0|.04 1.01E.01
1§ Ru.IOtl 011 1.04|.02 1,|I t.01
1| Ru.10e Ol .3,17i.02 1,3gt.01
1? RU.IO| D| .|,04|.01 1,48E-0i
1t Ru.lOtlDe .$,116E.0_ 1.38E.01
I O Ru.loaOa .i .e?E.O2 1.ols.01
|0 Ru.lOt Ot 4.13|.02 1,2t|.01
|! Ru.101O, _1.2411.0;I 1.431;.01
|2 Ru.106Oa .1,70|.01 1,1||.01
;13 Ru.106Oa 6,08E.02 1.e6E.01
|4 Ru.tOl OI .i ,00|.02 1,44|.01
|tl Ru.lOIOa .;1,_;i|-02 1,80|.01
;t6 Ru.lOeDe 1,0S|-O;I 1,;17E.01
;Z7 Ru,IOII Ol S,43|-0;I I,lgE.01
21 Ru.tO(I OI .¢1,0Q|.02 1,42E.01
;IS) Ru.lOtOa 4.7e|.02 1,01|.ot

• 30 Ru,10e Ol .S,07|.03 1,33E.01
_ Ru.lOe O, .S,?OE.O_ 1,30E.01

32 Ru.10tl Oa .4,20|.02 1,11 |.01
33 Ru.lOII Ol §,g4E.02 1,2S|.01
34 Ru,10e O| ,I ,47E,02 1,40E,01
36 Ru.IO6 Ol 8,11E.02 1,35E.01
36 Ru,1011Oa 7,08E,0;I 1,33E,0!
37 Ru,10! Oa g,SlIE,02 1.1111E.01
311 Ru.106 I)a .t,18E.0t !,6i E.0t
39 Ru.106 Ot 1,1llE.01 1,41E.01
40 Ru.loeO, .e,??E.oa e,agE.O2
41 Ru.lOeDe I, 18E.02 I),SSE.O;_
4;_ Ru.IOIIOa !.10E.01 1.1lIE.01

, 43 Ru.IO| Ol 7,$4E.0| 1,1e|.01
44 Ru-tOGDe -1,?eE.02 1,30E.01
48 Ru.IO60a .7,74E.02 1,14E.01

, 4 e Ru.I06 Oa 7,0gE.03 g,tltlE.O;I
47 Ru.IOtl Da 8,14E.02 t,0GE.01
4 tl Ru.108 I)a .t,34E.01 1,34E.01
4g Ru.tOGO. -g,4_ E.02 1,13E-0!
80 Ru,10e Oa .8,13E.02 1,02E-01
§ ! Ru.106 Ol 1,01 E.01 1,73|.01
(1_ Ru.tOtl Da .3,14|.02 1,11E.01
S3 Ru.lOe Oa .t,_OE.03 g,80E-O2
64 Ru.IO(t On 1,22E.01 9,48E.0_
68 Ru.lO8 Da 3,21|.02 1,tgE.01
St! Ru.!O8 Oil .1,S1|.01 1,18E-01

S,7



I_, (contd)

1 Sb.125 .1,92 E.02 3,72E.02
2 Sb.125 .1,41 E.02 3,535.02
3 8b.125 5,955.02 4,205-02
4 Sb-1:15 -1,065.02 4,405.02
8 8b-125 .5,555.03 4,2155-02
6 Sb-la5 .5,145.02 4.83E-02
7 Sb- 125 1,63 E.02 S,33E.OR
8 8b-128 .1.90E.02 4,27|-02
9 8b-125 .2,27E.02 3.435-02

10 8b.128 3.63E-03 2.97E-02
1 t $b-126 3,27E.02 4,04E-02
12 8b-125 4,44E.04 4,36E-02
13 8b-126 5,355.03 4.41 E-02
14 8b-125 2,065.02 3.24 E-02
16 8b-125 .1,5gE-02 4,635-02
15 $b-125 3,285.02 4,285-02
1? Sb. 125 .1,875.02 4.47E-02
18 $b-125 .7,45E.04 4,14E-02
19 Sb.125 .1,18E.02 3.19E.02
20 Sb-125 2,315.03 4,125.02
21 8b-125 3,505-02 4,735.02
22 Sb-125 .3,61E-02 5,725-02
23 $b.125 .2,355.02 5,435-02
24 8b-125 .8,425.03 4,155.02
28 5b.125 2.95E.02 4,265-02
26 8b.125 i,47E.0;I 3,525-02
27 Sb-125 .2,225-02 3,575.02
28 8b-125 .2.445-02 4,475.02
29 Sb.!25 .4,2t E.02 3,14E-02
30 8b-i25 .5,525-02 4,15E.02
31 Sb.125 6.84E-04 3,575.02
32 8b-125 1,395.02 3,60E-02
33 Sb-125 3,07E.02 3,97E.02
34 $b-125 4,015.03 4,445.02
36 Sb.125 .1.425-02 4,29E-02
36 Sb.125 6,095.03 4,28E.02
37 5b.125 .4,31E-03 5,785.02
38 $b.125 1.675-02 4,535-02
39 Sb.125 2,51 E.02 3,845.02
40 $b.125 7,61E.03 2,6gE.02
41 Sb. 125 .3,21 E.03 3,25E.02
42 Sb.125 .2,785.02 3,35E.02
43 $b.125 4,435-03 3,45E.02
44 5b.125 9.03E.03 3,945.02
45 Sb.125 .7,41 E.03 3,33E.02
48 Sb.125 .3,47E.03 2,80E.02
47 Sb.125 2,17E-03 2,915.02
48 5b.125 .9,885.03 3,655.02
49 Sb.125 2.10E.02 3,26E.02
80 Sb.125 .1,57E.02 3,295.02
5 t Sb.125 1,095.01 5,58 E.02
52 Sb.125 .3,945-03 3,525.02
53 Sb.126 1,72 E.02 3,03 E.02
54 Sb-125 -1,225.02 2,99E.02
55 Sb.125 .t,455.03 3,335.02
56 Sb.125 9,515.03 3,16E.02

B.8
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_3B.L.B._. (contd)

1 C=.134 .1i.38E.02 1,?SE.O2
= cs._=4 .t,e3S.oa _,TsE.o=
3 ¢J.134 .2,$S|.0i 3.43|.02
4 (32-134 1,31E.03 1,411E.02
6 C1.134 .1,17|.01 2.t IE.OR
tl C1-134 .3,211E.01 4,13E.02
7 (:s-134 .3,iSE.01 4.!!|.02

, t Cs.134 .i,tSE-02 1,17E-02
9 C/.134 .2,24E.01 2,911E-02
i 0 C1-134 .11,69E.02 1,48E.02
1 1 C;s.134 .1,211E.01 2.12|-02

' 12 CI-134 .3,211E.01 4,00E.02
13 CI.134 .3,03E.01 3,etIE.O2
14 Cs- 134 -4,39 E.02 1,311E.02
1S Cs-134 -4,Si)E-01 6,21)E.02
! 8 Cs-134 .1,113E.01 2,118E.02
17 Ca.134 .3,74E.01 4,48E.02
18 Cs.134 .e, 17E.02 1,71E.02
19 Cs.i34 -t,48E.03 1.01)E.02
2o C=-134 .7,23|-o2 1,eeE.o2
21 CI.134 .1.02E.01 2,03E.02
22 Cs.134 7.18E.03 1,lillE.02
23 Cs.134 .3,43E.01 4,31E.02
24 Cs.134 .3,1t1E.01 3,911E.02
25 C1.134 .3,44E.01 4,20E.02
26 Ci.134 3,62E.03 1,25E.02
27 Cs.134 4.21E.05 1,21E.02
28 Cs.134 .2,78E.01 3,53E.02
29 Ca.t34 11,42E-03 1,09E.02
30 Cs.134 2,16E.03 1,3_iE.02
31 Ce.134 3.52E.03 1,26E.02
32 CI.134 .?,90E-02 t,§9E.02
33 Ce.134 S,¢6E-03 1,33E.02
34 C1.134 -t ,41E-0t 2,29E.02
3 5 Ca.134 .11,81E-02 1,73E,02
38 Cs.134 .2,89E.01 3,07E.02
37 C|.134 .3,07E-01 4,11E.02
38 Cs.134 2,26E-03 1,61E.02
39 C=.134 3.14E.03 1,39E.02
40 C1.134 .5,3iE-03 9,75E.03

41 C8.134 .!,18E.02 1,16E.02 j
42 C8-134 .e,Si)S.04 1,08E.02

' 43 C8-134 .1,31E-01 2,10E.02
44 C8.134 -2.79E.01 3,53E.02
4 5 C8.134 -4,38 E.02 1,35E.02

, 4e C8.134 .4,1eE.03 1,01E.02
47 Cs.134 1,44E.02 1,03E,02
48 Cl.134 .i ,50E.01 2,33E.02
4 9 (38.134 .9,568.03 1,10S.02
50 C8.134 .3,58E.03 1,12E.02
51 Ci.134 .2.79E.01 3,86E.02
52 C8.t34 .4.66E.02 1,38E.02
53 C8.134 .8.03E.03 9.95E.03
54 C8.t34 1,60E.03 9,64E.03
55 Cs.i34 .1.19E-01 2.04E-02
56 Cs.134 3,78E-03 1,08E.02

B,9



J._. (contd)

