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5.0 OPERATIONS

5.1 GENERAL DESCRIPTION

The methods and sequences described below provide an overview of the operational controls
which-that personnel performing spent fuel loading and storage activities will implement to [
assure that operations utilize the passive safety features of the Trojan ISFSI design described in
Chapter 4. Fuel loading and RWR Basket- MPC sealing operations (including non-destructive |
examination and pressure testing) will be performed within the Fuel Building in order to utilize

the existing systems and equipment for heavy lifts, radiation monitoring and controls,
decontamination and any necessary auxiliary support (i.e., electrical, crane, service air, etc.).

Fuel handling and cask loading operations in the Fuel Building will be performed in accordance
with Portland General Electric Company’s 10 CFR 50 license for the Trojan Plant. Certain
restrictions related to RP\WR-Basket-MPC loading are also contained in the ISFSI Technical [
Specifications. Storage at the ISFSI will be subject to the requirements of the ISFSI license
issued in accordance with 10 CFR 72. Once the loaded Concrete Cask is placed-on-airpadsin
the-Euel-Building-Bay-and-moved to the ISFSI concrete slab area, operational activities are
essentially limited to monitoring proper decay heat removal.

5.1.1 OPERATION DESCRIPTION

The following sections describe the spent fuel handling, PAMR-Basket-MPC sealing, and Concrete |
Cask loading activities relevant to the operation of the Trojan ISFSI. As previously described in
Chapter 3, the Trojan ISFSI will contain intact and failed-damaged spent nuclear fuel assemblies
and fuel debris. The RWR-Basket-MPC is vertically loaded with fuel assemblies and/or special
canisters designed to hold failed-damaged fuel or fuel debris. Section 5.1.1.1 describes the
operational controls for loading the individual canisters. Section 5.1.1.2 describes operational
controls for loading and sealing the individual PAMR-Basket-MPC. |

Specific procedures will define and control classification criteria, loading sequence, and
individual PMWR-Basket-MPC/Concrete Cask inventory. Fuel and debris sill-be-have been
visually inspected prioste-loading-to verify that each assembly/item conforms to the established
classification criteria. Fuel has beenwill-be examined to verify that pellets are structurally
contained within the cladding of intact fuel assemblies. Fuel will also be visually inspected
during the loading process to ensure conditions have not changed since the previous inspection,
which would cause the need for special handling of the component. In addition, item
identification and/or serial numbers will be verified and recorded. Fuel loading operations will
utilize videotape to record fuel assembly serial numbers and to provide an independent record of
loaded inventory. Additional procedures will control placement and use of impact limiters,
allowable travel path inside the Fuel Building, and limit lifting heights to assure compliance with
bounding analysis.
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5.1.1.1 Damaged Eailed-Fuel and Fuel Debris Process Can Capsule Loading |

Special containers are used to segregate faied-damaged fuel and fuel debris within the confines
of the P\WR-Basket-MPC. The individualized containers provide containment properties by ‘
constraining the material to fixed storage locations which maintains the assumptions in the
criticality analysis and heat transfer modeling.

Eailed-Damaged fuel is contained in special cans designed to fit in one of four oversized
peripheral storage sleexgs-cells of the PAWR-Basket-MPC. Eailed-Damaged or suspect fuel that
cannot structurally contain pellets within the cladding will be placed in a Failed Fuel Can.
Because the cans are open to the internal PWR-Basket-MPC atmosphere, they are xacuum-dried
and backfilled at the same time as other PAMR-Basket-MPC contents.

Euel-debris-iscontainedwithinProcess-Cans~Fuel debris mixed with organic material iswas
processed, as part of the £Fuel dDebris pProcessing pProject, to destroy the organic material and
seal the debris in a fuel debris Process Can Capsule before being placed in a Failed Fuel Can.
The Process Can Capsules were vacuumed, purged and backfilled with helium, and then seal-
welded closed. Fuel debris in Process Cans without organic material does not require processing
prior to placing in a Failed Fuel Can. Failed Fuel Cans may be placed in any one of the four
oversized storage cells in the PR Basket-MPC. |

5.1.1.2 PWR Basket-MPC Loading and Sealing Operations |

This section describes a general sequence of operations and controls necessary to load, seal, test
and unload, if necessary, an R\WR-Basket-MPC in the Fuel Building dnd to control transfer |
operations to the ISFSI Storage Pad. The major components described in Chapter 4 are further
defined with design and operating characteristics. Test and/or inspection methods demonstrate
compliance with design requirements. The final-sequence of operations to be used will be
established-finalized during Ppre-operational Festing and will be controlled by specific

procedures.

Each PAWR-Basket- MPC and the Transfer Cask are brought into the Fuel Building through the
crane bay door. After examination and any needed cleaning, Tthe Transfer Cask is moved by use

of the Fuel Building overhead crane @independent-dual-hook-desigay-and Transfer Cask Lifting
Yoke to the Cask Wash Pit area. The empry PAMR-Basket-MPC is then moved by the same crane

and placed into the Transfer Cask. After installation of radiation-shislding-shime-an annulus seal
in the gap between the Transfer Cask and P-WR-Baskot-MPC a-cask-l.sd-assombl-y—ss-boked—omo

out-of-the- PWR Basket-in-the-unlikelevent-ofatipoventhe system is prepared for loading.

The Transfer Cask (with PWR Basket-MPC) is then moved by the Fuel Building overhead crane
and suspended over the Cask Loading Pit immediately adjacent to the Spent Fuel Pool.
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BoratedFiltered Spent Fuel Pool water is flushed through the RPAWR Basket-MPC/Transfer Cask
gap to minimize unnecessary contamination of the PAWR-Basket-MPC external surface while the
Transfer Cask is in the Cask Loading Pit. While suspended in the Cask Loading Pit, the PAR
Basket-MPC is then filled with borated water. After the Transfer Cask is lowered to the Cask
Loading Pit impact limiter, and the Cask Loading Pit is filled with borated water, the specified
RWR Basket-MPC contents are loaded. Operations will be conducted in accordance with
approved Trojan Nuclear Plant fuel handling procedures.

i e g . oy e . .
[he PAVDR R et shiald.lid - edinto-the D 2 1B = e-n-thae aading P

e PV sket-shig - o4 VR-Bas hile-in-the-Cask-Loading After
completion of loading the contents into the MPC, the MPC lid is leveled and lowered onto the
MPC in the Cask Loading Pit. The Lifting Yoke is attached to the Transfer Cask lifting
trunnions and Fthe loaded Transfer Cask is lifted frem-fo the top of the Cask LLoading pPit.y
Standing water above the shield-MPC lid is removed and the Transfer ¢Cask is washed on the
exterior to remove potential /oose contamination. The lid retention system is then engaged. The
lid retention system is used to secure the MPC lid on the MPC during lifting of the Transfer Cask
(containing the loaded MPC) out of the Cask Loading Pit and movement to the Decontamination
and Assembly Station (DAS). The loaded Transfer Cask is removed from the Cask Loading Pit
and retarned-moved by use of the Fuel Building overhead crane to the 93'-arsa-DAS for
decontamination and welding-MPC preparation. The Lifting Yoke and MPC lid retention system
are then disconnected from the Transfer Cask and MPC.

The cask-preparation-area-DAS on the 93°93-foot Fuel Building level will be curbed and sealed to
collect drainage and rinse water, and liquid waste will be routed to the plant liquid radwaste
systems.

Decay heat could eventually cause boiling in the P\MR-Basket-MPC after it is removed from the
Cask Loading Pit. As a precaution, lid sealing, hydrostatic testing, MPC lid-to-shell weld
leakage testing, and draining must be completed within an administratively controlled period of
time beginning when the PR Basket-top-is-lifted-from-MPC lid is lowered onto the loaded
MPC in the Cask Loading Pit, segregating the water inside the MPC from the rest of the water in
the Cask Loading Pit. Should these-this time limits be exceeded-approachedo+PWMRBasket
temperature-increase such that PMR Basket-MPC cooling is required, procedures will address
methods to establish required PAWR Basket-MPC cooling. The method of cooling available will
be dependent upon the status of P\WR-Basket-MPC preparation and is discussed in the following
paragraphs.

The methodology for the development of the administratively controlled “time-to-boil” is
described in Section 4.5.1.1.5 of Reference &-1. The heat dutput of the contents (fuel and other
materials) of the PR Basket-MPC is first calculated and a heat-up rate established. The heat-up
rate is then used to determine the administratively controlled limit (in hours) to ensure that the
water contents-of-in the RPMRBasket-MPC does not boil. However, Eeven if localized boiling
were to occur within the PAWR Basket-MPC, K, will remain less than 0.95 (due to the use of
Boral in the design).
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The radiationshieldingshimsare-gnnulus seal is removed from the top of the PAWR Basket-MPC
area to allow for completlon of MPC lid we[dmg and decontamination actnvxtles-and-zhen

MPC lid top surfaces and accesszble areas of the MPC shell are surveyed éto the extent p0551ble
while-in-theTransferCask)-for loose surface contamination to determine if decontamination of
the PR Basket-MPC is required. Contamination limits are described-established in
Section7.2.2.

The water level in the PAMR-Basket-MPC is lowered by approximately 2850 ro 120 gallons. This
ensures that the-shield-MPC lid welding is not affected by water percolation. Fhe-Shims aze-may
be installed between the shield-MPC lid and the PAMR-Baskst-MPC shell to optimize welding
conditions, as necessary. Shim details may vary from MPC to MPC due to fabrication
tolerances. The automated welding system (AWS) is normally used to perform the shisld-MPC
lid welds however the-manua] welding system-may be used as a-backup-in-the-exent-that-the

esired or necessary.» Root, final,
and intermediate (at each approximately 3/8-inch of weld depth) dye-penetram examinations are

performed on the MPC lid-to-shell weld.

Once the PR Baskst-shield-MPC lid weld is completed, the PWR-Basket-MPC is refilled with
borated water and hydrostatically tested to approximately-tS-psig-which-exceeds—tS-times-at
least 1.25 times the maximum normal design eperating-pressure of /00 psig. This pressure is
held for 10 minutes with no observable leakage as the acceptance criterion. After test
aceeptancesuccessful hydrotesting, the MPC lid weld is dye penetrant examined. After successful
dye penetrant testing, approximately %320 gallons of water is-agaif-are removed from the RMWR
Basket-MPC, ensuringthat-with the water isbeing replaced with helium during the draining. The
helium is pressurized to approximately-a nominal test pressure of 1590 psig and the shisld-MPC
lid weld is helium leak tested. The maximum permissible PAWR-Basket-MPC leak rate is
<Ixl0“standard-<Ix/ 0-6 atmosphere-cubic centimeters per second (seeisec)-at->43-psig-(atm-
cc/sec) based on a pressure differential of one atmosphere across the confinement boundary.
The measured leak rate at the test pressure is correlated to a pressure differential of one
atmosphere for comparison against the acceptance limit. Procedures for leak testing will be

prepared usmg the guxdance in ANSIN14.5. Aﬁe:-ue&-accq;&amo,—the—shn%d—wdd—wdye

If PR Basket-MPC cooling is required at any time during the RPAMR-Basket-MPC preparation
process, cooling can be provided by theMDS—The- VDS would-be-connected-to-the-PWRBasket
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and-recirculating helium or borated water recirculated-through the PAWRBasket-MPC cavity, as
required, to maintain desired PWR-Basket-MPC temperature.

Exacuation-Blowdown of the BSWRBasket-MPC is initiated by pumping-the-tiquid-contents
injecting pressurized helium into the vent port and directing the resulting water through the
drain line back into the Spent Fuel Pool or a suitable holding tank. To aid in removing residual
moisture, aitrogen-or-otherinert-gas-helium is blown through the RPW-R-Basket-MPC vent line
(maximum pressure will be controlled to less than 4$-75 psig) and out the drain line until no
water is visible coming from the drain line. The outlet of the drain line will be discharged to the

S-EP—Spent Fi ueI Pool or other approprtate Iocatzon —Ihe-\LDS-dscha;ge-wd-l-be-duected-to-a

Two methods of drying the MPC cavity are available. The first is through the use of a vacuum
drying system (VDS). The VDS is used to pump down the MPC cavity to achieve a stable
internal vacuum pressure at or below 3 torr for a minimum of 30 minutes. The MPC cavity gas
discharge is directed to a suitable filtration system to minimize the possibility of particulate
airborne contamination. The second method utilizes a forced helium recirculation/moisture
removal system where warm dry helium is introduced to the MPC cavity to absorb residual
moisture. The helium is cooled and the absorbed moisture is removed. The helium may be
heated prior to its return to the MPC in a closed loop to begin the moisture removal process
again. The process is continued until the cooled MPC gas temperature measured at the
demoisturizer exit reaches <21°F, a value equivalent to the saturation temperature of water at a
pressure of 3 torr, or less. This temperature is maintained for at least 30 minutes. The helium
recirculation/moisture removal system can also be used to cool the MPC in the event that the
MPC needs to be unloaded.

