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SUMMARY

This reportcontains the resultsof a time/motionanalysisand a radia-

tion dose assessmentmade during the receiptfrom barge transportand the

loadingof C._AAstiron cask for Storageand IransportOf Radioactivematerial

(CASTOR)V/21 storagecasks with spent nuclearfuel at the Surry Power Sta-

" tion in Virginiaduring 1987. The study was a cooperativeeffortbetween

PacificNorthwestLaboratory(PNL)and VirginiaElectricand Power Company

• (VirginiaPower),and was funded by the U.S. Departmentof Energy (DOE)

TransportationProgramOffice.

In this study,cask handlingactivitieswere trackedat the Surry Power

Station,tracingthe transfer of the empty spent fuel storagecask from an

ocean-goingvessel to a barge for river transportthroughthe activities

requiredto place the loaded storagecask at an at-reactorstoragelocation.

The resultsof the study are summarizedin Table S.I.

TABLE.S..__!.MeasuredTime/DoseObservations

' Minimum(a) Turnaround(b) OccupationalDose
Activities Time (hr) Time (days) (person-mrem)

Remove empty cask from ship, 8 I 0
place on barge,transport,
transportby heavy-haul
trailerfrom dock to reactor
site

Receiveempty storagecask, 33 4 364
load with 21 PWR spent fuel
assemblies,ready for pad
storage

Transportloadedstorage
cask to pad storage 3 ! 2___Z7

Total 44 6 391

i

(a) MinimumTime : Summationof minimumtime requiredto completeeach
handlingstep that was observedduring three cask loadings.

(b) TurnaroundTime = Actual clock time, equivalentto minimumtime and
delaysdue to backshiftsnot worked,etc.
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As shown by the data in Table S.I, the occupationaldose associatedwith

receivinga CASTOR V/21 storagecask by barge is zero, becausethe cask is

empty and there is no backgroundarea dose rate (in excess of naturalback-

ground dose). Loadingof a CASTORV/21 storagecask with spent fuel and

transferringit to pad storageresults in 391 person-mremof exposure.

The time/motiondose informationcollectedin this study can be used to

estimate the dose expectedto result from the shipmentof a loadedcask using

a barge and a railcar. Combiningthe dose rates for the loadedcasks with

the observedtime/motion/personnelmeasurementsfor handlingactivities
f

results in an estimateof approximately56 person-mremof exposurefor remov-

ing a loaded cask from a reactor site or transferof a cask from a barge to a

railcar. Over 24% of the occupationaldose occurswhen four workersremove

the protectivecover from the storagecask beforethe transporteris removed

from the barge.
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1.0 INTRODUCTIO_

This reportcontainsa complete handling-time/doseassessmentfor barge

transportand at-reactorloadingof a CASTORV/21 storagecask.

Study resultsare based on the transportby barge and loadingof CASTOR

V/21 storagecasks with spent fuel at the Surry Power Station in Virginia
w

during 1987. Cask handlingactivitiesare trackedfrom the transferof the

empty spent fuel storagecask from the ocean-goingship to the barge for

river transportthroughthe activitiesrequiredto place the loadedstorage

cask at an at-reactorstoragelocation. An overviewof the handlingactiv-

ities includedin the analysisis shown in Figure 1.1.

The CASTORV/21 storagecask was developedby Gesellschaftfur Nuklear-

servicembh (GNS)of the FederalRepublicof Germany (FRG). The casks, which

were transportedby ship to the UnitedStates,are describedin Section 1.1,

I

Ocean-Going I Move Cask • ObservedHandlingTimes
Ship Transporting_ From Ship • ObservedPersonnel

Cask ] to Barge Requirements

Transport • ObservedHandlingTimes
Up River to • ObservedPersonnel
ReactorSite Requirements

Dock Barge - • ObservedHandlingTimes
TransportVehicle • ObservedPersonnel
Takes Cask to Requirem_=0_

Reactor
I

• _ • ObservedHandlingTimes
Store Loaded Load Cask • ObservedPersonnel
Spent Fuel Cask¢ in Reactor Requirements

. at ReactorSite Pool • MeasuredDose

FIGURE 1.1. Overviewof Major ActivitiesIncludedin Handling
Time and Dose Study
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and the spent fuel assemblies, on which the dose measurements are based, are

characterized in Section 1•2. A description of the activities and handling

times and facilities required for the cask ]oadings is provided in Chap-

ter 2.0. These handling times represent the minimumtime values observed

during the barge off-loading and in-pool spent fuel loading of the second,

third, and fourthCASTOR V/21 casks handledat the Surry Power Station• The

actual turnaroundtime for cask handlingis also provided,and a comparison

of minimum time to actualtime is presented• A detailedassessmentof

occupationaldose that could potentiallybe receivedduring handling

operationsis presentedin Chapter3.0.

