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SAFETYEVALUATIONFORPACKAGING222-S LABORATORY
CARGOTANKFORONETIMETYPEB MATERIALSHIPMENT

PARTA: DESCRIPTIONANDOPERATIONS

1.0 INTRODUCTION

The purposeof this SafetyEvaluationfor Packaging(SEP) is to evaluate
and documentthe safetyof the onetimeonsiteshipmentof bulk radioactive
liquidsin the 222-S Laboratorycargo tank (222-Scargo tank). The 222-S
cargo tank is a U.S. Departmentof Transportation(DOT)MC-312 specification
(DOT 1989) cargo tank, vehicleregistrationnumberH0-64-04275,approvedfor
low specificactivity(LSA) shipmentsin accordancewith the DOT Title 49,
Code of FederalRegulations(CFR). In accordancewith the U.S. Departmentof
Energy,RichlandOperationsOffice (RL)Order 5480.1A,ChapterIll (RL 1988),
an equivalentdegree of safetyshallbe providedfor onsite shipmentsas would
be affordedby the DOT shippingregulationsfor a radioactivematerial
package. This documentdemonstratesthat this packagingsystemmeets the
onsite transportationsafetycriteriafor a onetimeshipmentof Type B
contents.

This authorizationexpireson September15, 1994,or when the shipment
is completed,whicheverdate is earlier.

A1-I
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2.0 PACKAGINGSYSTEM

The packagingsystem is a 5,000 gallonDOT MC-312 specificationcargo
tank truck with a cleanborestraightshapevessel. The containeris
constructedof an 8 gauge stainlesssteel,two piece barrelwith one
circumferentialweld. The containerhas an AmericanSocietyof Mechanical
Engineers(ASME)tested2 in. rupturedisc with polyethylenedrain tube
locatedat the top center of the vessel. The 35 psig air inletpressure
package (consistingof a pressuregauge, ball valve,a coupler,and an ASME
approvedrelief valve) is mountedin the dam area. The containeralso has a
3 in. stainlesssteel dip tube in the rear dam area, and another3 in.
stainlesssteel dip tube in the forwarddam area. The dam is a part of the
cargo tank flashingsystem,it is built as a stainlesssteel construction
spillboxwith polyethylenedrain hoses on each side, locatedjust ahead of the
suspension.

The cargo tank has a 5,000 galloncapacity,however,the 222-S cargo
tank capacityfor this shipmentshallbe limitedto 4,000 gallons. The
maximumoperatingsystempressureis 40 psi and the designtemperatureis
125 °F.

A2-I
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3.0 PACKAGECONTENTS

The authorizedcontentsfor this shipmentare 4,000 gallons(15,142L)
of aqueousradioactiveliquidwith an approximatedensityof I g/mL.

The isotopiccompositiontransportedin the 222-S cargo tank for this
onetimeshipmentis as shown in FigureB2-I, based on the sampleevaluation.

The 222-S cargo tank is currentlyoperatingunder a SEP
(WHC-SD-TP-SEP-011)which allowsthe transferof up to 5_ LSA materialwith an
A_ value of less than 0.05 Ci. However,a _@centlabor^_toryreport
(FigureB2-I) showedan abnormaIAmount of _'Am and °9"USr(Part B,
Section2.0). The activityfor (_'Amexceedsthe limit for a Ty_eA quantity
set by the DOT regulation(49 CFR 173.435)by 20 times and the _/9°Srlimit
by 2, as shown in Table A3-I. Therefore,these radionuclidescontributeto
causingthe materialcontentfor this bulk shipmentin the 222-S cargo tank to
be of a Type B natureas shown in FigureB2-2.

Table A3-1. DOTAz Value Comparison with Nuclides.

I I A, ValueNuclide Activity(Ci) (Ci)_,.:,,,,, ,,i ,lllll i,ll i• i I,,IL i ,,, " i! ,

3H 1.24 E-03 1000
., i , , , ,,| ,,, ,, .,,._

14C 2.30 E-04 60
. i _ , i,iii , L.

89/9°Sr 8.95 E-01 O.4
,.., i , f i, ., i i,,, , ., i ,, ,i. ,,

99Tc 5.18 E-04 25
,j, ,,,

1291 6.55 E-04 2

137Cs 9.08 E-01 10
,, ,,,, , ,,

14Zpm 6.71 E-02 25
, . ,, ,,, ,,

233U 5.19 E-]1 O.1
,,, , ., ,,

23SU I.01 E-06 O.2
, , ,,,

238U 1.98 E-05 N/A

239/24°Pu 5.58 E-04 0.002
,,,.e .... •,, ,

241Am I.53 E-OI O.008
h r ,:- ,,,,i , ,, , , ,......... ,, __ ,,,, J , L ,

I

TOTAL 2.03 E+O0 [

A3-I
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4.0 TRANSPORTSYSTEM

The transportshall be accomplishedduringoff-peaktraffichours during
daylight. There shall be HPT's monitoringduring the entiretransport
operationand the acceptingfacilityHPT shall be contactedto performa dose
rate evaluationand radiologicalboundarypostingif necessary. The emergency
responseteam shall be notifiedof the shipmentand ready to respond. All
roads shall be barricadedand the transportroute shall be limitedto the
shortestavailableroute using normalHanfordSite paved roadways(see
FiguresA4-I and A4-2). The cargo tank shall have an escort in front and
back, and be limitedto a speed of 45 mph on regularroadwaysand 10 mph on
curves and/orturns. There shallbe two driversin the cab at all times
during transport. The cab of the cargo tank shall be equippedwith a fire
extinguishercapableof extinguishinga Class A, B, or C fire, and the drivers
shall be trainedand qualifiedin its use. The filledcargo tank shall not be
left unattendedat any time duringloadingor enrouteto its destination
unless tilevehicleis parked in a securedarea.

The packagingexternalradiationlevelsshall meet the 49 CFR 173.441
requirementsfor an exclusiveuse shipmentas follows:

(b) A packagewhich exceedsthe radiationlevel limitsspecified
in paragraph(a) of this sectionshall be transportedby exclusive
use shipmentonly and the radiationlevelsfor such shipmentmust
not exceedthe followingduringtransportation:
(I) 200 milliremper hour (2 millisievertper hour) on the

externalsurfaceof the packageunlessthe followingconditions
are met, in which case the limit is I000milliremper hour
(10 millisievertper hour).
(i) The shipmentis made in a closedtransportvehicle;
(ii) The packageis securedwithinthe vehicleso that its

positionremainsfixed duringtransportation;and
(iii)There are no loadingor unloadingoperationsbetweenthe

beginnin9and end of the transportation.

(4) 2 milliremper hour (0.02millisievertper hour) in any
normallyoccupiedspace,exceptthat this provisiondoes not apply
to privatecarriersif exposedpersonnelunder their controlwear
radiationdosimetrydevicesand operateunder provisionof a State
or federallyregulatedradiationprotectionprogram.

Removablecontaminationon the exteriorsurfacesof the 222-S cargo tank
will be held to the followinglimits (WHCRadiologicalControlManual,
WHC-CM-I-6):

A4-I
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Table B4-1. DecontaminationLimits.

IH ,, , , "'

Nuclide Removables Total (Fixed+
(note I) (dpm/100 cm_) Removable_

(note 2) (dpml100 cm_)
(note 3)

l ltlmnll i tt

U-natural I 235U r 238U I and associated decay products. 220 alpha 5fO00 a!pha

Transuranics, 226Ra, 228Ra, 230Th, 228Th, 231pa, 227Ac, 20 500

125ir 129 I

Th-nat t 232Tht 90Sr_ 2Z3Ra( 224Ra_ 232Ut 1261_ 1311_ 1331 200 1_000 .

Beta-gamma emittors (nuclides with decay modesoRther than 1,000 beta/ganlna 5,000 beta/ganvna
alpha emission or spontaneous fission) except "VSr and
others noted above. Includes mixed fission products

containinB 90Sr.
Table notes:
1. The values in this table apply to radioactive contamination deposited on, but not incorporated

into the interior of the contaminated item. Where contamination by both alpha-and beta/ganlna-
emitting nuclides exists, the limits established for the alpha-and beta/gamma-emitting nuclides
apply independently.

2. The amount of ren_vable radioactive material per 100 cm2 of surface area should be determined by
swiping the area with dry filter or soft absorbent paper, while applying n_derate pressure, and
then assessing the amount of radioactive material on the swipe with_an appropriate instrument of
known efficiency. For objects with a surface area Less than 100 cm_, the entire surface should

be swiped, and the activity_Bet unit area should be based on the actual surface area. Except
for transuranic elements, "ZURa, 227Ac, 228Th, 230Th, 231pa, and alpha emitters, it is not
necessary to use swiping techniques to measure removable contamination levels if direct scan
surveys indicate that the total residual contamination levels are below the values for removable
contamination.

3. The levels may be averaged over 1 m2 provided the maxin_Jm activity in any area of 100 cm2 is
less than three times the values in this table.

, ,

A4-2



0 "AB_ LZO-d3S-dI-OS-3HM



WHC-SD-TP-SEP-027 Rev. 0

Figure A4-2. 200 East Area Route.

• East on 4th Street
• Arrive at 204-AR

204-AR
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5.0 ACCEPTANCEOF PACKAGINGFORUSE

The cargo tank systemshallmeet DOT specificationMC-312. The cargo
tank shall be currentin accordancewith the DOT maintenanceand inspection
requirementsas specifiedin 49 CFR 180 and in accordancewith the
manufacturer'srecommendationfor its mechanicalsystem.

A5-I
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6.0 OPERATINGREQUIREMENTS

The 222-S cargo tank handlingand loading/unloadingshall followthe
operationsprocedure(TransferTank 102 LiquidWaste to Tank Farms,
L0-I00-160)in accordancewith WHC practice.

This SEP shall be consideredthe controllingdocumentfor this onetime
shipmentof the 222-S cargo tank. Operationcontrolspresentedin this SEP
(PartA, Section4.0) shalltake priorityover similarrequirementsin other
WHC manuals,unless such controlsor requirementsare more restrictive.

Applicableinstructionsand/orproceduresfor onsiteshipmentof
radioactivematerialsshall be in compliancewith WHC-CM-2-14,Hazardous
MaterialPackagingand Shipping.

A6-I
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7.0 QUALITYASSURANCEREQUIREMENTS

The 222-S cargo tank shall be subjectedto the DOT MC-312Quality
Assurancerequirementsin accordancewith WHC-CM-2-14,Part IV, "Radioact_,e
MaterialShipments"and Part Vl "CargoTanks/CargoTank Motor Vehicles."

A7-I
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8.0 MAINTENANCE

The 222-S Laboratorycargo tank is constructedin accordancewith DOT
specificationMC-312 and shall be curre,ltin its periodicinspectionand
maintenancerequirements.i

A8-I
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9.0 APPENDIX
--

9.1 REFERENCES

49 CFR 100-199, 1993, "Transportation," Code of Federal Regulations, as
amended.

49 CFR 100-199,1989, "Transportation,"Code of FederalRegulations,as
amended.

RL, 1988, Environment,Safety and HealthProgramfor Departmentof Energy
Operationsfor Richland,RL Order 5480.IA,ChapterIll, U.S. Department
of Energy,RichlandOperationsOffice,Richland,Washington.

WHC-CM-I-6,WHC RadiologicalControlManual,WestinghouseHanfordCompany,
Richland,Washington.

WHC-CM-2-14,HazardousMaterialPackagingand Shipping,WestinghouseHanford
Company,Richland,Washington.