Following completion of the xaewusm-drying process, the sealed PWR-Basket-MPC is backfilled
with 99.999.995 %-percent pure helium to 14-5+0-0.5psia>29.3 psig and <33.3 psig at a
reference temperature of 70°F. The helium backfill xacuum-drsing-system is used to regulate

establish the internal MPC pressure consistent with the assumptions in the thermal analysis.
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After helium backfilling is complete, the MPC vent and drain port cover plates are welded in
place over the vent and drain ports and dye-penetrant examinations are performed on each weld
pass. Helium is then injected into the vent and drain port cavities to displace the air. Small set
screws are immediately installed to help maintain the helium atmosphere in the vent and drain
ports. The set screw holes are plug welded and dye penetrant examinations are performed on
the plug welds. Finally, the vent and drain port cover plate welds are helium leak tested.

The MPC closure ring may be provided in one piece or in segments. The closure ring is installed
on the MPC lid over the vent and drain port cover plates to form a complete ring and is welded
in place in accordance with the design drawings to provide the redundant welded boundary to
the MPC lid weld and the vent and drain port cover plate welds. Dye penetrant examinations
are performed on the final closure ring weld surface.

The top lid is bolted onto the Transfer Cask. The Transfer Cask top lid provides shielding and

ensures that the loaded, sealed MPC cannot be madvertently hfted out of the Transfer Cask. The
SRe . - - ¢cked. The Transfer Cask

contammg the sealed P-WR-Basket-MPC is msponed-moved by the Fuel Building overhead

crane back-to the area-inside-the-crane-baywdoerlocation where a Concrete Cask has been placed
and-prepared for acceptance of the loaded P\ R-Basket-MPC.

Plastic sheeting is placed on top of the Concrete Cask walls to minimize contamination from the
bottom of the Transfer Cask. After installation of the Transfer Cask shield-bortom door hydraulic
cylinders, the Transfer Cask is placed on top of the Concrete Cask and correctly positioned by
the use of holes located on each side of the Transfer Cask. Using BWR-Basket-MPC liftingrings
cleats and slings, the PR Basket-MPC is slightly elevated to eliminate weight on the Transfer
Cask bottom doors. The Transfer Cask bottom doors are opened, and the PAMR-Basket-MPC is
lowered into the Concrete Cask. Ceramic tiles in the bottom of the Concrete Cask prevent the
stainless steel PAMR-Basket-MPC from resting directly upon the carbon steel liner of the Concrete
Cask. When the RPAWR-Basket-MPC is firmly resting on the ceramic tiles at the bottom of the
Concrete Cask, the PAWR-Basket-MPC lifting slings are emoved-with-the-aid-ofan-extiension
device-and-the-Transfer-Cask-bottom-doors-are-closedlowered onto the MPC lid. An indirect
check of the MPC external contamination levels is performed by surveying the internal wall
surfaces of the Transfer Cask. If contamination levels exceed the established limits, then the
need to decontaminate the MPC will be evaluated. The Transfer Cask is lifted from the Concrete
Cask, the Transfer Cask bottom doors are closed and the hydraullc system-l-s-cylmders are
removed and R-prior to

a:anspomng-movmg the Transfer Cask to the Cask Wash Plt-a;ea-&o—pmde-a-secend-check-of

The Transfer Cask is inspected and cleaned for continued use or storage. The shield ring is
installed on top of the Concrete Cask, the P\MR-Basket-hoist-rings-MPC lift cleats and slings are
removed, and threaded inserts are installed in the empty holes of the MPC lid where the lift
cleats were attached. The Concrete Cask cover plate is bolted into position. A tamper indicating
wire is threaded through at least two of the cover bolts.
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The loaded Concrete Cask exterior swit-beis surveyed for contamination and radiation levels sl
beare measured before transporting and placsment-placing the loaded Concrete Cask on the
ISFSI pad. If measured radiation levels are significantly higher than expected (i.e., on the order
of 1% times the calculated value for the top of the Concrete Cask and 2 times the calculated
value for the sides of the Concrete Cask), an investigation will be performed. If the measured
Concrete Cask surface radiation levels exceed the design values in Table 7.4-1, the Concrete
Cask will not be moved to the Storage Pad without performing an appropriate evaluation to
verify compliance with 10 CFR 20 regulationsand [0 CFR 72.104.

After the PR Basket-MPC is loaded into the Concrete Cask and radiation levels are verified to
be within design limits, the Concrete Cask is moved to the ISFSI Pad. At this point in the
loading sequence, Tthere are no conditions that would require the PAMR-Basket-MPC to be

returned to the Spent Fuel Pool for unloading.—tathe-unlikelsnent-ofa-RPWR-Basket-leakea
Basket Overpack-would-be-used-as-discussed-in-3ectionsrtro

5.1.1.3 MPC Contingency Unloading Operations

Although unlikely, P3WR-Basket-MPC unloading could be required if the-shisld-tid-weld-halium

acceptance criteria, such as helzum leakage or dose rate, are not met in preparmg the MPC or

the Concrete Cask for storage at the ISFSI. Recognition of the failure to meet such acceptance

criteria would occur at the time of MPC loading. Therefore, the Trojan Spent Fuel Pool would
still be available for unloading of an MPC.

If it is necessary to unload an PAWR-Basket-MPC, the initialsteps-of-unicading-will-be-perforned

inthe-DAS-on-the-93 slevation-of-the-Euel-Building—The-Transfer Cask, MPC lift cleats, and
slings would be used to return the PWR-Basket-MPC 10 the DASyfwnecessary. These steps are

performed in the reverse order of the loading operations. With the PAMR-Basket-MPC in the
Transfer Cask, the first step in the unloading process is the removal of the vent-and-drain

connection-access-conei-plates-(2-plates)-foran-initialsampleTransfer Cask top lid and removal
of the MPC lift cleats.

The vent and drain ports are accessed by removing portions of the closure ring to the extent
needed to expose the vent and drain port cover plates. Similarly, portions of the vent and drain
port cover plates are removed to expose the vent and drain connections. Once the vent
connection is accessible, a sample of the PR Basket-MPC internal atmosphere is obtained by
connectmg a sample ng and opemng the mstalled vent connection valve. -A-uacuumpump—may

PEGSSUFS~— Based on the sample results the P-WlLBasket—MPC atmosphere may be purged and
cooled with helium esnitrogen-by connecting the MBRS-helium recirculation cooling system to
the drainconnestion-MPC and circulating cooled gas through the MPC cavity. The-ént
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connsstion-would-be-dirscted-to-the-off gassystem-Cooling continues until the MPC gas exit
temperature is <2000F. Once purging-cooling is complete, the helium recirculation cooling
system is disconnected and the vent is connected to a pipe i
monitors—The-vent-path-is-routed to below the surface of the Spent Fuel Pool and connected to a
diffuser. The MPC is refilled with borated water through the drain port. The drain connection
of the PMR-Basket-MPC is connected to the MRS-borated water supply via a-connection-fitted
with-a flow-limiting device. To begin filling and cooldown of the PR Basket-MPC, the
installed vent connection valve is opened, and the-MDS-is-used-te-borated water is slowly
injected watesinto the MPC cavity via the drain pa&hlme The dram pa&h-lme directs water to the
baseoftheP-WR-Basket-MPC nalyses-haveb BerfG : hat-injection

watef-eudet-temperam-is-less-than-LSO-EvThe reﬂoodzng ﬂow rate is MPC-spec:f ic, and will be

performed using approved procedures.

With cooldown complete, the-\L : - - ;
approxzmately 5010 120 gallons of water may be removed ﬁom the top of the MPC cavzly 1f
de51red his-is AP By : allons-fre ske

d-;scomct-ed—and—the—cutte:—mastaﬂed—A ll ﬂwd ﬂow components are dzsconnected from the
MPC, and the vent path remains open. A cutting system is used to remove the weld between the
MPC lid and closure ring and the MPC shell and the closure ring. Then, the MPC lid-to-shell
weld is removed.

With the s : ; :
;eh&med—to—&he—Cask—Loadmg—B&&—MPC closure ring and lzd-to-shell welds removed the lld
retention system and annulus seal are installed in preparation for MPC lid removal. Prior to
placing the Transfer Cask in the Cask Loading Pit, the gap flushing unit wateeis connected and
placed into service. The Transfer Cask is lowered into the Cask Loading Pit and the MPC lid
retention system fasteners are removed. The Cask Loading Pit is reflooded. After the Cask
Loading Pit is reflooded, the shigld-MPC lid can be removed. The fuel is then removed from the
PWR-Basket-MPC and returned to the Spent Fuel Pool.

Sebd35.1.1.4 Transfer to Storage Area Operations |

The air pad system described in Section 5.2.1.1.%8 is inserted under the Concrete Cask in the f
openings provided and inflated by standard service air compressors. The air pads, once inflated,
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allow the Concrete Cask to be moved along a smooth concrete path connecting the Fuel Building
area, where Concrete Cask loading with an PAMR-Basket-MPC was completed, to the ISFSI |
Storage Pad. Administrative controls will limit the transport speed to less than 2 ft/sec. Use of

the air pad system results in blocking of the Concrete Cask air inlet flow paths; therefore,
procedure-procedural controls will be implemented to limit the time the air pads may be inserted. !
In the event the Concrete Cask cannot be transferred to the ISFSI storage location within the time
limit for air pad system insertion, the air pads will be deflated and removed allowing restoration

of air flow to the Concrete Cask.

A-startup-test-Testing to confism-properoperation-ofthe-storage-system-measure external

radiation dose and to confirm estimated personnel exposures will be performed before the
Concrete Cask is placed in service. The air pads will be placed under the Concrete Cask which
that then can be moved (by use of a transport vehicle to push or pull the Concrete Cask) to the
storage area. As indicated in Figure 7.3-1, Tthe loaded Concrete Casks are placed on the ISFSI
Storage Pad on approximately 15-ft. center-to-center spacings, except for the 30-foot +4-inch
center-to-center gap in the middle of the ISFSI Storage Pad, and/or in a configuration that
supports the assumptions made in calculating the direct radiation rates of the array. Airis
released from the pads so that the Concrete Cask is resting on the concrete Storage Pad surface.

A loaded Concrete Cask is considered in service once it has been placed in its designated storage

location on the ISFSI pad and has successfully passed the-startup-test-and-is-placed-onthe-ISESI
padits required testing.

54445115  Maintenance Operations |

The Trojan ISFSI is designed to be a passive system and does not require specified maintenance
tasks. Recomumended-Certain inspection and surveillance activities are required by the Technical
Specifications. Otherwise, maintenance is limited to minor activities.

54155116  Off-Normal Event Recovery Operations |

The analysis of normal and off-normal events and accident design events identified by
ANSI/ANS 57.9, as applicable to the Trojan ISFSI, ase-is presented in Chapter 8. Each l
postulated event analyzed addresses both event detection and required corrective actions.
Additionally, should an off-normal event occur, an inspection for possible damage will be
completed within 24 hours. An engineering evaluation will also be required to establish that a
component may safely continue to perform the required function.
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SA165.1.1.7 Off-Site Transfer Operations

The 10 CFR 71-certified HI-STAR 100 Transport Shippiag-Cask (Docket 71-9261) will be
available to transport the RWRBaskets-MPCs off-site to a DOE high-level waste repository or
interim storage facility in the future. Transfer operations will utilize the Transfer Station
described in Chapter 4 for PR Basket-MPC removal from the Concrete Cask and reinstallation
in a10-CER 71 approved-Shipping-the Transport Cask.

A DIVR_B et-scaled-in s et-Oern m he-rem
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5.1.2 FLOWCHARTS

Figure 5.1-1 contains an operation sequence flowchart of PWR Basket-MPC loading, sealing,
testing, and storage operations-including-anticipated-task-completion-timss.

Figure 5.1-3 contains a flowchart detailing the actions and-¢stimated-task-completion-times-for
transferring an PMWR-Basket-MPC to a Shipping-Transport Cask for off-site transport.

Figure 5.1-4 contains a flowchart detailing the actions and-sstimated-completion-times-for
contingency unloading an PAWR-Basket-MPC.

The sequence of operations is the basis for the collective dose assessment discussed in detail in
Section 7.4. The estimated completion times for the significant tasks depicted in these

Figures 5.1-1, 5.1-3, and 5.1-4 are provided in Table 7.4-3.

5.1.3 IDENTIFICATION OF SUBJECTS FOR SAFETY ANALYSIS

5.1.3.1 Criticality Prevention

Specific techniques or operational procedures are not relied upon to assure criticality prevention.
Geometrical spacing of the 24 fuel assemblies and the use of Boral neutron absorbing plates
affixed to the fuel storage cell walls maintains subcritical conditions during dry storage
conditions. While control assemblies may be stored integral with the fuel assemblies, they are
not credited for criticality control.

5.1.3.2 Chemical Safety

The Trojan ISFSI Concrete Cask system does not employ any hazardous chemicals that would
require special precautions or procedures.

5.1.3.3 Operation Shutdown Modes

Because the Trojan ISFSI Concrete Cask system relies on natural air circulation, it does not have
any shutdown modes.
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5134 Instrumentation

The Trojan ISFSI is passive by design and requires no instrumentation to operate. The following
chart lists the measuring and test equipment necessary to monitor the Trojan ISFSI for
compliance to design requirements. Measuring and test equipment is not classified as important
to safety. The instruments are commercially available, standard products and will be calibrated
in accordance with Quality Assurance requirements.