I•I CASTOR V/21 CASK DESCRIPTION

The GNS CASTOR V/21 storagecask, for which the data presentedin this

study is based, is designedto store 21 pressurizedwater reactor(PWR) spent

fuel assemblies• A cask is approximately4.8 meters high, 2.4 meters in

diameter,and weighs approximately80 metric tons. A diagram of the cask is

shown in Figure 1.2. Two stainlesssteel lids seal the cask. Each lid 'is

sealedwith multiplemetal and elastomerO-rings. The cask also has four

trunnionsboltedon the top end,andtwo trunnionsbolted on the bottom end

for a total of six trunnionsper cask, A top view and a side corner view of

the cask are shown in Figure 1.3.

The cask is designedto handlea range of burnupand spent fuel decay

time combinationsthat meet the design requirementsof a dose rate at the

cask surfaceof less than 200 mrem/hrand at 2 meters from the cask of less

than 10 mrem/hr.

The characteristicsof the fuel that was used as the basis for this

study are presentedin the followingsection•
4

1.2 S_PENTFUEL CHARACTERISTICSAND RESULTINGCASK DOSE RATES

Informationon the spent fuel loaded into the fourth cask at the Surry

Power Station is presentedin Table 1.1. This particularfuel is represen-

tative of the fuel loaded into each of the four casks that were handledat

1.2
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a) Top Vlewof Cask Showing Bolt Hole Pattern

Pressure Metal
Seal Secondary

• Ud

I Elastomer
Seals

Cask Body

Primary Lid

i Flushing

I
I
I
i
i
I

b) Side Corner View of Cask Showing Primary and Secondary Lids and Seals

FIGURE1.3. CASTORV/21 Lid Configurations (GNS 1983)_

1.4

i
i

iii



TABLE1.1. Spent Fuel Characteristics

Initial
Enrich-

ment Decay Cool ing Neutron Photon
Assem- (wt% Burnup Heat Time Activity Source Source
bl.yID U235)_ (MWd/MTU) (watts) (years) (curies[ (n/sec) (G/sec)

B04 2.57 21,474 305 11.4 116,700 2.06E+07 6.18E+13

B08 2.57 22,974 329 11.4 125,100 2.79E+07 6.69E+13

BIO 2.57 21,981 312 11.4 119,400 2.27E+07 6.35E+13

B12 2.57 21,435 305 11.4 116,700 2.06E+07 6.18E+13

B15 Z.57 21,697 312 11.4, 119,400 2.27E+07 6.35E+13

B18 2.57 21,947 312 11.4 119,400 2.27E+07 6.35E+13

B20 2.57 22,914 329 11.4 125,100 2.79E+07 6.69E+13

B23 2.57 21,066 312 11.4 119,400 2.27E+07 6.18E+13

B24 2.57 21,956 312 11.4 119,400 2.27E+07 6.35E+13

B28 2.57 21,571 305 11.4 116,700 2.06E+07 6.18E+13

B31 2.57 21,412 305 11.4 116,700 2.06E+07 6.18E+13

B32 2.57 21,634 305 11.4 116,700 2.06E+07 6.18E+13

B40 2.57 21,920 312 11.4 119,400 2.27E+OT 6.35E+13

B44 2.57 23,080 329 11.4 125,100 2.79E+07 6_69E+13

B47 2.57 21,920 312 11.4 119,400 2.27E+07 6.35E+13

BSO 2.57 21,285 305 11.4 116,700 2.06E+07 6.18E+13

C17 3.12 23,676 338 10.4 127,900 1.96E+07 6.35E+13

P11 3.11 21,488 304 10.9 116,000 1.33E+07 5.68E+13

P30 3.11 21,805 304 10.9 116,000 1.33E+07 5.68E+13

PSO 3.11 22,001 304 10.9 116,000 1.33E+07 5.68E+13

P51 3.11 21,930 304 10.9 116:000 1.33E+07 5.68E+13

6,555 2,503,200

Notes" Averageburnup = 21,960MWd/MTU. Averagecoolingtime = 11.3 years.

• the Surry Power Station in 1987. The averageburnup for the spent fuel was

21,960MWd/MTU,with an averagecoolingtime of 11.3years. Maximumcask

surfacedose rates varied from 50 mrem/hrat the outer surfaceof the primary

lid to 15..20mrem/hr along the cask body.
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2.0 SYSTEM DESCRIPTION

As part of the U.S. NuclearRegulatoryCommission(NRC) approvalprocess

for the CASTOR V/21 storagecask, a generic handlingprocedurefor cask load-

ing was developedby VirginiaPower. This genericprocedurewas then used to

developnecessarystationoperatingproceduresfor use at the Surry Power

Station. These procedureswere tested in a simulatedloadingtrainingexer-

cise andprocedure refinementswere made. Final draftsof these procedures

were reviewedand approvedby GNS, Surry Power Stationqualityassurance

personnel,and the stationNuclearSafety and OperatingCommittee.