Track # _mtl tuant _

1 C|-137 Oa 5,49E-01 0,246.02
2 Cs-137 Da 5.72E-01 6,48E-02
3 Cs-i37 Ds 6.20E-01 7,10E-02
4 CI-137 Oa 1.64E+00 1,73E-01
5 Cs-137 Om 8,47E-01 9,21E-02
6 Cs-137 Dm 7.02E-01 7,85E.02
7 Cs-137 Da 1.23E+00 1.32E-01
B Cs-137 Da 8.57E-01 9.32E.02
9 Cs-137 Da 2.12S-01 3,04E.02
I 0 Cs-137 Da 2.74E-02 1.35E-02
I 1 Cs-137 Da 3.12E-01 3.95E-02
12 Cs-137 Da 4,36E-01 5.30E-02
13 Ca-i37 Oa 3.14E-01 4,19E-02
14 Cs-137 Oa 2,e7E-01 3,41E-02
15 Cm-137Da 7,4SE-02 2,36E-02
16 Cs-137 Dm 1.46E-01 2,56E-02
17 C '-137 Dm 2.82E-01 3,84E-02
18 Cs-137 Da 6,13;:-01 6,9eE-02
19 Cs-137 Da 4.S4E-01 5.77E.02
20 Cs-137 Da 7,55E-01 8.34E-02
2 i Cs-'g37Da 1.23E+00 1,30E.01
22 Cs-137 Da 5.97E+00 8,05E-01
23 Cs-137 Oa 2,13E+00 2,20E-01
24 Cs-137 Oa 2,49E-03 1,79E-02
25 Cs-! 37 Oa 5.84E-01 6.58E-02
26 Cs-137 Da 7,08E-01 8.06E-02
27 Cs.137 Oa 8.15E-01 9,11E-02
28 Cs-137 Da 6.02E-01 6.82E.02
29 C=-137 Da 4.80E-01 5,83E-02
30 Cs.137 Da 4.85E-01 6.35E.02
31 Cs-137 Da 6,08E-01 7.19E-02
32 Cs-137 Da 9,51E-01 1,01E-01
33 Cs-137 Da 1.26E+00 1.36E.01
34 Cs-137 Oa 9,10E-01 9,85E-02
35 Cs-137 Oa 1.03E+00 1,11E.01
36 Cs-137 Oa 3,17E-0i 4.05E-02
37 Cs-137 Da 1.16E+00 i,25E-01
38 C$-137 Oa 2.34E-01 4.13E-02
39 Cs-137 Oa 4.60E-01 6.24E.02
40 Cs-137 Da 1.43E-01 2.54E-02
41 Cs-i37 Da 7.66E-01 8.48E-02
4 2 Cs.137 Da 7.38E-01 8.29E.02
43 Cs-137 Oa 5.56E-01 8,28E-02
44 Cs-137 Da 5.52E-01 6.36E-02
4 5 Cs-137 Da 3,20E.01 3.93E-02
46 Cs-137 Da 1,19E-01 2.60E-02
47 Cs-137 Da 2.96E-01 4.03E-02
48 Cs-137 Da 5,72E-01 6.46E-02
49 Cs-137 Da 7.39E-01 8.31E-02
50 Cs-137 Da 7.23E-01 8,03E-02
5 1 Cs-137 Da 1.31E+O0 1.39E-01
52 Cs-137 Da 5.70E-01 6.38E-02
53 Cs-137 Da 7,61E-01 8.35E-02
54 Cs-137 Da 8,60E-02 2.18E-02
5 5 Cs-137 Da 4.39E-01 5.24E-02 ,
5 6 Cs-137 Da 5.61 E.01 6,70E-02
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!ABLE B.I. (contd)

Track # _ Result. oClla

I CePr-144 -I ,51E-01 1.741::.01
2 CePr-144 7.14E-02 1,62E-01
3 CePr-144 -8,t3E-03 1.79E-01
4 CePr-144 -9.92E-02 1.74E-01
5 CePr-144 -8.18E-02 1.71E-01
6 CePr-144 -9.54E-02 1,95E-01
7 CePr-144 -1,20E-01 2.09E-01
8 CePr-144 6.94E-02 1.74E-01

' 9 CePr-l,_4 1.41 E-03 1.64 E-O1
10 CQPr-144 8,97 E-03 1.38E-01
1 1 CePr=144 -1.71 E-01 1.82E-01

i. 12 CePr-144 -4,25E-02 2.03E-01
13 CoPr-144 .1.22E-01 1.92E-01
14 CePr-144 -9,95E-02 1,46 E-O1
1 5 CePr-144 7.45E-04 2.15E-01
16 CePr-144 -6.49E-02 1.97E-01
17 CePr-144 -1.43E-01 2.03E-01
18 CePr-144 2.72E-02 1.77E-01
19 CePr-144 4.40E-02 1.43E-01
20 CePr-144 1.76 E-03 1.68 E-O1
21 CePr-144 -9,71E-02 1,95E-01
22 CePr-144 -5.18E-03 2.02E-01
23 CePr-144 -3.05E-01 2.22E-01
24 CePr-144 -5.97E-01 2.28E-01
25 CePr-144 -6.61E-03 2.04E-01
26 CePr-144 -1.46 E-O1 1.57E-O1
27 CePr-144 -1,20E-02 1.54E-01
28 CePr-144 -1.95E-01 1.88 E-O1
29 CePr-144 9,09E-02 1.36E-01 •
30 CePr-144 1.18E-02 1.73E-01
31 CePr-144 1.14E-01 1.61E-01
32 CePr-144 -7.71E-02 1.50E-O1
33 CePr-144 -1.49E-01 1.62E-01
34 CePr-144 -5.59E-02 1.80E-01
35 CePr-144 1.16E-01 1.70E-01
36 CePr-144 -1,38 E-01 1.88 E-O1
37 CePr-144 -8.00E-02 2.20E-01
38 CePr-144 1.81E-01 2.19E-01
39 CePr-144 4.94E-02 1.78E-01
40 CePr-144 3.79E-02 1.30E-01
41 CePr-144 -2,43E-02 1.37E-01
42 CePr-144 -3.01E-02 1.36E-01

- 43 CePr-144 6.62E-02 1,58E-01
44 CePr-144 -2.08E-01 1.98E-01
45 CePr-144 -5.74E-02 1.57E-01

. 46 CePr-144 -5.58E-02 1.39E-01
47 CoPr-144 2.95E-02 1.24E-01
48 CePr-144 .4.45 E-03 1.78E-01
49 CePr-144 -6.61E-02 1.43E-01
50 CePr-144 -1.95E-01 1.40 E-O1
51 CePr-144 -4.24E-01 2,44E-01
52 CePr-144 -3.44E-02 1.49E-01
53 CePr-144 1.14E-02 1,26E-01
54 CePr-144 -2.54E-02 1.33E-01
55 CePr-144 5,41E-02 1.59E-01
56 CePr-144 6.30E-02 1.48E-01
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TABLEB_. (contd)

Co.st ! tue_l; _ Over811__;trrQr

1 Eu-152 1.43E-01 7.63E-02
2 Eu-152 9.10E-02 7.31E-02
3 Eu-152 9.84E-02 S.12E-02
4 Eu-162 1.89E+00 2.55E-01
5 Eu-152 5.76E-01 1.23E-01
6 Eu-152 S.15E-01 i ,17E-01
7 Eu-152 8.88E-01 1.63E-01
8 Eu-152 7.94E-01 1.38E-01
9 Eu-152 2.64E-01 8.53E-02 i

10 Eu-152 8.93E-02 6.40E-02
1 1 Eu-152 4.35E-01 9.96E-02
12 Eu-152 2.95E-01 9.48E-02
13 Eu-152 3.33E-01 9.87E-02
14 Eu-162 3.43 E-O1 8.50 E-02
i 5 Eu-152 2.06E-01 9.21E-02
16 Eu-162 1.81 E-01 9,04 E-02
17 Eu-152 2.53E-01 9,42E-02
18 Eu-152 8.09E-01 1.35E-01
19 Eu-152 4,16E-01 1.15E-01
20 Eu-152 5.93E-01 1.17E-01
21 Eu-152 1.13E+00 1.77E-01
22 Eu-152 2.31E+O0 3,09E-01
23 Eu-152 1.08E+00 1.80E-01
24 Eu-152 1.29E-01 6.09E-02
25 Eu-152 8.08E-01 1.38E-01
26 Eu-152 9.21E-01 1.77E-01
27 Eu-152 8.68E-01 1.76E-01
26 Eu-152 5.45E-01 1.21E-01
29 Eu-152 4,17E-01 1.01E-01
30 Eu-152 6.79E-01 1.61E-01 •
3 1 Eu-152 9.27E-01 1.78 E-O1
32 Eu-152 1.19E+00 1.64E-01
33 Eu-152 1.SBE+O0 2.32E-01
34 Eu-152 1.05 E+O0 1.57 E-O1
35 Eu-152 1.23E+00 1.76E-01
3 6 Eu-152 2.34 E-O1 9.72 E-02
37 Eu-152 2.41E+00 3.16E-01
38 Eu-152 3.31E-01 9,79E-02
39 Eu-152 3.68E-01 9.98E-02
40 Eu-152 1.99E-01 6.19E-02
4 1 Eu-152 6.40E-01 1.41E-01
42 Eu-152 6.08E-01 1.33E-01
43 Eu-152 3.40E-01 8.661::-02
44 Eu-152 5.33E-01 1.04E-01
45 Eu-152 1.78E-01 7.93E-02
46 Eu-152 2.73E-01 6.38E-02
47 Eu-152 2.21E-01 6.34E-02
48 Eu-152 6.80E-01 1.19E-01
49 Eu-152 6.40E-01 1.271::-01
50 Eu-152 8.32E-01 1.59E-01
5 1 Eu-15_ 1,46E+00 2.08E-01
52 Eu-152 3.60E-01 8.57E-02
53 Eu-152 5.39E-01 1.13E-01
54 Eu-152 1.22E-01 6.56E-02
55 Eu-152 4.49E-01 1.12E-01
56 Eu-152 4.62E-01 1.14E-01
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TABLEB.1. (contd)

_JgLU.t_ Result. DCi/a t_era]i Error
1 Eu-154 -1,12E-02 5.15E-02
2 Eu-154 3.21E-02 4.53E-02
3 Eu-154 -i .I I E-02 5.38 E-02
4 Eu-154 2.32E-01 6.69E-02
5 Eu-154 5.89E-02 5.72E-02
6 Eu-154 6.96E-02 8.29E-02
7 EU-154 6.64E-02 6.73E-02
8 Eu-154 9,96E-02 5.31E-02

• 9 EU-154 1.14E-02 4,98E-02
10 Eu-154 -3,95E-02 4,78E-02
1i Eu-154 -2.11E-02 5.24 E-02
12 Eu-154 4,33E-02 5,48E-02
13 Eu-154 1.27E-02 5.92E-02
14 Eu-154 4.59E-02 4.45E-02
15 Eu-154 1.24E-01 5.97E-02
16 Eu-154 -2.11E-02 5.54 E-02
17 Eu-154 .7.48E-03 5.76E-02
18 Eu-154 8.76E-02 5.29E-02
19 Eu-154 6.74E-02 3.82E-02
20 Eu-154 6.42E-02 5.41E-02
21 Eu-154 1.401=-01 6.17E-02
22 Eu-154 1.87E-01 6,39E-02
23 EU-154 1.41E-01 8.76E-02
24 Eu-154 -2.59E-03 5.97E-02
25 Eu-154 1.41E-01 5,80E-02
26 Eu-154 2.93E-02 5.21Eo02
27 Eu-154 1.34E-01 5.16E-02
28 Eu-154 -1.21 E-02 5.88 E-02
29 Eu-154 5.12E-02 4.29E-02
30 Eu-154 6.35E-02 5.58E-02
31 Eu-154 1.36E-01 5.63E-02
32 Eu-154 1.53E-01 5.09E-02
33 Eu-154 1.87E-01 5.73E-02
34 Eu-154 1.26E-01 5.75E-02
35 Eu-154 1.10E-01 6.04E,02
36 Eu-154 -1.83E-02 5.69E-02
37 Eu-154 2.26E-0i 7.83E,02
38 Eu-154 2.34E-02 5,73E-02
39 Eu-i54 -1.51 E-02 5.42E-02
40 Eu-154 -1.02E-02 4.14E-02
41 Eu-154 5.97 E-02 4.65 E-02
42 Eu-154 1.20E-01 4.44E,02
43 Eu-154 6.73E-02 5.24E-02
44 Eu-154 3.91E-02 5.84E-02
45 Eu-154 1.85E-02 4.72E-02
46 Eu-154 -1.27E-02 4.33E-02