Measuring and Test Equipment

Instrument Function

1. Hand-held survey equipment Measures dose rates on Concrete Cask surface
(Gamma, neutron, and surface and contamination levels.
contamination)

Measures helium, aitregeny-water, and vacuum
2. Pressure and Vacuum Gauges pressures inside the RMR-Basket-MPC.

3. Helium Leak Detector Detects the presence of helium.

Measures temperatures rise between the ambient
air and the outlet air ducts of the Concrete Cask

P to verify proper heat removal system operation.
4. Temperature monitoring ify prop sy. D

devices :
Measures MPC gas exit temperature at the

demoisturizer exit during use of the forced helium
recirculation moisture removal system.

o o e Measures earthquake intensity for comparison
3. Seismic monitoring instrument | . esion basis per 10 CFR 72.122(b)(3)

5.1.3.5  Maintenance Techniques

The Trojan ISFSI does not require specified maintenance tasks. Recommended-Required |
inspection and surveillance activities are described in the Technical Specifications. The

measuring and test equipment identified in Section 5.1.3.4 will be maintained in accordance with
site-approved procedures which consider equipment manufacturer recommendations, as |
appropriate.

5.1.3.6 Heavy Loads Procedures

The handling of heavy loads will be addressed in a NUREG-0612 evaluation and in heavy loads |
procedures. Tests and certifications (including cranes, hooks, slings, trunnions, straps, cables,

etc.) will be completed before fuel handling activities begin. Additionally, the evaluation and
procedures will assure that the Trojan Fuel Building can withstand the loads from postulated
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drops and that the PWR-Basket- MPC design aedecelerations are not exceeded. Impact limiters
will be used to mitigate the effects of a drop accident. Lifting within the Fuel Building is
governed by the Regulatereregulatory requirements of 10 CFR 50 as defined in the Trojan
Defueled Safety Analysis Report and the Decommissioning Plan. Chapter 8, Accident Analysis,
also addresses drops at the ISFSI Storage Pad during handling operations.
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5.2 SPENT FUEL HANDLING OPERATIONS

5.2.1 SPENT FUEL HANDLING AND TRANSFER

Spent fuel handling and transfer operations, including removal from the Spent £Fuel pPool, PR
Basket-MPC loading and sealing, transfer to the ISFSI Storage Pad, and eventual transfer to an
off-site location, are described in Sections 5.1.1.1 through 5.1.1.67. Chapter 4 provides a
description of the components and the applicable design basis utilized for safely maintaining the
fuel/debris in a safe storage configuration. Specific equipment function is described in

Sections 5.2.1.1.1 through 5.2.1.1.89. |

5.2.1.1 Functional Description

The Transfer Cask, Lifting Yoke, gap flushing unit, xacuwm-deying-moisture removal system,
helium backfill system, automated welding system, hydraulic system, and-air pad system, and
Transfer Station are necessarused to facilitate PAMR-Basket-MPC loading, storage, and eventual

oft-site sh-yppm-g-transport actlvmes M&M&m&n@mﬂ
transferofa-TranStor ™ P1) :

5.2.1.1.1  Transfer Cask

The Transfer Cask is a welded steel cask constructed in accordance with ASME Section I1],
Subsection NF. Considered special lifting devices, the Transfer Cask lifting trunnions are
designed and-fabricated-in accordance with the guidance to-thersquirements-of NUREG-0612
and ANSI N14.6 to be used during transfer operations with the Trojan Fuel Building overhead
crane. Transfer of the loaded MPC from the Transfer Cask into the Concrete Cask for storage
occurs in the Fuel Building. The Transfer Cask is installed into the Transfer Station at the ISFSI
for PR Basket-MPC transfers out of the Concrete Cask and into the Transport Cask in
preparation for off-site transport of the MPC.

The Transfer Cask consists of a cylinder with a steel-lead-aeuteonstee! gamma shielding-steel
sandwich wall. 4 water jacket used for neutron shielding when the MPC is dewatered is
attached to the outer shell wall of the Transfer Cask. The thick-walled cylinder and water jacket
reduces gamma and neutron dose rates to an acceptable level as shown in Chapter 7. The
Transfer ¢Cask top lid extends over the PWR-Basket-MPC to prevent it from being inadvertently
lifted out of the Transfer Cask during RPMWR-Basket-MPC transfer operations. At the bottom of
the Transfer Cask are doors that slide in rails along each side of the Transfer Cask that open upen
hydraulic-actuation-to allow lowering of the PWR Basket-MPC into the Concrete or Shipping
Transport Cask. Mechanical stops Fwe-steelpins-are used to prevent accidental opening of the
Transfer Cask bottom doors.
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5.2.1.1.2  Cask Lifting Yoke

The Transfer Cask Lifting Yoke is used for Transfer Cask handling operations in the Fuel
Building. It is designed to interface with the Fuel Building overhead crane hook and is
fabricated from high strength carbon steel. The Lifting Yoke may also be used to lift the empty
Transfer Cask into place in the ISFSI Transfer Station. The Lifting Yoke is considered a special
lifting device in accordance with ANSI N14.6.

5.2.1.1.3  Gap Flushing System

A gap flushing unit is used to flush filtered borated-Spent Fuel Pool water through the PAWR
Basket-MPC/Transfer Cask annular gap to minimize the potential for unnessssary-contamination
of the PR Basket-MPC external surface while the Transfer Cask is in the Cask Loading Pit.

52.1.1.4 Macuum-DryingMoisture Removal System |
Following fuel loading-aad, MPC lid welding-ofthe-shicld-and-structural-lidsy-a-skid-mounted

er fram.the PV 1 et daoithentaerio nd

successful testing, and draining of the water from the MPC cavity, the
residual moisture is removed from the cavity using either of two systems. A vacuum drying
system may be used to reduce the pressure in the MPC cavity to a pre-determined pressure
indicative of a sufficiently dry MPC to prevent corrosion of the fuel assemblies.

»

In lieu of vacuum drying, a helium recirculation moisture removal system may be used to remove
residual moisture from the MPC cavity. This system is a closed loop system with appropriate
piping, valves, power supplies and other components necessary to recirculate helium through.the
MPC via the vent and drain ports and process the helium as it absorbs the moisture in the MPC
cavity. The helium recirculation system may also be used for cooling the spent fuel inside the
PWR Basket-MPC as discussed in Section 5.1.1.2.

5.2.1.1.5  Helium Backfill System

The helium backfill system (HBS) is used to inject helium of the required purity into the MPC
cavity until the required pressure range is achieved.

52116 StdsAutomated Semi-automatic-Welding System ]

An automated sermi-automatic-welding system is the preferred equipment used for PAMR-Basket
MPC and-Basket-Overpack-closure based on design, operation, and ALARA considerations. It
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includes a customized welding system and adapter for mounting the system on top of the
Transfer Cask.

524-165.2.1.1.7 Hydraulic System for Operation of Transfer Cask Bottom Doors

Twe-hHydraulic cylinders are bolted to the outer Transfer Cask wallaftertheTransferCask-is
placed-inthepositioawhen necessary to perfermtransfer the loaded MPC in or out of the
Concrete Cask. The cylinders open the bottom doors of the Transfer Cask to allow PAWR-Basket
MPC transfer, and close ¢losuse-of-the doors after completion of the operation. The doors may
be opened or closed by other manual means in the event of failure of the hydraulic cylinders.

S24425.2.1.1.8 Air Pad System

The air pad system will be used to transport a loaded Concrete Cask from the Fuel Building to its
storage location at the ISFSI Storage Pad and to the Transfer Station for any—+equired-Basket
Oxerpack-installationand-rransfer of the MPC into the Transport Cask for off-site shipping. The
air pads are commercially available lifting devices which, when inflated, lift the cask a few
inches with air pressure. The system uses air compressor(s) and four standard air lifting pads
and-aircompressers. The air pads lift the Concrete Cask approximately 3 inches and allow it to
ride on a thin cushion of air. The air pad system can only be used on a smooth surface since
cracks or open joints in the transport surface would result in excessive air loss and deflation of
the air pads thereby preventing Concrete Cask movement. With the air pads inflated the
Concrete Cask can then be moved by use of a transport vehicle to push or pull the Concrete
Cask. Air pads minimize the need for handling room around the Concrete Cask, thus minimizing
the size of the Storage Pad.

The air pad design limits the overall lift height of the Concrete Casks to approximately 3 inches.
In the event the Concrete Cask deviates from the smooth transport pathway, air will escape from
the air pads preventing movement of the Concrete Cask. As shown on Figure 8.2-3, the Concrete
Cask must be inclined such that one edge of the Concrete Cask must be raised or lowered over 5
feet to result in a Concrete Cask tipover. Since the air pad design limits the lift height of the
Concrete Cask to approximately 3 inches, a tipover event due to air pad failure is not considered
credible.

S22 -1-85.2.1.1.9 Transfer Station

The Transfer Station is a structural steel frame designed as a stationary lateral and vertical
restraint for the Transfer Cask during PAWR-Basket-MPC transfers-ea-thelSESI-Transferand

StoragePad. The transfer could-would be from a Concrete Cask to-a-Basket-Overpack-inside-a
Concrete-Cask-orfrom-a-Conscrete-Cask-to a Shippiag-Transport Cask.

The Transfer Cask is placed on a platform within the Transfer Station, with the Transfer Cask

resting on the door rails. Lateral frames are then installed atthe-approximate-centerofgravity-of
the-loaded-TransferCask+o secure the Transfer Cask in the Transfer Station, and hydraulic
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cylinders and hardware for opening the Transfer Cask bottom doors are installed. The Transfer
Cask bottom doors are then opened.

A Concrete Cask is then prepared for placement in the Transfer Station. The Concrete ¢Cask lid
and-shield-ringareis removed and RPAWRBasket-MPC rigging hardware and slings are attached to
the MPC structaral-lid. The Concrete Cask shield ring is removed and the Concrete Cask is then
moved under the Transfer Cask using air pads. Shielding is placed in any gaps or potential
streaming paths utilizing both installed shield support frames and temporary hangers or wires.

Rigging (previously attached to the PAWR-Basket-MPC struciurak-lid) is then raised through the
Transfer Cask (using a long pole) and attached to the qualified mobile crane hook. Remote
engagement tools will be used where feasible to reduce exposure.

The RPWR-Basket-MPC is raised info the Transfer Cask sufficiently to clear the Transfer Cask
bottom doors. A load cell installed on the Mobile Crane will be used in conjunction with the
Transfer Cask top lid to prevent the PAMR-Basket-MPC from being raised higher than the top of
the Transfer Cask. The doors are closed, mechanical stops lecking-bolts-installed, and the PAMR
Basket-MPC lowered to rest on the Transfer Cask bottom doors.

Sufficient shielding is put in place meved-to remove the Concrete Cask from the Transfer
Station. The destination cask is then moved into position below the Transfer Cask. Shielding is
installedplaced. The PR Basket-MPC is then raised above the Transfer Cask bottom doors,
mechanical stops lecking-bolts-are removed, the bortom doors are opened, and the PAMR-Basket
MPC is lowered into the destination cask.

Basket rigging is disengaged from the mobile crane hook and lowered to the PR Basket-AMPC
structural-lid. The loaded cask is then moved from the Transfer Station, the RPAMR-Basket-MPC
rigging is removed, and cask lid(s) or other closures are placed.

5212 Safety Features

Spent fuel handling and transfer operations utilize both component designed features and
administrative controls to assure that required actions are safely accomplished. The PAMR-Basket
MPC is sheltered in the cavity of the Transfer Cask during spent fuel handling. Flushing of the
PWR Basket-MPC/Transfer Cask gap reduces potential contamination from the Cask Loading
Pit. A lid retention system prevents loss of the MPC lid during movement of the unsealed MPC
from the Cask Loading Pit to the DAS. The Transfer Cask top lid with-lid-retaineris-used-to
prevents accidental lifting of the sealed PAMR-Basket-MPC out of the Transfer Cask.

Additional shielding is placed over the PMR-Baskes-MPC/Transfer Cask gap and temporary
shielding is used, as required, to minimize worker exposure. The PAMR-Basket-APC storage
sleeves are designed to withstand a postulated drop accident from the Transfer Cask without
significant damage to the stored fuel (Refi~-Section 8.2.13.3.23). The Transfer Cask has
mechanical stops steel-pins-in the Transfer Cask bottom doors to prevent them from being
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inadvertently opened. A load cell will be used to prevent limit-the mobile crane from raising the
PWR Basket-MPC higher than that analyzed by stopping the crane when the top-ef4he-Transfer
Cask top lid is impacted by the PWR-Basket-MPC.

5.2.2 SPENT FUEL STORAGE

The major components of the Trojan ISFSI system used for spent fuel storage are the PAWR
Basket-MPC and Concrete Cask. Design characteristics for each are described in Chapter 4.
Operational performance is described in Sections 5.1.1.1 and 5.1.1.2. Removal of stored spent

nuclear fuel from the Trojan ISFSI for off-site shipment is described in Section 5.1.1.67. |

5221 Inspection and Surveillance Program

The inspections and surveillances required for the Trojan ISFSI are contained in the Technical
Specifications.