The systemdescriptionof the activitiesrequiredto receivea cask by

barge and then load and store the cask at the reactorsite is divided into

barge relatedactivitiesand storagecask loadingactivities. The purposeof

this two-partpresentationis to distinguishbetweenthe time/motion/dosedue

solelyto cask handlingactivitieson the barge and the occupation!aldose due

to cask loadingactivitiesat the reactor. A descriptionof cask handling
!

activitiesfor the barge-relatedactivitiesis providedin Sectioni2.1.

At-reactorcask loadingand cask storageactivitiesare discussediln

Section2.2.

2.1 BARGE-RELATEDSPENT FUEL CASK HANDLINGACTIVITIES

The new CASTORV/21 storagecasks are transportedby ship from the FRG

to the U.S. easternseaboard. Data collectionrelatedto barge-relatedspent

fuel cask handlingactivitiesbegan when the storagecaskswere removedfrom

the ship and continuedto the time they were deliveredto the power station's

receivinggate. These handlingsteps can be representedby 13 activitiesfor

which informationon personnel,time, and dis'tancefrom the cask were col-

' lected. Althoughthe storagecask was empty and no occupationaldose was

incurred,the personnel/time/motiondata were used to estimatethe dose that

' would resultfrom placinga loadedspent fuel storagecask on a barge. This

estimateof occupationaldose is presentedin Section3.1. The dose rates

assumedwere those measuredfor the cask followingloadingat the reactor.

2.1



A summaryof the information collected for the 13 barge-handling activ-

ities is provided in Table 2.1. As shown in the table, the minimum time

required to complete the activities is 482 minutes (8 hours). This total

time is equivalent to approximately 42.1 person-hours of labor.

The first four &ctivities involve removing the storage cask from the

ship to the dock. where it is lifted by the dock crane servicingthe barge.

The cask is liftedfrom its wooden shippingcradle by the crane and then

loweredto a meta] cradle on a transportunit securedto the barge.

The transportunit is a multiaxle,heavy-haultrailerdesignedto carry

the storagecask from the docked barge to the crane enclosurearea of the

reactor. An illustrationof a storagecask transportunit securedto the

barge is shown in Figure 2.1.

TABLE 2.1. Summaryof Barge RelatedCQ_I"HandlingActivities

Time Personnel
Crew in Area Time

Ac_".,ty Members (min) (person-hr)

AT SHIP DOCK

Cask removedfrom ship 4 30 2.0
Cask moved to barge dock crane 2 15 0.5
Raise cask from wood cradle 8 80 10.7
Lower cask to metal cradle on transport 8 20 2.7
unit on barge

Secure cask to cradle 2 15 0.5
Barge leavesdock 5 _I_55 1.3

Subtotal 175 17.7

TRANSPORTTO STATION

Barge travels_ James River 5 230 19.2
Barge,tug, transportunit arriveat dock 6 25 2.5
_locking and bracingremoved from 2 15 0.5
transportunit

Protectivecover removedfrom cask 4 20 1.3
Transportunit drives off barge 3 5 0.3
Transportunit travels along accessroad 3 10 0.5
to receivingarea, 2 miles

Transportunit proceedsto stationgate,
100 Yarcls 3 _ O.I

Subtotal 307 24.4

TOTAL 482 42.1

2,2 °
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FIGURE2,!. StorageCask Restingin Metal Cradle
TransportUnit Securedto Barge

'

Approximatelyone-halfof the barge handlingtime consistsof a tug

pushingthe loaded barge up the James River to the reactorsite. The workers

nearestthe storagecask during this phase of the operationis the tugboot

crew, who are approximately100 feet away. Barge dockingactivitiescons'ist

of dockingthe barge and releasingthe transportunit. The transportunit is

• then towed 2 miles to the reactorsite, as shown in Figure 2.2.

2.2 REACTORSPENT FUEL CASK LOADINGACTIVITIES
o

Followingthe arrivalof the empty cask and transporterunit at the

reactorgate, a securitysearch is performedand the cask is moved to the

Crane EnclosureArea where it is removedfrom the trailer (with its tilting

2.3
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FIGURE 2.2. Heavy-HaulTransportUnit and Cask Enroutefrom Barge to Reactor
,

, r

cradle)in a horizontalposition,rotated90 degrees,and loweredto the

ground. The overheadcrane,which has a capacityof 125 tons, then exchanges

liftingyokes, and the cask is upended,disengagedfromits tiltingcradle,

and moved to the north bay of the DecontaminationBuilding. After the two

lids are removed,the cask is moved to the Fuel Building. In the Fuel Build-

ing,the cask is placed on a submergedcask pad insidethe pool for spent

fuel assemblyloadingoperations,which are accomplishedunderwater. Follow-

ing loadingand primarylid replacement,the cask is returnedby crane to the

DecontaminationBuildingfor decontamination,secondarylid installation,and

drying and seal testing. The cask is then returnedby crane to the Crane

EnclosureArea for transportto the storage area.

