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4.0 INSTALLATION DESIGN

This chapter provides a description of the ISFSI including the installation layout, major
components, handling equipment, and auxiliary systems. It also provides a summary of the
analysis performed to demonstrate compliance with design requirements presented in Chapter 3.
Installation design, analysis, and fabrication are covered by the BFS Quality Assurance Program,
the Holtec International Quality Assurance Program, and the PGE Nuclear Quality Assurance
Program as addressed in Chapter 11.

4.1 SUMMARY DESCRIPTION

4.1.1 LOCATION AND LAYOUT OF INSTALLATION

The location of the ISFSI site is in Columbia County in Northwest Oregon by the Columbia
River and is shown in Figure 2.1-1. Figures 1.1-2 and 2.1-2 show the location of nearby
structures, roadways, railways, and rivers. The ISFSI layout is shown in Figure 2.1-3.

4.1.2 PRINCIPAL FEATURES

4121 Site Boundary

The PGE owned property area is shown in Figure 2.1-2. The ISFSI site boundary is defined by
the ISFSI controlled access area fence shown in Figure 2.1-3.

4122 Controlled Area

The ¢Controlled adrea established by the criterion in 10 CFR 72.106 is shown in Figure 2.1-2. |

4.1.23 Site Utility Supplies and Systems

The ISFSI design relies on the natural circulation of air to provide cooling of the spent nuclear
fuel. Heat generated by the spent nuclear fuel is transferred to the air located in the Concrete
Cask annulus. This heated air rises and exits via air outlets (4) located near the top of the
Concrete Cask. Ambient air enters via air inlets (4) located at the bottom of the Concrete Cask.
This passive design eliminates the need for utilities to support storage conditions. Electrical

- power is provided for security requirements which are addressed in the ISFSI Physical Security
Plan. Electrical power is also available to support instrumentation such as temperature
monitoring. Water and sewage utilities are not required or provided for the ISFSI.

4.1.24 Storage Facilities

Section 2.2 discusses the location of nearby storage facilities. Figures 2.2-1 and 2.2-2 show the
location of these facilities.
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4,1.2.5 Stacks

There are no stacks required for the operation of the ISFSI.
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4.2 STORAGE STRUCTURES

This section provides a description of the ISFSI installation and major components, selected
design criteria, materials of construction, fabrication summary, and quality assurance activities.
Thermaly and criticality evaluations under normal and off-normal storage conditions are
summarized. The shielding analysis is presented in Chapter 7, and the accident analysis is
presented in Chapter 8. ISFSI handling structures and components are addressed in Section 4.7,

4.2.1 STRUCTURAL SPECIFICATION

The design criteria of the storage structures and components account for both normal and
off-normal conditions, including a range of credible and postulated accidents. The principal
design criteria for the ISFSI is-are in accordance with Title 10, Code of Federal Regulations,
Part 72 (10 CFR 72), and ANSI/ANS 57.9. The design criteria for the ISFSI is-are presented in
Chapter 3. The design codes for the major ISFSI storage structures and components are
summarized in the following table. '

Component Governing Design Code/Standard'

| Storage, Service, and ACI 318 (1983)
| Transfer Station Pads

RPWR BasketMPC Confinement boundary - ASME, Section [II, Subsection NGCNB
Internal-assemblyFuel Basket - ASME, Section IlI, Subsection NG

Basket-Ouverpack | ASME,Section-l-SubsectiondNG

Fuel Debris Process ASME, Section III, Subsection NG (used as guidance - see Section
Can Capsule 3.2.5.5)

Failed Fuel Can ASME, Section III, Subsection NG

Concrete Cask ACI 349 and ANSI 57.9

I Applicable revision of governing design code/standard is provided in Chapter 3.

Section 3.4 provides the criteria used to classify structures, systems and components, important
to safety.
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The ISFSI Storage and Service Pads and Transfer Station Pad meet the requirements of ACI 318
and are capable of supporting the loads associated with the array of Concrete Casks and transfer
equipment. The ISFSI Storage and Service Pads are aet-classified as not important to safety.
The concrete pads provide a supporting surface for the Concrete Casks and Shipping-the
HI-STAR 100 Transport Cask. They also provide a smooth level surface to allow operation of
the air pad system. The Transfer Station Pad is important to safety and is designed to support the
Transfer Station under all normal and accident loads.

The Storage Pad with its engineered fill is designed to preclude unacceptable damage to the
Concrete Cask under a hypothetical tipover accident. The Storage Pad is also designed as a
beam system on elastic foundation for bounding case loading combinations per ACI-318,
including consideration of seismic components associated with a Seismic Margin Earthquake
(SME).

The remaining structures listed above are considered important to safety. Structural evaluations

“ presented in Section 4.2.5 demonstrate compliance with the above codes and standards. The

PWR Basket-and-Basket-OuerpackMPC ase-is fabricated and inspected to the requirements
summarized in Table 4.2-1. Deviations from the ASME Code for the design of the MPC are

listed in Table 4.2-1a. The Concrete Cask is fabricated and constructed to the requirements
summarized in Section 4.2.4.2.4 and Table 4.2-2. Deviations from the ACI Code for the design
of the Concrete Cask are listed in Table 4.2-2a.

422 INSTALLATION LAYOUT

4221 Building Plans and Sections

The Trojan ISFSI is an open-air facility. The installation layout is presented in Figure 2.1-3.
The higher dose rate Concrete Casks are generally located toward the northeast section of the
Storage Pad in order to minimize dose rates at the normally occupied areas to the west and south
of the Storage Pad. As described in Section 2.2.1, large earthen berms located along the north
and east sides of the ISFSI provide additional shielding in these directions. In addition,
personnel occupancy of the areas to the northeast of the ISFSI is very low. Chapter 7 discusses
anticipated exposures associated with ISFSI operations.

The Storage and Service Pads are designed and constructed in accordance with ACI-318 (1983).
The Storage and Service Pads consist of a reinforced concrete pad surface approximately
170 feet long by 105 feet wide. The concrete pads are constructed on approximately 24~ inches

-of engineered fill on competent rock and have an approximate thickness of 18 inches.

4.2.3 CONFINEMENT FEATURES

The RWR-BasketMPC provides the primary confinement boundary for spent nuclear fuel-waste. ‘
ntheunhkelys eventof a-PWR Basket-confinement-boundar Hurs~the-aficcted-PWE
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may-sitherberepaired-orsealed-within-a-Basket-Ouerpack- Section 3.3.2 provides a definition of

the confinement boundary and discusses the design criteria applicable to these ISFSI
components.

The cladding of intact fuel assemblies provides an additional confinement boundary. The Failed
Fuel Cans provide an enclosure for falled-damaged fuel assemblies, fuel debris Process Can |
Capsules, non-fuel bearing components, and fuel debris in Process Cans to constrain these
assemblies and components within their PAWR-BasketMPC storage locations. Constraining this |
material to fixed storage locations is required to maintain the assumptions in the criticality

analysis and heat transfer modeling.

The design requirements for confinement barriers and systems are further discussed in
Section 3.3.2.

4.2.4 INDIVIDUAL UNIT DESCRIPTION
The ISFSI is comprised-ofsized to accommodate up to 36 individual storage systems. The ISFSI

is licensed for 34 storage systems based on the amount of fuel and fuel-related material to be
stored. Each storage system consists of a Concrete Cask containing an PAMR-BasketMPC. 1athe
nlikelv-grven DWR_B g i o-naintain onrfinement-boun nd-cannot-be-repaire

are arranged on the Storage Pad as discussed in Section 4.2.2.1.

42.4.1 Functional Description
The primary functions of the ISFSI storage system components are discussed in Section 3.3.1.

4242 Component Descriptions

4.2.4.2.1 Description of the PWR-BasketMPC |

The PWR-BasketMPC is a transportable cylindrical container consisting of an-outershell

ield-li i i _ honeycomb fuel
basket, baseplate, MPC shell, MPC lid, vent and drain port cover plates, and a closure ring.
The PWR-BasketMPC shell-provides the confinement boundary and is designed to withstand
credible accidents without loss of integrity.
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The PR -Basket-internalassemblyMPC fuel basket is fabricated from stainless steel plates

formed into an array of 24 square storage cells with surrounding flux traps. Four (4) of the outer
corner cells are slightly larger to allescaccommedatioraccommodate storage of a Failed Fuel
Can. Intact fuel assemblies, with or without inserts, may be stored in any of the storage

locations. The intemnal-assemblyuMPC fuel basket uses structural-tubssfull-length welds at the
intersections of cell walls to provide support for the storage cells during a postulated drop
accident. Neutron absorbing poison sheets (Boral) are also used in the construction of the PR
Basket-internal-assemblyMPC fuel basket. The MPC cavity length is based on the maximum
height fuel assemblies (i.e., those assemblies containing RCCAs). For those assemblies without
RCCAs, the MPC design includes a stainless steel spacer to maintain the proper axial position of

the fuel assemblzes within the MPC ﬁzel basker mmmmm

Section 5.1.1 discusses the operations associated with PAWR-BasketMPC loading and installation
of the shieldlid-and-structuralMPC lid, vent and drain port cover plates, and MPC closure ring.
The stainless steel shield-MPC lid contains two penetrations to allow for xacuurs
dedingdewatering, moisture removal, and helium backfilling of the PWR-Basket-intemal
atmosphere MPC cavity (see Figure 4.2-1a). Prior to lowering the shield-MPC lid onto the RPAMR
Basket-MPC after loading is complete, a pipe is threaded into eae-e£the twe-underside of the
drain port penetrations. When the shigld-MPC lid is in place, the pipe length is such that it
extends to the bottom of the RPWR-BaskatMPC to facilitate walerremexalMPC preparation
operations. After removal from the Cask Loading Pit and decontamination, the MPC is
prepared for lid-to-shell welding. The MPC lid is welded to the MPC shell using multiple
passes. After welding is complete, the vent and drain ports are fitted with Remote Valve
Operating Assemblies (RVOAs) to open and close the vent and drain ports during hydrotesting,
helium leak testing, draining, moisture removal, and helium backfill operations. Afier
hydrotesting and helium leak testing, the water is drained from the MPC. Upon completion of
water removal, the ancillary equipment necessary to remove the remaining moisture (either by
vacuum drying or helium recirculation) is connected and the MPC cavity is drieda-pipe-plug-ié

mmmmwm_ummmmm
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After helium backfilling is complete, the RVOAs are used to isolate the MPC cavity from the
ambient environment and are removed. The vent and drain port penetrations are sealed with
vent.and drain port cover plates that are welded to the MPC lid. Each port cover plate includes
two threaded holes to allow helium leak testing of the cover plate welds. These holes are sealed
with screws and plug welds.

Finally, a stainless steel MPC closure ring is welded to the MPC shell on its outer diameter and
the MPC lid on its inner diameter, providing redundant weld closure for both the MPC lid-to-
shell weld and the vent and drain port cover plates.

The penciration-closureMPC vent and drain port cover plates welds, which form part of the
confinement barrier, are not hydrostatically tested because the vent and drain ports are in service |
during the hydrotest of the MPC lid-to-shell weld. This is considered acceptable based on the
specified methods of construction and intended application. The bases for this conclusion are
summarized as follows:

1. The welds in question are 3/16 inch thick and are dye penetrant inspected in
accordance with ASME Section V, with acceptance criteria in accordance with
ASME Section 1II, NB-5350, to provide assurance that the weldment is free of
unacceptable imperfectionsemploy-a-double-weld-design-providing-redundant
basriersy.