5222 Safety Features

Spent fuel storage at the Trojan ISFSI utilizes the inherent safety features of a passive dry cask
design as well as additional administrative controls. Fuel assemblies with higher radiological
source terms will be loaded toward the center of each RWR-Basket-MPC and lower radiological |
source term fuel will be loaded near the outer periphery in order to minimize dose rates. In
storage, the RMWR-Basket-MPC is sheltered in the cavity of the Concrete Cask that reduces the
surface dose to sellwithin allowable limits as demonstrated in Chapter 7. Additional shielding,

in the form of a ring, is placed over the gap between the Concrete Cask and PWR-Basket-MPC
after the transfer is complete. Although no credible event can overturn the Concrete Cask, the
PWR Basket-MPC and Concrete Cask are designed to withstand a postulated tipover without [
damaging stored fuel or breaching the confinement boundary. Other safety features (as related to
off-normal events) are discussed in Chapter 8, Accident AnalysesAnalysis. !
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5.3 OTHER OPERATING SYSTEMS

5.3.1 SYSTEM OPERATIONS
The Trojan ISFSI storage system is passive and does not require any systems for its operation
once it is placed into storage. The only equipment required for this storage system, besides the

storage structures, is for fuel loading and movement of the casks to the ISFSI as described in
Section 5.2.1.

5.3.2 COMPONENT/EQUIPMENT SPARES

The Trojan ISFSI system is designed to withstand postulated design basis events as described in
Chapter 8, therefore, no equipment spares are needed. |
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5.4 SUPPORT SYSTEM OPERATION

5.4.1 INSTRUMENTATION AND CONTROLS

The operation of the Trojan ISFSI is passive and self-contained and, therefore, does not need any
control systems. Temperature monitoring devices are used for measuring the temperature rise
between ambient and Concrete ¢Cask air outlet temperaturefo verify adequate heat removal is
occurring in the cask system.

54.2 SPARES

Other than the temperature monitoring devices identified in Section 5.4.1, no instrumentation or
control systems are required for operation of the Trojan ISFSI. Since the devices are readily
available commercial components, equipment spares are not required.

5.4.3 535~CONTROL ROOM AND CONTROL AREAS [
No control room or control areas are needed for the Trojan ISFSI.

5.44 &6-ANALYTICAL SAMPLING

No sampling or analysis is necessary to ensure safe operation of the Trojan ISFSIL.
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3.5 S2-REFERENCES

Analysis Report for the Holtec International HI-STORM 100 Dry Cask Storage System,
Holtec Report No. HI-2002444, Revision 0, July 2000, through Proposed Revision 1 F.
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6.0 SITE-GENERATED WASTE CONFINEMENT AND MANAGEMENT

6.1 ONSITE WASTE SOURCES

Fuel loading and closure of the RWRBasketMPC will be accomplished under the existing Trojan |
Nuclear Plant 10 CFR 50 license and the provisions of the ISFSI Technical Specifications. The
radioactive waste generated during fuel loading and closure of each PWRBasketMPC would-will |
consist mainly of potentially contaminated water used for decontamination of the Transfer Cask
and PYWR BasketMPC lid, and a small amount of solid waste, (e.g., absorbent rags, gap flush
resin) used for decontamination. These wastes would-will be processed using existing Trojan
Plant procedures and systems. Gaseous waste is not anticipated, but the system used to pusmp
blow down and xacuum-devremove the residual moisture from the PAWRBasketMPC will be
designed to filter excapture-gaseous waste as required.

Normal operation of the Trojan ISFSI will not generate radioactive waste. The spent nuclear fuel
is sealed-contained inside a leak-tight stainless steel PR BasketM/PC and the normal
surveillance and inspection activities do not affect the confinement capability of the PWR
BasketMPC.
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6.2 OFFGAS TREATMENT AND VENTILATION

During the fuel loading and PSR BasketMPC closure process, the PWR-Baskst\/PC that
contains the spent nuclear fuel is ¥acuum-dried and backfilled with helium while located inside
the Trojan Fuel Building. Any radioactive gas that is drawn off the PMWRBasketMPC during the
sacuum-drying process is passed through a system designed to filter excapture-gaseous waste as
required.

Gaseous radioactive waste is not generated by normal operation of the Trojan ISFSI. Any
radioactive gases that are released from the spent nuclear fuel during the storage period will
remain inside the leak-tight PR BasketMPC. The RPIMR-BasketMPC is designed to remain
sealed while stored at the ISFSI, but if opening the PWR-BasketMPC is required during the
storage period, a venting system sveuld-will be used that sweuld-filters er-capture-radioactive
gases as required.
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6.3 LIQUID WASTE TREATMENT AND RETENTION

During the fuel loading and BWR BasketMPC closure process, potentially contaminated liquid
will be generated while decontaminating the Transfer Cask and PSWRBasketMPC lid. This
potentially contaminated liquid will be collected and processed by existing Trojan Nuclear Plant
procedures and systems under the 10 CFR 50 license.

Liquid radioactive waste is not generated by normal operation of the Trojan ISFSI. The PWR
BasketMPC is vacuum-dried during the closure process. Therefore, there is no liquid in the leak-
tight PR BasketMPC during the storage period.
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6.4 SOLID WASTES

During the fuel loading and RWR BasketMPC closure process, a small amount of solid low level |
waste, (e.g., absorbent rags, gap flush resin) will be generated while decontaminating the

Transfer Cask and PXWR-BasketMPC lid. This solid waste will be collected and processed using |
existing Trojan Nuclear Plant procedures under the 10 CFR 50 license. Solid waste generated
during the PR BasketMPC pump-devwmn-and-vacuum-dryingclosure processy will be captured l
and processed by existing Trojan Nuclear Plant procedures and systems under the 10 CFR 50
license.

Solid radioactive waste is not generated by normal operation of the Trojan ISFSI because any

solid waste will remain inside the leak-tight RsWR BasketM/PC during the storage period. No |
contamination is anticipated at the ISFSI, but periodic surveys are performed during normal
operation to confirm that there is no contamination. In the unlikely event that contamination is
discovered, a small amount of radioactive waste, e.g., swipes and absorbent rags, would be
collected and processed as low level waste.
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6.5 RADIOLOGICAL IMPACT OF NORMAL OPERATIONS - SUMMARY

Gaseous, liquid or solid radioactive waste axe-is not generated during normal operation of the
Trojan ISFSI. Although no leakage from the P3WRBasketsMPCs is expected during normal
operations, bounding calculations have been performed to assess the impact of the maximum
hypothetical RWR BasketMPC leakage rates. This analysis is described in Section 7.2.2. |

The radioactive waste generated during the loading and closure of the Baskets-AMPCs is collected |

and processed under the 10 CFR 50 license using existing Trojan Nuclear Plant procedures and
systems.
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7.0 RADIATION PROTECTION

7.1 ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES ARE AS LOW AS IS
REASONABLY ACHIEVABLE (ALARA)

7.1.1 POLICY CONSIDERATIONS

The Radiation Protection Program used for operating the ISFSI implements the regulatory
requirements of 10 CFR 20, “Standards for Protection Against Radiation,” 10 CFR 72,
“Licensing Requirements for the Independent Storage of Spent Nuclear Fuel and High-Level
Radioactive Waste,” and Oregon Administrative Rule (OAR) 345-26-390, through approved
procedures.

The primary objective of the Radiation Protection Program is to maintain exposures to workers,
visitors, and the general public As Low As Reasonably Achievable (ALARA). The dry storage
system that will be used at the Trojan ISFSI has been designed with the principles of ALARA
considered for the operation, inspection, maintenance, and repair of the system. PGE provides or
will contract qualified staff, facilities, and equipment to ensure that exposures are ALARA
during operation of the ISFSI. The ISFSI will be monitored and evaluated on a routine basis to
maintain radiation exposures to unrestricted areas ALARA.

Specific design and operation oriented ALARA considerations are described in the following
sections.

7.1.2 DESIGN CONSIDERATIONS

The Concrete Cask system is designed to ensure that occupational radiation exposures are
ALARA as defined in 10 CFR 20. As such, special design considerations have been taken to
ensure exposure rates are ALARA. These considerations include:

1. Thick walls and lids that contain various shielding materials;

2. Totally passive system that requires minimum maintenance;

3. Welded closures that provide redundant radioactive material confinement;

4, Non-planar paths for the air inlets and outlets to minimize radiation streaming;
and

5. Spacing of the Concrete Casks on the Storage Pad to provide self-shielding for
interior Concrete Casks.

Detailed descriptions of the Concrete Cask system components are included in Chapter 4.
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7.1.3 OPERATIONAL CONSIDERATIONS

ISFSI operational details including PWRBasketMPC loading, closure, transfer, storage, and off- I
site shipping are included in Chapter 5. Loading and transfer operations have been determined
following ALARA guidelines. ISFSI personnel will follow site procedures consistent with
Regulatory Guide 8.8 and Regulatory Guide 8.10. Personnel radiation exposure during handling
and closure of the B3R BasketMPC is minimized by the following steps. |

1. Fuel loading procedures that follow accepted practice and build on existing
experience;

2. Loading spent nuclear fuel in the WPC within the controlled |
environment of the Fuel Building to prevent the spread of contamination;

3. Loading the most radioactive fuel in interior PWRBasketMPC positions; |

4. . Injecting filteredsborated water into the annulus between the Transfer Cask and
PWR BasketMPC to minimize contamination of the PWRBasketMPC external
surface;

5. Placing the shielding lid on the BIWRBasketMPC while the Transfer Cask and
PWR BasketMPC remain in the Cask Loading Pit;

6. Decontaminating the exterior of the Transfer Cask and welding the PMWR
BasketMPC lid while the RPWR BasketMPC is still filled with water;

7. Draining the ERBasketMPC while still housed in the Transfer Cask; |
8. Using portable shielding as necessary;

9. Using the shielded Transfer Cask that is remotely operated to transfer the PR

BasketMPC to the Concrete Cask;
10.  Placing a shielding ring over the annular gap between the Concrete Cask and
PWR BasketMPC; |
11.  Swiping the Concrete Cask exterior for contamination prior to leaving the Fuel
Building;

12.  Storing higher dose rate Concrete Casks toward the northeast section of the ISFSI |
Storage Pad to minimize dose rates at the normally occupied areas to the south
and west of the Storage Pad;
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13.  Using ALARA pre-job briefings prior to fuel movement and Concrete Cask
loading sequence; and

14.  Use of mock-ups for training.
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72 RADIATION SOURCES

7.2.1 CHARACTERIZATION OF SOURCES

The design basis radiation source terms for the shielding analysis of general-criteria-for-the

radicactive material-to be-stored-in-the Trojan ISFSI are provided in Table 3.1-2. The burnup of
42,000 MWD/MT U bounds all fuel assemblzes to be stored in the TrOJan ISFSI Sh-l-eld-mg

ﬁnal power operation occurred in November 1 992 a coolzng time of nine years bounds the
Trojan spent fuel inventory for storage after November 2001. The entire Trojan spent fuel
inventory is therefore bounded by the 42,000 MWD/MTU burnup and the nine-year cooled case.
A lower bound initial enrichment levels-azeof 3.09 wt% U-235 is assumed, since this will yield
the maximum gamma and neutron source terms for fuel-ofa-given-the 42,000 MWD/MTU
burnup level. This enrichment is a conservatively low enrichment that bounds the Trojan spent

fuel inventory at this burnup level.

The values in Table 3.1-2 and the analysis reported in this chapter are based on a Westinghouse
17x17 fuel assembly. Table 3.1-1 indicates that the Westinghouse 17x17 has a higher Uranium
mass compared to the B&W 17x17 assembly. Therefore, the Westinghouse 17x17 will have a
higher radiation source term than the B&W 17x17 for the same enrichment, burnup, and cooling

time combinations.

The principal sources of direct radiation from the Concrete Cask are:

L Gamma radiation originating from the following sources
. Decay of radioactive fission products
. Secondary photons from neutron capture in fissile and non-fissile nuclides
. Hardware activation products generated during power operations
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2. Neutron radiation originating from the following sources
o Spontaneous fission
. Alpha,neutron (a,n) reactions in fuel materials
. Secondary neutrons produced by fission from subcritical multiplication
o Gamma,neutron (yn) reactions (this source is negligible)

The foregoing can be grouped into three distinct sources, each of which is discussed below: fuel
gamma source, fuel neutron source, and non-fuel hardware Co-60 source. The source terms for
the analyses presented in this SAR were calculated using the same methods described in the
HI-STORM 100 System FSAR. The neutron and gamma source terms, along with the quantities
of radionuclides available for release, were calculated with the SAS2H and ORIGEN-S modules
of the SCALE 4.4 system (References 1 and 2) (the HI-STORM FSAR used the SCALE 4.3

system).

