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1.0 INTRODUCTION

During a routineweapon disassemblyoperationat the PantexPlant,

May 17, 1989, a releaseof tritiumgas occurred insideCell I of Building44,

Zone 12 South (hereafter,Cell 12-44-I),beginningat approximately2:30 p.m.

The estimatedtritiumactivityoriginallyin the disassembledcomponentwas

40,000 Ci. As soon as an alarming,wall-mountedtritiummonitordetected

elevated airbornetritiumlevels in Cell 12-44-I,plant workersexited the

room. Incidentresponsewas initiatedimmediately. All of the tritium in the

componentwas believedto have been releasedwithin 24 hours of the start of

the release. Except for the immediateincidentresponseand subsequent

infrequentradiationmonitoringof Cell 12-44-I,the Cell has remained

inactive.

Environmentalmonitoringof the soil- and vegetation-moisturein the

region about Cell 12-44-I in the 3 years since the incidenthas indicatedthe

continuedpresenceof tritiumin these media. An air monitoringstation100 m

south of Cell 12-44-icontinuesto detect elevatedlevels of tritium. These

measurementsindicatethat tritiumfrom Cell 12-44-Icontinuesto enter the

above-groundenvironmentfrom its below-groundreleasesite. The tritium

enteringthe environmentcan travel offsite,resultingin potentialexposures

to offsite individuals.

This report focuseson the long-term(i.e.,3-plusyears followingthe

release)environmentalprotectionand monitoringaspectsof the accidental

release. The Pantex EmergencyPreparednessstaff, of the Environmental,

Safety,and Health Division,had responsibilitiesfor addressingthe short-

term and immediateresponseactionsfor this incident. However,the

EnvironmentalProtectionDepartment(EPD) took over responsibilityFor the

long-termfollow-upof the environmentaland public health aspectsof the

residualtritiumreleases. The long-termfollow-upwas performedduring a

period of significantEPD organizationaland personneltransitions. Formal

follow-upplans were not establishedby the EPD. The RadiationSafety

Departmenthas responsibilityfor worker safetyadjacentto Cell 12-44-Iand

for decontaminationand decommissioningof the cell.
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This report includesan assessmentof the dose to.the maximallyexposed

individual(MEI) in the offsiteregion for all past calendaryears since the

incident,except for 1989, the year of occurrence. Also, general

recommendationsfor long-termair, soil, and vegetationmonitoringof tritium

releasesare provided. This document servesto:

• summarizepast EPD activitiesrelatedto the Cell 12-44-Irelease,

• re-assessoffsitedoses, and

• provideguidance for future responseto similarincidents.

The dose assessmentpresentedin this report is a re-evaluationof post-

1989 MEI doses using more realisticassumptions,additionaldata, and

differentcomputercodes than past assessmentshad used. Past assessments

used more conservativeand readily availableinformation. The environmental

monitoringrecommendationspresentedin Section4.0 were designedto permit

better trendingof the release and will be helpful in planningmonitoring

schedulesin the event of a similarincidentin the future.
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2.0 BACKGROUNDINFORMATION

Informationregardingthe incidentand incident-relatedmonitoring

activitiesare detailedin this section. Additionalbackgroundinformation

relativeto tritiumtransportin the environmentis providedat the outset to

familiarizethe reader with considerationspertainingto the environmental

pathwaysmodeling of tritiumreleases.

2.1 ENVIRONMENTALTRANSPORTOF TRITIUM

Tritium is a radioisotopeof hydrogenwith a halflifeof 12.3 years.

Hydrogen is a ubiquitouselement in the biologicenvironment. This contrasts

with other elementsthat are present in biota in much smallerconcentrations

or at discretelocations. The hydrogenrequirementof biota is much greater

than the requirementsfor other elements. Due to the abundantdistributionof

hydrogen in the environmentand its high concentrationin biota, environmental

transportcodes typicallymodel the cyclingof tritiumdifferentlythan other

radionuclides(withthe exceptionof carbon-14,a radioisotopeof another

pervasiveelement).

The environmentalmodeling of tritiumusuallyfollowsthe form of a

specific-activityequivalencemodel. Specificactivity is defined as the

concentrationof a radioisotopein a given material (Cember1987); i.e., the

ratio of radioactivehydrogen (tritium)to non-radioactivehydrogen is assumed

to be equivalentin both the contaminatingmedium and the exposedmedium.

This assumptionis rather accuratefor situationsof chronic (continuous)

exposureto tritium (Kennedyand Strenge1992). Relatingthis model to the

Cell 12-44-Irelease,the specificactivityof the tritiumin the air at the

locationof the MEI is used to estimatethe specificactivityof tritium in

other media (e.g.,food crops and soil); the other media, in additionto the

tritiumin the air, contributeto the MEI dose.

One complicatingfactor in the evaluationof tritiumreleasesconcerns

the chemicalform of the tritium. When tritiumgas (HT or T2) is released

to the environment,it can be oxidizedinto tritiumoxide (HTO,T20 , or

"tritiatedwater"). The biologicabsorptionof tritiumoxide intakesare

2.1



much greaterthan that of tritiumgas. This is illustratedby the different

inhalationdose conversionfactors (DCFs)for each chemicalform (DOE 1988):

ChemicalForm DCF

Tritiumgas (HT) Lung 4.4E-9 rem/h per _Ci/m3,
CEDE 9 2E-9 rem/h per #Ci/m3 (a)

Tritium oxide (HTO) Lung 6.3E-5 rem/#Ci inhaled
CEDE 6.3E-5 rem/#Ci inhaled

Althoughmodels have been developedto accountfor the above-ground

(i.e.,atmospheric)transportof tritium,much less is known about its

transportthrough soil to the atmospherein situationsof underground

releases. Experimentalfindingsrelevantto the below-groundtransportof

tritiumare summarizedin the followingparagraph.

Jacobs et al. (1979)describedthe great efficiencywith which soil

microbescan convertHT to HTO, using the enzyme hydrogenase. The rate at

which this occurs is significantlyfasterthan the naturalconversionrate in

the atmosphere. Garland (1979)reportedthe resultsof soil tritium

concentration_at varioussoil depths after atmosphericdepositiononto bare

and grass-coveredsoil. Althoughthis releasescenariodoes not parallelthe

Cell 12-44-Iincident,severalfindingscan be appliedto the assessmentof

this incident. Garland (1979)found that the tritiumconcentrationsin the

upper soil layer decreasedrapidlyonce sourceterm depositionceased. In

addition,it was reportedthat rain caused HTO to displacedownwardsand

diffuseto a greaterdepth than that occurringin rain-shelteredsoil. The

presenceof grass at the soil surfacecaused soil tritiummeasurementsto vary

over a greater range,primarilyattributedto the scatteredpresenceof the

grass roots. In addition,the HTO was retainedin the grass-coveredsoil

longerthan in bare soil.

(a) This EDE is calculatedaccordingto the methodologyof Petermanet al.
(1985)and Hill and Johnson (1993). The methodologyupon which DOE
(1988)was based does not includethe dose contributionfrom HT
metabolizedto HTO.
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2.2 INCIDENTSUMMARy

Several "cells"have been constructedat the Pantex Plant for the

purposesof minimizingthe consequencesof an accidentalhigh explosives(HE)

detonationduring nuclear-devicehandling (see FigureA.I). The Cell 12-44-I

complexessentiallyconsistsof a tunnel area leadingto a "roundroom." The

entire complex, except for the dome above the round room, is locatedbelow

. ground level. The maze-liketunnel area leadingto the round room contains

personneland equipmentinterlockdoors, which are locatedapproximately

halfwaydown the tunnel area. The tritiumreleaseoccurred in the round room

(34 ft in diameter)of the Cell 12-44-Icomplex.

The round room is constructedof a concreteslab floor coveredwith

epoxy and linoleum;the walls are paintedconcrete. A painted,drywall

ceiling in the round room concealsthe gravel dome that was constructedto

absorb shocks from an accidentalHE detonation. Two gravel pocketswere

constructedin differentlocationsof the Cell 12-44-Itunnel for the same

purpose.