Cask handling is performedby five-personteam (a shift supervisorand

four operators)from Surry Power Station. This teamworks a single 10-hour

shift per day, 7 days a week if necessary. A summaryof cask-handlingstaff

is presentedin Table 2.2.

A schematicview of the Surry Power Stationcask handlingfacilitiesis

shown in Figure 2.3. The at-reactorcask loading/handlingactivitiesare

shown in Table 2.3. A descriptionof each activityis providedbelow.
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TABLE 2.2° ReactorStaff PerformingCask HandlingDuties

Cateqory .... Personnel Responsibi!.ities

Operations I Shift Supervisor Crane movements,most of
hands-onwork

QualityControl I Inspector(Part- Calibrationof test equipment
Time) and tools,checks cask testing

" results,verifiesloadingof
fuel assemblies

• Health Physics I AssistantSupervisor Dose rate surveys,cask decon-
i-3 Technicians tamination,housekeeping
(Part-Time)

I-2 Decontamination
Technicians(Part-
Time)

Engineering 1,Engineer(Part-Time) Problemresolution,vendor
interface

Security I-6 Officers (Part- Stationaccessfor vehicles,
Time) cask escortto storagepad

Maintenance I Technician(Part- Assistanceduring transport
Time) to storagepad

Contractor 2 Drivers (Part-Time) Deliveryof empty cask and
transportto storagepad
after loading

Activity 1 - Enter Station and Proceed to Crane Enclosure Area

After arrivalof the empty cask at the rear vehiclegate, a security

search is performed,and the cask is moved to the Crane EnclosureArea.

Since each cask is new, no contaminationsurveysare conducted.

Activity2 - HorizontalLift of Cask and Cradlefrom Trailer

• The horizontallift beam is attachedto the cradle,and the cask and

cradle are lifted from trailerrotated90 degrees,and placedon the Crane

• EnclosureArea floor.

2.5
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Crane
Enclosure

To Main
VehicleGate

i i

I.... I Decontamination
, North i .,4,,,./ Building
i Bay I

_. ql ,.,J ,_w

I South !I
I Bay t
I i

Unit 1 Silent Fuel Pad Unit. 2
Storage Pool __

t -
F!GURE2.3. Surry Power StationCask Handling Facilities

Activity 3 - Tilt Cask to Verticaland Lift to Work Area in North Bay of

Decontamination Building

The verticalliftingyoke is attachedto the cask, and the cask is

upended to the verticalpositionand disengagedfrom its tiltingcradle. The

cask is raisedto clear the DecontaminationBuildingroof, moved over the

North Bay hatch, and lowered into the work area.

Activity 4 - RemoveSecondary and PrimaryLids, Clean SealingSurfaces,

InstallSealingSurfaceProtectors,InspectFuel Basket,and ReplaceHetallic
Seals

2.6



TABLE2.3. Summaryof Cask Loading and Handling Activities

I. Enter station to Crane Enclosure Area following
security search.

2. Horizontallift of cask and cradlefrom trailer.
3. Tilt cask to verticaland liftto work area in

North Bay of DecontaminationBuilding.
4. Removesecondary and primarylids, clean sealing

• surfaces,installsealingsurfaceprotectors,
inspectfuel basketand replacemetallicseals.

5. Attach primarylid to 10-tonhoist and lift.
• 6. Attach lift yoke to cask and lift from North Bay.

7. Move cask to Fuel Building.
8. Lower top of cask to surfaceof Spent Fuel Pool and

fiIl cask with water.
9. Lower cask to bottom of Spent Fuel Pool and

disengageIift yoke.
10. Load cask with fuel assemblies.
11. Installprimarylid.
12. Engagelift yoke, raise cask to surface,and

installsix primarylid bolts.
13. Installdrain pipe throughprimarylid and pump

water from cask.
14. Raise cask from pool, move to work area in the

North Bay.
15. Installand torque primarylid bolts, vacuumdry

cavity,and test cavity drynessand primarylid
seal tightness.