72.1.1 Fuel Gamma Source

Table 7.2-2 presents the gamma source terms that were used for the active Juel portion of the
design basis fuel assembly for the shielding analyses. The source is presented in both MeV/sec
and photons/sec for an energy range of 0.45 MeV to 3.0 MeV. The HI-STORM 100 System FSAR
(Reference 3) states: “Photons with energies below 0.45 MeV are too weak to penetrate the
HI-STORM overpack or HI-TRAC, and photons with energies above 3.0 MeV are too few to
contribute significantly to the external dose.” Since the Concrete Cask and HI-STORM 100
overpack are similar in their shielding characteristics (concrete and steel shielding) this
conclusion is also valid for the Concrete Cask. Since the Trojan Transfer Cask design is
similar to the Holtec HI-TRAC 100, this conclusion is also valid for the Trojan Transfer

. .
ate » e lle aV-Madslanlas a

evenly distributed-throughout this-defined-volume—The fuel region gamma source is based upon
24 complete design basis Westinghouse 17x17 PWR fuel assembliesyeach-with-the-maximum

initi i i . Using the same term for complete fuel assemblies in
the model bounds the source term for partial fuel assemblies (failed-damaged fuel) and fuel
debris because a complete fuel assembly has a higher source term.
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The axial burnup profile present in the active fuel (Reference 84) is modeled in the shielding
analyses. This profile, which has a peak to average ratio of 1.1, is shown in Figure 7.2-1. The
peak to average ratio of the gamma source strength profile is also 1.1 because the gamma source
strength is roughly directly proportional to the fuel burnup level. The gamma shielding analyses
account for the peak axial profile in the dose rate calculations-en-the-Cencrete-Cask-and-Transfer

72.1.2 Fuel Neutron Source

Neutron sources are based on spontaneous fission sources from various actinides and alpha,
neutron (a,n) reactions. The primary neutron source is the spontaneous fission of Cm**-244.

The-totalTable 7.2-3 presents the neutron source term used strength-for-each-ef-the-two-burnup
£ e N/l » = 1 d = o8 = . [) aha £ 9 4353 £ al a’ £ 3 ~ -l

on-the same initial enrichments-assumed-for the active fuelregionganunasource. These-neutron
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The neutron source strength has highly non-linear dependence upon fuel burnup level—Survexs
of QOCH - er-databhase-ne ON-£0 e en outn e ne avallJa =

and is roughly proportional to the burnup level raised to the 4.2 power. Due to the
strong non-linear dependence of the neutron source strength on burnup level, the axial burnup
profile of the fuel causes the total neutron source strength to increase by 13.875% percent over |
the neutron source strength calculated at the assembly average burnup level presented in
Table 7.2-3. This increase was accounted for in the neutron shielding analysis. Sub-critical
neutron multiplication causes a further 36-8%-increase in the total neutron source strength
presented in Table 7.2-3. The-increases-in-total neutron-source-strengin-vere-taken in
inthe-neutronshielding-analyses.This increase was automatically accounted for in the Mont
Carlo N-Particle (MCNP) calculations.

Due to the non-linear dependence, the 10% percent axial burnup peaking factor yields an axial
peaking factor of ~approximately 50% percent for the neutron source strength. The neutron
shielding analyses explicitly modeled the axial neutron source profile which results from the
axial burnup profile. This was done by dividing the active fuel region into several small axial
subsections, each with a different neutron source strength. These axial subsections are described
in Table 7.2-4. The axial span (measured from the bottom of the active fuel region) is shown for
each subsection, along with the relative fuel burnup level and the relative neutron source
strength. These values are relative to the assembly average burnup level and the neutron source
strength calculated for the assembly average burnup level.

7.2.1.3 Non-Fuel Region Gamma Sources

As mentioned above, the non-fuel hardware of a fuel assembly (e.g., steel and inconel in the
end fittings) become activated during in-core operations to produce a radiation source. The
primary radiation from these portions of the fuel assembly is Co-60 activity. Radiation from
other isotopes within the steel and inconel has a negligible impact on the radiation dose rate
compared with the Co-60 activity. Therefore, Co-60 was the only isotope considered in the
analysis. The method used to calculate the activity in the non-fueled regions of the assembly is
fully described in Section 5.2.1 of the HI-STORM 1 00 System FSAR. Consistent with the
analysis in the HI-STORM FSAR, the Co-59 impurity level assumed in the steel and inconel of
the fuel assembly was 1.0 gm/kg or 1000 ppm. It was also assumed for this analysis that the
fuel assemblies contained non-zircaloy grid spacers with a Co-59 impurity level of 1.0 gm/kg.
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Table 7.2-5 presents the mass data for the non-fuel parts of the Westinghouse 17x1 7 fuel
assembly that were used in the source term calculations. The gas plenum region was split into
two separate regions for modeling considerations. As stated above, a Co-59 impurity level of
1.0 gm/kg (0.1 wt%,) was used for both inconel and stainless steel. Therefore, there is little
distinction between stainless steel and inconel in the source term generation and since the
shielding characteristics are similar, stainless steel was used in the shielding calculations
instead of inconel. :

as-a-function-of burnup-leve al enrichment-and-coeling s—During reactor operation,
neutron flux levels in the non-fuel regions of the assembly (above and below the core) are much
lower than those present in the core region. Thus, the Co-60 activation level is expected to be
much lower for the non-fuel regions. Cobalt activation level adjustment factors, consistent with
those used in the HI-.STORM FSAR, have been determined for each-afthe-three-non-fuel
materialassemblyregions(Reference-10), and are presented in Table 7.2-6. The Co-60 activity
levels in the non-fuel material of the fuel assembly calculated using these Sflux adjustment factors
are presented in Table 7.2-7.

In addition to the non-fuel material on the fuel assembly, Burnable Poison Rod Assemblies
(BPRASs), Rod Cluster Control Assemblies (RCCAs), and T himble Plug Devices (TPDs) were
considered in the analysis. BPRAs were only used in the first cycle of operation at TNP and
analysis has demonstrated that the radiation source from these devices do not contribute
noticeably to the radiation dose rates outside the Concrete Cask. As a result these devices were
not considered in the analyses reported in this chapter. The TNP typically operated with RCCAs
fully withdrawn. Therefore, the activation of these devices was limited to the extreme lower
portion of the devices. Analysis has determined that the radiation source from these devices
does not contribute noticeably to the radiation dose rates outside the Concrete Cask. Therefore,
these devices were not considered in the analysis in this chapter.

The TPDs were used at TNP for all cycles except the last. These devices, which are positioned in
the top of the fuel assembly during normal in-core operations and during normal storage
conditions, are significantly activated. Since these devices are positioned in the upper portion of
the fuel assembly during storage, the radiation source from these devices contributes noticeably
to the dose rates at the top of the Concrete Cask. Therefore, these devices were considered in

the shielding analysis. SAS2H and ORIGEN-S were used to calculate the Co-60 activity from the
activation of the steel and inconel in these devices. The HI-STORM FSAR used a Co-59 impurity
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level of 0.8 gm/kg and 4.7 gm/kg for the steel and inconel, respectively, in the analysis of TPDs.
The same impurity levels were used in this analysis. The accumulated burnup for these devices
was 118,674 MWD/MTU. Based on the end date for Cycle 13, the minimum cooling time for
these devices is 11 years. The downtime between cycles was accounted for in the calculation of
source term for these devices . Table 7.2-8 shows the mass of the materials that were used for
the TPDs. Table 7.2-9 shows the calculated Co-60 source term for the TPDs.

12157214 Fuel Debris

For the shielding analysis, fuel debris source terms from individual fuel pellets and fragments
from damaged fuel rods are conservatively assumed to be the same as for intact fuel. This
assumption is conservative because the fuel debris will be stored in Failed Fuel Cans, separate
from intact fuel, and the total quantity of fuel debris is only a few kilograms, as compared to an
intact fuel assembly with several hundred kilograms of fuel material.

12467215 Non-Fuel Bearing Components |

In addition to-failed fuel,£Fuel assembly hardware, non-fuel bearing components, and one fuel |
skeleton will also be stored. These components are made of 304 stainless steel, zirconium IV,

and Inconel. The source terms from these additional components were not independently
considered in the shielding calculations, but the fuel source terms would bound this additional

waste.
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7.2.2 AIRBORNE RADIOACTIVE MATERIAL SOURCES

Loading of spent nuclear fuel and other wastes into the PWRBasketMPC is carried out under
water in the Spent Fuel Pool Cask Loading Pit which prevents the spread of contamination. The
PWR BasketsMPCs are dried and sealed within the controlled environment of the Fuel Building.
The gaseous waste from the RMWR BasketsMPCs will be passed through a local HEPA filter.

Once the PSR BasketMPC is dried and seal welded, there are no credible off normal events or
accidents that will cause breaching of the BWRBasketMPC and subsequent release of airborne
radioactivity. Therefore, no airborne releases to the environment from the spent nuclear fuel
assemblies are expected to occur during loading,-and handling, or storage operations. This
discussion notwithstanding, analyses have been performed to calculate the dose to an individual
at the Trojan ISFSI Controlled Area boundary due to an effluent release under off-normal and
hypothetical accident conditions. These analyses are presented in Sections 8.1.3, 8.1.4, and
8.2.1

7.2.2.1 MPC Surface Contamination

During normal operation of the ISFSI, a potential source of airborne radioactivity is from surface
contamination on the PWR-BasketMPC exterior, which would be deposited there from the Spent
Fuel Pool water. As discussed in Chapter 5, filteredsberated water is injected into the Transfer
Cask/PWR BasketMPC annulus to prevent contamination of the outside surface of the B3R
BasketMPC when it is submerged in the Cask Loading Pit and the Transfer Cask is washed down
after being removed from the Spent Fuel Pool to remove potential contamination. The exterior
of the PR BasketMPC will be checked for loose surface contamination while the PAWER
BasketMPC is in the Transfer Cask to the extent possible because the PWRBasketMPC surface
is not readily accessible while the RWR BasketMPC is in the Transfer Cask. As a second check,
the interior of the Transfer Cask will be checked for loose surface contamination after the B3R
BasketMPC is removed because the interior surface of the Transfer Cask would be representative
of the loose surface contamination on the exterior surface of the PWR-BasketMPC that was just
inside the Transfer Cask. A limit of 10*pCi /cm® beta-gamma and 10°pCi /em® alpha will be
used and if loose surface contamination is above this limit, the need to decontaminate the PWER
BasketMPC will be evaluated. These limits were used in an analysis of a release of radioactive
particulates from the EWR BasketMPC surface while in storage on the Storage Pad. This
analysis, which is described in Chaptes8Section 8.1.3, shows that the consequences of the
postulated release are negligible.

As stated above, Chapter 8 also describes the postulated leakage from PR BasketsMPC and
ground level releases. Postulated PWR BasketMPC leakage is evaluated for-nemmaly off-normaly
and hypothetical accident conditions. The doses resulting from this-postulated failures are within
regulatory limits, which further demonstrates the conservative design of the storage system when
its confinement capabilities are considered.
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7.2.2.2 Confinement Vessel Releasable Source Term

The inventory of isotopes other than Co-60 is calculated with the SAS2H and ORIGEN-S
modules of the SCALE 4.4 system. The isotopic inventory for PWR fuel in the MPC was based
on the design basis fuel assembly with a burnup of 42,000 MWD/MTU, nine years cooling time,
and an enrichment of 3.09 wt% U-235. This assumed burnup and the cooling time were chosen
fo conservatively bound the actual burnup and cooling times for all spent fuel at the Trojan
Nuclear Plant.

All isotopes that contribute greater than 0.1 percent to the total curie inventory for the fuel
assembly are considered in the evaluation as fines. This analysis also includes those actinides
that contribute greater than 0.01 percent to the total curie inventory as the dose conversion
factors for these isotopes are in general greater than other isotopes (e.g., isotopes of plutonium,
americium, curium, and neptunium). This approach is in accordance with ISG-5 (Reference 5).
A summary of the isotopes available for release is provided in Table 7.2-1.

7.2.2.3 Crud Radionuclides

The majority of the activity associated with crud is due to Co-60 (Reference 6). The inventory
for Co-60 was determined by using the crud surface activity for PWR rods (140 x 10 S Ci/fem?)
provided in NUREG/CR-6487, multiplied by the surface area per assembly (3 x I O cm? for
PWR fuel, also provided in NUREG/CR-6487). The source terms were then decay corrected
nine years using the basic radioactive decay equation.:

A@W)= doe™'
where:
A@®) = activity at time t (Ci),
A, = the initial activity (Ci),
A = the In2/t,, (where t;, = 5.272 years for Co-60 [Reference 7]), and
t = the time in years (9 years).

A summary of the Co-60 inventory available for release is provided in Table 7.2-1.
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7.3 RADIATION PROTECTION DESIGN FEATURES

7.3.1 INSTALLATION DESIGN FEATURES

Section 7.1.2 describes the design features of the installation and equipment that ensure
exposures to radiation are ALARA. The ISFSI is a passive outdoor storage system. Each
Concrete Cask located at the ISFSI has sufficient natural circulation to ensure adequate air
cooling of the RPWR-BasketMPC. All radiation sources are confined within the sealed AR
BasketMPC, which serves as a confinement boundary and shielding. The PWR BasketMPC is
inside the Concrete Cask, which provides further shielding.

Concrete Cask loading and decontamination will be performed within the Trojan Fuel Building.
Operation of Fuel Building systems for Concrete Cask loading, control of filtered ventilation,
and radioactive waste treatment are covered under the existing 10 CFR 50 license.

A detailed description of the ISFSI is included in Chapter 4. The ISFSI layout is described in
Chapter 2. Concrete Cask operational details are included in Chapter 5. The criteria for the
design of the installation features and systems are provided in Chapter 3.

Specific shielding design features are described in the next section. These features are consistent
with guidance provided in Regulatory Guide 8.8 (Reference 11).