Donham et al. (1989)describesthe constructionof the Cell 12-44-I

dome:

Cables and wire screen supportthe gravel dome. The dome is
constructedof 18-inchlayer of I- to 2-inchgravel coveredby a
screen and a layer of lO-meshto 2-inchgraded gravel to a total
thicknessof 20 ft. The gravelwas compactedover a suspended
catenarygrid of 1.5-in.bridge strand cable and four layers of
wire mesh. The edge of the gravel tapers to overlapthe earth
mound outsidethe wall. The gravel over the cell is cappedwith 3
in of Gunite [i.e.,concrete]that sandwichesa layer of saturated
asphaltcotton seal and is furtherprotectedfrom erosionby
asphaltstrip cover [i.e., "Gulf seal"].

When tritiumwas accidentai3yreleasedinto the round room of

Cell 12-44-iduring testingof componentvalves,tritiumleaks were detected

by a wall-mountedtritiummonitorlocatedin the round room. When the monitor

alarmedon the day of the incident,the personnelimmediatelyleft the cell

and exited throughthe interlockeddoors. The alarm networknotifiedPantex

Plant radiationtechniciansof the incidentand incidentresponsebegan

immediately.
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The valve throughwhich the tritiumultimatelyenteredthe round room

was left open when the incidentoccurred. Thereby,essentiallyall the

tritium activitywas releasedfrom the componentinto the round room. This

was indicatedby the increasingtritiummeasurementsin the Cell 12-44-I

tunnel air outsidethe interlockeddoors. At approximately4 p.m. on the day

of the accident,a decisionwas made to vent the releasethroughlarge doors

in a warehouse,Building 12-42,connectedto the Cell 12-44-Itunnel ramp (see

Figure A.I). This ventingwould dispersethe tritiumdirectlyto the outdoor

environmentand prevent its build-upin the tunnel and connectedbuildings.

Portableventilationequipmentwas used during the secondday after the

releaseto vacuum air from the equipmentinterlockarea to the warehouse

doors. This ventilationequipmentservedto ventilatethe tunnel but is not

believedto have resultedin much air exchangewithin the round room.(a)

The amount of tritiummoved by the ventilationequipmentis not known.

A meteorologicalevent that occurredshortlyafter the tritiumwas

released into the cell has importantimplicationsfor dose to offsite individ-

uals exposedto the tritiumreleases in 1989. At that time, a thunderstorm

occurredafter a regionaldry spell. During the few hours followingthe

release,approximately0.5 in. of rain fell-andthe wind directionshifted

drastically;an additional6.6 in. of rain fell over the next 6-week period.

The wind directionshifts of this event served to widely disperse any tritium

gas releases,significantlydecreasingthe dose to the offsiteMEI.

Tritium releasesto the atmosphereand ground-levelenvironment

resultingfrom the Cell 12-44-Iincidentoccurred and have continuedto occur

via several sources:

• during initialhours of the accident- the acute ventilationof the
airbornetritiumthroughthe warehousedoors via portableventilation
equipment

4

• initialhours to days - the above-grounddepositionof condensation
dispersedwith tritiumfrom the Cell 12-44-Idehumidifierwhich was
inadvertentlyoperationalfor a short period and use of portable
ventilationequipmentto increaseventilationrate

(a) Personalcommunication,R. Burke, EmergencyManagementDepartment
Manager, Pantex Plant,Amarillo,Texas, August 19, 1993.
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• approximatelyJune 1989 to present - chronict_itiumreleases from
activitydiffusingfrom the Cell 12-44-Igraveldome and soil
immediatelysurroundingthe cell to the ground-levelenvironment

• cell characterization- a specialstudy, requiringentry into
Cell 12-44-I,was conductedto characterizethe extent of the tritium
contamination(see Section2.3.2). Cell entry and samplingresultedin
the releaseof some of the tritium from the cell.

In this report,doses to individualsin the vicinityof the Pantex Plant are

assessedby estimatingthe activityreleased and previousdose assessmentsand

monitoringin the vicinityof Cell 12-44-Iare reviewed. Due to the lack of

" knowledgeregardingthe quantityof acutelyreleasedactivity in the first

year of the acuident,the 1989 doses were not re-evaluated. It is assumed

that the EmergencyPreparednessStaff adequatelyaddressedthe public health

concernsin the initialyear of the accident. The annual averagedose to the

MEI from 1990 to 1992 are re-assessedin Section3.0. The expectedMEI dose

for the years following1992 are also suggested.

2.3 PAST EVALUATIONSAND MONITORING

There have been three types of prior evaluationsof Cell 12-44-Iand its

releases. The purposeof the first type was to calculateoffsitedoses to the

MEI, as requiredby both DOE 5400.1 (DOE 1990) for Annual Site Environmental

Reports (ASERs)and by the U.S. EnvironmentalProtectionAgency, "National

EmissionStandardsfor HazardousAir Pollutants"(NESHAP)(40 CFR 61) reports.

The purpose of the secondtype of evaluationwas to characterizethe contami-

nation of the cell to plan for radiationprotectionmeasuresto keep exposures

as low as reasonablypossible (ALARA)duringdecontaminationactivities. The

purposeof the third type of measurementswas to implementroutineair mon-

itoringand conductspecial-purposesoil and vegetationsamplingin the

vicinityof Cell 12-44-I.

2.3.1 Offsite Dose Calculations

• The ASER requirementsand NESHAP regulationsrequirethat a dose

assessmentbe performedfor all airborneradioactivereleasesfrom the Pantex

Site. An ASER assessmentof doses for 1989 and 1990 includesestimatesof

tritiumcontributionsfrom the releasesof Cell 12-44-I. The ASER dose

assessmentsfor 1991 and 1992 assume negligiblereleasesfrom Cell 12-44-i.
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AIRDOS-EPA,an early versionof the CAPSB-PCcode (Parks 1992),had been used

to estimatethese doses. AIRDOS-EPAis a code that conservativelyapproxi-

mates doses from atmosphericreleases at the locationof the MEI. This code

was designedto estimatethe dose to the MEI from chronicreleasesof radio-

nuclides. The MEI locationfor the Cell 12-44-Ireleaseswas determinedto be

the boundarylocation 1900-m ESE of the cell (M&H 1990).

The annual effectivedose equivalentto this MEI as reportedin the

Pantex Plant ASERs are as follows"

Year of exposure MEI dose (mrem)Reference .

1989 1.43 M&H 1990

1990 0.16 M&H 1991

1991 IE-5 BP and M&H 1992

1992 9E-6 BP and M&H 1993

The 1989 dose estimateof 1.43 mrem (M&H 1990) assumedthe entire 40,000 Ci of

tritiumgas was uniformlyreleasedover the year. The 1990 dose was calcu-

lated under the assumptionthat 2550 Ci of tritiumwere releasedover the year

(M&H 1991). The 2550 Ci was the estimatedinventoryof trappedtritium from a

characterizationof Cell 12-44-Iconductedin early 1990 (see Section2.3.2).

The 1991 and 1992 source terms were estimatedto be 0.17 Ci (BP and M&H 1992)

and 0.126 Ci (BP and M&H 1993), respectively,when no major tritium gas

releasesfrom the Cell 12-44-Iregionwere considered.

2.3.2 1990 Cell 12-44-ICharacterization

A characterizationof Cell 12-44-Iwas conductedby AWC NuclearServices

in Januaryand Februaryof 1990 (AWC 1990). The characterizationwas

conductedto ascertainthe amountsand locationsof the tritiumremainingin

and around the cell. Only relevantresultsof this characterizationstudy

will be reviewed in detail in this report.

The interiorsurfacesand certain Cell 12-44-Iconstructionmaterials

were sampledto determinethe level of remainingtritiumcontamination.

Tritiumwas found on all round room surfaceswith the highestlevels found on

the floor. The ceilingshowed the lowest activitiesof all the room's
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structuralsurfaces. [This suggeststhat condensationwithin the round room

occurs more readilyon the floor than on the walls or ceiling.] The round

room walls are paintedconcreteand the concrete floor is coveredwith epoxy

and linoleum. Tritiumwas found to have penetratedall concrete structures.