16. Backfillcavity with helium to 800 mbar, and test
drain and vent covers for tightness.

17. Installsecondarylid, torquelid bolts, and test
Iid seal.

18. Installseal monitoringinstrument.
19. Attachlift yoke to cask and lift from the North

Bay.
20. Place cask on preparedsurfacein the Crane

EnclosureArea.
21. Transportcask to on-sitestoragearea.

The secondarylid bolts (46 bolts) are removed,and the lid is removed

' and placed in storagein the Crane EnclosureArea. The same is done for the

primary lid (44 bolts). The two sealingsurfacesare cleanedby hand, and

. plastic sealingsurfaceprotectorsare installed. The fuel basket is

inspectedfor irregularities. Finally,the primaryand secondarylids are

temporarilyremovedfrom storageto replacetheir metallicO-ring seals.

I
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Activity 5 - Attach PriMary Lid to lO-Ton Hoist and Lift

The 125-toncask crane trolley also has a 10-tonhoist that is used to

lift the primarylid from storage.

Activity6 - Attach Lift Yoke to Cask and Lift from the North Bay

The lift yoke is attachedto the 125-toncrane, and the yoke is lowered

to the cask in the North Bay. The cask is then lifted clear of the North Bay

roof.

Activity 7 - Hove Cask to Fuel Building

The empty cask and the primarylid are moved througha roll-updoor to

the Fuel Buildingand positionedover the pool.

Activity8 - Lower Top of Cask to Surfaceof Spent Fuel Pool and Fill

Cask With Water

The cask is loweredinto the pool to a point where the top is just above

the water surface. A clean water supply is then used to fill the cask.

Activity 9 - Lower Cask to Bottomof Spent Fuel Pool and DisengageLift

Yoke

The cask islowered to the bottomof the pool, and the lift yoke is

disengagedand raisedto the surface. The crane trolleywith the lift yoke

and primary lid is then moved throughthe roll-updoor, and the door is

closed. While outsidethe roll-updoor, a final inspectionis made on the

undersideof the primarylid.

Activity I0 - Load Cask with Fuel Assemblies

Twenty-onespent fuel assembliesare removedfrom the adjacentstorage

racks and placed in the cask. Qualitycontrolpersonnel then use an under-

water video camerato ensure that the right assembliesare in each basket

location.

Activity 11- InstallPrimaryLid

The primarylid is returnedto the Fuel Buildingand placed next to the

storagepool. A chain-fallis connectedbetweenthe hoist crane hook and the

lid liftingtool. The lid is then lifted,placed over the cask, and lowered

2.8 °



to the top of the cask. The chaln-fall is used to slowly lower the lid the

last few inches. Whenthe lid is seated, the lid lifting tool is disengaged

and removed from the pool.

Activity 12 - Engage Lift Yoke, Raise Cask to Surface, Insta]l Primary
Lid Bolts

• The liftyoke is loweredinto the pool to the cask and is remotely

engaged. The loaded cask is raised to the surfaceand stoppedwhen the top

' is severalfeet out of the water. Operationspersonnelin wet suits then

installand hand tightenthe lid bolts (6 bolts).

Activity 13 - InstallDrain Pipe ThroughPrimaryLid and PumpWater from
Cask

A 3/4-inchpipe is insertedto the bottomof the fuel cavitythroughthe

drain port of the primarylid. The water in the cavity is then pumped

throughthis pipe to the pool.

Activity 14 - Raise Cask from Pool, Hove to Work Area in North Bay

The cask is raised from the pool, moved throughthe roll-updoor to the

North Bay, and loweredinto the work area. During removalfrom the pool,

clean water sprays are used to remove contaminatedpool water from the cask

surface. The lift yoke is then disengagedand removed.

Activity 15 - Installand Torque PrimaryLid Bolts, VacuumDry Cavity,

and Test Cavity Drynessand PrimaryLid Seal Tightness

Remainingprimarylid bolts are installedand torquedin two steps to

500 ft-lbs. Vacuum pumps are then used overnightto draw air and remaining

water from the cask. The lid bolts are retorquedat this time, again to

500 ft-lbs,and the cavitydrynessand the primarylid seal are tested.
e

Activity 16 - BackfillCavitywith Helium to 800 mbar, and Test Drain

and Vent Covers for Tightness

When cavitydrynessand primarylid seal tightnessare verified,the

cavity is partiallyfilledwith helium,then purged and refilledwith helium

to 800 mbar. Vent covers for the drain and fill ports are installedand

tested for tightness.

Q
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Activity 17- Install Secondary Lid, Torque Lid Bolts, and Test for Lid
Seal

The secondarylid sealingsurfaceprotectorsare removed,and the sec-

ondary lid is removedfrom storage and placed on the cask. The secondarylid

bolts are installedand torquedin two steps to G20 ft-lbs. The lid is then

tested for tightnessby pressurizingthe interlidspace with heliumto

1000 mbar and then checkingthe lid seals for helium leakage.