' 47 Eu-154 1.70E-02 3.91E-02
4 8 Eu-154 9.35 E-02 5.38 E-02
49 Eu-154 6.42E-02 3,90E-02
50 Eu-154 4.70E-02 4.80E-02
5 1 Eu-154 1.73E-01 7.41 E-02
52 Eu-154 3.62E-02 4.71E-02
53 Eu-154 1.09E-01 4.18E-02
54 Eu-154 -4.37 E-02 4.69E-02
55 Eu-154 4.92E-02 5.42E-02
5 6 Eu-154 1.64 E-02 4,73 E-02
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I_J,.F,__B_j,.(contd)

Track+# _ _

1 Mn-54 2.63E-02 1,22E-02
1 1 Mn-54 1.86E-02 1.31E-02
i 6 Mn.54 3,46E-02 1,52E-02
21 Mn.54 1.93E-02 1,39E-02
5 5 Mn.S& 1.94 E-02 1.18E-02
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_. (contd)

Traok@ _ _

1 Eu-155 5,08E-02 5,32E.02
2 Eu-155 1,24E-02 4,99E-02
3 Eu-155 8.seE-02 5,49E.02
4 Eu.155 4,94E.02 4.95E.02
5 Eu-155 8,22E-02 5,59E.02
6 Eu.155 3,17E.02 5,81E.02
7 Eu.155 4,agE-02 6,25E-02
8 Eu.155 7.29E-02 5,61E-02

" 9 Eu-155 7.79E-02 5,08E.02
10 Eu.155 4,91E-02 4.23E-02
11 Eu-155 1,04E-01 5,97E-02

. 12 Eu- 55 1,07E-01 6,29E.02
13 Eu- t55 1.04 E-01 e.02 E-02
14 Eu. p55 2.50E-02 4,81E.02
15 Eu. 155 1,15E-01 6.65E-02
16 Eu- 155 1.43E-01 6,37E-02
17 Eu- 55 9.87E-02 6,12E-02
18 Eu- 55 6.24E-02 5,61 E-02
19 Eu.155 8,03 E-02 4,23E-02
20 Eu. 55 7,64E-02 5,32E-02
21 Eu. 155 8.70 E-02 8,21E-02
22 Eu. 55 8.03E-02 5,08E-02
23 Eu. r55 2,61E-02 6.BOE-02
24 Eu. r55 6.03E-02 5.76E-02
25 Eu. L55 9.78E-02 6,29E-02
26 Eu.' 55 8.07E-02 4.27E-02
27 Eu- ;55 8,45E-02 4,18E-02
28 Eu-155 1,13E-01 5.74E.02
29 Eu-155 5.63E-02 3.75E-02
30 _u-155 1.07E-01 5,18E-02
31 Eu-155 8.86 E-02 4,92E-02
32 Eu-155 1.70E-02 4,97E-02
33 Eu-155 8.07E-02 4,53E-02
34 Eu-155 4.57E-02 5,91E-02
35 Eu-155 2.80E-02 5,78E-02
36 Eu-155 1.34E-01 5,76E-02
37 Eu-155 4,83E-02 7,24E-02
3 8 Eu-155 1.86 E-01 6.43 E-02
39 Eu-155 7.51E-02 5,14E-02
40 Eu-155 8,86E-02 3.85E-02
4 1 Eu-155 4,99E-02 3,87E-02
42 Eu-155 9.09 E-02 3.96 E-02

. 43 Eu-155 1,74E-02 5,05E-02
44 Eu-155 1.73E-02 6.14E-02
45 Eu-155 6.62E-02 5.09E-02
46 Eu-155 6.54E-02 4.07E.02

o

47 EU-155 6.42 E-02 3,58 E-02
4 8 Eu-155 9,29 E-02 5.86 E-02
49 Eu.155 !,07E-01 3.84E-02
50 Eu.155 6,12E-02 4,15E-02
51 Eu.155 8.89E-02 7,74E-02
52 Eu-155 6.01E-02 4.77E-02
53 Eu-155 6.71E-02 3,24E-02
54 Eu-155 6,58E-02 3.81E-02
55 Eu-155 3,40E-03 5,16E-02
56 Eu.155 8,97E-02 4.46E-02
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_d._. Strontium-90, Plutonium, andUrantum

_nl_| tulnt _ Ovlrlll Error

1 Sr-90 1.98E.02 S,88E.03
2 Sr.80 2,48E.02 8,84E-03
3 Sr-90 1,96E-02 8,82E-03
4 $r 90 2.90E.02 8,73E.03
5 8r 90 1.74E.02 8,i8E-03
8 Sr 90 4,18E.02 1,21E-02
7 8r 90 2,84E.02 7.20E-03
8 Sr 90 3,89E-02 t ,01E.02
9 8r 80 1.81E-02 8.28E-03
10 Sr 80 8.g0E-03 3,72E-03
1 1 $r 80 2.82E-02 ' 7,88E.03
12 Sr 90 7,18E-02 1,81E-02
13 Sr 90 1.87E-02 8.88E-03
14 8r 80 1,88E-02 S,82E-03
15 Sr 90 8,71E-03 3,21E-03
16 Sr 90 i,64E-02 6.30E-03
17 8r 90 4.08E-02 1,14E-02
i 8 $r 80 2,14E-02 6,57E-03
19 Sr 90 2.60E-02 7,03E-03
20 Sr 80 8,88E.03 3,89E-03
21 $r 90 1.16E-02 4,60E-03
22 $r 90 2.38E-02 7,48E-03
23 Sr gO 2.806-02 7,89E-03
24 Sr 90 2.00E-02 S,81E-03
25 Sr 90 4.05E-02 1,i3E-02
28 $r 90 2.20E-02 e,68E-03
27 Sr 90 8,91E-02 1.94E-02
28 Sr 80 4,11E-02 8.88E-03
29 Sr 80 1,31E-02 4.74E-03
38 Sr 90 1,70E-02 5,41E-03
31 $r 90 4.05E.02 1,02E-02
32 $r 90 2.10E-02 9,86E-03
33 Sr 90 2.10E-02 8.25E-03
34 $r 80 2.34E-02 8.76E-03
35 Sr 90 3,41E-02 7,81E-03
38 Sr 90 2.48E-02 8.92E-03
37 Sr 90 4,07E-02 1,02E-02
38 Sr tO 1,34E.02 4.67E-03
39 Sr 90 2,50E-02 6,99E-03
40 Sr 90 1,08E-02 6.05E-03
41 Sr 90 2.41E-02 8.79E-03
42 Sr 90 2,83E-02 7.58E-03
43 Sr 90 4.12E-02 9.88E-03
44 Sr 90 1.78E-02 8.39E.03
45 Sr 90 1.94E-03 3.00E-03
46 Sr 90 1.03E-02 4,14E-03
47 Sr 90 1.88E-02 5.56E-03
48 Sr 90 4,31E-02 1.02E-02
49 Sr 90 3.19E-02 9.14E-03
50 Sr 90 2,61E-02 7,19E-03
51 Sr 90 1.26E-02 4.70E-03
52 Sr 90 4.61E-02 1,12E-02
53 Sr 90 2,46E-02 6,36E-03
54 Sr 90 7.38E-03 3.29E-03
55 Sr 90 3.38E-02 8.52E-03
58 Sr 90 4.08E-02 1,02E-02
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_. (contd)

I U 234 1.|6|.00 1o4||.01
2 U 234 |.22|.0t 1,t0|.0t
3 U 234 9,17|.01 1,0tllt.01
4 U 234 1,|1t|.00 1,1111|.01
§ U |34 1,18E.00 1.31|.01
6 U 234 1,03|+00 1,|2|.01
7 U 234 9,_eE-01 1,11E.01
8 U 234 1,01|.00 1,1t|.01

' g U _4 t,87|.0t 1,$0|.0t
10 U 234 2,17|.00 2,32|.01
1 1 U 234 2,0e|.O0 ;I, i3E.01

' 12 U 234 1,g4|4.00 2.14E.01
13 U 2,14 |,18E.00 |,21|.0t
14 U 234 1.03|+00 1,20E.01
15 U 234 1,18E.O0 2.08|.01
16 U 234 1,1iIE.00 I,g4E.01
17 U 234 1,114E.00 1,9|E.01
18 U 234 1,17E.00 1,32E.01
19 U 234 1,18|.00 1,34E.01
20 U 234 g,41E.01 1,20|.01
2 1 U 234 1,38E.00 1,e;_E.01
22 U 234 9,S8E.01 1.aBE.01
23 U :134 _I,lgE.O0 2.8_|.01
24 U 234 g,?IE.01 1.13|.01
25 U 234 1,04E+00 1,liE.01
2e U 234 1,SSE+O0 2.23E.01
27 U 234 1,04E.00 1,19E.01
2 8 U 234 1,08E+00 1,19|-01
29 U 234 9,43E.01 t.18E.01
30 U 234 1,25E+00 i,46E-01
31 U 234 1.09E.00 1,29E.01
32 U 234 7,S9E-01 1,2SE.01
33 U 234 9,g2E.01 1.18E.01
34 U 234 1,49E+00 1.59E.01
38 U 234 1,05E+00 1,20E.01
36 U 234 1,41E+O0 I.SOE-01
37, U 234 1,02E+00 1,23E.01
38 U 234 2.i7E+00 2,40E.0t
39 U 234 1,21E+00 1,40E.01
40 U 234 1,71E+00 1.89E-0i
41 U 234 9,84E.01 1,35E-01
4 2 U 234 1,24E+00 1,35E.01

, 43 U 234 9,03E-01 1,14E.01
44 U 234 1,83E.00 1,82E-01
45 U 234 1,64E+00 !,80E.01

, 46 U 234 1,91E+00 2,11E-01
4 7 U 234 1,46E+00 1,69E-01
48 U 234 1,36E+00 1,52E.01
49 U 234 1.82E+00 1,81E-01
50 U 234 1,15E+O0 1,40E.01
51 U 234 1,26E+00 1,44E-01
S2 U 234 1.09E+00 1,24E-01
53 U 234 9.02E-01 1,0SE-01
54 U 234 1.1!E+00 1,48E-01
SS U 234 8,87E-0! 1,10E-01
56 U 234 1.44E+00 1,66E-01
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_.LJ_, (contd)