WHC, 1993,Safety Evaluationfor Packagingfor the 222-S LaboratoryCargo
Tank, WHC-SD-TP-SEP-011,WestinghouseHanfordCompany,Richland,
Washington.

WHC, 1994, TransferTank 102 LiquidWaste to Tank Farms, L0-I00-160,
WestinghouseHanfordCompany,Richland,Washington.
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PARTB: PACKAGEEVALUATION

1.0 INTRODUCTION

1.1 SAFETYEVALUATIONMETHODOLOGY

This SafetyEvaluationfor Packaging(SEP) authorizesa onetimeonsite
shipmentof Type B radioactivematerialin the 222-S Laboratory
U.S. Departmentof Transportation(DOT)MC-312 specificationcargo tank (222-S
cargo tank).

The 222-S cargo tank is an authorizedDOT transportationpackagefor
bulk liquidlow specificactivity(LSA)materialin accordancewith
49 CFR 173.425. The materialwhich is usuallyshippedin this cargo tank is
LSA or sliqhtlygreaterin accordancewith WHC-SD-TP-SEP-011.Due to an
abnormal_Am and 89/9°Srconcentrationin the 222-S storagetank, however,the
liquidcontentsare a Type B quantityof radioactivematerial,and greater
than Type A (non-bulk)LSA.

This SEP demonstratesthat the proposedonetimeshipmentof the Type B
contentsmeets onsitetransportationsafetycriteria. The safetyevaluation
method for this shipmentis based on risk, shielding,and thermalanalysis;on
the institutionof operationalcontrols;and the cargo tank'sup-to-dateDOT
and mechanicalinspectionrecords.

1.2 EVALUATIONSUMMARYANDCONCLUSIONS

The shieldinganalysis(PartB, Section5.0) showsthat the cargo tank
meets the DOT dose rate requirementsfor the Type B contents. The risk
analysisshows that in the unlikelyevent of an accident,the predicteddose
consequencemeets the onsite acceptancelimitsas shown in Part B,
Section3.0, based on accidentfrequency. The decay heat generationstudy
confirmsthat the contentsdo not generatesufficientheat to affectthe cargo
tank. In addition,the cargo tank recentlycompletedits periodicDOT MC-312
and mechanicalinspectionsin accordancewith the DOT requirementsand the
manufacturerschedule.

1.3 APPENDIX

1.3.1 References

49 CFR 100-199,1993, "Transportation,"Code of FederalRegulations,as
amended.

B1-1
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WHC,1993, Safety Eva7uation for Packaging for the 222-S Laboratory Cargo
Tank, WHC-SD-TP-SEP-011,WestinghouseHanford Company,Richland,
Washington.
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2.0 CONTENTSEVALUATION

2.1 CONTENTS

The allowable contents of the 222-S cargo tank are 4,000 gallons
(15,142L) of the 222-S laboratoryliquids. The radioactivecontentsare
based on the laboratorysampleshown in FigureB2-I and the transportation
contentsare shown in Figure B2-2. The contentsare Type B (PartA,
Section3.0) and would also be LSA (greaterthan Type A) if this was not a
bulk liquidshipment.

It shouldbe noted that under the currentInternationalAtomic Energy
Agency (IAEA)regulations(IAEA 1990),the contentswould meet the definition
of LSA II (FigureB2-3) and could be shippedin other countriesin a packaging
similarto the 222-S cargo tank. Therefore,consideringthe controlswhich
have been mandatedfor this onetimeshipment,the risk posed from these
contents is minor.

Table B2-1. LSAand Az Limits for DOTand IAEA.
,.

DOT IAEA
Radionuclide

, , , , ,,, ,. ,

LSA (mCl/g) A_ (Ci) LSA (Ci/g) I A_ (Ci)I
" ' ,," l, , , ,, , , ,h= i,, ii r ,, , ,,,,,i i ,,, , i , r,,, ,,.,. i 'f

3H O.3 I000 I x I0"z I000
,,, , ,.,,, , ,, , , .,,

14C 0.3 60 5 x 10.4 50
,, , , ,i ,,,,,

89/9°Sr 0.005 0.4 2 x I0"s 2
,, ., ,,,, , .,

99Tc 0.3 25 2 x 10.4 20
, . , ,, ,,,,

1291 0.3 2 unlimited unlimited
,, ,, . L ,, , ,, , . ,

13ZCs 0.3 10 1 x 10.4 10
i

147Pm 0.3 25 2 x 10.4 20
. , .... ,,, ,.,,.,, , , ,

233U 0.005 0.1 2 X 10.7 0.02
,. ,, , ,,,., , ,,,,,. , , ...

Z3_U 0.005 0.2 unlimited unlimited
,, ,, ,,,, , , ,

238U unlimited unlimited unlimited unlimited
, ,.,, ,,

239/24°Pu...... o.ooo1 o.oo2 5 x 10.8 o.oo5
,,., i ,,, ,., ,,.,. ,,, ,

Z41Am 0.0001 0.008 5 x 10"a 0.005
.....
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Figure B2-1. 222-S Laboratory Cargo Tank Lab Sample.

|&HISLR _ RB:POIT FOR S 9016. 102-LJ T231: ?121164 IS: 1
DISl, JL_::II_: 6/23/24 11:1 SaJ_LK wz_elqOT B_Dr SLORPID
KECEIY]_: 6/33/94 1124,0

OUT or GOOD _ltQE
_. DL'J_R. RESlTU_ OR STI.T_ 1U_GW/ AIRS? CODB
teee eete#keb _i/Hbeeeeee/Dettbdreet eeeeeeemameteee eee e#t et#lte/t
1001 _OI'R CUUUt COLORT_JLgJlO 80LZDS PRU]UI
1204 21 3.6_t0006 03 uCLIL X Y
12SI; JLT 1.110001 01 tICI/L _ T 3ff,DD&
1331 Am I__3 YLDD_
1464 ClR OUT !_ m
1464 C/R 1. 41000Z-0_L l]_aOKlgltJ. ]r T YLDD&
1557 _ 3. 65000R-02 If X T ELD_k
1601 TZ_ fl.80OO01-04 X I Y Tr..dODlk
1621 _ 4,03000R 00 G/T, C I X 2Z,DD&
1831 DSK2 NO ]UC_
1907 1 7.030006-03 X N 1[ XLDD&
2101 GEA 7.140006 01 uCi/L Cs-137 If Y Y_DD&
:I2OI-...GRJb ZT99000E_-01., uC/_ _a:.,2_I N Y YLDD&
;1216 K+ 1. 440006-01 ]K 1( Y YZ,DD&
2386 Eg OUT FOR ]UflU_
2386 Kg 3.08000E-01 IG/L N Y
2456 Z_ 1.040003 04 I_B CE W Y YT..DD&,
2456 I(:P 5.21O00R 02 _ Ja Y Y YLDD&
2456 IC_ 4.700002 01 lr/Plb /kq I Y Yr.,DO&
2456 ICI: 8.30000E 03 YPB Yb N Y YLDD_
2454 ICP 4.200006 01 PPS Cd if. Y Yr,DI_
2456 ZC_ 8.75000E os FlSB Ha N Y YLDI_k
2456 ICP 3.18000][ 04 _ AI N Y _,,DDJL
2456 ZC_ 1.030006 03 P]PB Am N Y lnC,Dl_lk
24S6 zCp < 1.00000E 02 i_PB se !1 Y _DI_
249]. I129 < S. 150003-03 u_1./L If T Y_D/L
2912 NO2 S- S7000R-04 X E Y Y'_OJh.
3937 NO3 _..46000E-01 x N Y YZ,DOJL
3201 1_ 1.20000][ o0 Hun N Y YLDD&
3201 !;4[ 1.18000][ 00 So_ If X TLDD&
3244 ]i,m OET FOR RERE_ TLDDI
3244 _ I S. 280006 o0 tlCIIL 1( Y YLDD&
:267 _,o4 2.6_;0oo_-o3w . z n_os
3371 _L-_h_/. 9.090001_-03 GRAMS lq I[ YLDDJk

3?o7 so, 1.s,oooz-o2 x x • YT=OS
3804 S"c89/90 ?.04000E 01 uC.L/L N 3[ '£LDD&
4193 Tc99 • 4.07000E-02 uCl/L lq Y £T_DI_L
4419 O _, 3.930006-03 G/L N Y '[r.,DD&
,402:_ Am2A_ 1-..-21>GOOILoI-_:C¢.,_]b-,. _ Y YLDOA
5701 Yo& Z_co_ YLDD_
571g _ 9.90900R 01 % !_0 N Y YY_J)I_
7687 H3 9 • 76000][-05 uCi/NL ]i' Y I_J)D&
7688 C14 1.810006-0S uCi/NL _ Y YLDD&

END O1_]W.POI_
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Figure 62-2. LSAand A2 Determination under DOT.
Fissile-ExemptMaterialDeterminatTon.
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Figure B2-3. 222-S Laboratory Contents under IAEA.
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2.2 APPENDIX

2.2.1 Reference

IAEA, 1990,Regulationsfor the Safe Transportof RadioactiveMaterial 1985
Edition, IAEA SafetySeriesNo. 6, as amended1990, InternationalAtomic
ErJergyAgency,Vienna,Austria.
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3.0 RAOIOLOGICALRISK EVALUATION

The sectionprovidesthe resultof the accidentfrequencyevaluationof
the 222-S cargo tank used to transportthe materiallisted in FigureB2-I.

3.1 ACCIDENTFREQUENCYANALYSIS

An accident frequency evaluation was performed for the 222-S cargo tank
shipment from the 222-S Laboratory in the 200 West Area to the 204-AR located
in the 200 East Area. The shipping distance was determined to be 6.3 miles
and is illustrated in Figures A4-I and A4-2. The purpose of this analysis was
to determinethe predictedaccidentfrequencyfor the shipment.

The followingdata was extractedfrom the StandardTransportationRisk
AssessmentMethodologyreport (WHC 1993):

reportableaccidents/mile 4.38 x 10.6

major accidents/reportableaccidents 0.27

randomfire/majoraccident 1/31

collision/majoraccident 23/311

rollover 2/31

uncontrolledfire/fire 0.033

icy road not allowed

In order to reduce the potentialof a collision(to 5% of the recorded
value),the followingcontrolsshall be imposed:

• No vehiclesallowedon the road segmentbeing traveledby the
cargo tank exceptthe escortvehicles.

, Patrolescort.
° Seconddriver in the cab.
• Speed limitedto 45 mph or postedspeed,whicheveris less.

Therefore,the calculatedaccidentreleasefrequencyis as follows:
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accident releases . reportable accidents x ....ma_or accidents x
mi Is ml le repor table acci den ts

random fire uncontrolled flrs . rollovsr 5% collision
major accident x fire major accident x major accident!

(_ 2 . 23(0.05) )- 4.38 x i0-_x 0.9-7 x 0.033 . 3-'I" 3-'_

- 1.2 x 10 4 x 0.102

- 1.22 x 10-7 accident releases
mile

1.22 x 10-_ accident releases x 6.3 mile..____ss. 7.7 x 10"_ accident releases
mils year year

The 7.7 x 10.7accidentreleases/yearis consideredincredible,and the
predictedoffsitedose consequenceis shown to meet the onsitetransportation
safetycriteria(WHC-SD-TP-RPT-O01)for this frequencyrange in Part B,
Section4.0.

3.2 APPENDIX

3.2.1 References

49 CFR 100-199,1993, "Transportation,"Code of FederalRegulations,as
amended.

WHC, 1993, StandardTransportationRisk AssessmentMethodology,
WHC-SD-TP-RPT-O07,WestinghouseHanfordCompany,Richland,Washington,
December1993.