Activity 18- T_stallSeal MonitoringInstrument o

The interlidspace is pressurizedto 7000 mbar, and a pressuremonitor

is insertedthroughthe secondarylid to monitorthis pressure.

Activity 19 - Attach Lift Yoke to Cask and Lift from North Bay

The lift yoke is attachedto the 125-toncrane. The yoke is attachedto

the cask, and the cask is raised clear of the DecontaminationBuildingroof.

Activity 20 - Piace Cask on PreparedSurface in the Crane EnclosureArea

The cask is moved to the Crane EnclosureArea floor and loweredto a

designatedspot. From that spot, the cask either remains in a verticalposi-

tion for transportto the storagefacilityor is returnedto a horizontal

position for transportoff-site•

Activity 21 - TransportCask to On-SiteStorageArea

A cask transporteris positionedover the cask, and the cask is raised

to travel height. The cask is then transferredto the on-sitestoragearea.

The cask is held in a verticalpositionby the cask transporterduring

transport,where the cask is to be storedverticallyon the storagepad.

A summaryof the loading-relatedcask handling activitiesis shown in

Table 2.4. As shown in the table, the minimumclock time for the 21 major

activities,from receivingthe cask at the reactorgate to placingthe loaded

cask in storage,is 2148 min (35.8 hr). These activitiesrequire

88.4 person-hrof labor to complete.

The times shown are the best (i.e.,the least performancetime) for each

activityfrom the three observedcask loadings. Therefore,they representa

"least-time"loadingsequence scenario. The total handlingtime of 35.8 hr

2.10
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is the actual handlingtime and is not the cask turnaroundtime at the reac-

tor. Total turnaroundtime is 6 days as shown below.

Day I - ActivitiesI through4

Day 2 - Activities5 and 6

Day 3 - Activities7 throughpart of 16 and 17
6

Day 4- Activities16 through18

Day 5 - Activities19 and 20

Day 6 - Activities21 through23

The differencebetween36 hours and 6 days resultsfrom delaysdue to

equipmentproblems,other stationactivitieswith higherprioritydiverting

resources,and using one 10-hourshift per day. This delay could be reduced

significantlyif multiple shiftswere utilized. For example,using two

10-hour shifts/day would result in a 3-day turnaround time. A more detailed

activity breakdown of the handling steps for cask-loading operations is

provided in the appendix.

I,

i j

2.12

i



3.0 OCCUPATIONALDOSE EVALUATION

The dose evaluationof barge transportand reactorloadingof the CASTOR

V/21 storagecask is dividedinto two parts. The first part presentsan :

estimateof the occupationaldose that would be incurredby the handlingcrew

if the storagecask had containedspent fuel assemblies. The dose estimates

" resultingfrom this analysisapproximatethe occupationaldose expectedfrom

the removalof a loaded storagecask from a reactorsite, or the dose

' expectedfrom the transferof a loadedcask to a barge from a reactor.

The secondpart of the occupationaldose evaluationconsistsof the

actual dose resultingfrom cask loadingactivities. This dose evaluationis

based on measureddose ratesduring cask loadingoperationsand is verified

by actual workerdosimeterreadings. The evaluationof dose estimatesfor

barge handlingcrews is presentedin Section3.1. The occupationa!ldose

resultingfrom storagecask loadingis presentedin Section3.2. Dose reduc-

tion recommendationsbased on handlingexperienceare presentedin

Section3.3.
/

3.1 ESTIMATEDDOSE FOR BARGE SPENT FUEL CASK HANDLING

Informationon time in the vicinityof an empty storagecask and dis-

tance from the cask was collectedfor the barge handlingcrews during all

phases of barge transportoperations. Combiningthis informationwith dose

rates measured from the loaded storagecasks gives an estimateof occupa-

tional dose resultingfrom barge handlingof loaded casks. These doses are

shown in Table 3.1.

As shown by Table 3.1 total occupationaldose for the barge handling/

heavy haul transportis approximately56 mrem, or 6 mrem/MTU. Over 24%

• (136person-mrem)of the estimatedoccupationaldose is incurredduring ship-

ping/storagecask and transporterpreparationsat the dock. The remaining

' occupationaldose is due to cask handlingoperationswithin the Crane Enclo-

sure Area (approximately28 person-mrem)and at the ISFSI (approximately
a

12 person-mrem). Transportationactivitiesaccountfor roughly2 person-mrem.
-
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TABLE3.1. OccupationalDose _sl;imates for BargeHandlingof LoadedSpent
FuelStorageCasksta)

Time in Average Estimated
Vicinity Distance Dose Rate Cask Dose

Cr_ of Cask from Cask From Cask (person-
Members (rain.) , (ft) (mrem/hr) _re_) i