1 U .l 4_eti.01 1,?i1,0i
i U Ill 3,t41.01 1.4ii.0|
$ U ill i,7|i.Ol 1,|I1.0|
4 U _ 4,t41.01 i,?li.0i
I U i$t ),31i.01 1,31i.Ol
i U i3l i,tll.0i 1,15{,0|
7 U 131 i,?ll.0i 1,1|i.01
1 U n| 4,ii_.0| 1,|31.0|
i U _ll i,$Ol.0| 1,iti.01
i 0 U |$1 t.00i.01 |,|01-01
11 U i38 t,lll.01 |.07i.0|
t I U HI t,t11.01 1,151.01
13 U |$| 7,tOi.OI I,t4i.01 *
t 4 U |H t,N|.01 1,0iS.0|
11 U 13| |, 14i.01 1,7i i.0|
1tl U _II ll,llO|.O| 1,71E.0|
1? U ills 11,=7E.02 I,?tE.Oi
1t U _1311 3.7t1E.02 1,40E.0|
i i) U 238 3,1Rli.02 1,33E.02
iO U _tlt 3.711|.0| 1,111|.01
11 U i=l II.OItE.OI 1,t11E.02
1| U nil 3.it i.02 1.?|E.02
| 3 U 1311 l,iTI.01 |,41 i.O|
i 4 U _l 3,0el.01 1,17i.0i
iS U |$Ii |,t71.01 1,|0i.0|
|t U H8 l,t$i.0| 1,i$|.0|
17 U 238 |,40|.01 i,13|.02
2 It U 238 3,00E.02 1,23|.02
29 U 238 3, I gi.02 1,4411.02
30 U 256 6.;t4|.02 1,81E.02
31 U 2=S 3,ee|.o2 t,/g|.oa
32 U 238 2,11E.02 !,tilE-02
33 U 23S 3,1i4E.02 t,4(IE.02
34 U 235 8.42E.02 1,110E.02
38 U 238 4,28E-02 1,47E.02
38 U 235 4,!5E.02 1,35E.02
37 U 238 3,20E.02 1,4t E.02
3 8 U 238 7,gSE.02 2,35E.02
3g U 238 4,32E.02 1,60E-02
40 U 238 3,50E.02 1,43E.02
41 U 238 2,118E.02 1,78E.02
42 U 238 3,87E.02 1,37E.02
43 U 238 2,91E.02 1,45E.02
44 U 238 e,8!lE.02 2.04E.02
48 U 238 5,87E.02 1,113E.02
48 U 238 3,13E.02 1,41E.02
47 U 238 8,il2E.02 1,94E.02
4 8 U 235 (I,STE.02 1,90E.02
49 U 235 5,89E.02 1,gOE.02
50 U 235 4,78E.02 1,80E-02
Sl U 235 4,19E.02 1,55E.02
82 U 235 S,48E.02 1,67E.02
53 U 23S 4,35E.02 1,48E.02
54 U 235 2.88E.02 1,58E.02
S8 U 235 2,SSS-Oa 1,29E-02
58 U 235 4,18E.02 1,66E.02
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_. (contd)

1 F_ l_l |,70t.04 i, lii.04
I PU iii |.141.04 i.041.04
1 F_ Dt 1,I$1,04 i, 11 i.04
4 _ 111 1,111.04 $,111.04
I Pu I11 1,14i.04 i, tii.04
I _ J 4,111.04 t,111.04
7 Pu III 4.011.04 1.751.04

, i F_ I1t 1,141,04 i.tl i.04
e Flu_ 1,lll,O4 i,iOl.04
10 _ _t .1.t01.0t 1.ti|.04
11 F_ Ill i, it1,04 1,tli-04

' 18 PU I_I 1,111.04 8.11 i,04
I l PUl_t 1.0?l.Ot 6.atE.04
14 _ _I 1,141.01 1.071.04
1i FJ i_l 1,111.04 1,t71.04
I I F_ _I 4,87i.04 a,|?l,04
t ? P_ ill i,l?i.04 1,771-04
I i P_j _i 8,4i|.04 $,01E.04
1 t PU i31 t,83i.04 $,iSi.O4
IO Pu 131 i,$?i.04 I,?Oi-04
| 1 PU ill t.74|.04 $,1||'04
|i Fhj i_t 1,01E.05 4.338-04
85 Pu ill 7,118.04 $.tiE-04
14 PU _I 8,§||.04 §,78|.04
|0 Pu _l 7,|0|.04 $,01|'04
|| PU TJt 7.|?|.04 4,07|-04
iT P_ _t 1,18|.0_ §,BO|-04
| I Pu i_i |,13E.04 2,18E-04
il Pu ir_l 1.84i,04 1,47E-04
$0 PU 131t _,14|-04 $,4g|'04
a1 PUnl t. 11E-06 i.iOE.04
$| PU 231 1,82E.04 2,00E.04
$$ PU i3l l.OtE-04 4.1t|.04
34 Pu 238 3,84E.04 3. ! ! E.Q4 i
38 FI_ 238 1,40E.04 4.16E'04
36 PU 23l 1.76E-08 1,45|-04
37 Pu 238 3,27E.04 2,e2E.04
31 Pu 238 1,31E.04 g,OgE.04
3i Pu 238 6,1BE.04 3,63E.04
40 Pu 238 7.eeE-06 1,28E.04
41 Pu 238 3.36E.04 2.gt E.04
4;l Pu 238 6,3BE.04 2,73E.04

' 43 Pu238 2.t6E.04 2,106-04
44 Pu 238 4.21E.08 1.17E.04
4S Pu 258 g,62E-04 2,15E.04

, 4e Pu 238 1.30E-04 2,01 E,04
47 Pu 238 t.88E-04 1.63E.04
48 Pu 230 1.ilE-04 1,90E,04
49 Pu 238 1.01E-04 1,78E.04
80 Pu 238 1.37E-04 1,8gE.04
61 Pu 238 1,t8E.03 4,19E.04
52 Pu 238 2.83E-04 3.13E.04
53 Pu 238 4.76E-04 3,77 E-04
64 Pu 238 4.98E-06 t,22E.04
66 Pu 238 3._3E.04 2,59E.04
88 Pu 236 4,92E.04 3,27E.04
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LW.L_._, (contd)

;mllzww _ OwJdJ.Jz_
I U 238 1,18|+00 1,39E.01
| U De l,gllll.Ol 1,o?1i.ol
3 U |U t.30i.0t t.t4|.Oi
4 U |31 1,45|.00 I ,t411.0t
l U _ i,08|.00 1,i3|.01
1 U nt i.178.0t 1._01i.01
7 U _ i,t|i.0t 1,0||.01
I U 13t 1.03|+00 1.1111.01
i U 23t ?.leE.01 1.11E.ol
! 0 U 13i i,O3i¢,O0 2.19E,0i
1t U 238 t,11t1|.00 |.03|.01
1 | U igll 1,7||_00 1,1)3E.01
1= U 2:8 |.O|B,oo :l.Ollt.01
t 4 U 231 I,lii,O 1 t. ! li.O 1
t i U nl 1.t||,00 1.11|.01
11 U 231 1 ,?l)t+O0 t,111i.01
t 7 U 131 t,?|i,00 1,151,01
18 U 238 1,11|+00 1,iCE.01
1g U 238 1,0tlE_O0 1,2gE.0i
iO U 238 I),i:li.01 1,_eE.o_
21 U 238 1,32E.00 1,117E.01
22 U 13l I,|3E-01 1,17E.01
23 U 238 1.11E,O0 2.31E.01
|4 U 238 i,4li|.01 !,01E.01
25 U a3| 1i,42|-01 1,0gE.01
_!(I U a3| i,3t1|.00 1,tiE.01
iT U 238 1.0e|,O0 1.21|.01
2| U |=8 9,48E,01 1,0iE.01
2!) U 2311 g,13|.01 1,14E.01
30 U ;138 1,17|_00 1,311|.0!
3! U a38 1,o3E.OO 1.23E.01
32 U a=e e.aoS.o_ i,14E.01
33 U 238 8,87E.01 1,04E.01
34 U a311 1.42E.00 1,152E.01
38 U 238 9,41lE.01 1,10E.01
36 U 238 1,37E.00 1,45E.01
37 U 238 9,07E.01 !,12E.01
38 U _38 1,gTE+O0 2,20E-01
39 U 238 1,27E.00 1,48E.01
40 U 238 t,74E+00 1,9tE-01
41 U 238 9,g2E.01 1,37E.01
42 U 238 1,16E.00 1,27E.01
43 U a38 8,98E.01 1,13E.01
44 U ;138 1,eSE.O0 1,8eE.01
,48 U 238 1,87E+00 1.83E.01
46 U 238 1,76E+00 1,98E.01
47 U 238 1,44E.00 1,67E.01
48 U 238 1,47E.00 1,62E-01
49 U 238 1.61E+00 1,80EE.01
50 U 238 1,15E.00 1.39E.01
S1 U 238 1,31 S.O0 !.48E.01
82 U 238 9.59E.01 1.11E.01
63 U 238 8.38E.01 9.81E.02
54 U 238 1,05E.00 _,39E.0t
55 U 238 8.48E.01 1.05E-01
58 U 238 1.34E.00 1,55E.01
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_,..J[_. (contd)

1 Pu 239,|40 0.12E.05 1,211E.03
2 Pu 239,240 7,26E'03 1,69|.03
3 Pu 239,240 7.33|.03 1,|0|.03
4 Pu 23ii,240 2.11E-02 2.96|-03
S Pu 239,240 6.32E'O3 !,22|-03
9 Pu 239,240 1.19E-02 t,110E-03
7 Pu 239,240 1,?3|-02 2,66E.03
9 Pu 239,240 1,27|-02 2,14E.03

' 9 Pu 239,|40 1.91|-03 7,02E.04
10 Pu |39,|40 6,39|.04 4,12|.04
11 PU 239,240 4.99|.03 9,99E-04