Tritium levels in the round room air were found to be inverselyrelatedto the

outdoorbarometricpressure (i.e.,as the atmosphericpressuredecreasedthe

round-roomtritiumlevels increased). Evidencewas collectedwhich inJicated

• that water condensedon the undersideof the Cell 12-44-Idome gulf seal layer

and draineddown to its edge, accumulatingin the soil-backfillaround the

" Cell 12-44-Idome.

Samplesof the round room and dome air found both elemental(gaseous)

tritium and oxidizedtritium (tritiatedwater). The ratio of gaseous to

oxidizedtritiumvaried from 0.1 to 10. All surfacecontaminationwas

attributedto tritiatedwater deposition.

Exteriorto the Cell 12-44-1complex, low but elevatedtritium levels

were found in a drainageditch betweenBuildings12-42 and 12-95 (see

FigureA.I). The low area to which the ditch drains was found to have higher

readingsthan the ditch itself. In addition,the ground to which the

Cell 12-44-Ihumidifiercondensateis releasedwas contaminatedto a depth of

54 in. The humidifierwas operationalduring a portionof the period

immediatelyfollowingthe release.

2.3.3 EnvironmentalMeasurements

Air, vegetation,and soil monitoringhas taken place in the vicinityof

Cell 12-44-I. Air monitoringstationPA-06 is locatedapproximately100 m

south of the cell. Weekly tritiumlevelsmeasured at this stationare pre-

sented in Figure 2.1 and Table 2.1 for the years 1989 to 1992. The values

in Figure2.1 are truncatedbetween0 and IE-15 Ci/mL to facilitatethe

" visualizationof trends. The arrow in Figure 2.1 indicatesthe week in 1989

when the accidentoccurred. In additionto the Cell 12-44-Itritiumreleases,

" tritiumreleasesfrom calibrationactivitiesin building 12-53 and other

Plant-widetritiumreleasesmay be measuredat stationPA-06.

The routinemeasurementsof tritium in the air are collectedwith low-

volume air samplersthat extract atmosphericwater. A silica gel column in
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the samplersremoveswater vapor from the air. The moisture is then recovered

from the silicaand analyzed for tritiumcontent. This method of collection

recoverstritiumoxide, but not tritiumgas, from the atmosphere.

After media sampleswere collected,the moisturewas extractedfrom the

sampleand evaluatedfor tritiumcontent. The soil and vegetationmonitoring

resultspresentedin AppendixA indicatethe activitynormalizedto a mL of

water. Monitoringdata are furtherdiscussedin Section4.0.
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. TABLE 2.1. TritiumMeasured at Air MonitoringStationPA-06, 1989 to 1992
(Blanks indicatedates when no measurementswere recorded.
Measurementsare in units of 10"19 Ci/mL.)

-1.9 19_ 199t 1992
I I| I

3-Jan 136.2 2-Jan 35.2! 2-Jan 612 7-Jan 4.I i.....

1O-Jan 156.4 9-Jan 7342.7 8-Jan 0 14-Jan 712.3.....

17..Jan 51.I 16-Jan 26 15-Jan 302 21-Jan 71

24.,Jim 9.9 23.Jan 78! 22-Jan 36.4 28-Jan 397.6:
31-Jan 25.5 31.Jan (142.5 31-,Jw_ 11901 4-Feb 2313.9

7-F_ 23.9 9-F_ 4¢t.I ,S-FeD SeSO 1l-Fe_ 1.9,, ,

14-F_ 5.1 13.Feb 21.7 12-F_b 29.8 18-Feb 404.9
21-Feb 6.9 21.Feb 13 19-Feb 7680 25-Feb 2892.4
28-Feb 4.6 27-Feb 270e.3 28-Feb 8940 3-Mw 8.1

7-bklr 7.1 6-Milr 21.9 &Mar 28.2 10-Mar 6109.5..... .

14.MK 32.5 t3-MB' 8.7 12-MIr 52.9 17-Mm' 14
21-Maw' 7.8 20..Mar 31.6 20-Mar 18.2 24-Mar 6.9
28-Mu 32.5 27.Mar -2.9 31-Mar 5.8 31-Mar 19.7.....

_A_ e.9 _A_ 34.2 2-A_ Izs T-A_ _.e
11-AIX 4.7 10-Apt 11188.4 g-Apt 7730 14-Apt -5.4
18.A_ 19.e 17.A_ 2_;,.1 le-A_ s.2, 21-A_ 1,_.2
26-AIx 5; 24.-AIX 19.9 23-Apt 12 28-Apt 6.1

2-May 9.4 1-May 1118.8 30-AIx 150 5-May i364.7
9-May 51 8-May 89.7 7-May 6.4 14-May 311.3

16..May 42.9 15-May 82.8 14-May 11.1 21-May 55.4

23..May 296 22-May 14.5 21-Mmy 124 28-Mm/ 400.9
30-May 1174 29-May 6.6 28-May -2.54 4-Jun ..... 39

6-Jun 126.4 5-Jun -0.5 4-Jun 42.6 11-Jun 20.g. ......

14,.Jun 23560 12-Jun 6.4 11-Jun 1.11 18-Jun 7.4
,,

20-Junj 16.7 19-Jun IZ3 18-Jun 10 25-Jun 2207.........

27,.Juni 50.6 26-Jun 46.7 25-Jun -10.5 2-.JuJ 73.8

5-JulJ 174.8 3-,Jul 18.9 2-Jul 81 9-,Jul 22.4....

11-Ju_ 29.8 lO-JuJ 10 9-Ju_ 15.7 16-Jui 846.8, ,

18.,Jul 9712.2 17-Jull 5.6 16-Jul 2.16 23-Jul
25.,Jut 12.3 24,Jul 10 23-Juli 64.8 30-Jul -316,,,......

1-Aug, 50.5 31..Juli 350.9 30..Jui 29.7 6..Aug
8-Aug 11 7-Aug 16.3 6-Aug -6.68 13-Aug 30.8

15-Aug 29.1 14-Aug -18,6 13-Aug -7.29 20-Aug 22.7

22-Aug 49.8 21-Aug 337.5 20-Aug 158 27-Aug ...... 2383.1
29-Aug 28-Aug 13.4 27-Aug 2.43 3-,Sep 50
5-sep 3,94.9 4-sep -2.1 3-,_,ep 34.4 lO-,S_ .... -t .a

13-Sep 11-Sel) ,, 1153.9 10-_ I -9.,56 17-Sap -1.3
19-S_ 12.5 18-Sep 21.5 17-.S_, 24.4 24-Sep 28.1
26-Sep 18782 25-$4fl 89.2 24-Sefl 15800 1-Oct 12

3-Oct 585.6 2-O¢t 2.7 1-Oct 148 8-Oct 473
10-0¢t 40_ 10-0¢t 80091 8-OctI 0.28 15-_c1 29.7

17-C_'t 16-Oct 18.7 15-Oct 281 22-Oct 1.1,,,

25-Oct 128.8 24.-Oct 2313.7 22-Oct _,._ 29-Oct 1540.1

31-0ct 289.9 31-0ct 29-Oct 22500 5-Novl 35.5
7.Nov 10491 6-Nov 2256.4 5-Nov 30.6 12-Now 577.6

14-Nov 317.9 13-Nov 112.8 12-Nov 980 19-Nov1 1407..,

21-Nov 23842 20-Nov 5.3 19-Nov 4080 24-Now. ........

28-Nov 190,7 27-Nov 1880.3 26-Nov 7.76 3-Dec 162.9........