2. The vent and drain port cover plates will likely not be subject to MPC internal
pressure because the vent and drain port caps in the penetrations below provide

an mtermedzate barrzer to pressure mmmmm

p;essuue-strcsscs,

3. The welded MPC closure ring provides a redundant welded closure for the vent
and drain port cover plates. The closure ring welds are also dye penetrant
inspected in accordance with ASME Section V, with acceptance criteria in
accordance with ASME Section 1Il, NB-53350, to provide The-welds-in-question
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are-dye penctrantiested-thereby providing-assurance that the weldment is free of |

unacceptable imperfections, and

4. Neither operating nor environmental conditions are expected to subject the welds
to cyclic loading.

The B3WR-BasketsMPCs are designed, fabricated, inspected, and tested to provide a confinement |
barrier for spent nuclear fuel in accordance with the general design criteria requirements of

10 CFR 72 Subpart F. Although the PWR-BasketsAMPCs will not be N-stamped in accordance
with ASME Section [II, NC-8100-(9923NB-8100 (1995), BPAMBBaskaMPC construction is in
accordance with Subsectzon NB with certain approved devtanons (see Table +4.2- 1 a) desighy

opecauons.- Desngn fabrlcatlon mspectzon and testmg of P—WP—BasketsMPCs wxll be performed
in accordance with a Quality Assurance Program meeting the applicable requirements of
10 CFR 72 Subpart G as presented in Chapter 11.

Table 4.2-1 presents a summary of fabrication requirements. Figures 4.2-1a and 4.2-1b provides
a pictorial description of the PAMR-BasketMPC.

42422 Description-of-the-GTCC Basket
This section has-been-deleted.

42423 Descﬁp&ioawf-the—Ba&ket-O%npackThis section deleted.
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42.4.2.4 Description of the Concrete Cask

The Concrete Cask is a reinforced concrete cylinder designed to the requirements of ACI-349.
and constructed to ACI-318. The concrete is Type II Portland Cement, 145 pcf, 4000 psi
concrete. Outer and inner re-bar cages are formed by vertical hook bars and horizontal ring bars.
The internal cavity of the Concrete Cask is formed by a coated steel liner and bottom plate. The
steel and concrete walls of the Concrete Cask are designed to minimize side surface radiation
dose rates. The steel liner is coated to promote radiant heat dissipation and to minimize
corrosion. ' :

The thermal evaluations discussed in Section 4.2.6 demonstrate that the concrete temperature
limits provided in ACI-349 may be exceeded under credible environmental conditions for the
ISFSI site. ACI-349 Section A.4 establishes a normal operating temperature limit of 150°F
except for local areas which may not exceed 200°F. Short term or accident temperature limits
shall not exceed 350°F. Higher temperatures than those specified above may be allowed if tests
are provided to evaluate the reduction in strength and this reduction is applied to design
allowables. An alternative approach (other than testing) is to specify material properties for the
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concrete ingredients. PGE has opted for this method and thereby provided assurance that there is
no reduction in strength as a result of exposure to high temperatures. As shown in Table 4.2-2,
Type Il cement is used, fine and coarse aggregates meet the criteria of ASTM C33 and other
aggregate requirements as referenced in ACI-349, and both fine and coarse aggregates are
restricted in composition to limestone, dolomite, marble, basalt, granite, gabbro, or rhyolite.

The concrete mix used to fabricate the Concrete Casks is intended to allow satisfactory long term
concrete temperatures as high as 300°F. Studies have shown that there is no reduction in
strength for bulk concrete temperatures up to 500°F (Reference 11). A conservative limit of
225°F is used for local areas under normal conditions and 300°F for off-normal and infrequent
events. Both limits are well under the upper range temperature limit identified in Reference 11
and provide an acceptable margin of safety. The short-term accident temperature limit is 350°F
in accordance with ACI-349 requirements.

An air flow path is formed by the openings at the bottom (air entrance), the air inlet ducts, the

gap between the RAWR BasketMPC exterior and the Concrete Cask interior, and the air outlet |
ducts at the top. The air inlet and outlet vents are steel-lined penetrations that take non-planar
paths to minimize radiation streaming. A shield ring is provided over the PR BasketMPC-liner |
annulus to reduce the dose rate at the top of the Concrete Cask.

The Concrete Cask lid is fabricated from a steel plate which provides additional shielding to

reduce the skyshine radiation. The Concrete Cask lid also provides a cover and seal to protect

the RMWR BasketMPC from the environment and postulated tornado missiles. The lid is bolted in |
place and is provided with a locking wire with a lead seal.

The bottom of the Concrete Cask is covered with a steel plate which minimizes loss of cask
concrete during a bottom drop accident. The Concrete Cask has reinforced chamfered corners at
the top and bottom to minimize damage during handling. '

The Concrete Cask is constructed by pouring concrete between a re-usable form and the inner
metal liner. The reinforcing bars and air flow embedments are installed and tied prior to pouring.

A summary of fabrication requirements is presented in Table 4.2-2. Deviations from the ACI
Code for the design of the Concrete Cask are listed in Table 4.2-2a. Figure 4.2-4 provides a
description of the Concrete Cask.

42425 Failed Fuel Can

The Failed Fuel Can is designed to contain partial or complete fuel assemblies with failed
damaged or suspect rods. The internal square opening accommodates a fuel assembly without
inserts. The Failed Fuel Can will also be used to store a fuel rod storage container, fuel debris
Process Can Capsules, fuel assembly hardware-metal fragments (ron-fuel-bearing

componenise.g., portions of fuel rods, grid assemblies, bottom nozzles, etc.), and fuel debris
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Process Cans that contain fuel debris and fuel assembly haedware-metal fragmentstron-fuel
bearingcomponents). The outside dimensions allow the Failed Fuel Can to fit in one of the four
oversized storage locations within an PWR-BasketMPC.

The shell of the Failed Fuel Can is fabricated from stainless steel. On the bottom of the shell
assembly are four screened vent holes. These vent holes enable xacuum-drsing-efmoisture
removal from the canister. The vent holes also expose the contents of the Failed Fuel Can to the
helium atmosphere of the PAWR-BasketMPC.

The lid is bolted in place and is designed to be lifted using a fuel handling tool. The lid bottom
also has vent holes to facilitate draining.

The-stainless-steel-Eailed-Euel-Canis-notcoatad.The final Failed Fuel Can to be loaded is not
anticipated to be completely full. This Failed Fuel Can will be loaded with one or more Process
Can(s) containing any remaining loose fuel pellets, fuel assembly bottom nozzles, and other fuel-
related debris. A stainless steel spacer will then be placed in the Failed Fuel Can to fill the
remaining space above the stored material.

Figure 4.2-5 provides a description of the Failed Fuel Can.
4.2.4.2.6 Description of Fuel Debris Process Can and Capsule

The Process Can, shown in Figure 4.2-6a, is the container used to process the organic media and
fuel debris located in the Spent Fuel Pool. The Process Can is constructed of 300 series stainless
steel for corrosion resistance. The Process Can has 5 micron metallic filters in both the can
bottom and lid. These filters allow removal of water and organic media by high temperature
steam, while retaining the solid resxdue from the processed media and fuel debris inside the
Process Can.

After high temperature steam processing, up to five (5) Process Cans are placed inside the
Process Can Capsule shown in Figure 4.2-6b. The Process Can Capsule is constructed of 304
stainless steel for corrosion resistance and is inerted with helium. The Process Can Capsule
provides a sealed containment for the fuel debris. The Process Can Capsule is designed to be
lifted by normal fuel handling tools.

The Process Cans may also be used to store fuel assembly hardware (non-fuel bearing
components) and loose fuel pellets or fragments. These Process Cans will not be placed in a
Process Can Capsule, but will be directly placed inside a Failed Fuel Can. These Process Cans
will not be processed by high temperature steam because there will be no organic media to
remove. Water will be removed from the Process Can through the metallic filters during the

PWR Basket-vacuum-dexingMPC moisture removal process. |
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This section Eas-been-deleted.

42428 Component Coatings

No component in the MPC is
coated. The Transfer Cask is coated with an epoxy-based material suitable for borated water
service. The coating prevents corrosion and aids in surface decontamination. Sealing surfaces,
threaded holes, plugs, and seals are not coated since the coating could affect their ability to
perform their design functions. See Section 4.8 for additional discussion of materials used in the
Trojan Storage System.

4.2.4.3 Design Bases and Safety Assurance

The design codes for the individual storage structures and components are provided in

Section 4.2.1. The storage structures and components are designed for safe long-term storage of
spent nuclear fuel. They are designed to survive normal, off-normal, and postulated accident
conditions without an-unaccepiable-release of radioactive material or excessive radiation |
exposure to workers or members of the general public. Storage systems and components are
designed and fabricated in accordance with recognized codes and standards that provide ample
safety margin.

Design features that have been incorporated in the ISFSI to provide safe long-term fuel storage
include: '

1. Leak-tight welds on each RWR-Basket-structural-lidy-shieldMPC shell, baseplate,
lid, shell-and-bettem-platevent and drain port cover plates, and closure ring,

2. Thick MPC lids-and-walls to minimize radiation exposure to rhe public and site |
personnel,

3. Design of RPAWR-BasketMPC body and internals to withstand a postulated drop l
accident during storage or transportation, and

4. Design of Concrete Cask fo provide radiation shielding of the public and

operations personnel, and to protect the BWR-BasketsMPCs from postulated
environmental events.
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Methods used to minimize personnel radiation exposure during ISFSI operations are discussed in
Chapter 5 and Chapter 7.

Design features to maintain subcritical conditions for normal operations and credible accident
scenarios are discussed in Section 4.2.7.

10 CFR 72.126(a)(3) requires access to areas of potential contamination or high radiation within
an ISFSI to be controlled. During normal storage conditions, if high radiation areas are
identified, they will be controlled in accordance with ISFSI Technical Specification 5.6.1.
Increased radiation levels are possible during component handling evolutions. Although not
anticipated, any contamination associated with ISFSI operations should be limited to the Storage
Pad. The Storage Pad is located in the protected area which is surrounded by a security fence.
Access to this area is controlled by security and is discussed in Section 3.3.5.1. The Radiation
Protection Program is discussed in Chapter 7.

The ISFSI is designed to provide safe storage of spent nuclear fuel for 40 years in accordance
with the requirements of Oregon Administrative Rule (OAR) 345-26-390(4)(j). In the unlikely
event that a permanent off-site disposal or storage facility is not available within 40 years, PGE
could pursue one of three options. These include: 1) seek relicensing of the present ISFSI based
on additional analysis to extend the design life; 2) construct and license a new ISFSI; or 3)
transfer the spent nuclear fuel to an off-site temporary storage facility, if available.

Major design requirements are summarized in Table 4.2-3.
425 STRUCTURAL EVALUATION

This section describes the design and analyses of the principal structural components of the
storage system and components under normal operating conditions. The PAWRBasketMPC _
weight calculation was performed assuming an PWR-BasketMPC containing 24 intact fuel
assemblies, each containing an RCCA. This weight configuration is considered to

conservatively bound actual loading configurations. This section describes the methodology and

~ analysis techniques used, and presents the results. |

The storage system structural design criteria are specified in Chapter 3. The combinations of
normal, off-normal, and accident loadings have been evaluated per ANSI 57.9 for the Concrete
Cask and per the ASME Boiler and Pressure Vessel Code, Section III, Division I, Subsection NG
forClass-2components-NB for the PMR-BasketMPC confinement boundary.