, 12 PU 239,240 7,311|.03 1,99E.03
t 3 Pu 239,240 3,30|-03 9,73E.04
14 Pu 239,240 2,611|'03 9,117E-04
16 Pu 239,240 2,21E.03 9,97E-04
I 9 Pu 259,240 3.06|.03 9,34E-04
17 Pu 239,240 6,21E'03 1,36E.03
1II PU 239,240 ii,15E.03 1,20E-03
19 PU 239,240 9.73E.03 1,80E.03
20 Pu 239,240 7.70|'03 1.a3E.03
21 Pu 239,240 1,40|.02 2,21 E.03
22 Pu 239,240 2.02E.02 2.113E.03
23 Pu 239,240 1.19E.02 1,99E.03
24 Pu 239,240 6,43E.04 6.74E.04
;16 Pu 239,240 8.12|.03 1.61E-03
28 Pu 239,240 6,01E.03 1,19E.03
27 PU 239,240 1,00E.02 1,961E.03
211 Pu 239,240 11.72|'05 1.113E.03
29 PU 239,240 3.611E.03 9,43E.04
30 PU 239,240 3.62E.03 9.44E-04
3t P,J 239,240 8,01E.03 1, t11E.03
32 Pu 239,240 7.7BE.03 1,22E.03
33 Pu 239,240 1,24E.02 2.26E.03
34 Pu 239,240 9,49E.03 1,116E-03
38 Pu 239,240 9,81E-03 1,74E.03
3e Pu 239,240 2,27E.03 8,07E.04
37 Pu 239,240 i.17E.02 2,01E-03
311 Pu 239,240 2,18E.03 ' 8,52E.04
39 Pu 239,240 4,ggE.03 1,15E.03
40 Pu 239.240 1,411E.03 4,96E-04
41 Pu 239 240 7,117E.03 1,65E.03
42 PU 239 240 8,90E.03 1.07E-03

, 43 Pu 239 240 9,31E-03 1,88E.03
44 Pu 239 240 7,00E.03 1.84E-03
45 Pu 239 240 1,39E.03 5.38E.04
411 Pu 239 240 9,62E.04 4,92E.04

t

47 Pu 239,240 3,15E.03 6,83E.04
48 Pu 2,'t9,240 8,99E.03 1.59E.03
49 Pu 239,240 6,3BE.G3 1.23E.03
50 Pu 239,240 5,49E.03 1.09E.03
51 Pu 239,240 7,19E.03 1,23E.03
52 PU 239,240 S,86E.03 1,66E.03
53 Pu 239,240 6,58E.03 1.59E.03
54 Pu 239,240 8,63E.04 3,99E-04
66 Pu 239,240 8,30E.03 1,18E.03
56 Pu 239,240 1.81E.02 2.57E.03
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FIGURE_B.5. Ruthenium-f06 (l°6Ru)Concentrationsin Soils
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APPENDIXC

SOIL_SAMPLETRACEMETALCONCENTRATIONDATA
AND SUPPLEMENTALFIGURES



!_.LF;_f,._I.TraceMetalsin Soils(#g/kg)

Lead Mercury Antimony
_ Track# DL = 500 _ __400_ _,_ _20000__ _J2

1 52000 12468 NO ND
2 41000 9830 NO NO
3 41000 9830 No NO
4 28000 6713 NO ND
5 39000 9351 NO NO
8 46000 11029 NO NO
7 42000 10070 NO ND
8 38000 9111 NO ND

• 9 25000 5994 NO ND
1 0 5000 1199 ND ND ,

11 23000 5514 ND NO
. 12 27000 8474 ND NO

1 3 27000 6474 ND NO
14 22000 5275 NO ND
i8 23000 5514 NO ND
16 28000 6713 No NO
1 7 48000 11508 NO ND
1 8 44000 10549 ND ND
19 29000 6953 ND NO
2o 46000 11508 No NO
21 43000 10310 ND hid
22 54000 12947 ND hiD
2 3 46000 11029 ND ND
24 14000 3357 hid ND
25 44000 10549 hid hid
28 45000 10789 ND NO
27 37000 8871 ND ND
28 39000 9361 NO NO
2 9 21 000 5035 hiD ND
30 48000 11508 ND • ND
3 1 42000 10070 ND ND
3 2 _4000 10549 NO ND
3 3 45000 10789 ND ND
34 42000 10070 ND hid
3 5 73000 17502 ND ND
28 27000 6474 ND ND
3 7 47000 11289 ND ND
2 8 36000 8831 ND ND
2 9 27000 6474 NO ND
4 0 10000 2398 NO NO
41 38000 9111 NO NO
4 2 38000 9i 11 ND ND

• 43 27000 6474 NO ND
44 29000 6953 NO NO
48 9200 2208 NO NO
48 12000 2877 NO NO

' 47 33000 7912 NO NO
48 34000 8152 NO NO
49 41000 9830 NO NO
5 0 20000 7193 NO NO
51 22000 7672 NO ND
52 29000 9351 NO hid
83 41000 9820 hid NO
54 18000 3838 hiD NO
55 31000 7433 NO hiD
88 48000 11508 NO ND

C.1
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TABLEC,I. (contd)

Trllok # Barium 2 SO Beryllium 2 SD Cadmium 2 SD
2000 300 1000

II,alu IIIIllll ] -" IIII I Ill II ]111 IIIII ................. I ][ " I............ II IIII IIIIII lili(lll FI] (,1111111__

1 88000 8791 ND 2000 619
2 60000 7493 NO 2000 519
3 75000 7992 _D 2000 519
4 78000 7792 _ 1000 260
5 68000 6793 _ID NO
6 87000 8691 _) 2000 519
7 90000 8991 _:) 2000 519
8 84000 8392 _:) 2000 519 '
9 68000 6793 _tD 1000 260

1 0 70000 6993 ND NO
1 1 66000 8494 ND ND •
1 2 69000 8893 ND ND
1 3 60000 5994 ND ND
1 4 68000 6494 ND ND
1 5 66000 8793 NO ND
1 6 72000 7193 ND ND
1 7 69000 6893 ND 1000 260
1 8 71000 7093 ND 2000 519
1 9 66000 8503 ND 1000 260
2 0 54000 5396 ND NO
21 56000 5894 ND 1000 260
22 74000 7393 NO 2000 519
2 3 65000 6494 ND 1000 260
2 4 14000 1399 1100 110 NO
25 84000 8392 300 30 ND
26 83000 8292 hid NO
27 80000 7992 NO 1000 260
28 84000 8392 ND 1000 260

e
29 77000 7692 500 50 1000 260
30 81000 8092 400 40 hiD
31 70000 6993 400 40 I000 260
32 81000 8092 ND 2000 519
33 90000 8991 NO 2000 619
34 76000 7592 NO 2000 619
35 110000 10989 300 30 2000 519
3 8 120000 11988 400 40 ND
37 92000 9i 91 ND 2000 519
38 81000 8092 600 60 1000 260
39 88000 8791 600 60 ND
40 99000 9890 300 30 NO
41 64000 6394 NO NO
42 70000 6993 hiD NO .
43 86000 8691 600 60 i000 260
44 79000 7892 400 40 ND
45 44000 4396 ND NO
46 98000 9790 NO NO
47 96000 9491 800 80 I000 260
48 91000 9091 600 60 I000 260
49 83000 8292 500 60 NO
60 93000 9291 400 40 I000 260
61 87000 8691 600 60 2000 619
82 68000 6793 300 30 NO
63 67000 6693 300 30 NO
64 84000 8392 NO NO
68 83000 8292 400 40 ND
66 92000 9191 600 60 I000 260

C.2



_. (contd)

T_ck # Cal©ium 2 SD Chromium 2 5D Cobolt 2 SD
10000 2000 2000

I|Erm .... i " I_ _ _ .... /T__ I I {lille Ill I I I I I[I [lllll ( _--___ - r ........ II ..... Ill II I

I 5900000 943056 23000 5974 7000 1119
2 5600000 815164 21000 5195 6000 959
3 5100000 895104 20000 5455 6000 959
4 5400000 863136 18000 4675 7000 1119
S 5800000 927072 22000 5714 7000 1119
6 4900000 783216 22000 5714 8000 1279
7 5000000 799200 25000 6494 9000 1439
8 4700000 751248 25000 6494 9000 1439

i,

9 6300000 1008992 20000 5195 7000 1119
10 4900000 783216 12000 3117 5000 799
11 5300000 847152 21000 5455 7000 1119

• 12 5200000 831166 26000 6753 7000 1119
13 4700000 751248 25000 6494 6000 959
14 6300000 1006992 18000 4675 7000 1119
15 4600000 735264 31000 8052 7000 1119
16 4700000 7512,48 28000 7273 7000 1119
17 5000000 799200 29000 7532 7000 1119
18 5400000 883136 23000 5974 7000 11i9
19 4900000 783218 28000 7273 7000 1119
20 3800000 807392 16000 4156 5000 799
21 4200000 671328 23000 5974 7000 1119
22 4600000 735264 24000 6234 7000 1119
23 4400000 703296 23000 5974 6000 1279
24 9000000 1438560 25000 6494 10000 1598
26 5600000 895104 30000 7792 6000 1279
26 5800000 927072 25000 6494 8000 1279
27 5700000 911088 88000 22857 7000 1119
28 5900000 943056 25000 8494 7000 1119
29 5900000 943056 19000 4935 9000 1439
30 6600000 895104 24000 6234 7000 1119
31 4800000 767232 20000 5i95 7000 1119

l 32 5500000 879120 23000 5974 7000 1119
33 5400000 883136 2700C 70i3 7000 1119
34 5700000 911088 25000 6494 7000 1119
36 6200000 991008 27000 7013 7000 1119
36 5900000 943056 21000 5455 8000 1279
37 4900000 ' 763216 2ZOO0 5714 8000 1279
38 5200000 831166 26000 6753 7000 1i19
39 5100000 815184 21000 5455 7000 1119
40 3700000 591408 14000 3636 9000 1439
41 4500000 719280 18000 4675 8000 1279
42 4500000 719280 laO00 4935 9000 1439

' 43 6500000 1038960 24000 6234 7000 1119
44 6800000 1086912 20000 5195 7000 1119
45 2900000 463536 15000 3896 7000 1119

. 46 4000000 639360 12000 31t7 10000 1596
47 6100000 975024 21000 5455 8000 1279
48 7600000 1214784 27000 7013 6000 1279
49 6800000 1086912 24000 6234 7000 i119
50 6100000 975024 19000 4935 7000 1119
5t 6100000 975024 20000 5195 7000 1119
52 4900000 783216 17000 4416 9000 1439
53 4900000 783218 17000 4416 8000 1279
54 4900000 783216 15000 3896 9000 1439
56 6400000 1022976 16000 4156 6000 959
56 7200000 1_50848 2400"0 6234 8000 1279
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_. (contd)

Trmok # Copper 2 SD Iron 2 8D Mmgnemlum 2 8D
2000 2000 10000

.................. L_ L .... II_lllll ......... I - Ill .... _L-- :.... :_--i__: ............... :...... II _ IIIIIIio_ iiiiiiiii. )1