BARGETRANSPORTANDDOCKOPERATIONS

Barge travels uP JamesRiver 5 230 100 0.00 0.00
l _t, t_ , transport unit arrive at dock 6 25 100 0.00 0.00

BLocking and bracing removedfrom transport unit 2 15 5 5.00 2.50 .
Protective cover ro_ved from cask 4 20 2 10.00 13.3...._._0

Subtotal 290 15.80

TRANSI_T TO_RAHEENCLOSURE

,, Transport unit drives off barge 3 5 25 0.00 0.00
Transport unit traveLs along access road 2 miles 3 10 25 0.00 0.00

to receiving area
Transport unit proceeds to station gate, 100 yards 3 2 25 0.00 0.00
Securtty search 1 45 10 2.00 1.50
Transport unit proceedsto Crane EncLosure 3 _ 25 0.00 0.00

Subtatat 64 1.50

CASKBEMOVA_FRI;N_j__RAHSPO_TUNIT

Attach 125-tun crane to Lift yoke 6 10 H/A 0.00 0.00
Attach Lift yoke to cask 3 10 5 5.00 2.50
Horizontal Lift of cask with impact Limiters from 4 30 15 0.00 0.00

transport unit
Removeiq_t Limiters 6 15 5 5.00 7.50
Cask Lowered to LIL on floor of Crane Enclosure 4 5 15 0.00 0.00
Disengage yoke from cask 4 10 5 5.00 3.33
Disengage 125-tan crane from yoke 4 10 H/A 0.00 0.0_._._00

Subtotal 90 13.33

CASKPREpARaTIONSANDTRANSPORTTO ISFS_

Lubricate trunions 2 7 2 10.00 2.33
Removelag vehicle spreader bar 3 5 5 5.00 1.25
Position transporter over cask 5 15 10 2.00 2.50
Extend lift arms to cask trunions 3 5 15 0.00 0.00
Attach Lift al'ms to cask truniolls 4 10 5 5.00 3.33
Retract cask Lifting arms 4 5 10 2.00 0.67
Check hydraulics 2 15 15 0.00 0.00
Raise cask to travel height 4 3 5 5.00 1.00
Attachrestraintsling 2 5 5 5.00 0.85
Attach LagvehicLe spreader bar 3 10 5 5.00 2.50
Changevehicle power to diesel 1 2 15 0.00 0.00
Proceed to ISFSI 10 15 15 0.00 0.00

Subtotal 237 14.41

I__5FS!OPERATIONS

CompLetesecurity badging I0 15 15 0.00 0.00 ,
RemoveLag vehicle spreader bar 3 5 5 5.00 1.25
Position cask at ISFSI 6 30 10 2.00 6.00
Removerestraint sling 2 5 5 5.00 0.85
Lower cask to storage pad 6 5 5 5.00 2.50 ,
Detach Lift arms 2 5 5 5.00 0.83
Attach Lag spreader beam 3 5 15 0.00 0.00
Removetransporter 6 15 NIA O.O0 O.O0

,Subtotal 8-5 11.41

1"otat 766 56.45

(a) Developed using information provided in the appendix.
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3.2 MEASUREDDOSEFORREACTORSPENTFUELCASKLOADING

Occupational dose from reactor spent fuel cask loading activities,

results from two sources" I) the dose rate from the storage cask, and 2) the

background dose rates for the areas where cask handling activities occur.

Measured background dose rates for reactor cask handling areas are pro-

' vided in Figure 3.1. Backgrounddose rates for the Crane EnclosureArea

range from 0.1 to 1.2 mrem/hr, and average0.25 mrem/hr. Dose rates for

. the DecontaminationBuildingrange from 0.5 to 2.0 mrem/hr,and average

1.0 mrem/hr. The backgrounddose rate for the Fuel Buildingranges from

1.0 to as high as 5 mrem/hr; dose rates for the deck aroundthe cask handling

area within the Fuel Buildingrange from 3.0 to 5.0 mrem/hr.

A detaileddose assessmentfor the spent fuel cask loadingoperationsis

providedin the appendix. The resultsof the dose assessmentsare summarized

inTable 3.2 for the 21 major cask handlingactivities. Total occupational

dose incurredfrom the time the cask arrivesto the reactorgate to the

time the loaded storagecask is stored is 390.5 person-mrem,as shown by

Table 3.2. Approximately164 person-mremof the occupationaldose is due to

backgroundradiation,which representsapproximately42% of total dose. The

three highestdose-incurringactivitiesare"

Activity Dose

13 Install drain pipe through primary lid 74.6 person-mrem
and pumpwater from cask

15 Install and torque primary lid bolts, 55.7 person-mrem
vacuum dry cavity, and test cavity dry-
ness and primary lid seal tightness