5-Oe¢ 0 4-Dec 3240.; 3-Dec 6740 10-Dec 3687.9
12-Dec 0 11.Dec 44.9] 10-Dec 5.8 17-Dec 663.8,,,

19-Dec 0 18-Dec 710.3 17-Dec 4680 24-Dec 663.8
26..De¢ 1017.3 26-Dec 4 24-Dec 655 J 31-Dec 2544.6

,,1,T.Dec 0.19 I
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3.0 ASSESSMENTOF TRITIUM RELEASE

The currentassessmentof the Cell 12-44-Itritiumreleasewas conducted

using the MEPAS (MultimediaEnvironmentalPollutantAssessmentSystem) (Buck

et al. 1989, Droppo et al. 1989) and GENII (GENerationII) (Napieret al.

1988) computercodes. The MEPAS code was used because it best addressedthe

scenarioof an undergroundreleasediffusingto the surfacein situations

• where severallayers of non-soilmaterialcoveredthe site of release. The

GENI.Icode addressedatmosphericdispersion,as well as the environmental

• accumulationand doses resultingfrom the tritiumreleases. The code

calculationsindicatethe effectivedose equivalentto the MEI for the years

1990 to 1992. These resultsare then used to estimatesubsequentyears' MEI

doses.

Generally,computercodes used for dose assessmentsare developedto

model a finite sampleof releaseand exposure scenarios. No code models every

possiblerelease and exposure situation. Therefore,a "conceptualmodel" of

the releasemust be developedthat utilizesthe scenariosimplementedin the

code to be used for the assessment.

The conceptualmodel used for the MEI doses for 1990 and subsequent

years resultingfrom Cell 12-44-Ireleasesis an undergroundtritium source

being slowly (i.e., chronically)releasedto the atmospherethroughthe Cell

12-44-Idome at a uniformrate. The tritium, in the form of either HT or HTO,

is containedby two thick layersof gravel, a thinnerlayer of concrete,and a

layer of tar and paper which make up the dome. The concrete is assumedto be

the least permeableof all of the dome layers and limitsthe rate of tritium

releaseto the atmosphere.

The dose to the MEI from the release is evaluatedby multiplyingthe

. activityreleaserate by a dilutionfactor specificto the MEI location. The

dilution factorwas developedwith considerationfor the Pantex-specific

. meteorologyduring the three-yearperiod from 1990 to 1992. The productof

the releaserate and dilution factor is the averageannualair concentration

at the MEI location. The MEI externalexposure,inhalation,and ingestion

doses were estimatedbased on this averageannualair concentration.
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The MEPAS and GENII codes were used to estimatethe annual averageair

concentrationat Lhe locationof the MEI. The MEI locationwas previously

determinedto be IgOO-m ESE of Cell 12-44-I(M&H 1991). To calculatebounding

dose estimatesresultingfrom the Cell 12-44-Irelease,the MEI was assumedto

be exposedto releasesof both forms of environmentaltritium,HT and HTO.

Then, the MEI air concentrationsof tritiumwere, again, used with the GENII

code for the dose assessment. The air monitoringstationlocatedin the

vicinityof Cell 12-44-Ipermittedthe validationof model results,thereby

implicitlyconfirmingthe adequacyof the model assumptions.

3.1 TRITIUMRELEASERATE ESTIMATION

The releaserates of tritiumthroughthe dome above the round room of

Cell 12-44-Iwere estimatedby using a modifiedMEPAS methodology. Since

there is sufficientreason to believethat the tritiumgas releasedwas, to

some extent,convertedto tritiumoxide, the releaserates of both tritiumgas

and tritiumoxide were estimated. The differencein ground releaserates

betweentritiumand tritiumoxide mainly resultsfrom the differencein the

diffusioncoefficientthroughthe air pore spaces in the cover material above

the round room. As a conservativeassumption,all emanationsof either

tritium or tritium oxide from the soil were assumedto be in the form of

tritium oxide at the point in which it became availablefor atmospheric

dispersion.

The method of estimatingreleaserates of gaseouscompoundsfollowsthat

documentedin MEPAS. However,MEPAS can at presentonly handle the situation

where the cover material above the source is a single layer of uniform

composition. This featurehad to be modified to incorporatemultiple layers

of diffusionbarriers,as is the case of the Cell 12-44-Iround room dome.

The modificationis as followsin accordancewith the procedurein The
q

Mathematicsof Diffusion (Crank1985):

AC

F = (i)
el

D (Pal°/3/Pt2)i
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TABLE 3,1. AssumedThicknessand Porosityof the Dome Layers

,,,,,,,, ..... , ......... , ......

LaYer Material Thickness PorosityIfraction)' iiii iiiiiiiii i ii iiii i i i i I ii i1|

Tar & Paper (gulf seal) 0.5 mm Equivalentsoil thickness"
6.7 cm with porosityof 0.35

Cement ]ayer IGunite) 3 inches ......Varied

Gravel dome layer I 1.5 feet 0.35L "" '" li'" '" "' '

Gravel dome layer 2 18.5 feet 0.35 ,,,.,

The thicknessof the gulf seal was adjustedto an equivalentsoil layer

thickness,as recommendedby EPA (Farmeret al. 1980). In brief, the equiva-

lent soil layer thicknessequals 134.6 x hf,where hF is the thicknessof a

plasticmembrane (mm). The gulf seal was assumedto resemblea plastic

membranematerial. The diameter of each dome layer was assumedto be 34 ft,

the same diameteras the round room.

The porositiesof the Gunite layer could vary from less than I% to

greater than 10% (KCG 1972). Gunite is pneumaticallyplaced concrete,much

used for placingor repairingreservoirwalls and canal and tunnel linings,

placingfire-proofingor protectivelayers over structuralsteel, repairing

faces of dams, and restoringreinforcedconcretemembers of buildingsthat

have undergoneseriousfire damage. For the purposeof estimatingrelease

rates of tritiumand tritiumoxide, the values for porositiesof Gunitewere

varied to determinethe variationsof emissionrates for the expectedrange of

porosities. These plots were generatedbecauseof the lack of site-specific

porositydata for the dome materials.

The releaserates for tritium and tritiumoxide were separatelypre-

pared, as shown in the Figures3.1 and 3.2. In generatingthese figures,the

concentrationof radioactivityat the Cell 12-44-Idome air was also varied

becausethe monitoreddome air concentrationsof tritiumvaried from 14 to

90 #Ci/m3 (AWC 1990). Two major assumptionswere requiredto model the

tritiumrelease rates"the dome materialporosity and the area of release.

The most uncertaintyexists in the assumptionthat the area of releasewas the

size of the Cell 12-44-Iround room.
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The above informationwas used to estimatethe tritiumreleaserate from

the dome. Once the releaserate estimatehas been calculated,it can be

coupledwith site-specificmeteorologicmonitoringdata using the GENII code

to determin_the air concentrationat the locationof the MEI.

GENII has the capabilityof acceptingthe joint frequencydata (i.e.,

met_orologicdata) of the annualwind speedsbased on stabilityclasses,

directions,and wind speed categories• The average1990, 1991, and 1992 joint

frequencydata at the Pantex Plant were used to generatethe mean _/Q' value

(i.e.,a "dilutionfactor")for the MEI location. The GENII output showing

the average_/Q' values at variousdistancesand directionsfrom the release

are shown in Table 3.2. This outputwas used to estimatethe air concen-

trationsof tritiumat a specificreceptorpoint, the MEI location,by multi-

plying the appropriatex/Q' value by the estimatedreleaserate of tritiumor

tritiumoxide.

3.2 TRITIUMCONCENTRATIONSIN AIR AT THE MEI LOCATION

The air concentrationsat the MEI locationwere estimatedfrom the

boundingCell 12-44-Itritiumreleaserates of 0.005 to 0.035 #Ci/s for

tritium and 0.002 to 0.013 _Ci/s for tritiumoxide calculatedusing the above

methodology. These releaserates were observedat the maximum,modeledGunite

porosity (I0_) and the observedrange of activitylevels (14 to 90 #Ci/m3) in

the dome air (see Figures3.1 and 3.2).