The following components, utilized for normal spent fuel storage operations, are addressed in
this section:
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1. PWR BasketMPC confinement boundary (shell, baseplate, structural lid, vent and
drain port cover plates, closure ring, and associated welds);

2. PWR Basket-internalassemblycells-and-structural-tubesMPC fuel basket, |
3 DWR Basket chield lid . -
43.  Concrete Cask concrete body; and
4. Concrete Cask steel components (reinforcement, liner, cover lid).
In addition, the handling devices analysis is presented in Section 4.7.
The following sections discuss individual loads and load combinations. The structural

evaluations demonstrate that components meet their structural design criteria and are capable of
safely storing spent nuclear fuel.

425.1 Weights and Centers of Gravity

Nominal component weights and centers of gravity for the storage system are summarized in
Table 4.2-4 and Figure 4.2-8.

4252 Mechanical Properties of Materials

The mechanical properties of steels and concrete used in the structural evaluation of the storage
system are consistent with the mechanical properties presented in Tables 4.2-5 and 4.2-6.

4253 PWR - BasketMPC Stress Analysis Under Normal Loads |

4.2.5.3.1 PWRBasketMPC Thermal Stress Analysis |

The storage system was evaluated for thermal stresses by using separate and distinct models for
the PWR-BasketMPC and Concrete Cask. This approach is valid since these components are not
structurally coupled. The RWR-BasketMPC is free to thermally expand or contract relative to the
Concrete Cask. In addition, the sleeves-asefue! basket is not connected to the PAMR-BasketMPC
shellenclosure vessel so that these components can also be evaluated separately.

For the overall evaluation of the thermal stresses, the temperature distribution for the -40°F
ambient condition was used because it causes the highest thermal gradients in the PWR
BasketMPC structure. The temperature distribution was obtained from the thermal analysis
described in Section 4.2.6.
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The P—\MlLBaske&MPC internal structure is designed to minimize restrictions of thermal

expansion. Existing gaps allow independent expansion of the-intermal-assembly-cellsrstructural
wabes.fuel basket honeycomb and the shell. As a result, thermal stresses in the PAMR-BasketMPC

fuel basket remain low. The thermal stresses for the Trojan Storage System are calculated using
by scaling the thermal stress analysis results presented in the HI-STAR 100 FSAR (Reference 17)
for the generic RAWR BasketMPC fuel basket during transport-Referenced). which-were These '
analyszs results are based on the detaxled finite element modelmg of the structure. -Fhe-stresses

g : nd-b hg he-tran ¢s~ The results are summarized

in Table 4 2- 7

42532 PWRBasketMPC Dead Weight Load Analyses |

The dead weight loads are bounded by the handling loads on the MPC under normal conditions
(Level A Service Condmons) The normal handlmg Ioad on the MPC is assumed to be equal toa
2g . » h o506 rccole . »
acceleration, fo;-whereas the dead wexght load corresponds toa ;s-l-g acceleratton Dead

weight-stresses-ase-presented-inTable-4.2-8. The MPC handlmg analysis is ﬁtrther discussed in
Section 4.2.5.3.4.

42533 PWR-BasketMPC Pressure Analysis I

The stresses in the MPC enclosure vessel due to pressure must satisfy the appropriate stress
limits from ASME, Section III, Subsection NB. The design basis MPC internal and external
pressures under normal operating conditions are 100 psig and 40 psig, respectively. The worst
case minimum operating pressure in the PWR-BasketMPC would-exists when an BWR
BasketMPC originally loaded with 26-/7.4 kWt cools down to 0 kWt and the ambient
temperature drops to -40°F. This pressure is calculated to be -=92/.7 psig. Section-8.2.6
discussesthe-accident-pressurization-analysis. Table 4.2-9 presents the results of additional cases
analyzed censidered-atunder normal condmons with no rod failures and vanous amblent
conditions.—Fhae g : he-R] si-therm o56-an - -

The stress results due to the design basis MPC internal pressure, as well as the results for the
combined pressure plus handling loads, are evaluated in Table 4.2-8. The accident
pressurization analysis is discussed in Section 8.2.6. Additional calculations have been
performed in support of the generic Holtec MPC design to demonstrate that the MPC will not
buckle due to design or accident external pressure (Reference 17, Appendix 3.H).
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42534 PWRBasketMPC Handling Analysis

The RWR-BasketMPC normal handling load has been defined as <=0Q-sg2g applied in all-the
horizontal or vertical dlrectlonsamultaneeusl-y (Reference / 7 S’ecnon 3.4. 43.1.1 ) -Ih-l-s

duecuon.- The stresses in ! the MPC due to lareral handlmg Ioads are calculated b-y-chc
appropriate-scaling-of stresses-dus-to-a-drop-accideniusing finite element analysis. The analysis
is presented in Section 8.2, and the results are added to the stresses due to the other design
loadings in Table 4.2-8. Specifically, the stresses due to the handling load are combined with
stresses due to the design basis internal pressure. The combined results are listed in Table 4.2-8
under the column heading “Normal Handling."

42535 PWRBasketMPC Load Combination

The RBWR-BaskstMPC design loadings are based on dead weight, thermal, internal pressure (not
applicable to RWRBasketMPC fuel basket internals), and handling loads. The stresses due to
the loadings are presented and evaluated in Table 4.2-8. The first column of results, which is
labeled as “Design Internal Pressure,” reports the maximum stresses in the MPC enclosure
vessel due solely to design internal pressure. The next column (“Normal Handling ") provides
the maximum stresses in the MPC due to the combined effect of internal pressure plus handling
loads. Note that the dead weight of the MPC is considered part of the normal handling load,

which is defined as a 2g acceleratzon —The-reduction-factoroef0-15-has besn-applied-lo-allowable
Since the fuel basket can expand freely under the most severe accident condition thermal
gradient, the thermal loads do not contribute to the primary stress levels in the MPC. The
thermal stresses in the MPC, which are classified as secondary stresses, are reported in

Table 4.2-7. Bounding reference temperatures are used, however, to determine the ASME stress
limits in Table 4.2-8. It can be seen that all stresses are within allowable limits.

4.2.5.3.6 RWR-BasketMPC Fatigue Evaluation

The passive non-cyclic nature of dry storage conditions does not subject the MPC to conditions
that might lead to structural fatigue failure. Ambient temperature and insolation cycling during
normal dry storage conditions and the resulting fluctuations in MPC thermal gradients and
internal pressure is the only mechanism for fatigue. These low stress, high-cycle conditions can
not lead to a fatigue failure of the MPC, which is made from stainless alloy stock (endurance
limit well in excess of 20,000 psi). All other off-normal or postulated accident conditions are
infrequent or one-time occurrences that cannot produce fatigue failures. Finally, the MPC uses
materials that are not susceptible to britile fracture.
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42537 PWR-BasketMPC Pressure Test

The PR BasketMPC is hydrostatically tested to meet the requirements of ASME Section III,
NC-6221-6222Subsection NB, Article NB-6000 (with Table 4.2-1a exception), after fuel loading
and Izd weldmg are successﬁdly completed Mﬂ%

eua-lua&ed-pe;-ASA«LE—Secﬂon—l-LL—NC—&ll—l— For pressunzed condmons maximum primary
stresses occur in the weld-between-the-PWR BasketMPC shell and the-bottembaseplate. These

stresses calculated at a maximum normal design internal pressure of 10-700 psig are:

Shell
P, =0.26.86 ksi (ASME Service Level A Limit 45+2/8.7 ksi at 400°F)
P, +P=4610.6ksi (ASME Service Level A Limit 22+430.0 ksi at 300°F)
Baseplate

Py =228 ksi (ASME Service Level A Limit 20.0 ksi at 300°F)

Py + Pp=20.5 ksi (ASME Service Level A Limit 30.0 ksi at 300°F)

Where:
P = general primary membrane stress intensity

P, = local primary membrane stress intensity

P, = primary bending stress intensity
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~ Table 4.2-8 summarizes the results of maximum stress evaluations for the PAMR BasketMPC. [n
Table 4.2-8, the ASME Service Level A Limits for the MPC shell and baseplate are

conservatively evaluated at 450 °F and 400 °F, respectively.
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42.5.3.8 PWRBasketMPC Fracture Toughness |

The RPMWR-BasketMPC confinement boundary materials are made of austenitic stainless steel and
are exempt from impact testing per ASME; Section III, NG23HNB-2311.

The PWR-Basket-intemnalMPC fuel basket structural components are made of carbon-stesl-and
are-less-than-5/8-inch-thickaustenitic stainless steel. ASME, Section III, NG-2311 exempts
austenitic stainless materials with-a-nomimal-sectionthickness-of-S8-inch-and-less-from impact

testing requirements.

42.5.4 Concrete Cask Analysis uUnder Normal Operating Loads _ |

Three load components act on the Concrete Cask during normal operation: dead load, live load
and thermal load due to differential thermal expansion. These components are analyzed below.
The results of combining the loads and comparing the Concrete Cask stress levels to allowable
limits are summarized in Table 4.2-10. As shown in this table, the Concrete Cask meets the
structural requirements of ANSI 57.9 and ACI-349."

I Refer to Section 4.2.4.2.4 for justification for deviation from ACI-349 temperature
limits.

4-19 Revision 2



Trojan Independent Spent Fuel Storage Installation Safety Analysis Report ‘D '

42541 Concrete Cask Dead Load

The stress due to the dead load (f,) on the Concrete Cask bottom is conservatively calculated by
assuming the total weight of the fully loaded Concrete Cask (300,000 lbs which includes-bounds
the weight of a-Basket-Ouespackthe Concrete Cask and the maximum weight of a loaded MPC)
is taken by the concrete bottom only over a 12 inch wide area of the bottom plate. The stress is
calculated to be 200 psi.

42542 Concrete Cask Live Load

The Concrete Cask is subject to two live loads: the snow and ice load and the weight of a
Transfer Cask and fully loaded PWR-BasketMPC. The snow load is uniformly distributed over
the top of the Concrete Cask and represents a negligible contribution to Concrete Cask stress
levels.

To calculate the stress due to the loaded Transfer Cask, it is assumed that the weight of the
loaded Transfer Cask is taken by the steel liner and then by the Fransfer-Concrete Cask bottom.
The stress in the steel liner is about %6809, 746 psi compression. The stress in the bottom (at the
TransfeeConcrete Cask center contact strip) is about 430-732 psi compression, which also
represents a negligible contribution to Concrete Cask stress levels.

42.543 Concrete Cask Thermal Stresses

The Concrete Cask thermal stress is calculated based on the temperature gradient across different
components. The Concrete Cask wall analysis is based on the standard approach to concrete
which assumes that it resists only compression with steel reinforcement resisting tension.
Stresses are calculated by balancing tension and compression in the section because thermal
loading can not produce any resultant force.

The thermal stresses in the Concrete Cask are calculated using a conservative temperature
gradient of 104°F, which bounds the results for the normal and off-normal ambient conditions
and the maximum anticipated heat load thermal gradient of 91°F as shown in Table 4.2-12 for
the 12-hour maximum thermal accident condition. The maximum-bounding thermal stresses for
each of the Concrete Cask structural components are listed in Table 4.2-11. The acceptability of
these thermal stress levels is included in the Concrete Cask load combination evaluated in

Table 4.2-10.