17 Install secondary lid 38.5 person-mrem

These three activities account for 43% of total dose, with Activity 13

" accounting for 19% of the total• A breakdown of occupational dose by area in

which the dose is incurred is shown in Table 3.3. As indicated by the data

in Table 3.3, the majority of background dose results from cask handling

activities in the Fuel Building•
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FIGURE 3.1. Background Dose Rates for Reactor Cask Handling Areas

Occupational dose by job category is shown in Table 3.4. As shown,

operators receive approximately 44% of al] dose, followed by decontamination q

technicians (28%) and hea]th physics technicians (21%).
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TABLE 3.2. OccupationalDose ResultingfromAt-ReactorCask Loading
Activities

DGse from Dose from Total
Background Cask Dose
(person- (person- (person-

Activity , mrem) mrem) , ,mrem)

I. Enter stationto Crane EI_closure 0.0 , 0.0 0.0
, 2. Horizontal lift of cask and cradle 0.6 0.0 0.6

3. Upend cask, lift cask to North Bay 2.0 0.0 2.0
4. Removelids, inspect, replace seals 13.3 0,0 13.3

o 5. Attach primary lid to hoist and lift 0.2 0.0 0.2
6. Attach lift yoke to cask and lift 1.3 0.0 1.3
7. Move cask to fuel building 6.3 0.0 6.3
8. Lower top of cask to pool surface, fill 8.0 0.0 8.0
9. Set cask on pool bottom, remove yoke 4.7 0.0 4.7

10 Load cask with assemblies 37.5 0.0 37.5
11 Install primary lid 33.8 0.0 33.8
12. Attach yoke, lift to surface, install 15.0 15.0 30.0

bolts
13. Drain cask 19.6 55.0 74.6,
14. Move cask to work area 4.9 16.2 21.1
15. Torque primary lid, vacuum dry 5.6 50.1 55.7
16. Backfill cavity with helium 2.3 14.2 16.5
17. Install secondary lid 5.2 33.3 38.5
18. Install seal monitoring instrument 1.4 7.9 9.3
19. Attach lift yoke and lift cask 1.0 3.0 4.0
20. Place on surface in Crane Enclosure 0.5 5,7 6.2
21. Transport cask to on-site storage area 1.1 25.8 26.9

Total 164.3 226.2 390.5

TABLE 3.3. Occupational Dose by Area in Which the Dose is Incurred

Background Dose Cask Dose Total Dose
Location (person-mrem) [person-mrem) _person-mrem)

Crane Enclosure(Empty) I I

North Bay (Empty) 16 16

Fuel Building 128 82 210

' North Bay.(Loaded) 18 112,,, 130

Crane Enclosure(Loaded) 2 26 28

" Storage Pad 0 5 5

Total 165 225 390
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TABLE 3.4. OccupationalDose by Job Category

AverageDose/
Job Category

Cateqor,y Personnel .(person-torero)

Operations I Shift Supervisor 9
4 Operators 172

QualityControl I Inspector(part-time) 2 .

Health Physics I AssistantSupervisor 9
I-3 Technicians(part-time) 83 q

I-2 DecontaminationTech- 111
nicians (part-time)

Engineering I Engineer(part-time) 3

Security I-6 Officers (part-time) i

Maintenance I Technician(part-time) 0

Contractor 2 Drivers (part-time) 0

Total 390

lt should be noted that these dose estimatesare based on spent fuel with

an average burnup of 21,960MWd/MTUand 11.3years of cooling. Other fuel

loadingsmay result in substantiallydifferentpersonneldose levels.

3.3 DOSEREDUCTIONSUGGESTIONSBASEDONHANDLINGEXPERIENCE

Personnel dose reduction actions at the Surry Power Station target both

area background dose rates and dose rates from the loaded storage casks.

Techniques that can be used to reduce occupational dose include, but are not

limited to, the following'

I. Placing low-source assemblies around the periphery of the cask
basket. Longer cooled and lower burnup assemblies can have much
lower radiation rates, especially for neutrons.

2. Providing low-dose waiting areas through the use of portable
shielding.

3. Placing portable shields over the primary lid during drying and
testing operations in the North Bay.

3.6
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The first dose reduction technique targets the dose from the cask, which

represents 60% of the occupational dose received during cask handling opera-

tions. The second dose reduction technique attempts to deal with the 40% of

occupational dose due to background area dose. The third technique is

designed to reduce the dose around the head of the cask, which accounts for

approximately 175 mrems of exposure from the cask (about 45%of total

occupational dose).

Dose reductions achieved through use of these suggestions will vary from
o

reactor Site to reactor site, depending upon the specifics of the site

handling procedures and equipment utilization.
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