WHC, 1994,Report on EquivalentSafetyfor Transportationand Packagingof
RadioactiveMaterials,WHC-SD-TP-RPT-O01,WestinghouseHanfordCompany,
Richland,Washington.
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4.0 CONTAINMENTEVALUATION

The cargo tank is designedand constructedin accordancewith the DOT
specificationfor MC-312 cargo tanks. The MC-312cargo tank is authorizedfor
the shipmentin commerceof many acutelyhazardousliquids,includingnitric
acid. The cargo tank has been inspectedand testedper the DOT maintenance
schedule. Its mechanicalservicerecord is currentper the manufacturer's
recommendation. The dose consequenceanalysiswas performedfor the cargo
tank in Part B, Section4.2.2 to evaluatethe dose in the event of a release
due to an accident.

4.1 DOSECONSEQUENCE

The dose consequence analysis was performed to determine the dose
receivedby the maximumexposedindividualoffsitedue to a releaseof
materialfrom the cargo tank. The analysiswas based on the waste sampledata
in Figure B2-I.

The dose consequenceanalysisshows that the effectivedose equivalent
for the offsiteindividualwould be 1.0 x 10" rem at the worst case site
boundary,which is well below the 25 rem limitestablishedfor incredible
accidentfrequenciesas documentedthe Reporton EquivalentSafety for
Transportationand Packagingof RadioactiveMaterials(WHC 1994).

4.2 APPENDICES

4.2.1 Reference

WHC, 1994, Reporton EquivalentSafetyfor Transportationand Packagingof
RadioactiveMaterials,WHC-SD-TP-RPT-O01,WestinghouseHanfordCompany,
Richland,Washington.
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4.2.20ose Consequence Analyst s
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Westinghouse Internal
Hanford Company Memo

From: Radiation Physics andShielding 8D530-SMC-94-O01
Phone: 376-3765 H0-35
Date: August 14, 1994
Subject: DOSECONSEQUENCEANALYSISOF TANKERSHIPMENT94-3 AQUEOUSMIXTURE

-- SAFETYCLASSASSESSMENT
To: J.E. Mercado G2-02

cc: J.G. Field G2-02
J. Greenborg H0-35
R. J. Chesterfield G2-02
HJGFi 1e/SM

3360 Gallons of aqueouswaste are to be movedfrom 2225 Labs (in the 200
West area)to tankfarm204-AR(200Eastarea). The sourceterm is;

m

I_: Table:l,sourceTermii:_:i::_
i', ..... .,.., '" ,,. , ',,_, ,,,,', I,"' II ' i,,,',1 ...... ,, ,,,

!sotope Act ivt t_ (C!1, ,,,,,, ,,,, , ,,,

3H 1.24x 10.3
,,,,, , , ,

14C 2.30 x 10.4
, ,, ,, ,,

9°Sr 8.95 x 10"I,, , ,,,

9Oy 8.95x 10"I
, ,,, ,,, , ,,,,

_Tc 5.18x 10.4
, ,

I_I 6.55x 10-4
,,,, ,,, , ,,,,, ,, ,, ,, ,,,

137Cs 9.08 x 10"1
,,, , ,,,

137"Ba 9.08X 10"1
,, , ,,,,, ,

147Pm 6.72 x 10"z
,

ZZZU 5.19 x 10"11
, , ,, ,,

ZZSU 1.01 X 10 .6
,,,,,i , , , ,, ,, , i ,, ,,

ZZaU 1.67 x 10"s
,

_9/4°Pu 5.58 X 10-4
, ,,,

241Am 1.53 x 10"1
, i

For the purposes of this analysis it has been assumedthat the enttre
inventory tn the container has been released from any engineered barriers
and is at risk for release. The respirable aerodynamicrelease fraction was
taken from the recommendationsof J. Mishtma (RecommendedValues and
Technical Bases for Airborne Fractions [ARFs], Airborne Release Rates
[ARRs], and Respirable Fractions [RFs] for Materials from Accidents in DOE
Fuel Cycle, Ex-Reactor Facilities, Revision 2).

For aqueousliquids on equipmentthat is dropped three meters or less onto a
hard surface the recommendedboundingvalue is 1.4 x 10.4. The receptor is
assumedto be immersedin the cloud for the entire time of its passage.

Hanford Operations and Engimmrlng Contractor for the US Oepmlment o_ Energy
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J. E. Mercado 8D530-SMC-94-O01
PageZ
August 10, 1994

The computer programGXQwas run to find the meteorology which is not
exceededmore than 0.5% of the time according to Hanford meteorological
data. The nine year (1983 - 1991) averaged Hanford data for 200 area
release at a height of 10m(created 8/Z6/92) was used. Tworelease sites
were considered; 222S Labs, and 204-AR. The worst case normalized exposure
(Y/Q)was the samefor bothreleasesites,althoughthedirectig_of w_rst
caseexposurevaried. The valuewas calculatedto be 1.55x 10TM sec/m_ for
an individualat the siteboundarydirectlywest of the spillif it occurred
at the 222SLabs,and the samefor an Indlvidualat the siteboundary
directlyeastof the spillif it occurredat the 204-ARarea. Doseswere
calculatedfor inhalationand ingestionthroughdrinkingwater,aquatic
foods,terrestrialfoods,animalproducts,and soil (inadvertent).The
dosesforbothdrinkingwaterand aquaticfoodswerezero,sincetherewas
no meansto contaminateeitherof them.

The computercodeGENIIwas thenusedto calculatethe actualdosereceived.
The librariesusedwere as tabulatedbelow;

GENIIDefaultParameterValues(2B-Mar-gORAP)
RadionuclideLibrary- Times<t00years (23-July-93PDR)
ExternalDose FactorsforGENIIin personSv/yrper Bq/n (8-May-g0R
PNL FoodTransferFactorLibrary(byZ, with Fr&Os7/19/93PDR)
BioaccumulationFactorLibrary(30-Aug-88)RAP
Worst-CaseSolubilities,YearlyDoseIncrements(23-Jui-93PDR)

The off-siteindividualat theworstcase siteboundaryi_ expectedto
receivea committedeffectivedoseequivalentof 1.0x I0""rem.

SebastianMcClendon.I'!_I,_I[{_._,L
RadiationPhysicsand Shielding

JessGreenborg_ _

Manager,Radlat_._Physicsand Shield_
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*** Output file for GXQ - 222S site release ***

GXQVersion 3.1B
June 8r 1903

Generat Purpose Atmospheric Dispersion Code
Produced by Radtotogicat & Toxicological Analysis
Westinghouse Hanford Con1_any

Users Guide documented in WHC-SD-GN-SI_O-3002Rev. O.
Validation documented in WHC-SD-GN-SWD-3003Rev. O.
CodeCustodian is Brit E. Hey, WHC,ext. 6-2921.

Run Date = 8/ 9/1_J_4
Run Time = 14:1 2.30

iNPUT ECHO:
222S Area Release - Farmer
c GXGVet. 3.1 Input File
c mode

1
c
c MOOECHOICE:
c mode = 1 then X/O based on Hanford site specific meteorology
c mode= 2 then X/O based on atmospheric stability class and wind speed
c mode= 3 then X/O plot file is created
c
c LOGICALCHOICES:
c ifox inorm icdf ichk isite ipop icon

T F F F F F F
c ifox = t then joint frequency used to con_Jte frequency to exceed X/O
c = f then joint frequency used to conc.Jte annual average X/O
c 1norm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
c icdf = t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
c ichk = t then X/O parameter print option turned on
c = f then no parameter print
c tsite = t then X/Q based on joint frequency data for all 16 sectors
c = f then ×/O based on joint frequency data of individual sectors
c 1pop = t then X/O is population weighted
c = f then no population weighting
c tcon = t then X/Q is air concentration
c = f then X/O is integrated exposure
c
c MOOELCHOICES:
c idep iwake ipm irise igrav iwash iftow iwind

0 0 0 0 0 0 0 0
c idep = 1 then plume depletion model turned on (Chan_oertain model)
c iwake = 1 then NRCRG1.145 building wake model turned on
c = 2 then MACCSvirtual distance building wake model turned on
c ipm = 1 then NRCRG1.145 plume meander model turned on
c = 2 then 5th Power Law plume mearclermodel turned on
c = 3 then sector average model turned on
c irise = 1 then momentum/buoyancyplume rise model turned on, buoyancy
c rise based on sensible heat emission
c = 2 then momentum/buoyancyplume rise a_clet turned on, buoyancy
c rise based on initial plume density
c igrav = 1 then gravitational settling model turned on
c iwash = 1 then stack downwashmodel turned on
c iftow = 1 then sigmes adjusted for volume flow rate
c iwincl : 1 then wind speed corrected for plume height
c = 0 to turn any of the above mc_:letsoff
c
c PARAMETERINPUT:
c stack wind frequency
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c release speed mixing to scaling
c height height height exceed factor
c (m) (m) (m) (%) (?)

O.O000OS+O0 1.00000E+01 1.0OOOOE+O3 5.OOO00E-01 1.000OOE+O0
C

c gravitational
c building building release deposition settt|ng
c width height duration velocity velocity
c (m) (m) (hr) (m/s) (m/s)

5.000OOS+O0 5.000OOE+O0 1.0OO00E+O0 1.O0000E-03 1.00000E-03
C
c initial sensible
c initial plume heat
c plum flow stack emission
c density rate dtan_ter rate
c (g/cc) (m3/s) (m) (caLls)

1.22000E-03 O.OOOOOE+OO 1,00OOOE+O0 4,18000E.05
C

c RECEPTORDEPENDENTDATA
c FORMOOE make RECEPTORDEPENDENTDATA
c 1 (site specific) sector distance z-height
c 2 (by class & wirKJspeed) class windspeed distance offset z-height
c 3 (create plot file) class windspeed xmax tmax ymax jmax xqmin power
c
c RECEPTORPARAMETERDESCRIPTION:
c sector = O, 1, 2... (all, S, SSW,etc.)
c distance = meters
c class = 1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
c windspeed = m/s
c offset = meters offset from plume centerLine
c xmax = maximumdistance to plot or caLcuLate to (m)
c imax = distance intervals
c ymax = maximumoffset to plot (m)
c jmax = offset intervals
c xqmin = minimumscatedX/O to calculate
c power = exponent in power function step size

MODE:
Site specific X/O calculated

LOGICALCHOICES:
Joint frequency used to calculate X/Q based on

frequency of exceedance.
No normalization of joint frequency.
X/Q calculated for single sector.
Output is atmospheric dispersion coefficient,

MODELSSELECTED:

WARNING/ERRORMESSAGES:
WARNING#3 - ScaLed X/Q units (shown as s/m3 or 1/m3

below) do not reflect the user specified
scaling factor.