42544 Concrete Cask Load Combination
The evaluation of Concrete Cask load combinations in accordance with AGEAC/-349 and

ANSI 57.9 is presented in Table 4.2-10. Load combinations 3, 6, and 8 include results of the
accident analysis discussed in Chapter 8. For load combination 8, the thermal loads in the
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critical sections are zero due to the self-balancing nature of the thermal stresses across the entire
Concrete Cask section which resists the tornado missile impact. For load combination 6, the
thermal stresses from Table 4.2-11 are recalculated into a moment using the standard technique
for concrete analysis.

42.6 THERMAL EVALUATION

This section presents the thermal analysis of the storage system for normal operation. The
significant thermal design feature of the storage system is the air flow path used to remove the
maximum of 26-KWt/ 7.4 kWt of decay heat-R4-KWiforBasket-Ouerpacks). This natural ]
circulation of air inside the Concrete Cask allows the concrete temperatures to be maintained
below the design limits and keeps the long term fuel cladding temperatures below limits where
degradation might occur.

The base calculation was performed assuming 75°F ambient conditions to model the average

long term temperatures expected over the life of the Concrete Cask. No solar load was used in

the base case because the amount of time required for the massive Concrete Cask to heat up I
noticeably is substantially longer than the daylight time. Even if solar loads are assumed to

affect the Concrete Cask for 12 to 14 day-light hours, they will only affect the outer concrete |
temperatures for the period the sun is shining. The remaining 10 to 12 hours in which solar load

is not present allows the outer concrete to return to the temperature that would have been
established without solar load. For normal ambient conditions, the PAMR-BasketMPC and

concrete temperatures are not affected by solar loads. Concrete Cask tests (Reference 2) ‘
demonstrate that little or no impact on fuel temperature is experienced as a result of solar loads.

To bound the expected temperature ranges in which the storage system might operate, two off-
normal severe environmental temperature conditions were evaluated. These calculations are
presented in Section 8.1.2. The cases considered are -40°F with no solar loads and 100°F with
maximum solar loads. The maximum solar load was calculated to be the 24-hour average solar
load to model the steady state temperature expected from long term (four to five days) exposure
to 100°F air.

The 75°F ambient conditions are utilized to determine long term storage temperatures and -40°F
and 100°F ambient temperatures are used to model extreme environmental conditions. In
addition to these three cases, three-one off-normal and two hypothetical accident conditions are
analyzed. The off-normal condition considers blockage of one-half of the air inlets, and is
addressed in Section 8.1.2. The first off-noumal-case-hypothetical accident is analyzed as
presented in Section 8.2.2, and considers a 125°F ambient condition with maximum solar loads

and a maximum decay heat generatlon mm@mmmmmﬂm

m-Secuoa-&-L-?..- 'I'he ﬁnal analysxs aIso a hypothencal accndent condmon, con51ders the
complete blockage of all air inlets-and-outiess. This analysis is addressed in Section 8.2.7.
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Table 4.2-12 summarizes the results of the thermal calculations.

4.2.6.1 Summary of Thermal Properties of Materials

The thermal properties used in the thermal hydraulic analyses are shown in Table 4.2-13. The
derived parameters (effective thermal conductivities) are discussed in Section 4.2.6.3,

Section 4.2.6.5, and Reference 16. Low values derived from the open literature and conservative
calculations were used.

Temperature limits were established for the materials used in the storage system. Specifically,
these limits are for concrete, steel, and fuel claddingyand-ceatings. The limits were established |
in accordance with the following:

Source Component
PNL-6364 Report and BFS analysis (long term) Fuel |
NUREG-1536/PNL-4835 (short term) '
ASME Section III (9923 Steel
ACl1-349*2 | | Concrete
BES-Analysis Coatings

Based upon evaluation of these limits it was determined that the fuel cladding and concrete
temperature limits were the limiting conditions.

Table 4.2-12 presents more details on the long-term and short-term temperature limits for the
concrete. While the concrete limit is based on ACI-349, Appendix A, the fuel cladding |
temperature limit is actually a complex function of temperature versus time, and internal rod
pressurization (Reference 2). The limit is established to keep the probability of cladding breach
less than 0.5%- percent per fuel rod over a 40--year storage term. Using the methodology
presented in Reference 2, the fuel cladding allowable temperature limit for normal steady-state
conditions was determined to be 324341.7°C (70564 7°F) for a Westinghouse 17 x 17 fuel
assembly and a minimum cooling time of S-nine years. The 37434/.7°C (303647°F) limit was
determined to bound the B&W 17 x 17 fuel assemblies, which will also be stored in the [SFSL
A short—-term temperature limit of 570°C (1058°F) is established for off-normal and accident
limits.

2 Refer to Section 4.2.4.2.4 for justification for deviation from ACI-349 temperature limits.
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In order to determine the applicability of the 1058°F short-term guide-/imit for spent fuel clad
temperature in NUREG-1536, the Trojan spent fuel was compared to that fuel on which the
temperature guide-limit was based. According to PNL-4835, “Technical Basis for Storage of
Zircaloy-Clad Spent Fuel in Inert Gasses,” the spent fuel on which 1058°F was based had a ’
burnup of 28,000 MWD/MTU. The hoop stresses on the spent fuel rods that were tested ranged
from approximately 25 MPa to 140 MPa. The maximum hoop stresses in the most limiting

Trojan spent fuel rods (i.e., the fuel rods with the highest internal pressure and highest burnup)
were within this range indicating that the Trojan fuel is comparable to the fuel rods tested on

which the 1058°F guide-femperature limit is based. |

As can be seen in Table 4.2-12, the maximum steady-state temperature of the hottest (i.e., design
basis) Trojan spent fuel that would occur during vacuum drying operations is 888659°F. which-
This result is only slightly higher than the normal steady-state temperature limit of 647°F, and is
17Q%Esubstantially below the short-term temperature limit of 1058°F, indicating—This-indicates
that a significant margin exists to preclude fuel clad failure during vacuum drying operations or

other short—term events. WMMW%&MM

ee Section 4.7.5 for a

detailed discussion of the thermal evaluation of vacuum conditions.

426.2 Thermal Models for Normal Storage Conditions - Overview

The Trojan Storage System cask configuration consists of a sealed canister (MPC-24E or
MPC-24EF, which are identical from a thermal standpoint and are collectively referred to as

“MPC” in this discussion) emplaced in a vertically oriented TranStorT™™ Concrete Cask. In this
configuration, a column of air in the canister-to-cask annulur gap is thermally connected to the
ambient air via top and bottom openings in the Concrete Cask. The canister decay heat elevates
the temperature of air in the annulus causing it to rise. The upward air movement draws cold
ambient air from the bottom inlets, which is heated by the canister shell in its upward travel and
vented from the top ducts. In this manner, a continuous supply of air to the annulus is sustained
without any aid of mechanical means, and the canister external surface is cooled by the
movement of annulus air as long as there is heat in the canister. Within the MPC, certain
features are engineered in the design for dissipating heat from the fuel stored in the cavity space.
These features include a welded fuel basket construction and natural circulation convective heat
transfer. .

The MPC contains an all-stainless steel, full length welded honeycomb basket structure with
square-shaped compartments of appropriate dimensions to allow insertion of the fuel assemblies
prior to welding of the MPC lid and closure ring. Each box panel is equipped with a Boral
(thermal neutron absorber) panel sandwiched between an alloy steel sheathing plate and the box
panel, along the entire length of the active fuel region.

The MPC is backfilled with helium to provide a stable, inert environment for long-term storage
of the spent nuclear fuel. The helium backfill gas is an integral part of the MPC thermal design
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that fills all the spaces between solid components. To ensure that the helium gas is retained, the
MPC confinement boundary is constructed in accordance with the provisions of the ASME

B& PV Code Section III, Subsection NB, with certain approved deviations, as described in

Table 4.2-1a.

The MPC fuel basket design features an uninterrupted panel-to-panel thermal connectivity
realized by an all-welded honeycomb basket structure. The MPC design incorporates top and
bottom plenums with interconnected downcomer paths. The top plenum is formed by the gap
between the bottom of the MPC lid and the top of the honeycomb fuel basket, and by elongated
semicircular holes (“mouseholes”) in each basket cell wall. The bottom plenum is formed by
rectangular shaped mouseholes at the base of all cell walls. The MPC basket is designed to
eliminate structural discontinuities (i.e., gaps), which introduce large thermal resistances to heat
flow. Consequently, temperature gradients are minimized in the design, which results in lower
thermal stresses within the basket. Low thermal stresses are also ensured by an MPC design that
permits unrestrained axial and radial growth of the basket. The possibility of stresses due to
restraint on basket periphery thermal growth is eliminated by providing adequate basket-to-
canister shell gaps to allow for basket thermal growth during heat-up to design basis
temperatures.

It is apparent from the geometry of the MPC that the basket metal, the fuel assemblies, and the
contained helium mass will be at their peak temperatures at or near the longitudinal axis of the
MPC. The temperatures will attenuate with increasing radial distance from this axis, reaching
their lowest values at the outer surface of the MPC shell. Conduction along the metal walls and
radiant heat exchange from the fuel assemblies to the MPC metal mass would, therefore, result
in substantial differences in the bulk temperatures of helium columns in different fuel storage
cells. Since two fluid columns at different temperatures in communicative contact cannot remain
in static equilibrium, the non-isotropic temperature field in the MPC internal space guarantees
the incipience of the third mode of heat transfer: natural convection.

It is recognized that the backfill helium pressure, in combination with low pressure drop
circulation passages in the MPC design, induces a thermosiphon upflow through the multi-
cellular basket structure to aid in removing the decay heat from the stored fuel assemblies. The
decay heat absorbed by the helium during upflow through the basket is rejected to the MPC shell
during the subsequent downflow of helium in the peripheral downcomers. This helium
thermosiphon heat extraction process significantly reduces the burden on the MPC metal basket
structure for heat transport by conduction, thereby minimizing internal basket temperature
gradients and resulting thermal stresses.

The helium columns traverse the vertical storage cavity spaces, redistributing heat within the
MPC. The holes in the top and bottom of the cell walls, liberal flow space, and wide-open
downcomers along the outer periphery of the basket ensure a smooth helium flow regime. The
most conspicuous beneficial effect of the helium thermosiphon circulation, as discussed above, is
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the mitigation of internal thermal stresses in the MPC. Another beneficial effect is reduction of
s the peak fuel cladding temperatures of the fuel assemblies located in the interior of the basket.

The Trojan cask thermal models employ benchmarked thermal solution methodology. The
benchmarking work, documented in a Holtec Topical Report [Reference 16], consisted of
simulating experiments carried out by an industry group on a full-scale cask tested in a variety
of scenarios (horizontal and vertical orientation, helium and nitrogen filled, and vacuum). The
tests used a vertical cask with a 24-cell honeycomb fuel basket containing irradiated PWR fuel
(Westinghouse 15x13). The relevance of the benchmarking to cask modeling is established by
the employ of a honeycomb basket construction, testing with real life fuel and a reasonably high
cask heat load (20.6 kWt).

The thermal modeling methodology features the following constructs:

1 An equivalent conductivity of the fuel assembly situated in a storage cell is
computed.
2. The basket/fuel assemblage is simulated as an axisymmetric continuum with an

equivalent in-plane conductivity.