1 31000 9910 23000000 9650340 4900000 5678316
2 25000 7353 20000000 7972020 4700000 4887128
3 23000 7992 19000000 8391600 4200000 5446548
4 32000 10230 20000000 8391800 4600000 5330664
5 38000 12148 21000000 8811180 4900000 5678318
6 22000 7033 19000000 7972020 4800000 5562432
7 23000 7353 19000000 7972020 5000000 5794200
8 21000 6713 18000000 7552440 4700000 5446548
9 39000 12468 22000000 9230780 4700000 5448546
10 15000 4795 18000000 7552440 4200000 4867128
11 34000 10869 22000000 9230780 4600000 5330864 "
12 31000 9910 24000000 10069920 4800000 5562432
13 27000 8831 23000000 9650340 4400000 5098898
14 40000 12787 21000000 8811180 4700000 5446548
15 23000 7353 29000000 12157820 4500000 5214780
16 25000 7992 28000000 10909080 4400000 5098896
17 31000 9910 28000000 11748240 4700000 5448546
18 31000 9910 22000000 9230760 4600000 5330664
19 28000 8951 27000000 11328660 4900000 5676316
20 21000 6713 13000000 5454540 3300000 3824172
21 27000 8631 17000000 7132880 3900000 4519478
22 23000 7353 16000000 6713280 4400000 5098896
23 30000 9590 18000000 7552440 4200000 4867128
24 23000 7353 26000000 10909060 7600000 6807184
25 32000 10230 25000000 10489500 4900000 5878318
25 35000 11189 23000000 9650340 4900000 5678318
27 25000 7992 23000000 9650340 4700000 5446546
28 34000 10889 24000000 10069920 5300000 6141852
29 19000 6074 26000000 10909080 5200000 6025968
30 28000 8951 21000000 8811180 5300000 6141852
31 27000 8631 19000000 7972020 4800000 5562432
32 30000 9890 21000000 8811180 5000000 5794200
33 30000 9890 20000000 8391600 5200000 6025968
34 29000 9271 25000000 10489500 5000000 5794200
35 29000 9271 21000000 8811180 5600000 6489504
35 25000 7992 23000000 9650340 5000000 8794200
37 20000 6394 19000000 7972020 4800000 5582432
38 28000 8951 26000000 10909080 4500000 5214780
39 19000 6074 20000000 8391600 5100000 5910084
40 10000 3197 22000000 9230760 3500000 4055940
41 28000 8312 19000000 7972020 4300000 4983012
42 25000 7992 20000000 8391600 4300000 4983012 "
43 25000 7992 21000000 8811180 5100000 5910084
44 31000 9910 21000000 8611160 4900000 5876316
45 9000 2877 18000000 ?552440 3400000 3940056 .
45 14000 4476 19000000 7972020 3500000 4055940
47 28000 8951 23000000 9650340 5100000 5910084
48 31000 9910 25000000 10489500 5500000 6373820
49 30000 9590 25000000 10489500 4800000 5562432
50 23000 7353 18000000 7552440 5000000 5794200
51 15000 4795 20000000 8391600 5800000 6721272
82 30000 9890 17000000 7132860 4800000 5330684
53 32000 10230 18000000 7552440 4300000 4983012
54 18000 5754 17000000 7132860 4500000 5214780
65 18000 5754 18000000 ?552440 4700000 5446548
55 28000 8951 24000000 10069920 5100000 5910084
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_. (contd)

Tmok # Mmngineu 2 8D Nloket 2 8D Potammlum 2 80
.... 3000 _ 30000m,r Z ..... r - ZI I I .........

1 300000 41986 17000 4416 1600000 671328
2 280000 36384 18000 4156 1700000 587412
3 260000 39161 16000 4676 1400000 713286
4 430000 60140 18000 4675 1000000 419580
5 330000 46154 18000 4675 1100000 461538
6 260000 36384 18000 4675 1200000 503496
7 260000 36364 18000 4675 1200000 503496

, 8 270000 37762 17000 4416 1300000 645454
9 290000 40689 16000 3896 1200000 603496
10 270000 37782 12000 3117 810000 339860
11 280000 39161 17000 4416 1000000 419560

' 12 270000 37782 20000 5195 1200000 503498
13 270000 37782 16000 4156 890000 373428
14 310000 43357 17000 4416 1000000 419580
15 260000 36364 19000 4935 1000000 419580
16 270000 37782 18000 4875 1200000 503496
17 280000 39161 16000 4168 1300000 545454
18 340000 47552 17000 4416 1200000 603496
19 300000 41958 18000 4675 1100000 461538
20 150000 20979 11000 2857 710000 297902
21 170000 23778 14000 3636 840000 352447
22 190000 26573 15000 3896 1100000 481538
23 190000 26573 15000 3896 950000 396801
24 370000 51748 18000 4875 1300000 545454
26 300000 41956 17000 4416 1500000 529370
26 380000 53147 17000 4416 1200000 503498
27 260000 38384 13000 3377 1400000 587412
26 290000 40559 18000 4675 1500000 629370
29 e 310000 43357 15000 3896 1100000 461536
30 280000 39181 17000 4416 1400000 587412
31 230000 32168 15000 3896 1100000 461538
32 260000 36364 17000 4416 1300000 545454
33 220000 30789 18000 4875 1400000 587412
34 250000 34965 17000 4416 1400000 567412
38 290000 40559 18000 4675 1900000 791202
36 330000 46154 14000 3838 1800000 671328
37 + 290000 40559 16000 4156 1300000 545454
38 250000 34985 15000 3896 I000000 419560
39 280000 39161 18000 4675 1200000 503496
40 220000 30769 9000 2338 620000 260140
41 260000 36364 14000 3636 1300000 545464
42 270000 37762 15000 3896 1200000 503498

' 43 310000 43357 16000 4156 1600000 671328
44 280000 39161 15000 3898 1400000 587412
48 160000 22376 12000 3117 690000 289510

. 46 480000 84338 11000 2857 860000 356643
47 380000 53147 1600_ 4156 1300000 829370
48 330000 48154 18000 4675 1700000 713286
49 290000 40559 14000 3638 1500000 629370
60 270000 37762 14000 3636 1500000 629370
51 260000 36364 15000 3896 1400000 587412
52 250000 34965 16000 4156 1400000 587412
_3 250000 34965 16000 4166 1200000 503496
54 240000 33568 14000 3636 1100000 461538
68 250000 34965 11000 2857 1600000 671326
66 320000 44755 16000 4156 1600000 671328
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_._.j._,_j',_. (contd)

Tmok# |liver 28D |odium 28D Tin 28D
:000 =0000 10_00I_] I III . -- _ I ...... _i_ IIIVll]I I]rllff I IIH_]II I III]1 .............. II I mr ......... _ ]_ll Ill --- ]_ _ II I ii_]llll

1 ND 450000 137852 NO
2 ND 510000 143856 NO
3 ND 480000 152847 NO
4 ND 410000 122877 NO
8 ND 840000 161838 NO
6 ND 390000 115883 NO
7 ND 440000 131888 ND
$ ND 400000 119880 ND .
9 ND , 570000 170829 NO
10 ND 840000 71926 NO
11 ND 420000 125874 NO .
12 ND 380000 113888 NO
13 NO 390000 116883 NO
14 ND 540000 161838 NO
18 ND 250000 77922 NO
16 ND 350000 104895 hid
17 ND 330000 98901 NO
18 ND 820000 155844 NO
19 ND 370000 110889 NO
20 ND 320000 95904 I_
21 ND 330000 98901 NO
22 NO 330000 98901 NO
23 ND 320000 95904 NO
24 ND 860000 257742 NO
26 ND 400000 119880 NO
26 ND 800000 149850 NO
27 ND 490000 146853 hid
28 ND 400000 119880 NO

e 29 ND 640000 191808 NO
30 ND 390000 116883 NO
31 ND 380000 107892 NO
32 ND 440000 131868 NO
33 NO 410000 122877 NO
34 ND 460000 137862 NO
38 ND 450000 134865 NO
36 ND 300000 89910 NO
37 ND 320000 95904 NO
38 ND 320000 95904 NO
39 ND 290000 86913 NO,
40 NO 240000 71926 NO
41 ND 340000 101898 NO
42 ND 320000 95904 NO .
43 ND 780000 233766 NO
44 ND 760000 227772 ND
45 ND 170000 80949 NO
45 ND 200000 59940 NO '
47 ND 540000 161838 hid
48 ND 840000 251748 ND
49 ND 810000 242757 NO
80 ND 820000 245754 NO
51 ND 830000 248751 NO
52 ND 320000 95904 NC)
63 ND 360000 107892 NO
54 ND 260000 77922 ND
55 ND 920000 275724 NO
56 ND 770000 230769 NO
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_. (contd) I
Trlok # Vanadium 28D Zlno 2 SD

=000 ........................................ 100 0 .............................................

mmmnl I I _1I ...................... __ .

I 56000 8951 300000 89910
2 47000 7672 270000 71928
3 48000 7512 240000 80919
4 48000 7672 220000 65934
5 53000 8472 270000 80919
8 46000 7353 260000 77922
7 43000 6873 250000 74925

., 8 43000 6873 240000 71928
9 55000 8791 170000 50949
10 44000 7033 63000 18881
11 58000 8951 160000 47952a

12 81000 9750 180000 47952
13 61000 9750 150000 44955
14 53000 8472 170000 50949
15 75000 11988 130000 38961
18 89000 11029 150000 44955
17 69000 11029 230000 68931
18 58000 9271 260000 77922
19 69000 11029 190000 56943
20 30000 4795 280000 63918
21 41000 6553 240000 71928
22 38000 5754 300000 89910
23 43000 6873 250000 74925
24 48000 7672 50000 14985
25 64000 10230 230000 68931
28 59000 9431 250000 74925
27 81000 9750 200000 59940
28 55000 8791 240000 71928
29 77000 12308 180000 53946
30 50000 7992 270000 80919
31 44000 7033 270000 80919
32 50000 7992 260000 77922
33 48000 7872 290000 86913
34 65000 10390 260000 77922
35 51000 8152 260000 77922
36 52000 8312 180000 53946
37 41000 6553 260000 77922
38 87000 10709 230000 68931
39 48000 7872 170000 50949

I 40 70000 11189 96000 28771
41 42000 8713 220000 65934
42 47000 7512 240000 71928
43 55000 8791 190000 56943
44 54000 8831 200000 59940
45 46000 7353 100000 29970

' 48 49000 7832 110000 32967
47 57000 9111 220000 65934
48 70000 11189 240000 71928
49 67000 10709 270000 80919
50 44000 7033 200000 59940
51 54000 8631 220000 65934
52 37000 5914 240000 71928
53 42000 6713 260000 77922
54 35000 5594 110000 32967
55 48000 7672 150000 44955
58 6600U 10549 280000 83916
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APPENDIXE

DO_E C_ALCVLATIONS

, The potentialradiationdoses were calculatedfrom severalexposure

scenariosinvolvingparticlesof B°Corecoveredduring a recent river survey.