JOINT FREQUENCYDATA:
200 AREA(_MS) - 10 H - PasquiLL A - G (1983 - 1991 Average)
Creste<l8126192 KR

222S Area Release - Farmer
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TOTAL AVERAGE
POPULATIONINDIVIDUAL

RECEPT SECT. SCALED SCALED ATN. WIND
DISTANCE HEIGHT FREQ. X/Q X/g STAB. SPEED

SECTOR (m) (m) (%) POPULATION (sink3) (s/m3) CLASS (m/s)

S 12520 O-"&T_ 1 8.48E-06 _8.482-06 E ._
SSW 12720 0 4.53 1 5.21E-06 5.21E-06 F 2.65
SW 15430 0 2.93 I 5.24E-06 5.24E-06 F 2.65
WSW 13200 0 2.72 1 6.40E-06 6.40E-06 F 2.65
W 12950 0 4.80 1 1.55E-05 1.55E-05 G 2.65
WNW 13190 0 3.98 1 8.50E-06 8.50E-06 G 4.70
NW 17170 0 4.72 1 1.13E-05 1.13E-05 G 2.65
NNW 18130 0 4.58 1 1.06E-05 1.062-05 G 2.65
N 20340 0 4.36 1 9.822-06 9.82E-06 G 2.65
NNE 28770 0 2.49 1 2.T/E-06 2.772-06 E .89
NE 26360 0 3.90 1 3.35E-06 3.35E-06 E .89
ENE 23170 0 6.17 1 6.80E-06 6.80E-06 G 2.65
E 24920 0 14.05 1 8.33E-06 8.33E-06 F .89
ESE 28720 0 18.80 1 6.69E-06 6.69E-06 F .89
SE 21950 0 10.83 1 8.82E-06 8.82E-06 G 2.65
SSE 18110 0 4.78 1 5.42E-06 5.42E-06 G 4.70

Execution Ttme= 0 hr 0 min .55 sec
Stop - Program terminated.

*** Output file for GXQ- 204-AR _ite release ***

GXQVersion 3.1S
June 8, 1993

General Purpose Atmospheric Dispersion Code
Produced by Rediotogicat & Tox|cotogicat Analysis
Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SW9-3002Rev. O. i
Validation documentedin WHC-SD-GN-S;K)-3O03Rev. O.
Code Custodian is Srit E. Hey, WHC,ext. 6-2921.

Run Date = 8/ 9/1994
Run Time = 14:2 14.03

INPUTECHO:
204ar Tank Farm Release - Farmer
c GXQVer. 3.1 Input File
c mode

1
C

c M(X)ECHOICE:
c mode= 1 then X/Q based on Hanford site specific meteorology
c mode = 2 then X/Q based on atmospheric stability class and wind speed
c mode = 3 then X/Q plot file is created
c
c LOGICALCHOICES:
c ifox inorm icdf ichk isite ipop icon

T F F F F F F
c ifox = t then joint frequency used to compute frequency to exceed X/Q
c = f then joint frequency used to compute annua[ average X/O
c inorm = t then joint frequency data is normetized (as in GENII)
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c = f then joint frequency data Is un-normettzed
c tcdf • t then cumulative distribution ftte created (CDF.OUT)
c • f then no ctBtutattve distribution ftte created
¢ lchk = t then X/g parameter print option turned on
c = f then no parameter print
c |site = t then X/O based on joint frequency data for att 16 sectors
c • f then X/g based on joint frequency data of individual sectors
c tpop = t then X/O ts poputatlon weighted
c = f then no population Metght|ng
ctcon • t then X/g ts air concentration
c • f then X/g te Integrated exposure
c
c MOOELCHOICES:
c |dep twake tpm trtse tgrav twash tftoM t.tnd

0 0 0 0 0 0 0 0
¢tdep • 1 then plume depletion modet turned on (Chmrbertatn modet)
c tNake • 1 then NRCRG 1.145 building Makemodel turned on
c • 2 then NACCSvirtual distance building Makemodel turned on
c tl_ = 1 then NRCRG 1.145 plume meander model turned on
c = 2 then 5th PoMer LaN plume meandermodel turned on
c • ] then sector average model turned on
c trtse • 1 then momentum/buoyancyplume rtse modet turned on, buoyancy
c rtse based on sensibte heat emission
c = 2 then momentum/buoyancyplume rise model turned on, buoyancy
c rise based on initial ptume density
c tgrav • 1 then gravltattonat settling model turned on
c tNash • 1 then stack doMnNaahmodel turned on
c tftoM = 1 then sigmas adjusted for votume from rate
c tMtnd = 1 then Mind speed corrected for plume height
c = 0 to turn any of the above models off
C
c PARAMETERINPUT:
c stack Mtnd frequency
c release speed mixing to scaling
c height height height exceed factor
c (m) (m) (m) (_) (?)

O.O0000E+O0 1.00000E.01 1.OO000E+03 5.00000E-01 1.00000E+O0
c
c gravitat|onat
c building buitdtng release deposition settling
c Midth height duration velocity velocity
C (m) (m) (hr) (m/s) (m/s)

5.O0000E+O0 5.O00OOE+OO 1.00000E+O0 1.0OOOOE-03 1.00000E-03
C

c tntttat sensible
c tnttiat plume heat
c plume ftoN stack mission
c density rate diameter rate
C (g/cc) (I_/S) (m) (cat/s)

1.22000E-03 O.OOOOOE+OO 1.OO000E+O0 4.18000E+05
C
C RECEPTORDEPENDENTDATA
c FORMOOE make RECEPTORDEPENDENTDATA
c 1 (site specific) sector distance z-height
c Z (by class & wind speed) class Mtndspeeddistance offset z-height
c 3 (create plot file) class Ntndspeed xmax tmax ymx jmax xqmtn poMer
C
c RECEPTORPARAMETERDESCRIPTION:
c sector = O, 1, 2... (att, S, Sag, etc.)
c distance = meters
c class = 1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
c windspeed = m/s
c offset = meters offset from ptume centerttne
c xmex = maximumdistance to plot or catcutate to (m)
c tmax = distance intervals
c ymax = maximumoffset to plot (m)
c jmax = offset tntervats
c xqmtn = minimumscaled X/Q to catcutate
c poNer = exponent in poMer function step stze
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NOOE:
Site specific X/Q caLcuLated

LOGICALCHOICES:
Jo|nt frequency used to caLcuLate x/g based on

frequency of exceedance.
No normalization of joint frequency.
x/g calculated for single sector.
Output is atmospher|c dispersion coefflctent.

MOOELSSELECTED:

WARNING/ERRORMESSAGES:
WARNING#3 - ScetedX/g units (shmm as s/m3 or 1/m3

below) do not reflect the user specified
scaling factor.

JOINT FREQUENCYDATA:
200 AREA(HMS) - 10 M - Pasquitt A - G (1983 - 1991 Average)
Created 8/26/92 KR

204er Tank Farm ReLease - Farmer

TOTAL AVERAGE
POPULATIONINDIVIDUAL

RECEPT SECT. SCALED SCALED ATM. glgD
DISTANCE HEIGHT FREQ. x/g X/Q STAB. SPEED

SECTOR (m) (m) (_) POPULATION (s/m3) (s/m3) CLASS (m/s)

19950 '_ _ 1 4.66E-06 _ E
SSW 17230 0 4.53 1 3.57E-06 3.57E-06 F 2.65
SW 17580 0 2.93 1 6.45E-06 4.65E-06 F 2.65
WSg 21210 0 2.72 1 3.53E-06 3.53E-06 F 2.65
g 20800 0 4.80 1 8.57E-06 8.57E-06 G 2.65
gNg 21320 0 3.98 1 6.65E-06 6.65E-06 G 4.70
NW 20890 0 4.72 1 8.85E-06 8.85E-06 G 2.65
NNW 21090 0 4.58 1 8.78E-06 8.78E-06 G 2.65
g 24150 0 4.36 1 7.95E-06 7.95E-06 G 2.65
NNE 23150 0 2.49 1 3.66E-06 3.66E-06 E .89
NE 17810 0 3.90 1 5.49E-06 5.69E-06 E .89
ENE 15130 0 6.17 1 1.15E-05 1.15E-05 G 2.65
E 15050 0 14.05 1 1.55E-05 1.55E-05 F .89
ESE 19930 0 18.80 1 1.05E-05 1.05E-05 F .89
SE 24140 0 10.83 1 7.85E-06 7.85E-06 G 2.65
SSE 20080 0 4.78 1 4.76E-06 4.76E-06 G 4.70

Execution T|me = 0 hr 0 m|n .60 sec
Stop - Program terminated.

____ Program GENII Input FiLe ..... e....... 8 Jut 88 ####
TitLe: 222-s and 206-at farmer dose

\GENIl\222s-f.in Created on 08-09-1QQ4 at 14:28
OPTIONS=========================DefauLt =====================================
F Near-f|etd scenario? (Far-field) HEAR-FIELD:narrowly-focused
F PopuLation dose? (IndividuaL) release, single site
T Acute release? (Chronic) FAR-FIELD: wide-scaLe release,

MaximumIndividual data set used mutt|pte sites
CompLete CompLete

TRANSPORTOPTIONS============Section EXPOSUREPATHWAYOPTIONS=====Sect|on
T Atr Transport 1 F Finite plume, external 5
F Surface gater Transport 2 T Infinite plume, external 5
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F Biotic Transport (near-field) 3,4 F Orour_d, external 5
F Waste Form Degradation (near) 304 F Recreation e external 5

T Inhalation uptake 5,6
REPORTOPTlONSua=BUSU====.==--==== T Drinking water ingestion 7,8
T Report AEDE onty T Aquatic foods ingestion 7,8
F Report by redtonucttde T Terrestrial foods ingestion 7,9
F Report by exposure pathway T Antmat procEact ingestion 7,10
F Debug report on screen T Inadvertent soil Ingestion

INVENTORY Z_Z___a______'-_

4 Inventory Input activity units: (1-pC! 2-uCt 3-mCt 4-Ct 5-Bq)
0 Surface soil source units (1- m2 2- m3 3- kg)

Equtltbrtum questton goes here

........ I .... Release Terms ...... I .......... Basic Concentrations ......... I

Use whenJ transport selected J near-field scenario, optionally j

........ ........ ....
Radio- _Alr Water Waste _Air Soil Soll Water Water I

nuclide llyr lyr Im3 llm3 /unit Im3 IL IL [ i
"''"''''|''''''" "'''''' "''''''i''''''" "'''''' "'''''" "'''''' "''''''i

H 3 1.2E-03
C 14 2.3E-04
SR90 8.9E-01
Y 90 8.9E-01
TC99 5.2E-04
I 129 6.5E-04
CS137 9.1E-01
PM147 6.7E-02
U 233 5.2E-11
U 235 1. OE-06
U 238 1.7E- OS
PU239 5.6E-04
AM241 1.5E-01

........ I .... Derived Concentrations ..... I

Use when I measured values are known i

Radio- IPtant Product Water Food I

nuclide i/kg /kg /L /kg i
"'''''''i''''''" "" .... " "''" ........ "'i

TIME #;_ ............ _#_;_____;;;;;_

1 Intake ends after (yr)
50 Dose calc. ends after (yr)
0 Release ends after (yr)
0 No. of years of air deposition prior to the intake period
0 No. of years of irrigation water deposition prior to the intake period

FAR-FIELD SCENARIOS (IF POPULATION DOSE) X_;G____; .........

0 Definition option: 1-Use population grid in file POP.IN
0 2-Use total entered on this line

NEAR-FIELD SCENARIOS _________

Prior to the beginning of the intake period: (yr)
0 When was the inventory disposed? (Package degradation starts)
0 When was LOIC? (Biotic transport starts)
0 Fraction of roots in upl_r soil (top 15 cm)
0 Fraction of roots in deep soil
0 Manual redistribution: deep soil/surface soil dilution factor
0 Source area for external dose n_dification factor (n_)
TRANSPORT______;__#_;;_;_ ..............