3. The hydraulic resistance of the fuel is computed employing the porous media
model.

4. The hydraulic resistance of the downcomer space is modeled as an equivalent
hydraulic diameter.

5. The space between the fuel basket and MPC shell is modeled as a uniform radial
gap filled with helium, as appropriate. '

The benchmarking study confirmed that the peak cladding temperature is overpredicted for all
test scenarios. The thermal models are summarized in the following sections.
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4.2.6.3 AdrElow-and TemperatureCaleulationGlobal Model of the Trojan Storage System

The Trojan Storage System thermal solution is produced by a two-step modeling process. In the
first step, a Concrete Cask thermal model is constructed to compute the ventilation effect from
annulus heating by the MPC decay heat. In this model, heat dissipation from the MPC lid and
baseplate is conservatively neglected. In this manner, the annulus heating is maximized, which
has the effect of overstating the air, concrete, and MPC shell temperatures. As an additional
measure of conservatism, the MPC shell axial temperature profile is bounded by an Enveloping
Linear Variation (ELV). The ELV is employed in the second step in a canister thermal model as
a MPC shell temperature boundary condition. From the MPC thermal model, the temperature
field of the stored spent nuclear fuel in a pressurized helium environment is obtained. The MPC
thermal model employs the benchmarked thermal modeling methodology discussed in

Section 4.2.6.2. The principal modeling conservatisms are discussed below.
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4.2.6.3.1 Isotropic Fuel Basket Conductivity

It is recognized that the emission of heat in a fuel assembly is axially non-uniform with maximum
heat generation in the mid-section of the active fuel length and tapers off toward its extremities.
The axial heat conduction in the fuel basket would act to diffuse and levelize the temperature
field in the basket. It is also evident that the conduction of heat along the length of the basket
occurs in an uninterrupted manner because of a continuously welded honeycomb structure. On
the other hand, in-plane heat transfer is resisted by irremovable gaps that exist between fuel
rods, between fuel assembly and basket cell walls. These gaps depress the in-plane conductivity
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of the basket. In the Trojan thermal modeling, the axial conductivity of the basket/fuel
assemblage is set equal to the in-plane conductivity. This assumption has the direct effect of
throttling axial heat flow and therefore elevating the temperature of stored fuel.

4.2.6.3.2 Downcomer Gap Conservatism

The MPC basket-to-shell clearance space is modeled as a helium-filled radial gap. This region
consists of an azimuthally varying gap formed by the square-celled basket outline and the '
cylindrical MPC shell. At the locations of closest approach a differential expansion gap (a small
clearance on the order of 0.1 inch) is engineered to allow free thermal expansion of the basket.
At the widest locations, the gaps are on the order of the cell opening (approximately 9 inches). It
is evident that heat dissipation by conduction is highest at the closest approach locations and
that convective heat transfer is highest at the widest gap locations (large downcomer flow). In
the thermal modeling, a radial gap is used that is large compared to the basket-to-shell
clearance and small compared to the cell opening. As a relatively large gap penalizes heat
dissipation by conduction and a small gap throttles convective flow, the employment of a single
gap understates both conduction and convection heat transfer.

42.6.3.3 Zero (0) Percent Fuel Rods Rupture

All MPC thermal field calculations are based on a zero percent fuel rods rupture assumption.

This minimizes the cavity pressure to understate heat dissipation for fuel temperature
calculations. For postulates that require the assumption of large fuel rod ruptures, these
temperature fields are grossly overstated.

4.2.6.3.4 Neglect of Flux Trap Gaps

Engineered in the MPC honeycomb basket structure are flux trap gaps between fuel cell walls.
These are through-height, open helium flow channels that aid in the removal of heat from the
adjacent fuel cells. These helium flow channels are conservatively neglected in the thermal
analyses.

4.2.6.3.5 Differences Between the Trojan MPC and the Generic Holtec Design

For accommodating the generic HI-STAR/HI-STORM 100 MPC in a TranStorTM Concrete Cask
as opposed to the HI-STAR 100 or HI-STORM 100 overpack, certain changes to the generic
MPC design were necessary. These changes are summarized below:

1. Reduced MPC Height

The overall height of the MPC is reduced by about 9 inches to fit the canister in
the shorter Concrete Cask cavity. ‘
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2 Shorter Mousehole Height

The fuel basket bottom mousehole shape was modified to rectangular and the
height was shortened to allow a necessary relocation of the Boral neutron
absorber plates in the fuel basket panels. This was necessary for providing
coverage of certain TNP fuel with a low-elevation active fuel region.

3. Enlarged Peripheral Cells

Four corner peripheral cells were enlarged to accommodate the Trojan Failed
Fuel Cans. These are fuel cell locations 3, 6, 19, and 22 (see Figure 4.2-15).

4.2.6.3.6  Other Assumptions and Parameters
The Trojan Storage System configuration was evaluated for postulated storage scenarios for

normal, off-normal and accident conditions. For ready reference, these conditions are tabulated
below:

: AMBIENT

CONDITION ) TEMPERATURE INSOLATION
CF)

Normal Operation
Steady State 75 No
Off-Normal Conditions
Severe Cold 40 No
Severe Hot 100 ' Yes
Half Inlets Blocked _ 75 No
MPC in Transfer Cask with He (Case i) 75 No
MPC in Transfer Cask with He (Case ii) 100 Yes
MPC in Transfer Cask with Vacuum (Case iii) 75 No
Accident Conditions .
12 Hour Max. Thermal . 125 Yes
All Inlets Blocked 100 Yes

For solar heating of the cask surfaces, the 10 CFR 71.71(c) 12-hour insolation was employed in
the Trojan Storage System thermal modeling. The solar load calculated for a 12-hour period for
the top surface is 2950 BTU/fi2 per day and 1475 BTU/fi2 for the curved side surfaces. This is
extremely conservative because the vertical Concrete Cask sides will never have the heat load on
both sides simultaneously and much of the Concrete Cask side will be shaded by the adjacent
Concrete Casks. These thermal loads are averaged over a 24-hour period and used in the 1000F

]
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and 1259F ambient storage scenarios. The steady state heat flux on the top and side surfaces
are 123 Buu/ft?-hr and 61 BTU/f12-hr respectively.

The FLUENT model consists of the axisymmetric 3-D MPC space, the Concrete Cask, and the
enveloping tank. The cask storage thermosiphon-enabled solution is computed in a two-step
process. In the first step, a Concrete Cask thermal model computes the ventilation effect from
annulus heating by MPC decay heat. This model is schematically illustrated in Figure 4.2-9. In
this model, heat dissipation is conservatively restricted to the MPC shell (i.e., heat dissipation
from MPC lid and baseplate are completely neglected. This modeling assumption has the effect
of overstating the MPC shell, annulus air and concrete temperatures. In the next step, the
temperature of stored fuel in a pressurized helium canister (thermosiphon model) is determined
using the thermal solution in the first step to fashion a bounding MPC shell temperature profile
for the MPC thermal model, shown in Figure 4.2-10. The finite-volume model constructed in
this manner will produce an axisymmetric temperature distribution. The peak temperature will
occur at the centerline and is expected to be above the axial location of peak heat generation.

426.4 Concrete Cask Body and PA2MR-BasketMPC Exterior Thermal Model

Thermal models of the axisymmetric MPC space and the Concrete Cask were developed using
the FLUENT Computational Fluid Dynamics (CFD) code. As discussed earlier, the cask
thermal solution is computed in a two-step process. A model of the Concrete Cask with annulus
heating from an emplaced MPC is constructed to compute the ventilation flows and temperature
of concrete and MPC shell. The ambient air outside the Concrete Cask envelope was modeled
by encircling a reference cask with an oversized Hypothetical Cylinder (HC) that is five times the
cask diameter. The inner surface is conservatively modeled as an adiabatic reflecting boundary
to conservatively neglect in-plane heat dissipation. To conservatively model air flow resistance,
the cask interior flow passageway and duct screen openings are constricted. Second order
external effects, such as wind and interaction with surrounding casks, are bounded by these
conservative assumptions and are therefore neglected. A summary of the essential features of
this model is presented in the following.

1. A conservative lower bound canister pressure of 4.5 atmospheres is postulated for
the pressurized canister.

2. Heat input due to insolation is applied to the top surface and cylindrical surface
of the cask with a theoretical bounding solar absorbtivity of 1.0.

3. The heat generation in the MPC is uniform in each horizontal plane but varies in
the axial direction.

4 The bottom surface of the Concrete Cask, in contact with the ISFSI pad, is
modeled as an adiabatic boundary. '
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. 3. The most disadvantageously placed cask (i.e.. the one subjected to maximum
g radiative blockage) is modeled.
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4.2.6.5 PWR BasketMPC Thermal Hydraulics

Transport of heat from the interior of the MPC to its outer surface is accomplished by a
combination of conduction through the MPC basket metal grid structure, and conduction and
radiation heat transfer in the relatively small helium gaps between the fuel assemblies and
basket cell walls. Heat dissipation across the gap between the MPC basket periphery and the
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MPC shell is by a combination of helium conduction, natural convection, radiation, and MPC
internal helium circulation.

The cross section bounded by the inside of the storage cell, which surrounds the assemblage of
fuel rods and the interstitial helium gas, is replaced with an “equivalent” square section
characterized by an effective thermal conductivity. Figure 4.2-11 pictorially illustrates the
homogenization concept. The effective conductivity of the cell space is a function of temperature
because the radiation heat transfer process is a strong function of the temperatures of the
participating bodies. Therefore, in effect, every storage cell location has a different value of
effective conductivity (depending on the coincident temperature) in the homogenized model. The
temperature-dependent fuel assembly region effective conductivity is determined by a finite
volume procedure.

In the next step of homogenization, a planar section of MPC is considered. With each storage

cell inside space replaced with an equivalent square region, the MPC cross section consists of a
metallic gridwork (basket cell walls with each square cell space containing a solid fuel cell
square of effective thermal conductivity, which is a function of temperature) circumscribed by a
circular ring (MPC shell). Because the total rate of heat transfer within the MPC includes
radiative heat transfer, which is a temperature-dependent effect, the equivalent conductivity of
the MPC basket region is also computed as a function of temperature. Finally, it is recognized
that the MPC section consists of two discrete regions, namely, the basket region and the
peripheral region. The peripheral region is the space between the peripheral storage cells and
the MPC shell. This space is essentially full of helium surrounded by Type 304 stainless steel
plates. Accordingly, as illustrated in Figure 4.2-12, the MPC cross section is replaced with two
homogenized regions. In particular, the effective conductivity of the fuel cells is subsumed into
the equivalent conductivity of the basket cross section. The ANSYS finite element code is the
vehicle for all modeling efforts described in the foregoing.

Internal circulation of helium in the sealed MPC is modeled as flow in a porous media in the -
fueled region containing the spent nuclear fuel (including top and bottom plenums). The basket-
to-MPC shell clearance space is modeled as a helium filled radial gap to include the downcomer
flow in the thermal model. The downcomer region consists of an azimuthally varying gap
formed by the square-celled basket outline and the cylindrical MPC shell. At the locations of
closest approach, a differential expansion gap is engineered to allow free thermal expansion of
the basket. At the widest locations, the gaps are on the order of the fuel cell opening
(approximately 9 inches). In the FLUENT thermal model, a radial gap that is large compared to
the basket-to-shell clearance and small compared to the cell opening is used. As a relatively
large gap penalizes heat dissipation by conduction and a small gap throttles convective flow, the
use of a single gap in the model understates both conduction and convection heat transfer in the
downcomer region.