Applicable portions of Regulatory Guide 8.8, position C.2 have been used as guidance as
follows:

1. Access to the ISFSI is controlled in accordance with 10 CFR 72. Normal access
to the ISFSI is through a single access point.

2. Radiation shielding is provided by the RWR BasketMPC and Concrete Cask and |
constitutes the primary method of reducing personnel exposure to radiation.

3. The ISFSI is a passive installation that has no operations to control. Therefore, no
process instrumentation or controls are necessary during storage.

4. Airborne contaminants and gaseous radiation sources are confined by the
seal-welded RWRBasketMPC. |

5. No crud is produced by the BWR BasketMPC or Concrete Cask. |
6. Concrete Cask decontamination is performed, as necessary, prior to placement on |

the Storage Pad. Once the Concrete Casks are in place, there are no credible
mechanisms that could result in contamination of the ISFSI components.
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7. Area radiation monitoring instrumentation consists of thermoluminescent devices
(TLDs) posted at the perimeter of and in the Controlled Area near the Concrete
Casks.

8. No resin or sludge is produced from the RWRBasketMPC or Concrete Casks.
7.3.2 SHIELDING

The Concrete Cask system is designed to maintain radiation exposure As Low As Reasonably
Achievable (ALARA). The Concrete Cask is-designed-to-provide results in an average external
dose rate (gamma and neutron) of less than 100 mrem/hr on the sides and 256-300 mrem/hr on
top and at the air inlets and outlets. The maximum dose rate at the top of the PWRBasketMPC
structuzallid sillmay be limited by temporary shielding to allow limited personnel access during
PWR-BasketMPC closure operations. This design satisfies the requirements of 10 CFR 72.104,
10 CFR 72.106, and OAR 345-26-390, which establish dose limits for members of the public in
unrestricted areas (i.e., at or beyond the Controlled Area Boundary of 325-225 meters).

Besides the Concrete Cask, MPC, and the Transfer Cask, no other radiation shielding features
are required for the TNP ISFSI. However, the ISFSI location has natural earth berms located on
the North and East sides. The terrain in the other directions is not flat but there are no earth
berms immediately surrounding the ISFSI. Conservatively, the analysis in this SAR does not take
any shielding credit for earth berms or physical structures that exist between the ISFSI and the
Controlled Area Boundary. The terrain was assumed to be flat ground.

7.3.2.1 Radial and Axial Shielding Configurations

The radiation shielding for the stored spent nuclear fuel assemblies is provided by a variety of
shielding materials—Eiguses and )_show shielding-model geometries-(deseribed-belo
for in the PYWR BasketMPC -in-the Concrete Cask, and Transfer Cask. Figures 7-3-54.2-4 and
'\ 7.3-64.7-1 depict the Concrete Cask and the Transfer Cask -shew-shielding model-geometries

deccribed belowd) for the PR Basket-in-the Transfer-Cask—Alse, The shielding models were
created in full three-dimensional detail and accurately represent the configurations shown in
those figures (minor exceptions include the hole for the gap Sflush system and inflatable seal
details for the Transfer Cask). The top lid on the Transfer Cask was conservatively not modeled.
tThe densities for constituent auclideselements of all shielding materials used in the calculational
models are given in Tables 7.3-1-and-73-2.

The PWR BasketMPC contains an eight-9. 5-inch thick stainless steel shield-lid and a 2.5-inch
thick baseplate, both of which connect to the 0.5-inch thick MPC shell. This-shieldThe MPC lid
provides radiation protection for workers engaged in the PWR BasketMPC closure and transfer
operations as well as the largest majority of the shielding in the top axial direction during
storage. Additional shielding in the top axial direction of the Concrete Cask is provided by the 3

0.75-inch thick steel structuzallid on the PWR Basket-top-and-the-steel-lidon-the-Concrete Cask.
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In addition, a steel shield ring, 6 inches tall and 4 inches thick with an inner diameter of

64 inches, immediately above the PR Basket}/PC/Concrete Cask inner liner annulus adds
protection from radiation streaming up this annulus. Shielding located axially beneath the PR
BasketMPC consists of the steel BWWR-BasketMPC bettembaseplate, the steel Concrete Cask

liner bottom, and a thick section of concrete.~These-shielding-materials-are listed-in-Tables7.3-1
and-73-2-

Radiation shielding for the Concrete Cask in the radial direction during storage is provided
primarily by the MPC fuel basket internals and the steel PWR BasketMPC shell, followed
consecutively by the 2-inch thick steel Concrete Cask inner liner and a 29-inch thick concrete
wall. Cooling air penetrations are from the Concrete Cask sides, and contain at least two sharp
bends to minimize radiation streaming. The four sets of air inlet and exhaust ducts in the
Concrete Cask are fabricated with 0.5%inch thick steel walls.

The Transfer Cask is comprised of multiple layers of shielding. The shielding in the radial
direction consists of a 0.75-inch steel shell, 3 5/8 inches of lead, 1 inch of steel, 5 inches of
water, and 0.5 inch of steel. The lead and steel shielding is primarily designed to attenuate
gamma radiation produced by the contained fuel and activated hardware. Attached to the outer
steel shell is a water jacket. The water jacket is designed to moderate and absorb the neutrons
produced by the contained fuel. Eight 2-inch thick steel heat transfer fins are also present in the
water jacket region that run radially out from the Transfer Cask outer steel shell to the outer
wall of the water jacket. In the shielding models, these steel fins are modeled explicitly to
account for the reduction in neutron shielding at these points. The water jacket extends from the
bottom of the Transfer Cask to just below the lifting trunnions. In the axial direction, the
Transfer Cask bottom doors positioned below the MPC are 7. 25-inch solid steel, and a Transfer
Cask top lid is positioned above the MPC. The Transfer Cask top lid was conservatively not
modeled in this analysis. During normal operations, no personnel contact is required with the
bottom of the Transfer Cask bottom doors.

Figures 4.2-1a and 4.2-1b depict the MPC and its internal configuration. In the shielding
models, the fuel PWR-BasketMPC basket, Boral neutron poison plates, and sheathing are
modeled explicitly, while the fuel assembly is modeled as a homogenized mass. The active fuel
region and the non-fuel regions above and below the fuel assembly were modeled separately.

The fuel assembly interioris sub-divided into feur-six axial subregions. The detail dimensions of
these sub-regions are listed in Table 7.3-2. When the TPDs were considered to be present in the
fuel assembly, the mass from these devices was included in the appropriate region in the models.

In the active fuel region, the homogenous material includes spent fuel material (modeled as pure
UOQ,), and the Zircaloy cladding and guide tubesnaterial-Guodeled-as-pure-zirconiumy. rthe

.
.
eled-a - = aVoR W latalhdal=
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.
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sple aion homogenized-materialincludes-the-Zircaloy cladding material that may
be present in the homogenized regions above and below the active fuel zone is conservatively
neglected.-and-the-iron-and-nickelmaterials-in-the-ple i i : 56-0

7.3.22 Shielding Evaluation

The fully three-dimensional, continuous energy, coupled neutron-gamma Monte Carlo code
Monte Carlo N-Particle Version 44 (MCNP-44) (Reference 8) was used for all shielding
analyses. sombination-ofco Her-coaes-and anual-calculations-are-usedfo adiation

The MCNP shielding code was used to calculate neutron and gamma dose rates along the
surface and I meter from an individual Concrete Cask and the Transfer Cask. MCNP is capable
of modeling three-dimensional geometries using explicit elemental material descriptions for each
material zone. MCNP uses point-wise cross section data; therefore, no group structures are
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used. MCNP gives average flux levels (and spectra) over each user-defined surface area
detector. The gamma and neutron flux-to-dose conversion factors shown in Tables 7.3-3 and
7.3-4 are used to convert the MCNP flux output into dose rates (in mrem/hr). Fheresultsfrom

these-analyses-are-summarized-in-Figures—73-Q-and 7311,

The individual Concrete Cask and the Transfer Cask are analyzed containing

42,000 MWD/MTU fuel with the cooling time of nine years. The analysis of operational
exposure was also performed for a burnup of 42,000 MWD/MTU and nine-year cooling. The
analysis of the dose rate-versus-distance from the 34 Concrete Casks located on the ISFSI
Storage Pad accounted for different burnup and cooling times as discussed below. The results of
the Concrete Cask and Transfer Cask analyses are summarized in Table 7.4-1 and Figures 7.3-2
and 7.3-3.

As indicated above, the dose rate-versus-distance from the TNP ISFSI was calculated using
MCNP-4A. Figure 7.3-1 provides a pictorial representation of the ISFSI with all thirty-four
Concrete Casks. The two empty locations were originally designated for Greater Than Class C
(GTCC) waste; however, these locations will not be used. Based on the storage capacity of the
ISFSI (34 casks), it is not practical to try to model the entire ISFSI in MCNP or any other
computer code. Therefore, a methodology similar to that described in Section 5.4 of the HI-
STORM 100 System FSAR was used in the calculation of the dose rate-versus-distance from the
ISFSI The dose rate-versus-distance was calculated first for a single Concrete Cask. Then
numerous MCNP calculations, using relatively small models, were performed to develop ratios
for the dose rate contribution from casks situated behind other casks. These ratios were used in
conjunction with the dose rate-versus-distance from a single Concrete Cask to estimate the dose
rate from the entire ISFSI storage area. -

The dose rate from the radiation source was separated into two components. For the purposes
of this discussion, the first is referred to as the top-dose. This was the dose rate from radiation
that leaves the top of the Concrete Casks. The second component is referred to as side-dose.
This was the dose rate from radiation that leaves the sides of the Concrete Casks. In both cases,
top-dose and side-dose, in-air scattering of radiation (skyshine) was accounted for in the dose
calculations. '

In calculating the dose rate from the entire ISFSI storage area, the geomeltry impacted each of
the dose components (top and side) in a different fashion. The total top-dose rate was a
summation of the top-dose rates from all 34 casks, where the actual distance from the dose
location to the individual cask was accounted for.

The total side-dose rate was a summation of the side-dose rates from all 34 casks where the
distances within the facility and the self-shielding of one row of casks to another row were
accounted for. Since the side-dose rate is from radiation leaving the side of the Concrete Cask,
this dose contribution is greatly reduced if the cask is situated behind another cask. The front
cask blocks some but not all of the radiation from the back cask from reaching the Controlled
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Area boundary. The fraction of radiation blocked was therefore calculated with MCNP, as
mentioned above, and used in the determination of the total side-dose.

As mentioned earlier, the models assumed a flat terrain surrounding the Concrete Cask and the
ISFSI storage area. The MCNP models consisted of the Concrete Cask surrounded by

600 meters of air in the radial direction and 700 meters of air in altitude. The cask was assumed
to be sitting on an infinite slab of soil.

As mentioned earlier, a different burnup and cooling time was used for each cask location in the
ISESI. The burnup and cooling times for each cask were chosen to bound all of the assemblies in
that particular cask and it was assumed that all casks were completely filled with 24 intact Sfuel
assemblies. Since a different burnup and cooling time is being used for each cask, the dose
versus distance was calculated perpendicular to the center of each side of the ISFSI (i.e., the
dose was calculated separately from all four sides of the ISFSI). Conservatively, it was assumed
that all six casks along the front of the ISFSI in the direction being analyzed contained TPDs.
The number of TPDs in the inventory is less than 144 (6 casks x 24 assemblies/cask) and it is
conservative to place them closest to the dose location. The results of the dose rate calculations
are discussed in Sections 7.4 and 7.6.

732, 7.3.5, and 7.3-6.—The-matesi
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Combined-DoseRate -
Euel-Concrete-Cask-Gurem/hr)
AdrInlet 1873 -
Adx 646
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7.3.3 VENTILATION

The Concrete Cask is designed for passive, natural convection cooling of the PWRBasketMPC.
The air flow path is formed by the channels at the bottom (air entrance), the air inlet ducts, the
annulus between the B3R BasketMPC exterior and the Concrete Cask interior, and the air outlet
ducts.

The air inlets and outlets are steel lined penetrations that take non-planar paths to minimize
radiation streaming. '

The Concrete Cask system is designed to prevent the release of radioactive material during
normal storage conditions. However, the potential effects of postulated PWR BasketMPC
leakage is evaluated in Chapter 8. Evaluations of partial and full blockage of the air inlets are
also presented in Chapter 8.

There are no off-gas systems required for normal operation of the ISFSI because the PAWR
BasketMPC is sealed.
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7.3.4 AREA RADIATION AND AIRBORNE RADIOACTIVITY MONITORING
INSTRUMENTATION

During fuel loading the existing Trojan plant instrumentation is utilized as described in the
Trojan Nuclear Plant Defueled Safety Analysis Report in Chapter 5. During storage, area
radiation monitoring will consist of TLDs posted at the perimeter of and in the Controlled Area
near the Concrete Casks. The TLDs will be used to monitor operation of the ISFSI for the
Radioactive Effluent and Environmental Monitoring Program described in Section 7.6.

7-20 Revision 2



Trojan Independent Spent Fuel Storage Installation Safety Analysis Report

7.4 ESTIMATED ON-SITE COLLECTIVE DOSE ASSESSMENT

The Transfer Cask and Concrete Casks are designed to limit dose rates to minimal levels for
operators, inspectors, maintenance, and radiation protection personnel when the casks are being
loaded, moved, and stored. Table 7.4-1 contains the maximum calculated design basis dose rates
and the calculated working dose rates for loading and handling the Transfer Cask and Concrete
Casks under normal conditions. All values for dose rates include both gamma and neutron flux
components.