====AIR TRANSPORT====================================SECTION I=====
O-Calculate PM I0 Release type (0-3)
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I Option: l-Use chilQ or PN value IF Stack release (T/F)
Z-Select Ml dist& dtr _0 Stack height (m)
3-Specify Nl dtst & dtr _0 Stack flow (m.3/aec)

1.55E-5 Chi/Q or PN value ]0 Stack radius (m)
0 M/ sector trxJex (l-S) I0 Effluent temp. (C)
0 Hi distance from release Fx)tnt (m)_O Building x-section (m2)
F Use jf data, (T/F) else cht/Q grtdlO Building height (m)

====SURFACE WATERTRANSPORT==========================SECTION 2=====
0 Nixing ratio model: O-use value, 1-rlver, 2-take
0 MJxlng ratio, dimensionless
0 Average river flow rate for: MIXFLG=O (mS/s), MIXFLG=I,2 (m/s),
0 Transit time to irrigation wtthdrawl location (hr)

If mixing ratioBw:_lel > O:
0 Rate of effluent discharge to receiving water _ (m3/s)
0 Longshore distance from release point to usage (ocation (m)
0 Offshore distance to the water intake (m)
0 Average water depth in surface water body (m)
0 Average river width (m), MIXFLG=I only
0 Depth of effluent discharge point to surface water (m), lake only

====WASTE FORMAVAILABILITY==========================SECTION 3=====
0 Waste form/package half Life, (yr)
0 Waste thickness, (m)
0 Depth of soil overburden, m

====BIOTIC TRANSPORTOF BURIED SOU:::::::::::::::::::::::::: 4=====
T Consider during inventory decay/buildup peried (T/F)?
T Consider during intake poriod (T/F)? _ 1-Arid non agricultural

0 Pre-lntake site condition .............. i 2-Humid non agricultural, ]-Agricultural

EXPOSURE#_________#_;_

====EXTERNAL EXPOSURE================================SECTION 5=====
Exposure time: ' Residential irrigation:

0 Plume (hr) ,I T Consider: (T/F)
0 Soil contamination (hr) I 0 Source: 1-ground water
0 Swimming (hr) ' 2-surface water
0 Boating (hr) .I 0 Application rate (in/yr)
0 Shoreline activities (hr) _ 0 Duration (mo/yr)
0 Shoreline type: (1-river, 2-take, ]-ocean, _-tidal basin)
0 Transit time for release to reach aquatic recreation (hr)
1.0 Average fraction of time submersed in acute cto_ (hr/person hr)

============================================================ 6=====
8760.0 Hours of exposure to contamination per year
0 O-No resus- 1-Use Mass Loading 2-Use Anspaugh model
0 pension Mass loading factor (g/nL_) Top soil available (cm)

====INGESTION POPULATION=============================SECTION 7=====
1 At_ospheric pro_kJction definition (select option):

0 O-Use food-weighted chi/O, (food-sec/m3), enter value on this line
1-Use population-weighted chi/Q
2-Use uniform production
]-Use chi/g ar¢t production grids (PROOUCTION wilt be overridden)

0 Pop_Jtation ingesting aquatic foods, 0 defaults to total (person)
0.0 Population ingesting drinking water, 0 defaults to total (person)
F Consider dose frofn food exported out of region (default=F)

Note below: S* or Source: O-none, 1-ground water, 2-surface water
]-Derived concentration entered above

==== AQUATIC FO(X)S / DRINKING WATER INGESTION=========SECTION 8====

F Salt water? (default is fresh)

USE TRAN- PRO0- -CONSUMPTION-
? FOOl) SIT UCTION HOLDUP RATE
T/F TYPE hr kg/yr da kg/yr I DRINKING WATER
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... ............ .,.._... ...... ..... ,.........................

T FISH 0.00 O.OE+O0 1.00 60.0 0 Source (see above)
T MOLLUS 0.00 O.OE+O0 0.00 6.9 T Treatment? T/F
T CRUSTA 0.00 O.OE+O0 0.00 6.9 1.0 Holdup/transit(de)
T PLANTS 0.00 O.OE+O0 0.00 6.9 730.0 Consumption (L/yr)

====TERRESTRIAL FOOl) INGESTION=======================SECTION 9=====

USE GROW --IRRIGATION-- PRO9- "CONSUMPTION'-
? FOOD TIME S RATE TIME YIELD UCTION HOLDUP RATE
T/F TYPE da * in/yr mo/yr kg/m2 kg/yr de kg/yr
... ...... ... .... .... ..... ..... ....... ...... .... ..

T LEAF V 90.00 0 0.0 0.0 1.5 O.OE+O0 1.0 30.0
T ROOT V 90.00 0 0.0 0.0 6.0 O.OE+O0 5.0 220.0
T FRUIT 90.00 0 0.0 0.0 2.0 O.OE+O0 5.0 330.0
T GRAIN 90.00 0 0.0 0.0 0.8 O.OE+O0 180.0 80.0

====ANIMAL PROOUCTIONCONSUMPTION====================SECTION 10====

---HUMAN .... TOTAL DRINK ............. STOREDFEED..............
USE CONSUMPTION PROD- WATER DIET GROW -IRRIGATION-- STOR-
? FOOD RATE HOLDUPUCTION CONTAM FRAC- TIME S RATE TIME YIELD AGE
T/F TYPE kg/yr da kg/yr FRACT. TION da * in/yr mo/yr kg/m3 da
.°. . .......... . .°.., ..... .. ....... .... .o.. . ..... ..... .o .... ....

T BEEF 80.0 15.0 0.00 0.00 0.00 90.0 0 0.0 0.00 0.80 0.0
T POULTR 18.0 1.0 0.00 0.00 0.00 90.0 0 0.0 0.00 0.80 0.0
T MILK 270.0 1.0 0.00 0.00 O.OO 45.0 0 0.0 0.00 2.00 0.0
T EGG 30.0 1.0 0.00 0.00 0.00 90.0 0 0.0 0.00 0.80 0.0

............. FRESH FORAGE............
BEEF 0.00 45.0 0 0.0 0.00 2.00 100.0
MILK 0.00 ]0.0 0 0.0 0.00 1.50 0.0
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..............................................................................

GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: 222-s and 204-ar farmer dose

Executed on: 08/09/94 at 14:28:50 Page A. 1
................................................ .... ..........................

This is a far-field(wide-scaleretease,multiplesite) scenario.
Release is acute
Individual dose

THE FOLLOWINGTRANSPORTMODESARECONSIDERED
Air

THE FOLLOWINGEXPOSUREPATHSARECONSIDERED:
Infinite plume, external
Inhalation uptake
Drinking water ingestion
Aquatic foods ingestion
Terrestrial foods ingestion
Animal product ingestion
Inadvertent soil ingestion

THEFOLLOWINGTIMES AREUSED:
Intake ends after (yr): 1.0
Dose calculations ends after (yr): 50.0

FILENAMESANDTITLES OF FILES/LIBRARIESUSED=======================

Input file name: \GENII\222s-f.in
GENII Default Parameter Values (28-Mar-90 RAP)
Radionuctide Library - Times<lO0 years (2]-July-9] PDR)
PNL Food Transfer Factor Library (by Z, with Fr&Os 7/19/93 PDR)
Bioaccumutation Factor Library - (]O-Aug-88) RAP
External Dose Factors for GENII in person Sv/yr per Bq/n (8-May-90 R
Worst-Case Solubilities, Yearly Dose Increments (2J-Jut-9] PDR)

----_==:===============_================_==:=========_ :========

............ReleaseTerms......
Release Surface Buried
Radio- Air Water Source
nuclide Ci/yr Ci/yr Ci/m]

H 3 1,2E-0] O.OE+O00.OE+O0
C 14 2.]E-04 O.OE+O00.OE+O0
SR90 8.9E-010.OE+O00.OE+O0
Y 90 8,9E-010.OE+O00.OE+O0
TC99 5.2E-04 O.OE+O00.OE+O0
I 129 6.5E-04 O.OE+O00.OE+O0
CSl]7 9.1E-010.OE+O00.OE+O0
PM147 6.7E-02 O.OE+O00.OE+O0
U 233 5.2E-110.OE+O00.OE+O0
U 235 1.0E-06 O.OE+O00.OE+O0
U 238 1.7E-05 O.OE+O00.OE+O0
PU219 5.6E-04 O.OE+O00.OE+O0
AM241 1.5E-010.OE+O00.OE+O0

AIR TRANSPORT ::::::::::::::::::::::::
1.5E-05 InputE/Q vatue (s/m:])

.... _===== EXTERNALEXPOSURE==================================================
1.0E+O0 Fraction of time spent in cloud

INHALATION========================================-================
Resuspension not considered
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==== == ====_====== =_======= ======= =_============= INGESTION POPULATION = = == = = = =
1 r Atmospheric production definition: 1 - Use poputation-weightedcht/Q

========== DRINKING WATERSOURCE/IRRIGATION = = = = =
7.3E+02 Drinking water consumption rate (t/yr)

0 Drinking water source: 1-ground, 2-surface, 3-system
T Drinking water treatment: T/F

1.0 Drinking water transit/hotchJp tinw_ (d)

= == == =¢= = = = =========== AQUATIC FOODS INGESTION == == = = ===== ============= ==== ===

TRAN" PROD..... CONSUMPTION....
FOOD SIT UCTION HOLDUP RATE
TYPE h kg/yr d kg/yr

Fish O.OOE+O0 1.00E+O0 4.00E+01
Mottusc O.OOE+O0 O.OOE+O0 6.90E+00
Crustace O.OOE+O0 O.OOE+O0 6.90E+00
Aqu Ptnt O.OOE+O0 O.OOE+O0 6.90E+00

========== TERRESTRIAL FOOD INGESTION ========================================

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 2.2E+02
Fruit 90.0 0 0.0 0.0 2.0 5.0 3.3E+02
Cereats 90.0 0 0.0 0.0 0.8 180.0 8.0E+01

=ANIMAL FOOD INGESTION === =========================================

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

FO00 RATE HOLDUPUCTION CONTAM FRAC- TIME S RATE TIME YIELD AGE
TYPE kg/yr d kg/yr FRACT. TION d * in/yr mo/yr kg/nt3 d
.... . .......... . ..... ... ....... . .... . .... .......... . .... ...°.

Meat 8.0E+01 15.0 0.00 90.00 0 0.0 0.0 0.80
Pouttry 1.8E+01 1.0 0.00 90.00 0 0.0 0.0 0.80
Cow Mitk 2.7E+02 1.0 0.00 45.00 0 0.0 0.0 2.00
Eggs 3.0E+01 1,0 0.00 90.00 0 0.0 0.0 0.80

............. FRESH FORAGE.............
Meat 45.00 0 0.0 0.0 2.00
Cow Mitk 30.00 0 0.0 0.0 1.50

====: :==================_======_====

Input prepared by: Date:

Input checked by: Date:
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: Winter: 222-s and 204-ar farmer dose

Executed on: 08/09/94 at 14:29:18 Page C. 1
..............................................................................

Acute release
Uptake/exposure period: 1.0
Dose co¢rmftmentperiod: 50.0
Dose units: Rem

Committed Weighted
Dose Weighting Dose

Organ Equivalent Factors Equivalent
°............. ......... ..... 4.... ........-.

i Gonads 8.8E-02 2.5E-01 2.2E-02
Breast 1.9E-04 1.5E-01 2.9E-05
R Harrow 5.1E-01 1.2E-01 6.1E-02
Lung 5.2E-02 1.2E-01 6.3E-03
Thyroid 7.0E-04 3.0E-02 2.1E-05
Bone Sur 6.3E+00 3.0E-02 1.9E-01
Liver 1.1E+00 6.0E-02 6.7E-02
LL Int. 3.5E-03 6.0E-02 2.1E-04
UL Int. 1.3E-03 6.0E-02 8.0E-05
S Int. 4.2E-04 6.0E-02 2.5E-05
Stomach 3.0E-04 6.0E-02 1.8E-05

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

Internal Effective Dose Equivalent 3.5E-01
External Dose 1.7E-06
.... ................... ..... ............. ....... .