The dose calculationsincludeinhalation,ingestion,and direct skin exposuree

for an insolublestelliteparticle. The depositionof the particle in the

respiratorytract through inhalation,as a functionof particle size, was

predictedand the resultingdose from the depositionwas calculatedbased on

the recentlyaccepted InternationalCouncilon RadiationProtection(ICRP)

respiratorytract model. The dose from ingestionof the particle (swallowing

throughthe mouth) was calculatedusing MIRDOSE,an internaldosimetrycom-

puter code that assumesthat the particledoes not dissolvewithin the body.

Externaldoses from various realisticexposurescenarioswere determinedusing

the skin dose computercode VARSKIN2. Beforediscussingthe resultsof the

dose calculations,a discussionof regulatoryguidance for public exposureto

discreteradioactiveparticles(DRPs)and the likelihoodof exposuresto DRPs

is appropriate.

E.I RADIATIONDOSE GUIDANCE

There is no specialguidancefor skin contaminationwith DRPs for mere-

bers of the public. The guidancefor doses to the public in DOE Order 5400.5

limitsthe effectivedose equivalent(EDE)to the maximallyexposed individual

(MEI) from all pathwaysfrom U.S. Departmentof Energy (DOE) sourcesto

100 mrem/yrEDE. The weightingfactorfor the skin dose recommendedby the

ICRP for large areas of skin contaminationis 0.01. To contributean EDE of

100 mrem/yr, the dose averagedover i00 cm2 of the skin would have to be

I0 rein/yr.

Evaluatingand recordingradiationdoses from skin contaminationof

workers is addressedin the new DOE RadiologicalControlManual (DOE 1992).

This reportdoes not addressthe potentialhealth effectsof such exposures.

The guidance in the DOE RadiologicalControlManual for areas <10 cm_ states

E.I



that the dose is to be "averaged over the 1 cmz receiving the maximumdose;

not added to any other dose equivalent, extremity or shallow dose equivalent

(skin) recorded for the annual dose equivalent; and recorded in a person's

radiation dose record as a special entry."

The National Council Radiation Protection and Measurements (NCRP) issued

Report No. 106 in 1989: Ltmtt_or Exposure to Hot Parttc]es gn the_!n

(NCRP1989). This report, which addresses only occupational exposure, dis-

cusses health effects From Irradiation by beta particles. The report

describes the principal effect as ulceration of the skin and not skin cancer,

and defines a conservative, threshold limit of I E+IO beta particles

(75 _Ct.hr) For ulceration, based on the dose received at a depth of 100 _m.

The cells in the nasa] passage and the skin are not very sensitive to

radiation-induced cancer, viz. a risk of 7 E-07 cancers per rad (7 E-05

cancers per Gy), and therefore the recommendations for dose ltmtts are based

on deterministic effects.

If radiation doses are extremely high, irradiated tissues can develop

burns and other openings called ulcerations. A threshold for ulceration was

deftned as 230 krads (2300 Gy) evaluated at a depth of 100 _m. A htghly

radioactive particle that remained long enough in the nasa] passages or on the
skin could lead to such radiation burns and ulceration. At somewhat lower

doses temporary cosmettc changes would occur. The report stated that "ulcera-

tion of a minute area of skin, such as that which may occur near the threshold

for acute deep ulceration, is not considered to be a severe nonstochastic
effect." It is not clear how the discussion on health effects and the recom-

mendedlimit presented in the NCRPreport should be translated into guidance

for exposure of a memberof the public to DRPson the skin.

A research study involving new experimental work and a literature review

was performed by Pacific Northwest Laboratory for the Electric Power Research

Institute (EPRI 1992). The authors of this study recommendeda different

threshold for effects from exposure to DRPsthan that given in the NCRP

report. The new threshold was based on a new endpoint for skin disruption,

"acute necrosis," and given as 10 krads (100 Gy), based on the dose averaged

over I cmz at a depth of 70 _m. The authorsstate that "for stelliteparti-

cles, which are low-energybeta emitters,the possibilityof severedamage is

E.2
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remote and the area of the skin subject to potential damagewould not be

cosmetically unacceptable." Once again, the intent of this report is to

address the occupational arena, and application to the general publtc ts not

straightforward.

However, tn contrast to the recommendations tn the EPRI report that

' would allow someminor sktn damage to occur, many experts feel that any open-

ings in the skin of an occupational worker are unacceptable. Such openings,

' whtle not of a health concern, would prevent the worker from entering a con-

taminated area. The trend seemsto be toward keeping the lJmtt at ! E+IO beta

particles (75 _Ct-hr) as published tn NCRP(1989). This limit is used by the

U.S. Nuclear Regulatory Commission(NRC) tn tts modtfeed enforcement poltcy,

thus establishing a de facto DRPdose limit. Because this ltmit ts below the

dose necessary to produce any skin damage, it seemsprudent to use the same
I

limit for the general public. Lowering the limit does not provide an

increased level of protection because of the deterministic nature of the risk,

and, therefore, a lower limit is not necessary.

At its April 1993 meeting tn Washington, D.C., the ICRP approved a new

model of the respiratory tract tn which they have adopted a weighting Factor

of 1 E-05 For the portion of the nose that is most likely to receive a sig-

niFicant dose From a DRP (James et al. 1991), It ts possible to use the

respiratory tract model to predtct the EDE from a DRPthat has been inhaled.

If the dose to the nasal region is higher than the dose to any other body

organ, the nose ts Further weighted by a Factor of 0.025 when its contribution

to the EDE ts determined. ThereFore, the dose to the nasal passages received

by a memberof the public from a DRPlodged there would have to be 4 E+03 rem

before the EDElimit of 0.1 rem were reached. At doses of this magnitude,

significant damageto the tissues of the nose would occur. Thus, the EDEFrom

• a particlein the nose shouldnot be the limitingvalue of acceptabledose.

Instead,for exposureof the public to DRPs, a limit of 10l°beta particles

. (75_Ci-hr) is consideredappropriate,
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E.2 LXKELXH_D _ [xP_UR_

A studyby Schwendlmanindicatedthatthe potentialfor inhalationor

pickupof smallparticlesfromthe groundwas verylow ($chwendlmanIg!il)),|,

his study,he scatteredfluorescentparticlesnn dry groundand vegetationon

theHanfordSite, Althoughthisstudyis notdirectlyapplicableto the ioca

tlonwherethe two cobaltparticleswere found,itmightbe applicableto a

scenariowherethe particleswerecontainedindry shoreline$edlmnt. the

probabilityof the particlesbecomingairbornefromwet sedimentsshouldbe •

less.

The likelihood of exposure to DRPsalong the Hanford Reachof the
ColumbtaRiver is reduced by the small numberof suchparticies found in the

severalriversurveysperformedover theyears. The likelihoodof exposurets

furtherreducedbecausetheseparticlesare not mobilein airor water. In

addition,any particlesthatwerepresentbut not detectedwere probably

coveredby or buriedin sediment,The particleswilladhereto the sedimnt,

andthe sedimentactsas an effectiveshield. Forexample,a l-m layerof

sedimentbetweena particleand thebare sk!nis sufficientto reducethe skin

doseby a factorof 30, andno significantdose isexpectedfroma pa,ticle

that isburiedbelowI cm of sediment.

E,3 BAD!ATIONDOSlMETBY

According to the supplied information, the particles recovered were

steillte(witha typicaldensityof 8,3g/ca)),and theiractivitywas 1,7_Ci

and 16/_CI. ExperiencewithotherstelliteDRPsthatoccurin commercial

nuclearpowerplantsindicatesthattheyare essentiallyinsolubleIn the

gastrointestinal(GI)tractor in any otherbodilyfluids, Basedon measure-

mentsperformedby Battelleon DRPs isolatedat commercialpowerreactors,the

specificactivityof stelliteaverages6 x 104/_Ci/mma, From the specific

activityfor ste!l!teparticles,the twoparticleswereestimatedto have

physicaldiametersof 30 /_nand 70/_m,respectively.The aerodynamicdiam-

eter_of particlesof thisphysicalsizeand densitywereused in thecomputer

codeLUDEP(Blrchall,t el. Iggl)to determinetheprobabllttyof their

inhalation,The aerodynamicdiameterof the two particles,whichis even

biggerthanthe physicaldiameter,is toolargeforthem to enterthe lung,
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Therefore,the exposuremodes with the highestpotentialradiationdose

rates were found to be those that postulatedlodgingof the 16-_CIparticle in

the nasal passages (40 rad/hr averagedover I cm2 at depth of 40 _m) and

direct contactof that particlewith bare skin (30 rad/hr averagedover I cm2

it depth of 70 /_n). The potentialradiationdoses from other scenarioswere

, also calculmted,includingingestionof the insolubleparticles,the dose to

severalbody organs from the passageof the particlesthroughthe GI tract,

, and dose rates to the skin from exposurethrough interveninglayers of cloth.

In addition,a calculaLionwas made of the dose to lung tissuesfrom inhala-

tion of a stelliteparticle small enough to penetrateinto the lungs.

E,4 INHALATIONOF A SMALL PARTICLE

The dose to lung and the extrathoracic(ET) region from inhalationof a

DRP dependson the diameterof the particle. To determinethe possible

effectsof inhalationof a DRP, three particle sizes were considered"parti-

cles with a physicaldiametergreaterthan 10 #m, a particlewith a diameter

of 5 _m, and a particlewith a diameterof I /_m. The activityof a particle

with a diameter of 10 p_nis 50 nCi, the activityof a particlewith a diameter

of 5 _m is 6 nCi, and the activityof a particlewith a diameterof i y_mis

50 pCi. A stelliteparticlewith a diameterof 5 A_mwould probablybe barely

detectableduring a ground surveyconductedwith a GM meter. The dose from a

l-A_mparticlewas deemed to be too small to warrant calculation.

Accordingto the ICRP model, when a person is exposedto a stellitepar-

ticle that'is largerthan 10 A_mthere is a 50% probabilitythat the particle

will be depositedin the ET region. The probabilityof deposition in the

anteriorpart of the nose (ETI) region is equallylikely as depositionin the

naso- and oropharynx(ET2) region. Particlesthat are depositedin ETI usu-

, ally remain there for an averagetime of about i day. They are eventually

removedeither physicallyor by sneezing. The averageresidencetime in the

, ET2 region is about 0.2 hr. Particlesthat are depositedin ET2 are

eventuallyswallowed.