Working dose rates and personnel requirements for the cask loading cycle, move-to-storage, and
loading for off-site shipping eyele-are shown in Table 7.4-3. The operational sequence for these
activities is shown in more detail in Figures 5.1-1 and 5.1-3. Based on the estimates shown in
Table 7.4-3, the following table reflects the collective dose for loading, moving to storage, and
loading for off-site shipping for the 34 fuel storage casks:

Dose (person-rem)
34 Casks
Load Cask 97.484.6
Move to Storage 2:041.3
Load for Shipping 17128.6
Total 116.54714.5

From Table 7.4-3, conservative estimates of the periodic inspection,-and surveillance, and
maintenance requirements result in a collective dose of about 5-1. 1 rem/yr while the Concrete
Casks are being stored This dose is based ona daa-l-y-weekly V1sua1 1nspect10n of each stored
Concrete Cask, twice-a-day-temperature-readin > = fure-0fs srets
Cask,-quarterly radlatlon protectlon surveys, and annual 1nspect10ns of the Concrete Cask
concrete and concrete Storage Pad. The annual collective dose will decrease with the age of the
Concrete Cask because the estimate is based on a freshly loaded Concrete Cask and ISFSL

The annual dose estimate for surveillance is considered very conservative based on operating
experience from Consumers Power (Palisades) which shows that the annual dose for daily
temperature and screen checks, monthly and annual radiological surveys, security surveillances,
snow removal, and pad surveillances is about 120 mrem per year for thirteen casks.
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7.5 RADIATION PROTECTION PROGRAM

7.5.1 ORGANIZATION

The PGE organizatjon that will implement the Radiation Protection Program during ISFSI
construction and fuel loading is described in Section 9.1.1 and shown in Figure 9.1-1. The PGE
organization that will implement the Radiation Protection Program during long term spent
nuclear fuel storage at the ISFSI is described in Section 9.1.2 and shown in Figure 9.1-2.

7.52 RADIATION PROTECTION EQUIPMENT, INSTRUMENTATION, AND
FACILITIES

The various equipment and instrumentation for performing radiation surveys and measuring and
minimizing personnel exposure, and the facilities for radiation protection activities are
summarized in this section. The radiation protection equipment, instrumentation, and facilities
are highly simplified because the Concrete Cask introduces limited radiological hazards.

7521 Radiation Protection Instrumentation

Following termination of Trojan’s Part 50 license, radiation protection instrumentation, including
radiation detection, airborne monitoring, and personnel monitoring instrumentation will not
normally be located or maintained at the Trojan ISFSI. This instrumentation will be owned,
operated, maintained, and calibrated by and at an off-site facility. The Trojan ISFSI will
maintain an agreement or contract with the off-site facility to provide radiation protection
services which are mainly anticipated to entail direct radiation surveys, contamination surveys,
and personnel monitoring device reading and calibration. The off-site facility will provide their
own instruments and personnel and will be responsible for their own training and qualification.

7.52.2 Area Radiation Monitoring Instrumentation

Area radiation monitoring instrumentation consists of TLDs posted at the perimeter of and in the
Controlled Area near the Concrete Casks. TLDs will be read quarterly to monitor direct
radiation from the ISFSI.

7.5.2.3 Radiation Protection Facilities

Due to the minimal radiological hazards introduced by ISFSI operation, the ISFSI will not have
radiation protection facilities onsite. Decontamination services, bioassay services, protective
clothing, respirators, and additional instrumentation are available, if required, although no
situations are anticipated which would necessitate use of these services or equipment.
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7.5.3 RADIATION PROTECTION PROCEDURES
The purpose of this section is to summarize how ISFSI procedures implement the Radiation
Protection Program to maintain radiation exposure ALARA while spent nuclear fuel is stored in

the ISFSIL.

7.5.3.1 Control of Radiation Exposure to the Public

Monitoring, analyzing, and reporting radiation levels in the environment is performed in
accordance with the Radioactive Effluent and Environmental Monitoring Program to
demonstrate that the dose to the public is below regulatory limits and ALARA.

Radiation monitoring will be accomplished by posting TLDs at the perimeter of and in the
Controlled Area near the Concrete Casks and reading the TLDs quarterly.

No gaseous, liquid, or solid radioactive effluents are produced by the storage system because of
its sealed design. Therefore, routine monitoring for effluents is not performed.

7.53.2 Control of Personnel Radiation Exposure (Occupational)

Personnel radiation exposure is maintained ALARA by a combination of shielding, access
control, contamination control, surveys and monitoring, work planning, training, and sound
radiation protection practices implemented by procedures. The procedures for personnel
radiation protection are prepared consistent with the requirements of 10 CFR 20 and are
approved, maintained, and adhered to for activities involving personnel radiation exposure.

7.5.3.2.1  Shielding

The objective of radiation shielding is to reduce external doses to personnel, in conjunction with
a program for controlling personnel access and occupancy in radiation areas, to levels which are
both ALARA and within the regulations defined in 10 CFR 20. Radiation protection
implementing procedures provide for evaluation of the use of temporary shielding for activities
involving high dose rates.

7.5.3.2.2  Access Control and Area Designations

The Restricted Area, as defined in 10 CFR 20, has the same boundaries as the aceess-Ccontrolled
access Aarea that surrounds the ISFSI Protected Area. Physical access to the aceess-Ccontrolled
access Aarea is restricted by the access-Ceontrolled access Aarea fence. Access into the
Protected Area is controlled as described in the ISFSI Security Plan.
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A Radiologically Controlled Area (RCA) is an area where access is controlled for the purpose of
protecting individuals from exposure to radiation. RCAs are determined by the radiation level,
contamination level, or the presence of radioactive materials. Procedures describe the
requirements for radiological postings advising workers of potential radiological hazards at the
entrance and boundaries of RCAs.

7.5.3.2.3 Facility Contamination Control

Radioactive contamination of the ISFSI is not anticipated because accessible portions of the
external surface of the PWR BasketMPC is-are checked for loose surface contamination before
the Concrete Cask is moved to the Storage Pad as described in Section 7.2.2.1. In addition, the
spent nuclear fuel is inside the seal-welded PWR-BasketMPC and there are no credible accidents
that would cause a gaseous, liquid, or solid release of radioactivity. However, procedures direct
the use of various practices and equipment to ensure that the potential for the spread of
contamination is controlled at the source to the greatest extent possible.

7.5.3.2.4 Personnel Contamination Control

As stated above, the RSWR BasketMPC is checked for loose surface contamination prior to being ]
placed in the Concrete Cask. However, surveys for contamination at the Concrete Cask air inlets
and outlets are routinely performed to confirm that contamination is not present. If

contamination was discovered by a survey, protective clothing is available to prevent
contamination of personnel who would need to enter the contaminated area. Similarly,

respiratory protective equipment is not required because airborne radioactivity is not credible
either. However, the potential for airborne radioactivity would be considered if surface
contamination were discovered. Respiratory protective equipment is available if by evaluation it
was determined that use of respiratory equipment would result in exposures that are ALARA.

7.5.3.2.5 Area Surveys

Quarterly surveys are performed in the accessible areas of the ISFSI. These surveys consist of
contamination surveys and external radiation measurements in appropriate areas. Additionally,
specific surveys are performed as needed for operational and maintenance functions involving
potential exposure of personnel to radiation or radioactive materials.

7.5.3.2.6  Personnel Monitoring
TLDs are worn by personnel within RCAs te-measure-radiation-desswhen radiation levels are
greater than 0.25 mrem/hr and as required by applicable Radiation Work Permits (RWPs).

Monitoring for internal deposition of radioactive materials is not required because surface and
airborne radioactivity is not anticipated and there is no credible accident that would result in
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gaseous, liquid, or solid release of radioactivity. However, monitoring for internal contamination
could be performed by contracted offsite facilities if desired.

7.5.3.2.7 Work Planning

Work in RCAs is planned prior to performance. Consideration is given to dosimetry
requirements, personnel protective equipment, monitoring requirements, and special cautions
pertinent to the work. The planning also considers the maximum radiation level that will be
encountered.

7.5.3.2.8 Training

Individuals requiring unescorted access to the ISFSI receive training which includes radiological
protection fundamentals. Individuals who require access to RCAs will receive radiation
protection training commensurate with their responsibilities in accordance with 10 CFR 19,
“Notices, Instructions and Reports to Workers: Inspection and Investigations.”

The need for specialized ALARA training is evaluated during work planning in accordance with
radiation protection implementing procedures. Specialized ALARA training may include dry
runs, pre-job briefings, and other special training classes.

7.5.3.2.9 Controls, Practices, and Special Techniques

Radiation protection implementing procedures specify that during the planning phase for
activities in high dose rate areas, various engineering controls to minimize exposures should be
evaluated and/or implemented. These engineering controls and practices include, but are not
limited to, temporary shielding; remote surveillance equipment; multi-discipline input regarding
ALARA goals; pre-job, in-progress, and post-job briefings; and adequate lighting, ventilation,
work space, and work area accessibility.

7.5.3.3 Records and Reports

PGE will maintain records of the radiation protection program, surveys, and individual

monitoring results, as well as records that show compliance with the dose limits for individual
members of the public. PGE will submit reports of individual monitoring as required by

10 CFR 19 and 10 CFR 20. ]
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7.6 ESTIMATED OFF-SITE COLLECTIVE DOSE ASSESSMENT

7.6.1 RADIOACTIVE EFFLUENT AND ENVIRONMENTAL MONITORING PROGRAM

No radioactive gas, liquid, or solid waste effluents are expected during operation. Therefore, a
radioactive effluent monitoring system is not required and routine monitoring for effluents is not
performed. The radioactive effluents released during fuel loading operations, which is a

10 CFR 50 licensed activity, are monitored and controlled by existing plant systems as explained
in Chapter 6.

The ISFSI will emit direct radiation that will be monitored in the environment. The Radioactive
Effluent and Environmental Monitoring Program will be implemented by posting TLDs at the
perimeter of and in the Controlled Area near the Concrete Casks. TLDs will be read quarterly to
monitor radiation levels in the nearby vicinity of the ISFSI.

7.6.2 ANALYSIS OF MULTIPLE CONTRIBUTION

Once the ISFSI is completed and the Trojan Nuclear Plant is decommissioned, the only
significant radiation will come from the storage installation. No other nuclear facility is
projected for the vicinity of the ISFSI (i.e., within a 5-mile radius).

The incremental contribution of the ISFSI to the total dose of a member of the general public has
been estimated by calculation. The dose is estimated as 8-523.52 mrem per year at a distance of

1000 feet225 meters (approximate-distance-to the Controlled Area boundary which-is-325-meters
o£-1066 feet)-from the edge of the ISFSI Storage Pad, based on a 2080 hour per year occupancy.

This estzmatea' dose sat1sﬁes the whole boa’y dose requlrements of 10 CFR 72. 104-fer-membe;s

beu-ndal:y T he 23 5 2 mrem per year Controlled Area boundary dose zncludes a maximum

efﬂuent contrzbutzon of 2.52 mrem per year whzch is wzthzn the limit of~An-eccupancy-factorof
ith OAR 345-26-0390(4)(f). The

2080 hour per year occupancy factor is used in accordance with Interim Staff Guidance
Document 13 (Reference 9), to represent a conservative maximum estimate of a real individual’s
occupancy | time at the Controlled Area boundary (40 hours per week for 52 weeks).

The 2080 hour per year occupancy factor is
conservative considering the land usage patterns in the vicinity of the ISFSI.
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7.6.3 ESTIMATED DOSE EQUIVALENTS

The sum of the maximum doses from normal and off-normal releases and direct radiation are
given in Table 8.2-2.

7.6.4 LIQUID RELEASE

There are no radioactive liquids to be released from the Trojan ISFSI.
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Table 7.2-1
Major-Isotopic Centributors-to-Euel-Source-TermInventory

{Curies per assembly)

Security-Related Information Table
_ Withheld Under 10 CFR 2.390.