The x/Q' for the MEI location(1900-mESE of Cell 12-44-i)was

calculatedto be 3.65E-7 s/m3 (seeTable 3.2), using the averagemeteorology

from 1990 to 1992. The resultingtritiumair concentrationsat the MEI

locationestimatedfrom the releaserate and appropriatex/Q' are"

minimum (releaserate = 0.002 #Ci/s) 7.3E-4pCi/m3

• maximum (releaserate = 0.035 #Ci/s) 1.3E-2 pCi/m3
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TABLE 3.2. Annual AverageAtmosphericDispersionValues (x/Q' Values),1990 to 1992, by Direction
of Release

Distance
from release

(m) S SSW SW WSW W WNW NW NNW

100 8.18E-05 8.55E-05 7.99E-05 7.31E-05 3.79E-05 4.19E-05 6.59E-05 9.95E-05
1900 4.13E-07 4.32E-07 4.04E-07 3.75E-07 1.87E-07 2.09E-07 3.36E-07 4.99E-07
4023 1.26E-07 1.32E-07 1.24E-07 1.16E-07 5.76E-08 6.42E-08 1.03E-07 1.51E-07
5632 7.53E-08 7.89E-08 7.42E-08 7.05E-08 3.47E-08 3.86E-08 6.|9E-08 9.02E-08
7241 5.16E-08 5.41E-08 5.10E-08 4.88E-08 2.40E-08 2.66E-08 4.25E-08 6.17E-08
12068 2.43E-08 2.55E-08 2.42E-08 2.35E-08 1.15E-08 1.27E-08 2.01E-08 2.88E-08
24135 8.95E-09 9.43E-09 9.04E-09 8.99E-09 4.34E-09 4.76E-09 7.48E-09 1.05E-08
40255 4.36E-09 4.60E-09 4.45E-09 4.50E-09 2.16E-09 2.35E-09 3.66E-09 5.09E-09
56315 2.73E-09 2.89E-09 2.81E-09 2.87E-09 1.37E-09 1.49E-09 2.30E-09 3.18E-09
72405 1.93E-09 2.05E-09 2.00E-09 2.06E-09 9.82E-I0 1.06E-09 ].63E-09 2.24E-09

Distance
irom release

(m) N NNE NE ENE E ESE SE SSE

100 I.48E-04 I.77E-04 I.29E-04 7.30E-05 6.26E-05 7.25E-05 7.84E-05 7.89E-05
1900 7.56E-07 9.04E-07 6.56E-07 3.65E-07 3.17E-07 3.65E-07 4.01E-07 4.05E-07
4023 2.30E-07 2.76E-07 2.00E-07 1.12E-07 9.75E-08 1.12E-07 1.23E-07 1.24E-07
5632 1.38E-07 1.65E-07 1.20E-07 6.69E-08 5.86E-08 6.71E-08 7.43E-08 7.48E-08
7241 9.42E-08 1.13E-07 8.19E-08 4.59E-08 4.04E-08 4.61E-08 5.12E-08 5.15E-08
12068 4.42E-08 5.31E-08 3.85E-08 2.17E-08 1.92E-08 2.18E-08 2.44E-08 2.45E-08
24135 1.62E-08 1.95E-08 1.42E-08 8.06E-09 7.23E-09 8.14E-09 9.14E-09 9.14E-09
40255 7.86E-09 9.46E-09 6.90E-09 3.95E-09 3.57E-09 4.00E-09 4.51E-09 4.49E-09
56315 4.91E-09 5.91E-09 4.32E-09 2.48E-09 2.26E-09 2.52E-09 2.85E-09 2.83E-09
72405 3.47E-09 4.17E-09 3.05E-09 1.76E-09 1.61E-09 1.79E-09 2.03E-09 2.01E-09



To estimatethe dose to the MEI, GENII dose estimateswere calculatedby

assumingthe MEI was chronicallyexposedto the above tritium oxide air

concentrations. The GENII exposurescenariowas run as a "base-case,"where

the individualwas chronicallyexposedto a unit concentrationof tritiumin i

the air (1 Ci/m3). AppendixB providesthe base-caseoutput file. The MEI

dose is proporttionaltothe resultsof this base-casescenario. The range of

final dose estimatesis calculatedby multiplyingthe base-casedose by the

" range of estimatedME! air concentrations(i.e.,7.3E-4 pCi/m3 and 1.3E-2

pCi/m3). The modelledMEI exposure pathwayswere inhalationof the air,

" externalexposure to the air, and ingestionof food products (i.e.,leafy

vegetables,other vegetables,fruit,meat, and poultry)that were grown at the

locationof the MEI.

The resultingaverageannualdose to the MEI for the years 1990 to 1992

ranges from 4E-6 to 7E-5 mrem. These doses are well below the most

restrictiveoffsite individualdose limit of the EPA for airbornereleases

from DOE facilities,i.e., 10 mrem (40 CFR 61).

The MEI doses for years after 1992 could be estimatedafter considering

the above dose assessmentresultsand conclusions. The doses would be

expectedto be smallerthan the 1990 to 1992dose estimatesas a result of

diffusion,long-termentrainmentof the Cell 12-44-Itritium inventory,and

radiologicaldecay. Since the annual average1990 to 1992 dose estimate is

negligiblecomparedto the regulatorydose limit, it is sufficientto report

that the doses resultingfrom the Cell 12-44-Itritiumreleasesfor years

following1992 do not warrantadditionalconsideration.

The accuracy of the dose estimatescan be supportedthroughthe use of

the tritium air samplemeasurementsof air monitoringstationPA-06. The

monitoringdata can be used to "calibrate"the modeled air concentration

• estimate of the MEI location. Thereby, the dose to the MEI resulting from the

modeled air concentration can be calibrated.
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3.3 CALIBRATIONOF MODEL ESTIMATES

Air monitoringdata from stationPA-06, located100 m south of Cell

12-44-I,was used to validatethe modeledrelease rate estimates. The x/Q'

consideringthe 1990 to 1992 meteorologyat the Pantex Plant for the location

100-m south was determinedto be 8.18E-5 s/m3 (see Table 3.2). The product

of the releaserate and the x/Q' producesthe model estimateof the average

air concentrationat stationPA-06. The range of air concentrationsat PA-06,

using the minimum (0.002_Ci/s) and maximum (0.035_Ci/s) Cell 12-44-I

tritiumrelease rates, producestritium air concentrationmodel estimatesof

Io6E-13Ci/m3 and 2.9E-12Ci/m3, respectively. Use of the tritiumgas release

estimateswould assume all the tritiumgas releasedfrom the dome was con-

verted to tritiatedwater at the soil-airinterface,since the monitoring

stationmeasurementsindicateonly the level of tritiumoxide in the air.

The median tritiumconcentrationsmeasured at stationPA-06 were as

follows"

• for 1990, 3.2E-12_Ci/mL (3.2 pCi/m3)

• for 1991, 2.9E-12#Ci/mL (2.9 pCi/m3) (BP and M&H 1992),and

- for 1992, 5.0E-12pCi/mL (5.0 pCi/m3).

The mediansrather than the mean PA-06 measurementsare used becauseof the

skewingeffect of outliers. The comparisonof the model and actual

measurementsare found in Table 3.3.

TABLE 3.3. Comparisonof the Model and Actual Measurementsof Median Tritium
Concentrationsat StationPA-06, 1990-1992

Model Estimates Actual Measurements
Year (pCi/m3) (pCi/m3) Ratio model'actual

1990 0.16 to 2.9 3.2 0.05 to 0.91 .

1991 0.16 to 2.9 2.9 0.055 to 1.0

1992 0.16 to 2.9 5.0 0.032 to 0.58
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The model estimatesof the averageair concentrationat monitoring

stationPA-06 are underestimatesof the measured air concentrations. The

differencescould result from

• underestimationof the dome materials'porosity

• underestimationof the area of tritiumrelease.

The ratio of the modeled-to-actualair concentrationscan be used to

• estimate a "calibrationfactor"for use in adjustingthe modeledMEI dose

estimatesupward. The overallaverageratio is 0.44. The calibrationfactor

• adjustsfor the dome materialporosityand area of releaseassumptions.