Annual Effective Dose Equivalent 3.5E-01

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

Controlling Organ: BoneSur
Controlling Pathway: Inh
Controlling Radionuclide: AM241

Total Inhalation EDE: 3.4E-01
Total Ingestion EDE: 2.3E-03
......................... .......... ...... ....... .
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: Winter: 222-s and 204-at farmer dose

Executed on: 08/09/94 st 14:29:18 Page C. 2
...........................................................................-..

Acute release
Uptake/exposure period: 1.0
Dose commitment period: 50.0
Dose units: Rem

Dose Commitment Year
1 2 3 ...

Internal . 't
Intake " I

Year: 3 I O.OE+O0 ...+!

2 I O.OE+OO O.OE+O0 ... Internal
i + + EffectiveI

I I 1.6E'02 + 1.1E-02 + 1.0E-02 + ... = 3.5E-01 Dose
Equivalent

II II II
II II II

Internal Cumulative
Annual 1.6E-02 + 1.1E-02 + 1.0E-02 + ... = 3.5E-01 Internal
Dose Dose

+ . + .

External
Annual 1.7E-06 O.OE+O0 O.OE+OO ... 1.7E-06
Dose

II II II II
Annuat Cumulative
Dose 1.6E-02 + 1.1E-02 + 1.0E-02 + ... = 3.5E-01 Dose

Maximum
1.6E-02 Annual

Dose Occurred
In Year 1
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..............................................................................

GENII Dose CaLcuLation Program
(Version 1.485 3-Dec-90)

Case title: Winter: 222-s and 204-at farmer dose

Executed on: 08/09/94 at 14:29:18 Page C. 3
..............................................................................

Acute release
Uptake/exposure period: 1.0
Dose commitment period: 50.0
Dose units: Rem

InhaLation Ingestion Internal Annual
Effective Effective Effective Effective

Radio- Dose Dose External Dose Dose
nuclide EquivaLent EquivaLent Dose EquivaLent EquivaLent
...... .... ... ..... . .... . ....... ....... .......... ..........

H 3 5.5E-10 O.OE+O0 4.3E-19 5.5E-10 5.5E-10
C 14 2.5E-09 O.OE+O0 5.7E-15 2.5E-09 2.5E-09
SR 90 9.4E-04 2.1E-03 5.TE-IO 3.0E-03 3.0E-03
Y 90 4.0E-05 1.7E-04 2.1E-08 2.1E-04 2.1E-04
TC 99 2.4E-08 4.9E-07 6.4E-14 5.1E-07 5.1E-07
I 129 5.0E-07 1.5E-05 1.8E-11 1.5E-05 1.5E-05
CS 137 1.4E-04 2.4E-05 1.6E-06 1.7E-04 1.7E-04
PM 147 1.3E-05 6.1E-09 4.5E-12 1.3E-05 1.3E-05
U 238 1.0E-05 2.1E-10 7.6E-15 1.0E-05 1.0E-05
TH 234 O.OE+O0 1.1E-11 O.OE+O0 1.1E-11 1.1E-11
PA 234 O.OE+O0 2.8E-15 O.OE+O0 2.8E-15 2.8E-15
AM 241 3.4E-01 1.5E-05 5.1E-09 3.4E-01 3.4E-01
U 233 3.6E-11 7.1E-16 4.0E-20 3.6E-11 3.6E-11
TH 229 O.OE+O0 8.0E-19 O.OE+O0 8.0E-19 8.0E-19
RA 225 O.OE+O0 6.4E-20 O.OE+O0 6.4E-20 6.4E-20
AC 225 O.OE+O0 3.1E-20 O.OE+O0 3.1E-20 3.1E-20
PU 239 1.3E-03 2.7E-08 1.9E-13 1.3E-03 1.3E-03
U 235 6.3E-07 1.2E-11 O.OE+O0 6.3E-07 6.3E-07
TH 231 O.OE+O0 6.0E-14 O.OE+O0 6.0E-14 6.0E-14
.................. ..... .......... ... ........ ... .... ... ....
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GENII Dose Catcutation Program
(Version 1.485 3-Dec-90)

Case title: Spring: 222-s and204-ar farmer dose

Executed on: 08109194 at 14:29:24 Page C. 4
..............................................................................

Acute release
Uptake/exposure period: 1.0
Dose commitment period: 50.0
Dose units: Rem

Committed Weighted
Dose Weighting Dose

Organ Equivalent Factors Equivalent
..... . ...... .. .......... .°...... ..... .....°

Gonads 9.3E-02 2.5E-01 2.3E-02
Breast 3.8E-03 1.5E-01 5.7E-04
R Marrow 5.2E-01 1,2E-01 6.2E-02
Lung 5.6E-02 1.2E-01 6.7E-03
Thyroid 7.2E-03 3.0E-02 2.2E-04
Bone Sur 6.4E+00 3.0E-02 1.9E-01
Liver 1.1E+00 6.0E-02 6.8E-02
LL Int. 9.1E-03 6.0E-02 5.5E-04
UL Int. 5.9E-03 6.0E-02 3.5E-04
S Int. 4.5E-03 6.0E-02 2.7E-04
Stomach 4.3E-03 6.0E-02 2.6E-04

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

Internal Effective Dose Equivalent 3.5E-01
External Dose 1,7E-06
........... ..... ...... .... ........... ............

Annual Effective Dose Equivalent 3.5E-01

....... .. ......... . .......... . ................ °°.

Controlling Organ: Bone Sur
Controlling Pathway: Inh
Controlling Radionuctide: AM241
...... . ............ ..... ..... . .... .. .......... °..

Total inhalation EDE: 3.4E-01
Total Ingestion EDE: 1,0E-02
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: Spr|ng: 222-s and 204-ar farmer dose

Executed on: 08109/94 at 14:29:24 Page C. 5
.................................................................--..-...---..

Acute release
Uptake/exposure per i od: 1.0
Dose commitmentperiod: 50.0
Dose units: Rein

Dose CommitmentYear
1 2 3 ...

Internal -
Intake " I

Year: 3 I O.OE+O0 ....i

2 i O.OE+O0 O.OE+O0 ... Internal
i + + Effectivei

1 i 2.0E-02 + 1.1E-02 + 1.1E-02 + ... = 3.5E-01 Dose
Equivalent

II II II
II II |1

Internal Cumulative
Annual 2.0E-02+ 1.1E-02+ 1.1E-02+ ... = 3.5E-01 Internal
Dose Dose

+ . + +

External
Annual 1.7E-06 O.OE+O0 O.OE+O0 ... 1.7E-06
Dose

II II II II
II II II II

Annual Cumulative
Dose 2.0E-02 + 1.1E-02 + 1.1E-02 + ... = 3.5E-01 Dose

Maximum
2.0E-02 Annual

Dose Occurred
In Year 1
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: Spring: 222-s and 204-sr farmer dose

Executed on: 08/09/94 at 14:29:24 Page C. 6
..............................................................................

Acute release
Uptake/exposure period: 1.0
Dose commitment period: 50.0
Dose units: Rent

Inhalation Ingestion Internal Annual
Effective Effective Effective Effective

Radio- Dose Dose External Dose Dose
nuclide Equivalent Equivalent Dose Equivalent Equivalent
...... .... ........ ...°...... ........ ......... .. ...........

H 3 5.5E-10 O.OE+O0 4.3E-19 5.5E-10 5.5E-10
C 14 2.5E-09 O.OE+O0 5.7E-15 2.5E-09 2.5E-09
SR 90 9.4E-04 3.2E-03 5.7E- 10 4.1E-03 4.1E-03
Y 90 4.0E-05 2.4E-04 2.1E-08 2.8E-04 2.8E-04
TC 99 2.4E-08 4.8E-07 6.4E- 14 5.0E-07 5.0E-07
I 129 5.0E-07 1.0E_04 1.8E-11 1.0E-04 1.0E-D4
CS 137 1.4E-04 3.6E-03 1.6E-06 3.8E-03 3.8E-03
PM147 1.3E-05 9.5E-07 4.5E-12 1.4E-05 1.4E-05
U 238 1.0E-05 3.7E-08 7.6E-15 1.0E-05 1.0E-05
TH 234 O.OE+O0 1.0E-09 O.OE+O0 1.0E-09 1.0E-09
PA 234 O.OE+OO 2.6E- 13 O.OE+O0 2.6E-13 2.6E- 13
AN 241 3.4E-01 3.1E-03 5.1E-D9 3.4E-01 3.4E-01
U 233 3.6E-11 1.2E-13 4,0E-20 3.7E-11 3.7E-11
TH 229 O.OE+O0 1.4E-17 O.OE+O0 1.4E-17 1.4E-17
RA 225 O.OE+OO 5.0E- 19 O.OE+O0 5.0E-19 5.0E-19
AC 225 O.OE+OO 1.4E-19 O.OE+OO 1.4E-19 1.4E-19
PU 239 1.3E-03 1.1E-05 1.9E-13 1.3E-03 1.3E-03
U 235 6.3E-07 2.3E-09 O.OE+O0 6.3E-07 6.3E-07
TH 231 O.OE+O0 9.6E-12 O.OE+O0 9.4E-12 9.4E- 12
........... ...... ............ . ................ . ...... . ....
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GENII Dose Calculation Program
(Version 1.485 3-1)ec-90)

Case title: Summer:222-s and 206-ar farmer dose

Executed on: 08/09/94 at 14:29:30 Page C. 7'
e i o mmeooeo.ei_e eo.m.eeelmmloe...illo...oo.mle emim.oo.moe.oii.odmo..emmeoooloOm

Acute release
Uptake/exposure per tod: 1.0
Dose commitmentperiod: SO.O
Dose units: Rein

CoMBitted Weighted
Dose Weighting Dose

Organ Equivalent Factors Equivalent
.....°........ .......... .....=... ..........

Gonads 1.1E-01 2.5E-01 2.7E-02
Breast 8.1E-03 1.5E-01 1.2E-03
R Marrow 6.3E-01 1.2E-01 7.5E-02
Lung 6.1E-02 1.2E-01 ?.3E-03
Thyroid 1.6E-02 3.0E-02 4.9E-04
Bone Sur 7.3E.00 3.0E-02 2.2E-01
Liver 1.3E+00 6.0E'02 7.6E-02
LL Int. 2.9E-02 6.0E-02 1.7E-03
UL Int. 1.6E-0Z 6.0E-02 9.5E-04
s Int. 1.0E-OZ 6.0E-02 6.1E-04
Stomach 9.4E-03 6.0E-02 5.7E-04

..........°. .... .° ...... ......°.. ..... ...........

Internal Effective Dose Equivalent 4.1E-01
External Dose 1.7E-06

Annual Effective Dose Equivalent 4.1E-01

............... ..... ...°..... ..... ... ...... . .....

ControllingOrgan: Bone Sur
ControllingPathway: Inh
ControllingRadionuclide: AM241
.. ..... ....................... ....... ........o...

Total Inhalation EDE: 3.4E-01
Total Ingestion EDE: 6.6E-02
.......................... ..... ..... .... .... .....
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GENII Dose Cmlculat|onProgram
(Version 1.485 ]-Dec-90)

Case title: SUlll_r: 222-s and 20&-sr fsrmr dose

Executed on: 08/09/94 at 14:29:30 Page C. 8
aO.eleeeeee_eellmee.e*.*aele.eeeleeele.tOaaeallIIaee_..aneeleaaoeeaWeaeQeee--le

Acute release
Uptake/exposure per i od: 1.0
Dose comm|trnentperiod: 50.0
Dose un|ts: Ram

Dose Comm|tmentYear
1 2 ] ...