— — — c—— — —— ——— — — — —— — —— s gy e, . s et S et e, | S— — — — —— —

Revision 2



Trojan Independent Spent Fuel Storage Installation Safety Analysis Report

Security-Related Information Table
Withheld Under 10 CFR 2.390.
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Table 7.2-2

Fuel Region Gamma Source Strength-(sammas/sec-cask)
for VariousB 1 Cooline Time Combinati
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R
X

Gamma Gamma Source Strength Gamma Source Strength
Ener 42,000 MWD/MTU 42,000 MWD/MTU
Runge (ﬁ;}e V) 9 year cooling 9 year cooling

g (photons/sec/assembly) (MeV/sec/assembly)
0.45-0.7 2.17E+15 1.25E+15
0.7-1.0 2.16E+14 1.83E+14
1.0-1.5 5.23E+13 6.54E+13
1.5-2.0 1.81E+12 3.17E+12 -
2.0-2.5 117E+11 2.64E+11
2.5-3.0 6.70E+09 1.84E+10

Total 2.44E+15 1.50E+15
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2

FUEL REGION NEUTRON SOURCE STRENGTHS

Table 7.2-3

Q

MNeutronsisec-cask)
Neutren Neutron Mormalized
Energy Range Source-Strength Seurce-Strength Neutron Sourcs
10,000 MWd 5 15.000 MWd -6 g Eracti
Cool Cool
6:43--20.0 1.695E=08 2197E:08 00185
1 925E+09 2-494E-:09
2-126E=09 2. 755E=09
1201E=+09 1.556E:09
1.622E:09 2-102E==00
1 769E0==09 222E+09
3.464E+08 4-489E=:08 00378
91 S9E-09 1187E10
Neutron Source-Strength
Neutron Energy 42,000 MWD/MTU
Range .
(MeV) 9 year cooling
(neutrons/sec/assembly)
0.1-04 1.24E+07
0.4-0.9 6.34E+07
09-14 5.81E+07
1.4-185- 4.29E+07
1.85-3.0 7.58E+07
3.0-6.43 6.87E+07
6.43-20.0 6.08E+06
Total 3.28E+08
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Table 7.2-4

Relative Burnup Level and Source Strengths
for PWR Assembly Axial Sub-Sections

Axial Span Relative Burnup Level Relative Neutron Source Strength
(inches from fuel bottom

0-72 0.59 0.109
7.2-144 0.89 - 0.613
14.4-21.6 1.03 1.132
21.6-28.8 1.07 1.329
28.8-36.0 1.09 1.436
36.0 - 64.8 1.1 1.492
64.8 - 100.8 1.09 1.436
100.8 - 108.0 1.07 - 1329
108.0- 115.2 1.05 1.227
115.2-1224 1.02 1.087
122.4 - 129.6 0.96 0.842
129.6 - 136.8 0.82 0.435
136.8 - 144.0 0.56 0.088
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Table 7.2-5
NON-EUEL REGION Co*
CAMMA - SQURCE-STRENGTHS
Crisee-eask)MASS OF NON-FUEL MATERIAL IN THE
WESTINGHOUSE 17x17 FUEL ASSEMBLY
EuelBumnup | CeolingTime | 1-13-MeV-Gamma 1333 MeM
Nopn-Euel-Region Level Erears) Source-Strength Gamma-Seurce
AMWIMTLL Strength
Bottom Nezzle 40,000 s SO B2 S-021E12
Gas-Plenum 40,000 s 7347E12 F347E+12
TopNozzle 40,000 £ 1538E+3 1.338E=+13
Bottom-Nozzle 45,000 6 4. 218E+12 4. 718E=+12
GasPlenum 45,000 6 6-904E+12 6-904E=+12
TopNozzle 435000 6 1445E+13 1443E+13
Region Mass of Stainless Steel Mass of Inconel
(kg) (kg)
Bottom end fitting 59 --
In-core grid spacers -- 4.9
Plenum region 1 1.15 --
Plenum region 2 0.84 0.79
Top end fitting 6.89 0.96
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Table 7.2-6

SCALING FACTORS USED IN CALCULATING THE Co-60 SOURCE

Region Scaling Factor
Bottom end fitting 0.2
In-core grid spacers 1.0
Plenum region 1 0.2
Plenum region 2 0.2
Top end fitting T 01
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Table 7.2-7

Co-60 GAMMA SOURCE STRENGTHS
(curies Co-60/assembly)

Co-60 Source Term

Region 42,000 MWD/MTU
9 years of cooling
Bottom end fitting 60.7
In-core grid spacers 251.9
Plenum region 1 "11.8
Plenum region 2 16.8
Top end fitting 40.4
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Table 7.2-8
MASS OF MATERIAL IN THE
THIMBLE PLUG DEVICES
, Mass of Stainless Steel Mass of Inconel
Non-Fuel Region

# (kg) (kg)
Plenum region 1 1.6 --
Plenum region 2 1.6 -~
Top end fitting 2.31 . 0.42
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Table 7.2-9

THIMBLE PLUG DEVICE Co-60
GAMMA SOURCE STRENGTHS
(curies Co-60/device )

Co-60 Source Term

Non-Fuel Region 118,674 MWD/MTU
11 years of cooling
Plenum region 1 128
Plenum region 2 12.8
Top end fitting 18.9

K
X
a
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Table 7.3-1

MPC AND CONCRETE CASK ELEMENTAL DENSITIES (gm/cc)

Hydrogen 1 0013 410B2

Boron 10 3 $.00053 5003

Boron i1 3 180052 5o

Caroon 3 200063 6004

Nitogen 7 576554

raw— 3 1165 295754 55051 o158

Sodium m 0040 100053

Ms B 5006

pYH— B 0107 261661 Y]

SHhicon ) REZT] 0059 T000E2 5003 0004
Seltur T3 5003 T05051

Argon B 146555

Potassiom T 0045

Cateom T ¥t FETT=RY

Chromim LT 565 0207 o14a
Mong, 3 5359 T.00053 0623 Y
Teon 26 5029 5465 | 7an 59005 oS0 FETT 5504 025
Cobat 2

Niokel 23 0733 FETY) 025 7T
Zire, 20 T 0227 0a19 0031
r s

Moly 2

Lead 2 FTEy)

U238 o) 1.4

Total 3339 7om | 28| 134 | 125363 33263 2563 1754 0843 e}
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Elements Atomic Concrete | SS 304 Carbon Boral Air Soil Active Lead Water
# Steel Fuel
Hydrogen 1 0.013 0.01635 0.10229
Boron-10 5 0.11934
Boron-11 5 0.54405
Carbon 6 0.0391 0.18414
Nitrogen 7 8.849E-4
Oxygen 8 1.165 2.851E-4 | 0.92414 | 0.37423 0.81171
Sodium 11 0.040
Mg 12 0.006
Aluminum 13 0.107 1.85247 0.21860
Silicon 14 0.737 0.54091
Sulfur 16 0.003
Potassium 19 0.045
Calcium 20 0.194
Chromium 24 1.5048 0.00084
Mang. 25 0.1584
Iron 26 0.029 5.5044 7.7809 0.00156
Nickel 28 0.7524
Copper 29 0.0090
Zirc. 40 0.64462
Silver 47 0.0023
Tin 50 0.01118
Lead 82 11.2887
U-235 92 0.09018
U-238 92 2.69369
Total 2.339 7.92 7.82 2.7 1.17E-3 1.7 3.8163 11.3 0.914

Different densities were used for stainless steel to represent the fuel assembly hardware as shown in Table 7.3-2.
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Steel

Region Start Finish Length Material | Density
(in.) (in.) (in.) Modeled | (gm/cc)
Bottom end fitting 0.0 2.738 2.738 Steel 1.850
Space 2.738 3.738 1.0 Void --
Active Fuel 3.738 147.738 144.0 Fuel 3.816
Plenum region 1 147.738 151,916 4.178 Steel 0.236
Plenum region 2 151.916 156.095 4.179 Steel 0.336
Top end fitting 156.095 159.765 3.67 1.836
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Table 7.3-3

(mrem/hr per neutron/cm’-sec)

(from Reference 10)
Neutron Energy Conversion
(MeV) Factor
2.5E-08212E-07 3.67E-033-18E-03
1.0E-073.67E5-07 3.67E-033-96E-03
1.0E-062-09E-06 4.46E-034-14E-03
1.0E-056-58E-06 4.54E-034-32E-03
1.0E-041-96E-03 4.18E-034-50E-03
1.0E-036:30E-05 3.76E-034-68E-03
1.0E-023.42E-04 3.56E-034-68E-03
0.11L.97E-03 2.17E-024.32E-03
0.5572E-02 9.26E-026-48E-03
1.00-33% 1.32E-015-40E-02
2.5:083 1.25E-016-4183
5.0-41 ].56E-0104332
7.02-:09 1.47E-018-1296
10.02-4% 1.47E-010-1260
14.02.74 2.08E-010.1260
20.03-34 2.27E-010-1296
4.51 01332
566 01404
22 81476
909 01476
11 Ble56
1336 02088

( TH

NEUTRON ENERGY GROUP FLUX-TO-DOSE CONVERSION FACTORS
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Table 7.3-4

Gamma Flux-to- Dose Conversion Factors

(mrem/hr per y/em*-sec)

(from Reference 10)
Gamma Energy Conversion Factor
(MeV)
0.01 3.96E-03
0.03 5.82E-04
0.05 2.90E-04
0.07 2.58E-04
0.1 2.83E-04
0.15 3.79E-04
0.2 5.01E-04
0.25 6.31E-04
0.3 7.59E-04
0.35 8.78E-04
0.4 9.85E-04
0.45 1.08E-03
0.5 1.17E-03
0.55 1.27E-03
0.6 1.36E-03
0.65 1.44E-03
0.7 1.52E-03
0.8 1.68E-03
1.0 1.98E-03
14 2.51E-03
1.8 2.99E-03
22 3.42E-03
2.6 3.82E-03
2.8 4.01E-03
3.25 4.41E-03
3.75 4.83E-03
425 5.23E-03
4.75 5.60E-03
5.0 5.80E-03
5.25 6.01E-03
5.75 6.37E-03
6.25 6.74E-03
6.75 7.11E-03
7.5 7.66E-03
9.0 8.77E-03
11.0 1.03E-02
13.0 1.18E-02
15.0 1.33E-02
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Table 7.4-1

Maximum Expected Dose Rates

for the Storage Cask System
(42,000 MWD/MTU and 9-Year Cooling)

Dose Rate (mrem/hr )
Location Design | Surface® | Working®
Transfer Cask Side NA® 545.8 1932 78.2
199.5
Basket-Top (Qutside-Surfaceof | NA® 2134 180211.6
Steuctural-MPC Lid) 484.7 (estimated)
Concrete Cask Top 2503007 | 158.5 133.9
275.3 111.1
Concrete Cask Side 1007 191737 | 10:26.5
2 Surface dose rate is calculated on the surface, i.e., on contact.
b Working dose rate is the calculated dose rate one meter from
the surface. o
¢ NA = Not Applicable: Storage System Design Limits are not

given for the Transfer Cask and PWR-BasketMPC Top. The
Transfer Cask and PWR BasketMPC Top present radiation
dose rate concerns only during handling and transfer activities
(e.g., short-term, temporary). Expected occupational doses for
these activities are addressed in Tables 7.4-3-and-%3-4.

The as-configured Trojan Storage System results in average
external dose rates that are less than these values.
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Table 7.4-3

Estimated Personnel Doses while Operating the Cask System

Activity

(42,000 MWD/MTU and 9-Year Cooling)

Personnel Exposure Working Dose Exposure*
Work Groups Time (hrs)  Rate (mrem/hr)  (person-mrem)

Load Transfer Cask 2 Operators 8.0 0.2% 3
Monitor I1R.P. 5.5 0.2 1
Decontaminate Cask 2R.P. 4.0 19778.3° 1576626 !
Monitor 1RP. 1.0 19778.3° 19278 |
Weld Shield-MPC Lid 2 Welders/Operators 1.33 20%152.5 279608

1 Inspector (at-basket MPC)
Weld-StructuralL-id 2 Welderst 25 49° 368

IHaspector{at-basket)
Weld Shield-and-Structural-MPC 2 Welders/ 1.75 1426.8 441471 |
Lid 1 Inspector (on platform)
Weld Shield-and-Structural-MPC 32 Welders/ 32.817.0 142.7 184138 l
Lid 1 Inspector (at system control)
Vacuum-MPC Dry/Backfill 1 Technician 8.0 1426.8 H2214 |
Weld Closure Ring 2 Welders/ L0 152.5 458 |

I Inspector (at MPC)
Weld Closure Ring 2 Welders/ 1.0 26.8 80

1 Inspector (on Platform)
Weld Closure Ring 2 Welders/ 1.0 2.7 8

1 Inspector (at system control)
Monitor 1R.P. 1.0 126.8 1427 |
Load Storage Cask 2 Operators 15 1426.8 4280 I
Monitor 1R.P. 1.0 1426.8 1427 I
Totals 6338 - 28642,489 I
Move to Storage 2 Operators 2.0 106.5 4026 I
Monitor 1R.P. 2.0 106.5 2013 I
Totals 40 - 6039 I
Load Shipping-Transport Cask 2 Operators 20.0 1220.0 480800 |
Monitor IR.P. 20 12200 2440 l
Totals 22-0 - 304840 I
AanualWeekly Surveillances of 1 Specialist 424387 1027.4 4247°238&
Euel Casks-in-Storagel/SFSI
S-ye-Annual Inspections ef£Cenerste 1 Specialist +84.0° 10274 15110°
Gask and Quarterly Surveys
Regular ISFSI Maintenance 2 Specialists 12.0¢ 316 758
Totals 1106°

Calculated exposures have been rounded to the nearest whole number.
Radiation reading in Spent Fuel Pool area. .
Assumes worst case of dry basketMPC. If water is left in basket-MPC as planned, dose rate will be less.

(e~ o~ 3

Pad-inspection-forentire ISESLThese values reflect amounts accumulated in one year.
emnararchiclding on-shield lid-durinaweldineand NDE . Expected-average-dose-rate

Revision 2



Relative Burnup Level

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

36 48 60 72 84 96

Distance from Active Fuel Bottom (in)

TROJAN ISFSI
SAFETY ANALYSIS REPORT

FIGURE 7.21
PWR FUEL ASSEMBLY
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