The MPC temperature distributions at 75°F, 100°F and 125°F ambient air conditions are shown
in Figures 4.2-13, 4.2-14 and 4.2-15, respectively.

t
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42.6.6 Maximum Temperatures

Maximum Etemperatures distsibwtionsin the MPC and the Concrete Cask for the normal, off- l
normal, severe environmental, and the accident conditions are shown in Table 4.2-12. [t can be
seen that, with the exception of the hypothetical accident condition of “all inlets blocked, " the
temperatures of the components of the storage system ara-remain below their corresponding
allowable limits. For the “all inlets blocked’ scenario, the inner concrete short-term
temperature limit (350°F) is reached in approximately 57.1 hours. However, procedural
controls and periodic storage system monitoring and surveillance ensure that any blockage of
air inlets is identified and/or removed well before the limiting inner concrete temperature limit is
reached.

42.6.7  Minimum Temperatures

The possibility of brittle fracture was considered.for minimum temperatures. As stated in
Section 4.2.5.3.8, brittle fracture is not of concern for the PAMR-Basket VIPC.

4268 Maximum Internal Pressure

The RWR-BasketMPC is backfilled with helium to a nominal pressure of 4454005

psia3l. 3 psig at the conditions present during normal operations. The maximum internal
pressure calculated for normal ambient conditions is 8837.7 psig and the associated stresses are
included in the structural analysis in Section 4.2.5. The worst case internal pressure is $2994.8
psig and occurs during a postulated accident where fuel rods inside the PMWR-BasketMPC are
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breached and release their fission gases. This case and the resulting pressure and stresses are
described in Section 8.2.6.

4.2.6.9 Evaluation of Cask Lifetime Performance wUnder Normal Conditions of Storage

As shown in the preceding sections, the storage system operates within the thermal design limits.
Therefore, no degradation due to temperature effects on materials or components is expected
during the lifetime of the cask.

42.7 CRITICALITY EVALUATION

The criticality evaluation was performed using the KENO-Va-module-ofthe-SCALE-
&LMCNP4a code package-(Reference 9). The model analysis was based on fuel dimensions that
bound both the Westinghouse 17x17 standard fuel and the—ThelSESI-storage-system-willalse
cen&am B&W 17x17 melmmmmwmmmw

ThefFour larger sized corner cells of an PAMR-BasketMPC may contain fuel debris inside

Process Cans and a Failed Fuel Can. A-fuel-debesThe mass hmit-oflskg-perPWR-Basket-will
be-administrativelycontrolled—A-limit-o£7.5-kg-of fuel debris in Process Cans is significantly

less than the fuel mass of an intact fuel assembly (~approximately 460 kg wUranium). The
ZSkeg-offuel debris fuel mass in Process Cans will not be nearly as reactive as an intact fuel
assembly no matter how the fuel debris is arranged within the Failed Fuel Can. The Fs-kg-of
fuel mass in Process Cans will not cause thermal, structural, or shleldmg problems no matter
how it is distributed within the Failed Fuel Can.

The parameters of concern for criticality evaluations are initial enrichment, burnup, moderation,
poisons, and geometry. These parameters combined produce the reactivity of the system which
is measured as K 4. Neutron poison plates are-included in the PAMR-BasketMPC design provide

crmcalzly controlm&ﬁﬂmspo:mmmm Although-aeuiron

redit was taken for these plates
in the dry storage criticality analysis, consistent with the analysis for the flooded condition.
However, the effect of these plates on reactivity under dry conditions is small.

The analysis relies on RMRBasketMPC fuel basket geometry, and conservatively assumes an
initial fuel enrichment of 4-23. 7 wt% U** with no credit taken for burnup. With respect to the
criticality analysis, these Efuel enrichment and burnup assumptions conservatively bound the
fuel to be stored which has a maximum initial enrichment of 3.56 wt% U®* and has accumulated
varying amounts of burnup.
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The BWR BasketMPC atmosphere during storage operations was assumed to be inered-with
helium. Water moderation was not considered since it would require significant PAMR
BasketMPC in-leakage coincident with an incredible flood (the ISFSI is located above the
credible flood plane).

The calculated K_;; is 0-38820.3278, with a one sigma statistical error of 8-0604+0.0003. The
addition of code bias and uncertainty effects results in calculated K, ; of &40320.331/ for the dry
storage condition.
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4.3 AUXILIARY SYSTEMS

The storage system is self-contained and uses a passive design that does not require auxiliary
process or cooling systems for operation. It is designed for safe interim storage of spent nuclear
fuel, failed-damaged fuel, and fuel debris by transferring heat to the ambient air. |

43.1 VENTILATION AND OFF-GAS SYSTEMS

The spent fuel and other radioactive materials are confined within the PWR-BasketMPC which
that is stored within the Concrete Cask. There are no expected radioactive releases during

normal and off—normal operatlons Ja-the-unlikelysvent-a-leakyPWR-Basket-must-be-placed-ina

Wmmm&em&a&-pa&h—dm&gﬁm Imtlal P—WP.-Baska&MPC

loading and vacuum-diyingmoisture removal are is-performed in the Trojan-NucleasrPlantTNP
Fuel Building under the controls of the 10 CFR 50 license and the restrictions imposed by the

ISFSI Technical Specifications.

43.2 ELECTRICAL SYSTEMS

The ISFSI design relies on the natural circulation of air to provide cooling of the spent nuclear
fuel. Heat generated by the spent nuclear fuel is transferred to the air located in the Concrete
Cask annulus. This heated air rises and exits via air outlets (4) located near the top of the
Concrete Cask. Ambient air enters via air inlets (4) located at the bottom of the Concrete Cask.
This passive design eliminates the need for utilities to support storage conditions. Electrical
power is provided for security requirements which are addressed in the ISFSI Physical Security
Plan. Electrical power is also available to support instrumentation such as temperature
monitoring.

4.3.3 AIR SUPPLY SYSTEMS

An air supply is not required at the ISFSI during storage. The air pad system is anticipated to be
the only requirement for compressed air usage at the ISFSI site. A permanent compressed air
supply is not provided for the ISFSI since usage is anticipated to occur only during initial loading
and final offsite transport of the RMWRBasketsMPC. Portable air compressors can be utilized |
when required.

4.3.4 STEAM SUPPLY AND DISTRIBUTION SYSTEM

A steam supply is not required for storage system operations.
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4.3.5 WATER SUPPLY SYSTEM
A water supply is not required for the normal operation of the storage system.

During the loading of spent fuel into the PR BasketMPC, clean-borated-waterorfiltered fusl
poeel-water is pumped into the PWR BasketMPC-to-Transfer Cask gap. This water requirement
will be met by the existing Trojan plant systems.

43.6 SEWAGE TREATMENT SYSTEM

There are no sewage treatment systems required for ISFSI operation. The ISFSI is a passive, at
grade, system shich-that does not require fluid systems for operation. Site drainage is
accommodated by the existing TNP drainage system. Sanitary facilities for ISFSI staff are
available in the existing Trojan Central Building.

43.7 COMMUNICATION AND ALARM SYSTEMS

A commercial telephone system is provided for communications with the corporate office and
local and federal agencies. Portable radios are available for use by the operations staff and
security staff as required. The existing communications system is also utilized for emergency
plan notifications and training.

4.3.8 FIRE PROTECTION SYSTEM

The ISFSI location, along with the Concrete Cask layout and use of noncombustible and heat
resistant material, make the storage system design highly resistant to the effects of fire. Only
small electrical or vehicle fires are considered credible in the ISFSI. Portable fire extinguishers
are available in the unlikely event of a small fire. The potential hazard to the ISFSI presented by
fires is discussed in Section 8.2.9.

439 MAINTENANCE SYSTEMS

Prior to the transfer of fuel from the Spent Fuel Pool to the Concrete Cask, the Concrete Cask is
inspected for damage. Once in storage, the storage system is designed to be passive and requires
no maintenance. Vent outlet temperature monitoring and inspections of air inlets and-eutlets-for
blockage are performed (per Technical Specifications) to assure proper operation of the storage
system. Additionally, the Concrete Cask exterior is inspected annually to identify any surface
defects.

4.3.10 COLD CHEMICAL SYSTEMS

There are no cold chemical systems required for the storage system.
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4.3.11 AIR SAMPLING SYSTEMS

Spent fuel is stored within the sealed and inerted RWR-BasketMPC. The PAMRBasket+-MPC is |
designed to maintain a confinement boundary during all operating conditions. Since there are no
operations or credible accident scenarios which-that are expected to result in a release of |
radioactive material, permanently installed air sampling equipment is not required. Portable air
monitoring equipment can be utilized as conditions warrant.

4.3.12 SEISMIC MONITORING INSTRUMENTATION
The seismic monitoring instrumentation consists of pea;k recording accelerometers which are

subject to periodic inspection and maintenance to ensure availability to record data from seismic
events.
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4.4 DECONTAMINATION SYSTEMS

44.1 EQUIPMENT DECONTAMINATION

Decontamination equipment is not required at the ISFSI. Decontamination activities are

performed in the Fuel Building prior to transferring the Concrete Cask to the ISFSI Storage Pad.
This activity removes contamination from the outside surfaces of the Transfer Cask, Lifting

Yoke, and the top and upper end of the RWR-BasketMPC caused from immersion in the Spent |
Fuel Pool.

Section 5.1.1.2 describes the procedures implemented to minimize the contamination of the PR
BasketsMPC and Transfer Cask during loading operations. This section also discusses the
decontamination of the Transfer Cask as well as the exterior surface of the PAMR-BaskeatMPC.
Surveys are performed on these components and decontamination, if required, would be
performed prior to transfer to the ISFSI.

442 PERSONNEL DECONTAMINATION
Since the RWRBasketMPC is decontaminated prior to transfer to the Storage Pad and the

radioactive material is sealed within the RAWR-BasketMPC, personnel decontamination facilities
are not required during storage. .
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4.5 SHIPPING-TRANSPORT CASK REPAIR AND MAINTENANCE |

There is no Shipping-Transport Cask repair or maintenance facility at the Trojan ISFSI site.
Repair and maintenance facilities, if needed, will be provided by the Shipping-Transport Cask
10 CFR 71 certificate holder.
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4.6 CATHODIC PROTECTION

The Trojan ISFSI is a dry, above ground system so that cathodic protection in the form of
impressed current is not required. The normal operating temperatures are well above ambient air
dew point temperatures so that there is no opportunity for condensation on any surfaces.

Several measures are taken to provide corrosion protection for the PWRBasketMPC. The PWR
BasketMPC shell and fuel basket are is-constructed of comrosion+resistantstainless steel material,
except for the Boral neutron absorbers. To avoid contact of dissimilar materials, the bottom of
the BWR-BasketMPC is separated from the steel bottom plate of the Concrete Cask lmer by
ceramic tiles.—The : : - < ection-during
m;e;snon—:-n—ﬁtel—peel-watea After the MBaske&MPC cavzty is sealed dned and backﬁlled
with helium, the RWRBaskstMPC internals are is-maintained in an inert environment to further
protect from corrosion. Finally, the RWR-BasketMPC is protected from the environment by the
surrounding Concrete Cask and Concrete Cask lid.
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4.7 SPENT FUEL AND HIGH-LEVEL RADIOACTIVE WASTE HANDLING OPERATION
SYSTEMS

This section addresses ISFSI components utilized in moving the RPWR-BasketsMPCs and
Concrete Casks into storage and eventually off-site. Loading operations for spent nuclear fuel
are performed in the Fuel Building. The Fuel Building systems are operated under the plant
10 CFR 50 license. Evaluation of the Fuel Building structure, components and systems is within
the scope of the Trojan Nuclear Plant SAR.
The fuel handling components that are considered to be a part of the Trojan ISFSI are:
Transfer Cask
Transfer Station
Air Pad System
Lifting Yoke?* (Not used for lifting at the ISFSI)
PWR Basket-Hoist-RingsMPC Lift Cleats
4.7.1 STRUCTURAL SPECIFICATIONS
The Transfer Cask and Transfer Station are classified as important to safety and are relied upon
to safely handle the P\WRBasketsMPC. Quality Assurance requirements are outlined in
Chapter 11.