Internal :
Intake :
Year: ] O.OE+O0 ...

+

2 O.OE+O0 O.OE+OO ... Internal
+ + Effective

1 2.8E-02 + 1.4E-02 + 1.3E-02 + ... = 4.1E-01 Dose
Equ|valent

II II II
Internal Cumulative
Annual 2.8E-02 . 1.4E-02 + 1.3E-02 + ... - 4.1E-01 Internal
Dose Dose

+ . . .

External
Annual 1.7E-06 O.OE+O0 O.OE+OO ... 1.7E-06
Dose

II II II,, ,, II ,,
Annual Cumulative
Dose 2.8E-02 + 1.4E-02 + 1.]E-D2 + ... = 4.1E-01 Dose

Max|u
2.8E-02 Annual

Dose Occurred
In Year I
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GENIX Dose CaLcuLation Program
(Version 1.485 3-Dec-90)

Case title: Sumter: 222-s and 204-at lamer dose

Executed on: 08109194 at 14:29:]0 Page C. 9
e.emeee.eeee.e...eeO.oeoeeeeeoe.*eee..o.aieeee..e.eeme.eme.teemm. O.eem.e'--'ee--

Acute release
Uptake/exposure period: 1.0
Dose commitment period: 50.0
Dose units: Refa

InhaLation Ingestion internal Annual
Effect|re Effective Effective Effective

Radio- Dose Dose External Dose Dose
nuclide Equivalent EquivaLent Dose Equivalent Equivalent

i H 3 5.5E-10 O.OE+O0 4.3E-19 5.5E-10 5.5E-10
C 14 2.5E-09 O.OE+OO 5.7E-15 2.5E-09 2.5E-09
SR 90 9.4E-04 1.2E-02 5.7E-10 1.3E-02 1.3E-02
Y 90 4.0E-05 9.8E-04 2.1E-08 1.0E-03 1.0E-03
TC 99 2.4E-08 5.6E-07 6.4E-14 5.8E-07 5.8E-07
I 129 5.0E-07 2.5E-04 1.8E-11 2.5E-04 2.5E-04
CS 137 1.4E-04 T.8E-03 1.6E-06 8.0E-03 8.DE-03
PM 147 1.3E-05 5.7E-06 4.5E-12 1.9E-05 1.9E-05
U 238 1.0E-05 3.8E-07 7.6E-15 1.1E-05 1.1E-05
TH 234 O.OE+O0 1.8E-08 O.OE+O0 1.8E-08 1.8E-08
PA 234 O.OE+O0 4.8E-12 O.OE+O0 4.8E-12 4.8E-12
AM 241 3.4E-01 4.5E-02 5.1E-09 3.9E-01 3.9E-01
U 233 3.6E-11 1.3E-12 4.0E-20 3.8E-11 3.8E-11
TH 229 O.OE+OO 9.1E-16 O.OE+O0 9.1E-16 9.1E-16
RA 225 O.OE+O0 5.2E-17 O.OE+O0 5.2E-17 5.2E-17
AC 225 O.OE+O0 2.4E-17 O.OE+OO 2.4E-17 2.4E-17
PU 239 1.3E-03 1.7E-04 1.9E-13 1.4E-03 1.4E-03
U 235 6.3E-07 2.3E-08 O.OE+O0 6.5E-07 6.5E-07
TH 231 O.OE+O0 1.1E-10 O.OE+O0 1.1E-10 1.1E-10
........ .......... .......... .... ..... . .......... ..........
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: Autumn: 222-e and 204-ar farmer dose

Executed on: 08109194 st 16:29:35 Page C. 10
e.._e_eee..memeee_m_emQeeeeeeee oeee.ee.meeleee.oeeeemmeee.e.eee.m..ieemmmee----.

Acute reteaae
Uptake/exposure per i od: 1.0
Dose commitmentperiod: 50.0
Dose units: Rem

Committed Weighted
Dose Weighting Dose

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

Gonads 2.4E-D1 2.5E-01 6.DE-02
Breast 8.2E-02 1.5E-01 1.2E-02
R Marrow 1.2E+00 1.2E-01 1.5E-01
Lung 1.4E-01 1.2E- 01 1.6E-02
Thyroid 1.6E- 01 3. OS-02 4.7E-03
Bone Sur 1.2E+01 3.0E-02 3.5E-01
Liver 1.9E+OO 6.0E-02 1.1E-01
LL Int. 1.9E-01 6.0E-02 1.1E-02
UL Int. 1.2E-01 6.0E-02 7.4E-03
S Int. 9.6E-02 6.DE-D2 5.8E-03
Stomach 9.2E-02 6.0E-02 5.5E-03

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

Internal Effective Dose Equivalent 7.3E-01
External Dose 1.7E-06
................................... ........ ......

Annual Effective Dose Equivalent ?.3E-D1

°....°......... .... ..............................

Controlling Organ: BoneSur
Controlling Pathway: Ing
Controlling Radionuclide: AM241
....................................... ..... .....

Total Inhalation EDE: 3.4E-01
Total Ingestion EDE: 3.9E-01
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GENII Dose CaLcuLation Program
(Version 1.485 3-Dec-90)

Case title: Autumn: 222-s and 204-ar farmer dose

Executed on: 08/09/94 at 14:29:35 Page C. 11
ll.el.tellli.i.ll.leliQ.ieNei.e..e.ili.tlil..e._.l*g..lllleeliieil.llaelllil..

Acute release

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

Dose Commitment Year
1 2 3 ...

Internal : IIntake

Year: 3 I O.OE+O0 ...+!

2 I O.OS+O0 O.OE+O0 ... Internal
i + + EffectiveI

1 I 1.1E-01 + 3.1E-02 + 2.4E-02 + .., = 7.3E-01 Dose
Equivalent

II II II
II II II

Internal Cumulative
Annual 1.1E-01 + 3.1E-02 + 2.4E-02 + ... = 7.3E-01 Internal
Dose Dose

+ + + +

External
Annual 1.7E-06 O.OE+O0 O.OE+O0 ... 1.7E-06
Dose

II II II II
II II II II

Annual Cumulative
Dose 1.1E-01 + 3.1E-02 + 2.4E-02 + ... = 7.3E-01 Dose

Maximum
1.1E-01 Annual

Dose Occurred
In Year 1
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... ..... . .... .... ....... ............ ...... .°.......° .... .... ..... . ..... .......

GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: Autumn: 222-s and 204-ar farmer dose

Executed on: 08/09/94 at 14:29:35 Page C. 12
......................... ....... .°.. .......... ... .... ............ .... . ........

Acute release
Uptake/exposure period: 1.0
Dose commitment period: 50.0
Dose units: Rein

Inhalation Ingestion Internal Annual
Effective Effective Effective Effective

Radio- Dose Dose External Dose Dose
nuclide Equivalent Equivalent Dose Equivalent Equivalent
.... . ........... . ........ . ....... . .... ... ..... . ........ ...

H 3 5.5E-10 5.0E-08 4.3E-19 5.1E-08 5,1E-08
C 14 2.5E-09 1.7E-09 5.7E-15 4.2E-09 4.2E-09
SR90 9.4E-04 6.1E-02 5.7E-10 6.2E-02 6.2E-02
Y 90 4.0E-05 4.7E-03 2.1E-08 4.8E-03 4.8E-03
TC 99 2.4E-08 5.8E-07 6.4E-14 6.1E-07 6.1E-07
I 129 5.0E-07 2.3E-03 1.8E-11 2.3E-03 2.3E-03
CS 137 1.4E-04 8.1E-02 1.6E-06 8.1E-02 8.1E-02
PM 147 1.3E-05 3.6E-05 4.5E-12 4.9E-05 4.9E-05
U 238 1.0E-05 2.2E-06 7.6E-15 1.2E-05 1.2E-05
TH 234 O.OE.O0 1.2E-07 O.OE+O0 1.2E-07 1.2E-07
PA234 O.OE+O0 3.0E-11 O.OE+O0 3.0E-11 3.0E-11
AM 241 3.4E-01 2.4E-01 5.1E-09 5.8E-01 5.8E-01
U 233 3.6E-11 7.5E-12 4.0E-20 4.4E-11 4.4E-11
TH 229 O.OE+O0 5.7E-15 O.OE+O0 5.7E-15 5.7E-15
RA 225 O.OE+O0 3.0E-16 O.OE+O0 3.0E-16 3.0E-16
AC 225 O.OE+O0 1.3E-16 O.OE+O0 1.3E-16 1.3E-16
PU 239 1.3E-03 8.9E-04 1.9E-13 2.1E-03 2.1E-03
U 235 6.3E-07 1.3E-07 O.OE+O0 7.6E-07 7.6E-07
TH 231 O.OE+O0 6.3E-10 O.OE+O0 6.3E-10 6.3E-10
...... ...... .... ....... ..= ................... . ........ ....
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HEDOPREVIEWCHECKLIST
for

Rad|ologtca] and Nonradtologlca_ Release Calculations

Submitted by: S. McClendon Date Submitted:

Scope of Review: Entire Document

yES NO* N/A

[_ [ ] [ ] 1. A detailed technical review and approval of the
environmental transport and dose calculation portion of
the analysis has been performed and documented.

[_ [ ] [ ] 2. Detailed technical review(s) and approval(s) of scenario
and release determinations have been performed and
documented.

[ ] [ ] 3. HEDOP-approved code(s) were used.
[_] [ ] [ ] 4. Receptor locations were selected according to HEDOP

recommendations.

[_ [ ] [ ] 5. All applicable environmental pathways and code options
were included and are appropriate for the calculations,

_K_] [ ] [ ] 6. Hanford stte data were used.
DrJ [ ] [ ] 7. Model adjustments external to the computer program were

justified and performed correctly.
[/_] [ ] [ ] 8. The analysis is consistent with HEDOPrecommendations.
[ ] D(J 9. Supporting notes, calculations, comments, comment

f- resolutions, or other information is attached. (Use the
"Page 1 of X" page numbering format and sign and date
each added page.)

[ ] 10. Approval Is granted on behalf of the HanfordEnvironmental Dose Overview Panel.

* All "NO" responses must be explained and use of nonstandard methods
Justified.

Reviewer Name:
(print or type)

HEDOP-Approved Reviewer (Signature) Date
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CHECKLIST FOR INDEPENDENTTECHNICALREVIEW

DOCUMENTREVIEWED
NUMBER: 8D53Q-SM¢-94-OO1 . . . __ , .
TITLE: pose Colcea.uu._c_ ,4._olv#l_ _f 7"dml_ SktJ_r_ _Y'3 _e_eauS tI_sX

O • v I - - rAUTHR(s): " -

I. Method(s) of Review

(Y_) Input data checked for accuracy
('_() Independent calculation performed

I I Hand calculationAlternate computer code:
( ) Comparison to experiment or previous results
( ) Alternate method (define)

If. Checklist (either check or enter NA if not applied)

_) Task completely defined
Activity consistent with task specification( Necessary assumptions explicitly stated and supported

(_-) Resources properly identified and referenced

I Resource documentation appropriate for thts application_) Input data explicitly stated

I_ Input data verified to be consistent with original sourceGeometric model adequate representation of actual geometry
(aA) Material properties appropriate and reasonable
(n_) Mathematical derivations checked including dimensional consistency

--_ Hand calculations checked for errorsAssumptions explicitly stated and Justified
("7 Computer software appropriate for task and used within range of

validity

q_ Use of resource outside range of established validity is justifiedSoftware runstreams correct and consistent with results
( _f" Software output consistent with input
(_ Results consistent with applicable previous experimental or

analytical findings
(w_j" Results and conclusions address all points and are consistent with

task requirements and/or established limits or criteria
(_'_ Conclusions consistent with analytical results and established

limits
(A_) Uncertainty assesment appropriate and reasonable
(_t) Other (define)

Ill. Comments:
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5.0 SHIELDINGEVALUATION

5.1 INTRODUCTION

The computercode ISO-PCVersion1.98 (RittmannIgg4),formerly
ISOSHLD-II,was used to assess the dose rate at variouspositionson tanker
shipment94-3. Surfacedose rates at the center of the tanker end and the
lateralmidpoint of the tankerwere calculated. Dose rates were also
calculated2 m from the center end of the tankerand 2 m from the lateral
midpoint of the outsidesurface. In addition,a dose rate at 100 in. (2.54m)
from the tanker end, a distanceassumedto approximatethe positionof the
driver,was found.