Using the LUDEP code, doses were calculatedfor depositionin both the

ETI and ET2 regions. In the followingdose calculations,it was assumedthat

particleswould remain in the variouscompartmentsfor a time equal to twice
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the average. For a particle that is depositedin the ETI region,the

potentialcommitteddose factorsare about 8 rad/d/_Cito the nose and

0.2 rad/d/_Cito the naso- and oropharynx. Therefore,the calculated

committeddose from a 16-_Ciparticlespending2 days in the ET] regionwas

calculatedto be 250 rad. This same particlewould contribute6 rad to the

naso- and oropharynx. Clearlythe limitingorgan dose is that to the nose.

If the regulatorylimit for public exposureto these particleswere the same

as the limit for occupationalexposure,i.e., 75 pCi-hr, then the limit would

be exceeded for the 16-_Ciparticle. When credit is taken for self-absorption

as permittedin NCRP (Ig8g),the exposurefrom the 1.7-_Ciparticle in the

nose would be very close to the NCRP limit expressedas I E+IO beta particles

emittedfrom the surfaceof the particle.

Committeddoses from a 16-#Ciparticle in the ET2 region were calculated

to be 20 rad to the naso- and oropharynxand 10 rad to the nose. For parti-

cles that are deposited in the ET2 region,the naso- and oropharynxdose is

limiting. The EDE associatedwith a particledepositedin the ET2 region was

estimatedto be <I mrem, well below the radiationguide for exposureof a

member of the public.

Inhaledparticlesof sufficientlysmall size can also deposit in the

bronchial(BB) region. Stelliteparticlesranging in size from 5 to I0 pm

have a small probabilityof depositionin that region (0.4% maximum). The

activityassociatedwith a 10-_m particleis calculatedto be 50 nCio The

dose factor to the BB region from a 6°Coparticledepositedthere was calcu-

lated to be 60 _rad/hr/nCi. Therefore,the dose rate from a 10-_m particle

in the BB region would be 3 mrad/hr. In the ICRP model, transportfrom the

BB region is composedof two components,fast transportwhere particleshave

an averageresidencetime of 0.1 d and a slow transportwith an averageresi-

dence time of about I month. However,the probabilityof slow transportis

only 0.7% of the probabilityof fast transport.

When coupledwith the short time that particlesare predictedto remain

in the BB region (probably5 hr or less),the total dose (<20mrad) from a

10-_m particlewill not produceany adversedeterministichealth effects. In
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addition,the contributionto the EDE from such a particlein the BB region

would be <I mrem, a dose well below the radiationguides for exposure of a

member of the public.

The probabilityof a lO-/_mparticledepositingin the BB region and

transportingquickly is only 0.004. Becauseof its long residencetime (up

to 2 months),the potentialdose from a slow-transportingparticlein the

BB regionwould be about 300 times that of a fast-transportingparticleor

' just under 5 rad. However,the probabilityof the particle lodgingthere is

only about 7 E-03 times the probabilityfor depositionin the fast BB region,

or 3 E-05. These probabilitiesmust be coupledwith the low probabilityof

inhalingthe particle.

In summary,if particlesstay in the nose for 2 days, then those that

are about 1.7 _Ci (correspondingto a physicaldiameter of 30 pm) can deliver

doses to the nose that approacha limit of 75 _Ci-hr. Particlesof this size

will not be deposited in the lung. The dose equivalentfrom a DRP deposited

in either the ET or the BB regiondoes not appear to be a health concern.

E.5 INGESTIONOF A PARTICLE

The impactof ingestingthe insolubleparticleswas evaluatedby calcu-

lating potentialradiationdoses to the variousorgans in the body from pas-

sage of the particlesthroughthe GI tract. Calculationswere performedwith

the computercode MIRDOSE (Watsonet al. 1984). This code uses the ICRP GI

tract model to calculateradiationdose to severalorgans of the body from the

gamma radiation ("crossfire")emittedfrom the radionuclidewhile it passes

throughthe tract with no absorptioninto the bloodstream. The resultsof the

MIRDOSEcalculationare listed in Table E.I. The code does not generate an

EDE. However,the EDE can be calculatedfrom the standardset of organ-dose

weightingfactorsadoptedby the U.S. agenciesconcernedwith radiation

protection. The calculatedEDEs are listedat the bottom of the table; both

' values are less than the DOE stochasticlimit of 100 mrem. The health effects

of concernfrom exposure to such DRP are clearlydeterministic

(nonstochastic).
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TABLEE.I. Calculated Radiation Doses from Ingestion of B°Co Particles

mrad
i , i.

Target Organs 1.7 /_Ct 16 #Ci

f
,

Adrenal s <0.5 5

Brain <0.5 <0.5 ,

Breasts _ 1
Gall Bladder Wall 2 20

Lower Level Intestine 32 300

Small Intestine 7 69

Stomach 2 23

Upper Level Intestine 15 140
Heart WalI <0.5 2

Kidney I 10

Liver I 7

Lungs <0.5 2

Muscle 1 g

Ovaries 8 74

Pancreas I 9

Red Marrow I 13

Bone Surface I 6

Skin <0.5 3

Spleen 1 7

Testes I 7

Thymus <0.5 I

Thyroid <0.5 <0.5

UrinaryBladderWall 2 23 '

Uterus 3 32

Remainder I I0 ,

EffectiveDose Equiv. 6 60
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E.6 EXTERNALEXPOSURE

A second set of calculationswas performedusing the computer code

VARSKIN2 (Durham1992),written for the U.S. Nuclear RegulatoryCommissionto

calculatedose to skin from DRP. Calculationswere performedfor a number of

exposurescenarios: a particlethat is inhaledinto the nose, a particlethat

' comes into contactwith bare skin, a particlethat resides in a person's

pocket,a particlethat lies below a person'ssleepingbag, and the penetrat-

, ing (deep) dose.

The calculationswere performedassumingthat the particleshad an

activity-to-volumeratio of 5.6 E+4 /_Ci/mm3,determinedbased on experience

with stelliteDRPs found at U.S. nuclearpower plants. The geometry of the

particleswas assumedto be cylindricalwith a thicknessequal to its

diameter. Thus, the 1.7-/_Ciparticlehad a thicknessand diameterof 30 _m,

and the 16-#Ci particlehad a thicknessand diameterof 70 _m. The cylindri-

cal geometrymodel was chosento maximize the accuracyof the calculations.

E.6.1 ExposureScenarios

As stated above, a particlethat is inhaledthroughthe nose must reside

in the ETI region if any regulatorylimit is to be approached. Becausethe

depth of the sensitivelayer of cells in the nose is 4 mg/cmz, dose was cal-

culatedat that densitythickness. The doses calculatedusing VARSKIN2

differ from those performedusing LUDEP for a number of reasons. First, LUDEP

assumesthat the activityis spread uniformlythroughoutthe region,while

VARSKIN2 assumesthat the source is a particle. Second, LUDEP does not

accountfor particleself-absorption,while this effect is modeled in

VARSKIN2. Finally,the dose calculatedby VARSKIN2 representsthe maximum

dose to I cm2 of tissue in the ETI region.

To simulatethe dose to the sensitivelayer of cells on the skin, a den-

sity thicknessof 7 mg/cm2 was chosen. This depth is acceptedby interna-

tional standardscommitteesas the depth at which to calculateskin dose.

To simulatethe dose to skin (at a depth of 7 mg/cm2) from a particle

that has become lodged in a pocket,a layer of clothingwas calculatedas

being placed betweenthe particleand the skin. The clothingwas assumedto

have a thicknessof 0.4 mm and a densityof 0.7 g/cm3. These data were
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obtainedfrom typicalcoverallmaterialused in nuclearpower plants and

representa conservativevalue for the thicknessof clothing.
i

The doseto skin from a particlelocatedbelow a sleepingbag was deter-

mined by choosing a clothing thicknessthat would completelystop the beta

radiationemitted from the particle. In this case, a clothing thickness

equivalentto two layersof coverallmaterialwas sufficientto stop all beta

radiation.

k

The penetratingdose from gamma radiationwas calculatedby choosing a

skin depth of I cm. Note that the penetratingdose is calculatedto be

absorbedby a limitedarea of the skin and not distributedover the entire

body. The penetratingdose shouldnot be used as the dose to the whole body.

E.6.2 Results

The doses calculatedusing VARSKIN2 representconservativeestimatesof

dose rate to the skin averagedover I cm2. The calculatednumbers are the

maximumpossibledose rates for the given scenarios. The resultsof the

calculationsare presentedin Table E.2.

TABLE E.2. AbsorbedDoses from 6°CoParticles(a)

rad/hr

1.7 16
Scenario Beta TotaI Beta Total

Basal cells in nasal passage 7.3 7.6 38 41

Contactwith bare skin 4.4 4.7 23 26

Skin througha pocket 0.11 0.34 0.47 2.6

Skin throughsleepingbag 0.0 0.18 0.0 1.7

Deep dose (I cm) 0.0 0.019 0.0 0.18
e

(a) Calculatedusing the VARSKIN2 code.
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E.7 CONCLUSIONS

Based on calculationsusing LUDEP,MIRDOSE,and VARSKIN2, and based on

availableregulatoryguidance,the dose-limitingexposurescenario is a par-

ticle that is inhaledinto the front part of the nose, where the particlemay

remain for as long as 48 hr. For a 48-hr residencetime, the maximumdose to

' the nose was calculatedby the VARSKIN2 code to be 2000 rad (41 rads/hrx 48

hr) for the 16-_Ci particleand 360 rad for the 1.7-_Ciparticle. If the

regulatorylimit for public exposureto these particleswas the same as the

limit for occupationalexposure,i.e., 75 _Ci-hr, then the limit would be

exceededby about a factorof ten for the 16-_Ci particle. The exposurefrom

the 1.7-_Ciparticle in the nose would be very close to the NCRP limit

expressedas I E+IO beta particlesemitted from the surfaceof the particle

when credit is taken for self-absorptionas permittedin NCRP (1989).

To fully understandthe likelihoodof a DRP exposure,a detailed radia-

tion survey of the accessibleareas along the ColumbiaRiver would be prudent.

One method of making this determinationis to performa thoroughcontamination

surveyof the publicly accessiblebanks of the ColumbiaRiver. An appropriate

instrumentand scan speed that will allow detectionof particleswhich have an

activityof ] pCi or more should be used. Particleswith activitiesless than

I _Ci should not, in all probability,pose a health hazard and would not

result in exposureof the public in excessof limits.
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