The remaining systems are not classified important to safety and are purchased as commercial
grade items.

The design and fabrication codes for the components are as follows:
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Component Governing Code/Standard'
Transfer Cask® 3 NUREG0612-LANSINIL6

AISOASME Section 11, Subsection NF

Transfer Cask Lifiing Trunnions NUREG-0612/ANSINI4.6

Transfer Station AISC Manual of Steel Construction
Air Pad System Commercial grade
Lifting Yoke®s NUREG--0612/ANSI N14.6 |

PWR BasketMPCHeist-Rings NUREG--0612/ANSI N14.6
Lift Cleats

' Applicable revision of governing code/standard is provided in Chapter 3.
2 Except lifting trunnions and certain non-code items.
3.3 Not used for lifting at ISFSL.

472 INSTALLATION LAYOUT

4721 Building Plans and Sections

Loading of the RWRBasketsMPCs and Concrete Casks will be performed within the Fuel |
Building under the 10 CFR 50 license. Certain restrictions related to fuel loading are also
contained in the ISFSI Technical Specifications. ISFSI handling operations, which are discussed

in Chapter 5, are anticipated to be limited to transferring PWR-BasketsMPCs from the Concrete
Casks to a Shipping-Transport Cask for off-site storage or disposal. These operations will take
place on the ISFSI Storage Pad and Transfer Pad utilizing the Transfer Station. Neither the

ISFSI Storage Pad nor the Transfer Station is located within a building or structure. The design

of the ISFSI Storage Pad is discussed in Section= 4.2.2.1. The design of the Transfer Station is l
discussed in Section 4.7.3.2.

4722  Confinement {Features |

Confinement features relied upon during handling operations are the same as those during
storage. Confinement features are discussed in Section 4.2.3.
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4.7.3 INDIVIDUAL UNIT DESCRIPTION

4.7.3.1 Transfer Cask Description

The Transfer Cask is a cylindrical steel weldment designed to facilitate the transfer of a loaded
MPC to and from the Concrete Cask or into the Transport Cask. The Transfer Cask structure is
designed in accordance with ASME Section IIl, Subsection NF. The lifting trunnions on the
Transfer Cask are designated as special lifting devices designed and fabricated tothe
requirementsin accordance with the guidance of NUREG--0612 and ANSI N14.6. The Transfer
Cask is-also-designed-as-aprovides the necessary shielding beli-to reduce the dose to Trojan plant
personnel in accordance with ALARA principles.

The Transfer Cask is used for lifting and transporting PWR-BasketsMPCs in the Fuel Building.
The Transfer Cask is-may also be used in conjunction with the Transfer Station at the ISFSI to

temporarily hold the RP\MR-BasketsMPC during transfer into and out of Concrete Casksy-Basket
Ouerpacks or Shipping-Transport Casks. The Transfer Cask is not used for lifting at the ISFSI.

The Trojan Transfer Cask consists-ofa-cylinderdesign is similar to the Holtec HI-TRAC 100,
with moveable shield doors at the lower end and a top cexa#lid with a hole in the center. The
hole allows for lifting sling access to raise or lower the contained MPC. The bottom of the
Transfer Cask is designed for a compatible fit with the top of the Concrete Cask. The cylindrical
wall of the Transfer Cask consists of various material layers. The inner and outer suace
lasessshells are made of steel. Sandwiched between the steel susface-tayersshells is a thickness
of lead. A water jacket welded to the outer shell provides neutron shielding when filled. The
Transfer Cask is required to have water in the water jacket prior to dewatering the MPC.
Linside)-and-neutron-absorbing-material-{outside)» The movable shield doors at the lower end
allow lowering of the PR BasketMPC into the Transfer-Concrete Cask or the Transport Cask.
The doors slide in steel guides along each side of the Transfer Cask. Jio-steslpins-per
deesMechanical stops are used to prevent inadvertent opening of the doors. Hydraulic pistons
are used to open the doors for the PWR-BasketMPC transfer. The top ¢exseslid of the Transfer
Cask extends over the PAWR-BasketMPC to provide shielding and to prevent the PR
BasketMPC from being inadvertently lifted out of the top of the Transfer Cask.

[n the Fuel Building, the Transfer Cask is lifted from above by the Lifting Yoke via two /ifting
trunnions located on the outer shell-approximatelythres-fest-from-thetop-of-theTransierCask.
The lifting trunnions consist of a threaded cylindrical trunnion screwed into a trunnion block
that is welded to the inner and outer shell of the Transfer Cask. The lifting trunnions assemblies
are solid steel and extend radially from the Transfer Cask body. Each trunnion block is welded
to the inner and outer steel shells of the Transfer Cask wall with fullpartial penetration
circumferential-welds. The two lifting trunnions are capable of accommodating the combined
weight of the Transfer Cask and a fully loaded wet PAWR-BaskeatMPC while meeting the
wequirements-guidance of NUREG—-0612. The TransfesCask-and/ifting trunnions are fabricated
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in accordance with ANSI N14.6 requirements and are tested to 300%- percent of their maximum |
design load.

Figure 4.7-1 provides a description of the Transfer Cask. Figure 4.7-2 provides a description of
the /ifting trunnions. |

4.73.2 Transfer Station

Since the Trojan Nuclear Plant Spent Fuel Pool mawwill not be available for PAMR-BasketMPC
transfer from the Concrete Cask to the Shipping-Transport Cask at the time DOE or another
repository facility is available, the ISFSI is designed as a stand alone facility. The ISFSI is
equipped with a Transfer Station to support dry transfer operations. '

The Transfer Station is important to safety and designed for Seismic Margin Earthquake (SME)
ground motions applied in any direction. The structural steel Transfer Station allows a Concrete
Cask or Shipping-Transport Cask to be positioned under the Transfer Cask for PAMRBasketMPC |
transfers. A collar inside the station is clamped around the Transfer Cask approximately at the
height of its center of gravity and locked in place to stabilize the Transfer Cask during handling
operations. Transfer operations are discussed in Sections Sbs-and-S-46J././.7. The use of ]
the Transfer Station restricts the potential handling accidents to those analyzed in

Section 8.2.13.3.

A summary of the Transfer Station fabrication specifications is provided in Table 4.7-1.
Figure 4.7-3 provides a description of the Transfer Station.

4733 Air Pad System

A commercially available air pad system will be utilized for moving the Concrete Casks on the
Storage Pad. The air pad system consists of four individual air pads approximately 48 inches
square. In order to insert the air pads under the Concrete Cask, the inlet air screens must be
removed. The air pads are positioned under the Concrete Cask in the air inlet channel area and
pressurized. The effective lift height of the air pads is approximately 3 inches. The Concrete
Cask can then be moved to the desired location where the air pads are depressurized and
removed. The air inlet screens can then be reinstalled.

473.4 Lifting Yoke

The Lifting Yoke is designed and fabricated to mate with the Transfer Cask /iffing trunnions and
provide a means to lift the loaded Transfer Cask in the Fuel Building. Prior to first use, The
Lifting Yoke was-is tested to 380%- /50 percent of its maximum design load. Figure 4.7-4
provides a drawing of the Lifting Yoke.
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4.7.3.5 Hoist RingsMPC Lift Cleats

The top of the MPC lid is equipped with four threaded holes that allow the loaded MPC to be
raised/lowered through the Transfer Cask using two lift cleats. The lift cleat assemblies consist
of the cleats and attachment hardware. The lift cleats are important to safety components
supplied as solid steel components that contain no welds. The lift cleats are used to support and
vertically move the loaded MPC inside the Transfer Cask during MPC transfer between the
Transfer Cask and the Concrete Cask or Transport Cask. The lift cleats, attachment hardware,
and threaded holes in the MPC lid are designed in accordance with The-HoistRings-ase

d ANSI N14.6 (see Section 4.7.4.4).

; NUREG-0612 an

4.7.3.6 Mobile Cranes

The ISFSI design does not include a permanently installed crane, thereby requiring the use of a
mobile crane for handling operations. Transferring loaded RPMW-R-BasketsMPCs at the ISFSI is
performed within the specially designed Transfer Station. With the exception of minor boom
adjustments to ensure proper alignment of the PWR-BasketMPC, the handling of loaded PWR
BasketsMPCs within the Transfer Station is limited to vertical hook movements to raise the
PWR BasketMPC into the Transfer Cask and to subsequently lower the PAMR-BasketMPC into a

Concrete Cask,Basket-Ouerpack, or Shipping-Transport Cask.

The use of mobile cranes at nuclear power plants is governed in part by ANSI/ASME N45.2.15,
with technical requirements specified in ANSI B30.5 (1994). Prior to handling spent fuel casks
(i.e. RPWR-Baskets MPCs), procedures for load handling, inspection, safe loads analysis and load
tests in accordance with ANSI/ASME N45.2.15 will be in place. _

Use of mobile cranes at the Trojan ISFSI will also conform to the guidance in NUREG-0612,
“Control of Heavy Loads at Nuclear Power Plants.” The use of mobile cranes at the Trojan [SFSI
will conform to the guidelines of Section 5.1.1 of NUREG-0612 with the exception that mobile
cranes will meet the requirements of ANSI B30.5, “Mobile and Locomotive Cranes,” in lieu of
the requirements of ANSI B30.2, “Overhead and Gantry Cranes.” The mobile crane used at
Trojan will have a safety-factoroftworated capacity of at least twice the design basis payload,
including lifting devices, in accordance with the guidance of Section 5.1.6(1)(a) of
NUREG--0612, and will be capable of stopping and holding the load during a Seismic Margin
Earthquake (SME).

In addition, the potential drop of a loaded PMWR-BasketMPC has been evaluated as described in
SAR Section 8.2.13. The structure of the Transfer Station limits potential PAWR-BasketMPC
drops to vertical end drops from within the Transfer Cask into an empty Concrete Cask or
Shipping-Transport Cask. The design of the Transfer Cask precludes lifting the PAMR
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BasketMPC beyond the top of the Transfer Cask. Limit switches or load limiters will be set to
ensure-minimize the likelihood that the mobile crane cannet-will lift the combined weight of the
Transfer Cask and PR BasketMPC from the Transfer Station due to an overlift of the MPC.
Nevertheless, the Transfer Cask top lid bolting is designed to ensure the MPC remains inside the
Transfer Cask during such an event (see Section 4.7.4.1.5). A specially designed impact limiter
in the base of the Transfer Station limits the consequences of this potential drop. The evaluation
of this potential drop conforms to the guidelines of Appendix A to NUREG-0612 and
demonstrates that a postulated drop would not result in the breach of the PAWRBasketMPC

confinement boundary-essignificant-damage-to-the-spent-fuslthat-couldresuli-in-a-criticality
accident.

4.74 STRUCTURAL ANALYSIS OF THE FUEL HANDLING COMPONENTS

4741 Transfer Cask Lift

A loaded Transfer Cask weight of at least 215,000 1bs is used for the lifting device
analysisanalyses. This is higher than the maximum weight in Table 4.2-4 and, therefore,
conservative. Table 4.7-2 provides the results of the stress analysis for the Transfer Cask lift
components.