5.2 SHIELDING PARAMETERS

The activitiesshown in FigureB2-I were used as the source term in the
shieldinganalysis. The tanker is assumedto containthe maximum allowable
liquid,4000 gallons (15,000L), which is an homogenousmixture composedof
the source term mixed with water. The tankerwas modelled as a right circular
cylinderwith a lengthof 1128 cm (444.0in.) and a reducedradius that is
just large enough so that the tankerholds 4000 gallons. The wall thickness
of the tanker is 0.4176 cm (0.1644in.) and is composedof stainlesssteel.
This wall thicknessis less than one mean free path, therefore,the buildup
was assumedto take place within the water. The densityof the source
materialmay vary from 1.0 g/cc to 1.9 g/cc, so a densityof 1.0 g/cc for the
sourcematerial was used becauseit yields the highestdose rate with the
given radionuclides. Surfacedose rates in the center of the tanker end and
at the lateralmidpointof the tanker,at 2 m from these two points, and at
the driver's seat were calculated. Input files can be found in the Part B,
Section5.4.2.

5.3 SHIELDINGRESULTS

The uose rates calculatedmeet 49 CFR requirementsand can be seen in
Table B5-I. The surfacedose rate at the end of the tanker is 37.7 mrem/h.
The dose rate 2 m from the end is 2.05 mrem/h and the dose rate 100 in. from
the end is 1.34 mrem/h. The lateralmidpointof the tanker surfacedose rate
is 36.3 mrem/h and the rate 2 m from this point is 6.40 mrem/h. These dose
rates are within DOT specificationsof 200 mrem/hron contactand 10 mrem/h at
2m.
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Table B5-1. Dose Rates of Cargo Tank.

Position of Detector Dose Rate
ill ,,,lli , ii i ,

Surface of Midpoint Tanker End 37.7 mrem/h (0.377 mSv/h)

2 m from Midpoint Tanker End 2.05 mrem/h (0.0205 mSv/h)

100 in. (2.54 m) from Midpoint Tanker End 1.34 mrem/h (0.0134 mSv/h)

Surface of Lateral Midpoint 36.3 mrem/h (0.363 mSv/h)

2 m from Lateral Midpoint Surface 6.40 mrem/h (0.0640 mSv/h)

5.4 APPENDICES

5.4.1 Reference

Rittman, P. D., 1994, ISO-PC, Version 1.98, Westinghouse Hanford Company,
Richland, Washington, August 1994.
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5.4.2 ISO-PC Computer CodeRuns

0 2 Tanker Shipment 94-3, August 12, 199&, tnkrlb.in
Dose 100 in. away from end surface (in air)

&input Next= 1, Igeonw 9, SLth= 65.37, Dunit= 1,
Ntheta= 26, Oetr= 0.5, Xw 1382.2, T(1)= 1127.76,
T(2) = .4176, Nshtd= 2, Jbuf= 1,
We(ght(451)= 2.74e-4, Weight(76)= .535,
We|ght(82)= .535, We|ght(84)= 1.07,
Weight(141)= 6.16e-4, Weight(290)= 7.8e-4
We|ght(335)= 1.08, Weight(336)= 1.08,
Weight(388)= 7.99e-2, Weight(519)= 6.18e-11,
Weight(476)= 1.2e-6, We|ght(526)= 1.98e-5,
Weight(493)= 3.325e-4, We|ght(494)= 3.325e-4,
Weight(696)= 1.82e-1 &

Water 1 1.0
1Fe 9 7.86
Dose on End Surface Contact

&Input Next= 4, X= 1128.1776 &
Dose 2 m away from end surface (in air)

&input Next= 4, X= 1328.1776 &
END OF RUN

&Input Next= 6 &

0 2 Tanker Shipment 94-3, August 12, 1994, tnkr2b, in
Dose 2 m away from surface (in air), (density = 1.0)

&Input Next= 1, Igeon_ 7, SLth= 1127.8,
X= 265.7913, T(1)= 65.3737, T(23= .4176, Y= 563.9, Ntheta= 26,
DeLr= .5, Npsi= 26, Nshtd= 2, Jbuf= 1, Dunit= 1,

Weight(451)= 2.74e-4, Weight(76)= .535,
Weight(82)= .535, Weight(84)= 1.07,
Weight(141)= 6.16e-4, Weight(290)= 7.8e-4
Weight(335)= 1.08, Weight(336)= 1.08,
Weight(388)= 7.99e-2, Weight(519)= 6.18e-11,
Weight(476)= 1.2e-6, Weight(526)= 1.98e-5,
Weight(493)= 3.325e-4, Weight(494)= 3.325e-4,
Weight(496)= 1.82e-1 &

Water 1 1.0
1Fe 9 7.86
Dose at surface

&Input next= 4, X= 65.7913 &
END OF RUN
&Input Next: 6 &
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PEERREVIEWCHECKLIST

Document Rev_awed: Safety Evaluation for Packaging 222-S Laboratory Cargo
Tank for One Time Type B Natertal Shipment

Scope of Review: Sectton 9.0 Shielding Evaluation

yes No N/A

[_ [ ] [ ] Previous reviews complete and cover analysis, up to scope of
this review, with no gaps.

[_w_ [ ] [ ] Problem completely defined.

_] [ ] _ Accident scenarios developed in a clear and logical manner.

[_] [ ] [ ] Necessary assumptions explicitly stated and supported.

[_] [ ] [ ] Computer codes and data files documented.

Dw_] [ ] [ ] oata used in calculations explicitly stated in document.

[ ] [ ] Oata checked for consistency with original source information
as applicable.

[ ] [ ] Dc] Mathematical derivations checked including dimensional
consistency of results.

[ ] [ ] Models appropriate and used within range of valtdity or use
outside range of established validity justified.

[_J [ ] [ ] Hand calculations checked for errors. Spreadsheet results
should be treated exactly the same as hand calculations.

[_ [ ] [ ] Software input correct and consistent with document reviewed.

I_ [ ] { ] Software output consistent with input and with results reported
in document reviewed.

[ ] [ ] [-(,]Limits/criteria/guidelinesapplied to analysis results are
appropriate and referenced. Limits/criteria/guldelineschecked
against references.

[l_J [ ] [ ] Safety margins consistent with good engineering practices.

['k] [ ] [ ] Conclusions consistent with analytical results and applicable
limits.

[_j [ ] [ ] Results and conclusions address all points required in the
problem statement.

[ ] [ ] {_w] Format consistent with appropriateNRC Regulatory Guide orother standards
[ ] [ ] [_ Review calculations, comments, and/or notes are attached.

[ ] Document approved.

Peer Reviewer: P. D. Rtttmann, PhD CHP
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6.0 CRITICALITY EVALUATION

The cargo tank fissilematerialcontentprovidedby the 222-S Laboratory
detailed in Figure B2-I meets 49 CFR 173.453,"FissileMaterialException."
The payloadcontains less than 15 g of fissilematerialas shown in
Figure B2-2. Therefore,a criticalityevaluationis not required.

6.1 APPENDIX

6.1.1 Reference

49 CFR 100-199,1993, "Transportation,"Code of FederalRegulations,as
amended.
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7.0 STRUCTURALEVALUATION

The cargo tank is designed,constructed,tested, and maintainedin
accordancewith the DOT MC-312 requirementsfor the purposeof transporting
bulk hazardousliquids. The authorizedpayloaddoes not exceed the weight
limits of the cargo tank. The payloadwill not result in pressurizationof
the tank in excess of the operatinglimits as discussedin Part B,
Sectiong.o. No additionalevaluationis required.
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8.0 THERMALEVALUATION

8.1 INTRODUCTION

A thermal evaluationwas performedfor the 222-S LaboratoryDOT MC-312
cargo tank to determinethe decay heat generatedby the materialcontent of
the cargo tank to assess any effect on the system.i

8.2 SUMMARYOF RESULTS

The maximumdecay he,at g_neration for the cargo tank payload is 0.019 W
(0.065 Btu/h) or 1.5 x 10"J W/mJ. This decay heat is negligible; therefore,
furtherthermalanalysisof the cargo tank is not required.

8.3 THERMALSOURCESPECIFICATION

Table B8-1 contains the decay heat generation for the worst case
payload. The maximumpossible heat generation is 0.019 W (0.065 Btu/h).

Table B8-1. Decay Heat Generation for Worst Case Payload. !

Nuclide I (W/Ci) Activity,(Ci)I Heat (W)

3H 2.69 E-05 1.24 E-03 3.34 E-08
." ,.,. ,,I ,

14C 4.10 E-04 2.30 E-04 9.43 E-08

89Sr 3.49 E-03 8.95 E-01 3.13 E-03
,

9°Sr/9°Y 6.84 E-03 8.95 E-01 6.12 E-03, . ,,

WTc 5.01 E-04 5.18 E-04 2.60 E-07

1291 5.37 E-04 6.55 E-04 3.52 E-07

137Cs/137mBa 4.87 E-03 9.08 E-01 4.42 ET03

14?Pro 3.57 E-04 6.72 E-02 2.40 E-05
,.,, ,, , , ,

Z33U 2.96 E-02 5.19 E-11 1.54 E-12
,,.,, ,,,

23SU 2.82 E-02 I.01 E-06 2.85 E-08
,, ,,

238U 2.57 E-02 1.67 E-05 4.30 E-07
, ,, ,

239pu 3.16 E-02 5.58 E-04 1.76 E-05

24°Pu 3.15 E-02 5.58 E-04 1.76 E-05
. , ,,, , , ,,.,..

241Am 3.39 E-02 1.53 E-01 5.19 E-03

TOTALHEAT "1" 1'.89 E-02
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g.o PRESSUREANDGASGENERATIONEVALUATION

The cargo tank is built per DOTMC-312 specification. This
specification requires that the container is designed, constructed, and tested
per American Society of Mechanical Engineers (ASME)Boiler and Pressure Vessel
(B&PV) code requirements. The proposed payload does not develop any gas
generation or pressure that exceeds the MC-312 cargo tanks design. Therefore,
a pressure and gas generation evaluation is not required.

g. 1 APPENDIX

g. 1.1 Reference

ASME, 1992, American Society of Mechanical Engineers Boiler and Pressure
Vessel Code, American Society of Mechanical Engineers, NewYork,
New York.
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10.0 PACKAGETIEDOWNSYSTEREVALUATION

The cargo tank system is a certifiedDOTMC-312 packaging system. It is
a self-contained transportation packaging. Therefore, a package ttedown
system evaluation is not required.
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