Applyingthis calibrationfactorto the modeleddose estimatesprovides a

"calibrated"dose estimateof 9E-6 to 2E-4 mrem to the MEi for the years 1990

to 1992. This calibrateddose estimate is still well below the regulatory

dose limit.

3.4 DOSE ASSESSMENTCONCLUSIONS

The re-assessed1990 to 1992 doses to the MEI from the tritium released

from the Cell 12-44-Iincidentare well below EPA and DOE regulatorydose

limits for offsite individuals. The low dose estimatesand acute releaseof

the tritiumin 1989 suggestthat the estimationof the doses from the current

tritiumreleasesno longerwarranttheir distinctcalculationin the Pantex

ASER.

This conclusionwould apply so long as decontaminationand decommis-

sioningactivitiesare not initiated. Remediationactivitiesmay increasethe

dispersalof the Cell 12-44-Isoil-entrappedtritium into the atmosphere. In

the event of remediation,additionalmonitoringstationsmay be installedin

the immediatearea, dependingon the remediationactivity. Dose assessments

would use this monitoringdata to indicateany changes in the offsite impact.
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4.0 ENVIRONMENTALMONITORING

There are six generalobjectivesof environmentalmonitoringprograms

(Denham1982):

I. Assessmentof actual or potentialexposureof people to radioactive
materialsreleasedto the environmentas a resultof nuclearfacility
operations.

" 2. Evaluationof long-termtrends of concentrationsin the environmentwith
the intentof detectingfailuresor the lack of adequatecontrolof
releasesand to initiateappropriateactions.

3. Determinationof the fate of contaminantsreleasedto the environment,
especiallywith the intentionof discoveringpreviouslyuncovered
mechanismsof exposure.

4. Maintenanceof a databaseand capabilitiesfor rapid evaluationand
responseto unusualreleasesof radioactivity.

5. Detectionand evaluationof radioactivityfrom offsitesourcesin order
to distinguishand comparethe resultsof onsiteoperations.

6. Demonstrationof compliancewith the applicableregulationsconcerning
releasesto the environment,for both legal and public relations
purposes.

In addition,environmentalmonitoring (EM) activitiesshould be supportedby

documentationof monitoringlocationselectioncriteriaand a general EM

quality assuranceplan (Denhamand Kathren1989).

The environmentalmonitoringconductedto evaluatethe tritiumreleases

resultingfrom the Cell 12-44-Iincidenthas applicationsto severalof the

above objectives. GeneralEM programobjectivesI, 2, 4, and 6, listed above,

should reflectthe intentionsof the environmentalmonitoringactionsrelated

to the Cell 12-44-Iincident. Each of these objectiveswill be reviewedwith

respectto how they might be appliedto the evaluationand monitoringof

• releasessimilarto that of the Cell 12-44-Iincident.

ObjectiveI. Assessingactual or potentialexposure. The monitoring
p

performedin the immediatevicinityof the releasesite providesnear-field

exposure information. All offsite individualswill be exposedto a minor

fractionof the activitymeasured in this near-fieldenvironment,primarilyas

a result of distance.
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Objective2. Evaluationof long-termtrends. The near-fieldmonitoring

can provide informationabout the "releaseprofile" (i.e.,emissionrate

trends over time). In the event of future larger releases,the timingof

remedialactionsmay be deduced from spatial,seasonal,and temporalpatterns.

For example, remediationcan be conductedduring conditionsof minimal

atmosphericreleases,in order to limit atmosphericdispersalof the material.

Objective4. Maintenanceof databaseand capabilities. This objective

may more appropriatelybe labelled "LessonsLearned." The monitoringprogram

and data should provideinformationupon which to base futuremonitoring

programsin the event of a similar incident.

Objective6. Demonstrationof regulatorycompliance. Computercodes

are used to evaluatethe numerousenvironmentalpathways in which tritium

releasescan accumulateand producepotentialexposuresto the local popula-

tion. Environmentalmeasurementsmay be used to estimatedoses. Computer

codes are used to generatedose estimateswhen monitoringdata are unavailable

or inadequate. Lack of informationand the inherentvariabilityin meteoro-

logicaland biotic processespreventsthe dose calculationsfrom being more

than simply dose estimates. Dependingon the input,the models generallyvary

from "somewhat"to very conservative(i.e.,over-estimations).Therefore_

assumingthe exposurescenariowas definedas accuratelyas possible,there is

a safety-factorin the final dose estimatesto the MEI that are comparedto

the regulatorydose limits.

4.1 USE OF PAST ENVIRONMENTALMEASUREMENTS

Air, soil, and vegetationsamplesfrom the vicinityof Cell 12-44-Iwere

monitoredin the past (see Section 2.3.3 and AppendixA). The resultsof

these measurementsare evaluatedin this sectionas a rejoinderto general EM

objective4, the "lessonslearned"objective.

4.1.1 Air Monitoring

The 1990, 1991, and 1992 routineair monitoringmeasurementsof station

PA-06, 100-m south of Cell 12-44-I,are shown in Figure 2.1. One feature

clearlyevident in Figure 2.1 is the lack of winds blowing toward this air
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monitoringstationin the summer. The summerwind rose shown in M&H (1991)

indicatesthe preponderanceof winds from the south during the summer.

Future air monitoringconductedfor the purposesof follow-upto

radioactivematerial releaseincidentsshould assure that the monitoring

stationis locatedto monitor the most prevalentwind directions. Seasonal

trendsmay create the need for more than one air monitoringstation. This

would assure adequatemonitoringcoverageof the releasesto the atmosphere.

4.1.2 Soil and VeqetationMonitoring

" The non-routinesoil and vegetationmonitoringdata taken in responseto

the Cell 12-44-Iincidentare tabulatedin AppendixA. The sample turn-around

time, vegetationavailability,and marked programmaticchangesin the EPD

sinceMay 1989 are believedto accountfor the scatteredsamplingfrequencies

at various samplinglocations. Seasonalreleasetrends cannot be

distinguishedfrom the availabledata becauseof the fragmentedsampling

frequencyand samplinglocationcoverageover time.

Future EPD soil and vegetationmonitoringof similarreleasesshould be

plannedso that seasonalreleasetrends can be deduced. The plan should

includethe requirementfor data compilationin a databasecreatedspecific-

ally for the purposeof trendingevaluations. A single EPD staff member

shouldbe assignedthe responsibilityof data compilation,data evaluation,

and reporting•

4.2 ENVIRONMENTALMONITORINGCONCLUSIONS

The probabilityof a similartritiumreleaseoccurringin the future was

furtherreduced in responseto the Cell 12-44-Iincident. Nuclearcomponent

tritiumcontainmentcontinuesto be evaluatedin the cell structuresat the

PantexPlant. Therefore,despitethis risk reduction,a potentialfor a

similarrelease scenariois still present. In the event of a repeat release,

monitoringshouldbe conductedto assurethat seasonaltrends can be deduced

from the air, soil, and vegetationmonitoringdata.

The monitoringof seasonaltrends are importantfor the assessmentof

doses to the offsite publicand for remediationplanning. The GENII output

file of the base-caseevaluationof offsitedoses (AppendixB) indicatesthe
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dose contributionfrom the inhalation,ingestion,and externalexposure

pathways. The greatestcontributorto the MEI dose is from ingestionof

"othervegetables"(i.e.,non-leafyvegetables)and fruit. If the greatest

releasesof tritiumto the atmosphereare found to occur during the local

other-vegetableand fruit growing seasons,the public health protection

actionstaken would be more importantthan if the greatesttritium releases

occurredduring the non-growingseasons.
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The soil and vegetation sampling points are indicated in Figure A. 1. ' The figure indicates soil sampling point TS-SS-01 and vegefaSon sampling I.

point TS-VG-01 at sampling...... point 1. The location of air monitoring station PA-06 is also indicated in Figure A.1 near samping poet[ 4. L
] I I I ! I I I I i.

PANTEX SOIL AND VEGETATION MONITORING AJROUND CELL 1

Bold values ".Indicatethe average of the sample and its duplicate ' ,.....

' I i
Soil Samples , (pCi/mL)

Ol-90 02-90 03-90 o4-9o Q641o 07410 06-90 0o-90 lO-80 11-90 12-90 Ol-91 02-91 03-91 o4-91 05-91 o6-_1 07-01 06411 01_4H 1o-81 11411 12-01.............

Location

TS-SS-01 1,1 t.1 1.1 0.25 0.45 3 4.2 3.5 1.4 0.1 0.31
TS-SS-02 2.4 2 2.7 0.3,,.

]'S-SS-03 45 2.S 2.1 ] 0.45TS-SS-04 8.8 6.1 32 1.7

"rs-ss-05 1.3 4.9 4 '_ 1.2

TS-SS-06 17 15 11 4.e 6.7 16 25 30] 2_i

TS-SS-07 1.6 S.S .0.03 S 3.8 0.66TS-SS-O8 1.2 10 11.4 4.1 4.4 2.8: 2.4 21 1.5.......

TS-SS-09 3.3 10 12 0.65.,

TS-SS-IO 4.4 20 16 1.1

:rs-ss-11 4.5 17 9.8 I 1.t ,,

TS-SS-13 27 93 41.1 I 5.9

TS-SS-14 4.6 i9 8.7 15 15
TS-SS-15 ' 3A 62 2.8 12 ....

,,, =

TS-SS-16 1.6 5.8 098 0.64 .....

TS-SS-17 23OO 11O00 TaX) 4US m 1ooo zx

TS-SS-18 66 230 OJI7 81! 54' 7+7 5_.........

TS-SS-19 16 29 0.78 4 13

TS-SS-20 tl._l 2.2 2.1 053 , ]
_s-ss-21 .... I._
Ts-ss-22 0.64
TS-SS-23 0.04

TS-SS-24 022
TS-SS-25 0.17 0+79 0.94 -0.12 0.15 0.4 0.44 -0.i6 0.65

TS-SS-26 23 70.1 0.79 4.8 8
TS-SS-27 19 70 1.2 5.3 46

TS-_SS-2B t 13 48 0+= ,,. +._
k
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r"

0,-=02_900_90,0_= o_=i07-900_800_0 ,_9011-=12-0301-9102-910_9104-9,05-910_9107._o_ 0_I 10_I11_=1,2,=1
TS-SS-29 , 1.5 44 0.55 9.g 10
TS-SS-30 'I 5.4! 310 6: 5.2 7.4 8.3 13
TS-SS-31 3.4 83 14 5.7 64 3.9

TS-SS-32 0,12! 0.72 0.29 0.03 0.21 0.6 0.53 0.93 1.5 0.28 0.08
TS-SS-33 0.06 0.55 0.1 o.23 0.4 o.04 0.14 0.26 0.12

TS-SS-34 -0.05 1.9 o.e

TS-SS-35 0.04 1.3 0.26
TS-SS-36 0.2 o.38 0.02

TS-SS-37 0.1 0.91 0.07
TS-SS-38 I.M 1JI4 4.03 0.10 oJ 0.1 0.4 0.14 0.481 41.18

TS-SS-39 0.07 5.1 0.48

TS-SS-40 o.e 8 0.35i
TS-SS-41 0.47 8.3 0.46 0.5 I 0.47 0.82 0.58 0.211

TS-SS-42 0.82 2 1 0.87 1.2 0.94! 1.7 0.04:z:,

• TS-SS-43 1.32i 0.75 0.29;
TS-SS-44 0.38 9.1 0.23
TS-SS-45 0.41; 160 2.8 0.19

TS-SS-46 0.43 74 0.2
TS-SS-47 0.23 13 0.31

TS-SS-48 0.2 8.4 Og 0.34 0.56 0.16 0.16
TS-SS--49 0.44 8.3 0.7 0.13 0.41 0.18 0.24

TS-SS-50 -0.03 0.75 0.07

TS-SS-51 -0.0_ .0.05 0.91
TS-SS-52 0.11= 2.9 0.44

TS-SS-53 0.46 1.4 0.41

TS-SS-54 0.87 1.7 0.3 1 1.2 0.75 0.83 0.75 0.26

TS-SS-55 33 5.6 1 3 6 47TS-SS-56 1.5 0.14 4.8 . 4.8 0.281 1.1 15



101-901 02-90 o3-90104-90 06-90' 07-90 08-90 09-90! 10-9011-,90 12-90 01-91 02-91 03-91 04-91 05-91 06-91 07-91 08-91 0Q-91 10-91tl-81 12-_1
I ] I

Vegetation Samples (pCi/mL) I

TS-VG-01 29 1.5 0:6 0.29 0 82 0.g3 0.27 7.7TS-VG-02 0.75 2.8 1.7 1.1

!TS-VG-03 0.68 2.1 1.71 1.2
..

TS-VG-04 g 5.6 2.8 1.7.,

TSoVG-05 2.1

TS-VG--06 0.45 3.5 1.2 7.7 1.4 11_ 4.4,..

TS-VG-07 0.6g
.....

,TS-VG-08 I.II

'TS-VG-09 0.87
.....

_TS-VG-10 0.8,7

TS-VG-11 1.2

TS-VG-I_; 3.6 22,.,

TS-VG- 13 11 1¢41 ! 10 100 4.9/

TS-VG-14J 0.4 33 lg.6 19 32
i ii

TS-VG-15 2.2

TS-VG-16 0.8....

TS-VG-17_ 64 :!41
TS-VG-18 11o

TS-VC,-l 22 27 9.3
II 1_1

TS-VG-2Q 7ILl 1 0.27 1.4
1

TS-VG-21: 0.t4
im /

TS-V= ,.
TS-VG-23 1.12

TS-VG-2,_ .. 0.58

TS-VG-25_ 16_ 0.34 0.04 -0.0S 0.75 0.41
"rS-VG-26 1.3 270 72 61 510

'_ ....
TS-VG-2 0 6 44 20 13

T-S-VG--28 5,4 38 8.2 16
TS-VG-2_ 6.8 7J ',,

TS-VG-3C 12 7.5

TS-VG-31 ! 22o lo

TS-VG-3_ . I 29 0.57 0.58 0.15 0.33 021 0.38 0.03
TS-VG-33

I '1 0.14 018 0.11 0.22 0.08

!
TS-VG-34 0.43

Ts-yG-3_ ,. o.19 ... o.a5



01-90 02-90 03-90 04-90 06-90 07-90 08-_ 09-90 10-90 11-80 12-90 01-91 02.91 03-91 0491 05-91 06-91 07-91 06.4rj1 00.91 10.91 11-91 12.91
TS-VG-36 0.13 0.14

TS-VG-37 0.22 0.41 0.21

TS-VG-38 0.23 0Jill 0.1=1 0.21 O.l_ ;L11 |
TS-VG-39 t 0.01 0.01
TS-VG-40 1.4 1.4 0.ou

TS-VG-41 0.28 tJ 0.26 0.22 0.61 0.01

]'S-VG-42 2.6 1.3 0.32! 0.52
TS-VG-43 0.90 4.3 0.36

TS-VG-44 1.1 1.2 -0.01

TS-VG-45 0.38 0.14 0.06 0.06

;z> TS-VG-46 0.6e 0.06
• TS-VG-47 1 0.0'4_

TS-VG-4S 0.27 0.1

TS-VG-4g 0.1! 0.96 0.17 0.08
TS-VG-5(_ 0.161 0.17 0.03

TS-VG-51 0.7 0.62

TS-VG-5_ 0.65 1.2 0.24
TS-VG-53 1.11 3.3 0.33
+TS-VG-54 0.35 I1.1 0.86 1.3 1.2 0.41

TS-VG-5_ 1.4 2.7 1.5 4.7

TS-VG-5_ |.1 4.2 6.6 3.8
TS-VG-57

TS-VG-58

TS-VG-5_
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FIGURE A.!. Soil and VegetationSamplingPointson RepresentationalMap of Zone
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GENII Dose CalculationProgram
(Version1.4853-Dec-90)

Case title: Basecasefor 1900m ESE MEI dose calculation

Executedon: 10/08/93at 10:16:47 Page A. I
..............................................................................

This is a near field (narrowly-focused,singlesite) scenario.
Releaseis chronic
Individualdose

" THE FOLLOWINGEXPOSUREPATHS ARE CONSIDERED:

Infiniteplume,external
Inhalationuptake
Terrestrialfoods ingestion

o Animal productingestion

THE FOLLOWINGTIMESARE USED:
Intakeends after (yr): 1.0
Dose calculationsends after (yr): 50.0

FILENAMESAND TITLESOF FILES/LIBRARIESUSED ---

Inputfile name: \GENII\TRITRLSE\meibasln.in
GENII DefaultParameterValues (28-Mar-90RAP)
RadionuclideMaster Library (11/28/90RAP)
Food TransferFactorLibrary- (RAP 29-Aug-88)(UPDATEDLEACHINGFA
ExternalDose Factorsin personSv/yr per Bq/n (B--May-90RAP)
InternalDose Increments,Worst Case Solubilities,12/3/90PDR

i Surfacesoil input unit: (l-m2,2-m3, 3-kg)

..................BasicConcentrations.........

Release SurfaceDeep Ground Surface
Radio- Air Soil Soil Water Water
nuclide Ci/m3 Ci/m2 Ci/m3 Ci/L Ci/L
...........................................

H 3 1.0E+O00.OE+O00.OE+OO O.OE+O0O.OE+O0

NEAR-FIELDPARAMETERS

0.0 Inventorydisposed n years prior to beginningof intakeperiod
O LOIC occurredn yearsprior to beginningof intakeperiod

1.0E+O0 Fractionof roots in upper soil (top 15 cm)
O.OE+O0 Fractionof roots in deep soil
O.OE+O0 Manual redistribution:deep soil/surfacesoil dilutionfactor

EXTERNALEXPOSURE

8.8E+03 Hours of exposureto plume

, INHALATION

l 8.8E+03 Hours of inhalationexposureper year
I Resuspensionmodel: l-MassLoading,2-Anspaugh

5.5E-05 Mass loadingfactor (g/m3)
I !
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.......... TERRESTRIALFOODINGESTION........................................

GROW --IRRIGATION-- PROD- --CONSUMPTION--
FOOD TIME S RATE TIME YIELD UCTION HOLDUP RATE

TYPE d * in/yr mo/yr kg/m2 kg/yr d kg/yr
................................................

Leaf Veg 90.0 0 0.0 0.0 1.5 1.0 3.0E+01
Oth. Veg 90.0 0 0,0 0.0 4.0 5.0 Z.2E+02
Fruit 90.0 0 0.0 0.0 2.0 5.0 3.3E+02

..........ANIMAL FOOD INGESTION

---HUMAN.... TOTAL DRINK .............STOREDFEED..............
CONSUMPTION PROD- WATER DIET GROW -IRRIGATION-- STOR- -

FOOD RATE HOLDUPUCTION CONTAM FRAC- TIME S RATE TIME YIELD AGE
TYPE kg/yr d kg/yr FRACT. TION d * in/yrmo/yr kg/m3 d
.............................................................

t

Meat 8,0E+01 5.0 0.00 0,3 90.00 0 0.0 0.0 0.80 180.0

Poultry 1.8E+01 1.0 0.00 1.0 90.00 0 0.0 0.0 0.80 180.0

.............FRESH FORAGE.............
Meat 0.75 45.0 0 0.0 0.0 2.00 100.0

Inputpreparedby: Date:

Inputcheckedby: Date:
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GENII Dose CalculationProgram
(Version1,4853-Dec-90)

Case title: Baselinefile for 1900m ESE MEI dose calculation

Executedon: 10/08/93at'I0:16:53 Page C, i

Uptake/exposureperiod: 1,0
Dose commitmentperiod: 50,0
Dose units: Rem

Committed Weighted
Dose Weighting Dose

: Organ Equivalent Factors Equivalent
...........................................

Gonads 5,7E+06 2.5E-01 1,4E+06
Breast 5.7E+06 1,5E-01 8,5E+05
R Marrow 7.0E+06 1.2E-01 8,4E+05

Lung 5,7E+OB 1,2E-01 6,8E+05
Thyroid 5.7E+06 3.0E-02 1,7E+05
Bone Sur 6.7E+06 3,0E-02 2,0E+05
Stomach 5.7E+06 6.0E-02 3,4E+05
S.Int, 5,7E+06 6.0E-02 3,4E+05
UL Int. 5,7E+06 6.0E-02 3,4E+05
LL Int, 5,7E+06 6.0E-02 3.4E+05

.................................................

InternalEffectiveDose Equivalent 5,5E+06
ExternalDose 7.2E-04
.................................................

Annual EffectiveDose Equivalent 5.5E+06

ControllingOrgan: R Marrow
ControllingPathway: Ing
ControllingRadionuclide: H 3

! .................................................

Total InhalationEDE: 7.7E+05
Total IngestionEDE: 4,8E+06
.................................................
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GENII Dose CalculationProgram
(Version1.485 3-Dec-90)

Case title: Baselinefile for 1900 m ESE MEI dose calculation

Executedon: 10/08/93at 10:16:53 Page C. 2
..............................................................................

Uptake/exposureperiod: 1.0
Dose commitmentperiod: 50.0
Dose units: Rem

Dose CommitmentYear
i 2 3 ... 0

Internal :
Intake :
Year: 3 O.OE+O_ ...

+
2 O.OE+O0 O.OE+O0 ... Internal

+ • Effective
i 5.5E+06+ O.OE+O0+ O.OE+O0+ ... = 5.5E+06 Dose

Equivalent
It II ii

Internal Cumulative
Annual 5.5E+06+ O.OE+O0+ O.OE+O0+ ... = 5.5E+OB Internal
Dose Dose

. + + +

External
Annual 7,2E-04 O.OE+O0 O.OE+O0 .., 7.2E-04
Dose

il II il il
Annual Cumulative
Dose 5.5E+06+ O.OE+O0+ O.OE+O0+ ... = 5.5E+06 Dose

Maximum
5.5E+06 Annual

Dose Occurred
In Year !
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: Baseline file for 1900 m ESEMEI dose calculation

Executed on: 10/08/93 at 10:16:53 Page C. 3
--. ............. . .... . .................. . ............................ . .........

Uptake/exposure period: 1.0
Dose commitmentperiod: 50.0
Dose units: Rem

Committed Dose Equivalent by Exposure Pathway

) Pathway Lung StomachS Int. UL Int. LL Int. Bone Su R Marro Testes
.......................................................................

Inhale 7.9E+057.9E+057,9E+057.9E+057.9E+059.7E+059.7E+057.9E+05

Leaf Veg 2.IE+052.1E+052.1E+052.1E+052.1E+052.5E+052.6E+052.1E+05
Oth. Veg 1.6E+061.6E+061.6E+061.6E+061.6E+061.8E+061.9E+061.6E+06
Fruit 2.4E+062.4E+062.4E+062.4E+062.4E+062.8E+063.0E+062.4E+06
Meat 5.9E+055,9E+055.9E+055.9E+055,9E+057.0E+057.3E+055.9E+05
Poultry 1.3E+051.3E+051.3E+051.3E+051.3E+051.6E+051.6E+051.3E+05
.......................................................................

Total 5.7E+065.7E+065.7E+065.7E+065.7E+066.7E+067.0E+065.7E+06

Pathway OvariesMuscle Thyroid
....................................

Inhale 7.9E+057.9E+057.9E+05

Leaf Veg 2.1E+052.1E+052.1E+05
Oth. Veg 1.6E+061.BE+OBI.BE+OB
Fruit 2.4E+062.4E+062.4E+06
Meat 5.9E+055.9E+055.9E+05

Poultry 1.3E+051.3E+051.3E+05
....................................

Total 5.7E+OB5.TE+OB5.7E+OB

ExternalDose by ExposurePathway

Pathway
......................

Plume 7.2E-04
......................

Total 7.2E-04
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