4.7.4.1.1 Lifting Trunnions |

The adequacy of the Transfer Cask /iffing trunnion design can be evaluated by considering the
stress levels in the /ifting trunnion and the Transfer Cask wall. The Transfer, Cask lifting
trunnions was-are designed with a factor of safety of 5-/0 or greater on ultimate and 3-6 or
greater on yield and includes the dynamic load increase factor of 48%/5 percent. '

The maximum shear stress (1) of the /ifting trunnion is: |

T = (Weight of RPWR-BasketMPC + Transfer Cask) x +dx-4431.15 |
(2)x A;

= 1.44.76 ksi |

The maximum bending stress(o,) in the lifiing trunnion is calculated as: |

o, = (Weight of PMWR-BasketMPC + Transfer Cask) x L x /.75 |
2)xS .

where:
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L = Distance between face of Transfer Cask euteswakltrunnion block and |
mid-point of load application

S = Trunnion section modulus

o, =1.876.6 ksi |

bending stress as follows{conservative-because-they-occurat-ditferent-points):
Si  =oy2+[(cy/2) + )

The maximum /ifting trunnion principal stress (S,), is determined by combining shear stress and l

=2.217.8 ksi |

Therefore, the factors of safety, ¢ (ultimate) and @ (yield), for the trunnion (S, = #0-/8/.3 ksi and
S, =348147.0 ksi for trunnien-SB-637-N07718 steel, at work temperature) are:

o, =S/S,=25910.2>510 |
¢, =S/S, =1-882>36 |

Hence, the /ifting trunnions is-are adequate (and meets NUREG--0612-1980/ANSI N14.6-1993)
to carry the weight of the Transfer Cask with the PMR-BasketMPC fully loaded with fuel and
water.

4.7.4.1.2  Transfer Cask Wall

To evaluate the structural integrity of the Transfer Cask wall, an ANSYS finite element analysis
was performed with the model shown in Eigure-4-Z-34ppendix 3. AE of the HI-STORM 100
System FSAR. The model focuses on the Transfer Cask wall region near the /ifting trunnion
because this is the most critical region. This model is applicable for use in evaluating the Trojan
Transfer Cask because the generically certified HI-TRAC transfer cask is identical in design in
the area of the lifting trunnions. Only a quarter of the Transfer Cask is modeled due to
symmetry. The 3-D “SOLID45” and-SHELL63clements are used for the /iffing trunnion and

Transfer Cask shells+espectively.

The primary stresses in the top flange, the inner shell, and the outer shell in the vicinity of
the lifting trunnion attachment must not exceed the membrane and membrane plus bending
stress limits per the ASME Code, Section III, Subsection NF, for Level A conditions. A

bounding weight of 250,000 Ibs was assumed in the analysis. NURBG-0612ANSINIL.6-states
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engoncial-stresses. The maximum elesant-peincipatprimary stresses in the Transfer Cask wall
caused by she-liftingthis bounding load applied at the /ifting trunnion was-caleulated-to-beare:

Transfer-Cask-Wall-Max. Rrincipal-Primary Membrane Stress, $;Ppy = 66810.5 ksi |
Max. Primary Membrane Plus Primary Bending Stress, Py + Pp = 12.5 ksi

Therefore, the factors of safety on this stress are:

TransferCask-Wall Eactors-ofSalety @, =3 (8, =70/6.69

=105=3
A S, S =5 6/6-69
=6.8=3
SF (primary membrane) = 17.5/10.5
= 1.67
SF (primary membrane plus primary bending) = 26.2/12.5
= 2.10

In addition, the average stress across the highest loaded section modeled does not exceed
one-third of the material yield stress at temperature; this is in keeping with the requirements
of Regulatory Guide 3.61.

4.7.4.1.3  Shield Door Rail and Welds

The shield door rails must support the weight of a fully loaded RPMWR-BasketMPC and the weight
of the shield doors themselves (a total of approximately 434-500/0+,200 Ibs). The rail design
consists of a thick steel plate welded to the bottom of a rectangular solid section of steel. The rail
is welded to the bottom plate of the Transfer Cask wall. For the analysis, the rails were assumed
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to have an overall length of 48-46 inches (i.e., the supported length of the closed shield doors). |
The shield door rail design is shown on Figure 4.7-6.

The design load for the rails (considering 40%-/3 percent dynamic factor) is |

W =101,300/04,200 - 341.15
= 31114650779,830 lbs

The structural integrity of the rails is evaluated by first considering the rail bottom plate and its
welds. The shear stress in the rail bottom plate due to the applied load of W is:

T = W =0.8087ksi |
2xLxt

where:

W = Design load = H-L6307/9,830 lbs

L = Rail length

t = Rail bottom plate thickness

The maximum bending stress in the rail bottom plate, o,, occurs at the section through the inner
bottom weld and is calculated below.

O = M/(Lt¥/6) = (W/2) x 8/(Lt'/6) 9
where:
M = Moment in bottom plate
= (W/2)x 6
5 = Applied load moment arm (&328/.25 inches) |
o, =4&34.34ksi ' |

The bottom plate maximum principal stress is then,

Bottom Plate §, =0,/2 + [(0y/2) + T]°
' =4.44.51 ksi
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Although the Transfer Cask is designed in accordance with ASME I11, Subsection NF, the stress
criteria from ANSI N14.6 are applied here for added conservatism. which-bBased on the
materialproperties of the material (S, = 58-70 ksi, S, = 33-834.6 ksi), provides-arhe safety factors
efare:

o=43=135>5 |
¢=257.7>3 |
The rail lower welds were evaluated by first determining the reactive forces, F, and F;,

experienced by the outer and inner welds due to the applied load. These forces are found from
simple balance of forces and moments.

F, = (8/w) x (W/2) = 14-873.4 kips ‘ |
F, = [(w + 3Y/w](W/2) = 6473.3 kips |
where:

w = Distance between welds

Therefore, for the two lower welds the maximum shear stress (T, weia) OCCurs at the inner
groove weld and is calculated as:

Tiower weld = F|/ (5w"groove X L)
=2.33.19 ksi
and the maximum principal stress at the weld is (for pure shear condition):
Lower Weld S; = Tipuer weia = 233 /9 ksi | |
Which provides factors of safety of:
?, =25+222.0>5 |
o, =443109>3 : |
4.7.4.1.4 Welds Attaching the Rails to Transfer Cask Shell
The load on the weld between the rail and Transfer Cask wall includes the loaded wet PR
BasketMPC as well as the weight of doors and rails for the total of approximately
106,500708,200 1bs (444507 24,430 Ibs with a &41. 15 load amplification factor).-Exaluation-of
he-struciutalintearitv of the-rail upperwelds-is-affected-b ecuned-ceometnof theoute
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w;ppwdds-memh-pom-ﬂmg-&hm The analysxs is done using the standa_rd
methodology of treating the weld as a line. The area and section moedulus-moduli of the weld per

one inch of weld throat are calculated to be $3-483.0 in.’/in <and 2788171 in. Yin respectively.
The center of gravity location is shown in Figure 4.2-8. Then the applied moment (M) is
calculated to be 240-799 kip-in.

Weld force per unit of length (F,) is calculated as:
= (W/2)/ A, +M/S, =44191 kips/in
Conservatively assuming a +2~1/2-inch ﬁliet weld, the stress (f,) is calculated as:
= F/(t,/v2) =485 4 ksi

The ultimate and yield safety factors (¢, and ¢,) based on material properties are:

0, S/S, = 44513.0>5

0, =S/S,=8364>3

47415 Top CeverPlatelid

The purpose of the top sevesplatelid is to provide radiation shielding and to prevent inadvertent
lifting of the RWR-BasketMPC out of the Transfer Cask. Therefore, the coverplatelop lid and
its attachment hardware must have sufficient strength to support the weight of an empty Transfer
Cask (since an inadvertent PAMR-BasketMPC lift would imply—cause the lifting of the entire
Transfer Cask by the coxesplatelop lid with the load path through the top lid studs). Since this
would be an off-normal condition, NUREG-0612 safety factors do not apply and AISC allowable
stresses are used for design.

The coverplaterop lid is a steel ring with a 27-inch diameter center opening-shghtly-smallerthan
the PWR Basket-diameter. The central opening allows access to the RPMWR-BasketMPC Hoist
Rings-lift cleats when raising or lowering the RPAMR-BaskatMPC out of or into the Concrete
Cask. Sixieen-Twenty-four studs and nuts belts-hold the covesplatetop /id in place.

The stresses on the inner and outer edges, o, and g, of the coverplaterop /id can be calculated
from-the-following-equationsusing formulas ﬁ'om ¢Reference 4+10).
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O"_lr -3 j)lr(/;_?+11)(2ha+r02 1]/\] 6M [ag(m'])'b.’(m-}_])]
L Ammy? ro o £ [am-1)+p(m-1)] @410y
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"R [dm-Drim )]

Substituting-numerical-valucs-into-the-above-formulasyields, The results are:

. = 1.22.62 ksi

C =13.28.73 ksi

o]

The shear stress on the outer edge of the coverplatetop lid, t,, is calculated as:

T =W/ 2nat = 9-50.59 ksi

2

Therefore, the coxerplatesop lid maximum principal stress due to the applied load is:

S, =0/2 + [(6/2) + U] = 13-28.77 ksi

4-56 Revision 2




Trojan [ndependent Spent Fuel Storage Installation Safety Analvsis Report / 4’
‘ _

Comparing this stress level to the acceptance criteria shows the coxesplatetop lid is structurally |
adequate, i.e.,

13.28.77 ksi < 24+626.0 ksi (0.75F, allowable per AISC) |
4.74.1.6 CoverPlateTop Lid Bolts |

The load on a single bolt due to the reactive force caused by an inadvertent PARBasketMPC lift |
is:

F, = WAU6W/24 =557/ kips

The load on each bolt due to the bending moment in the plate-/id (prying action) is:

Fu  =2raMA6L-2raMy/24 L = 2ma o /6

624 x L
where:
L = Radial distance from outer edge of cexerphatetop lid to bolt |
circle
M.  =Moment per circumferential length = o,t*/6

t = CoverplateTop lid thickness ' |

o = 13+28.73 ksi, see comarplatesop lid calculation section |

a = Bolt circle radius
which after numerical evaluation yields:
Fy =2=456Kkips |
Therefore, the tension on each bolt, F, is calculatéd as:
F =F, +F, =2%0/0.3 kips |
which is within the acceptable range, i.e.,

F = 29.0/0.3 kips < 34625.0 kips (allowable load for +~A=323/-inch SA-193 B7 |
bolt per AISC)
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4.7.4.2 Air Pad System

The Concrete Cask may be lifted from below using air pads. This bottom lift is the normal

* lifting mode employed when moving the Concrete Cask out to the Storage Pad to its storage
location. It should also be noted that the lift device is not considered important to safety since

the Concrete Cask lift is limited to only 3 inches. The air pad system accommodates the fully
loaded weight of a Concrete Cask (i.e., Concrete Cask, PAMR-BaskatMPC, 24 fuel assemblies |
with control components) which is conservatively assumed to be 300,000 Ibs. The adequacy of

the lift is evaluated by calculating the bearing pressure on the Concrete Cask bottom and
comparing it to allowable bearing pressure per ACI-349. Allowable bearing stress is:

P,  =0(0.85f) “5
= 0.7(0.85:4000) = 2,380 psi

The Air Pad bearing pressure is calculated based on the bearing area
p= Weight / (air pad area - inlet duct area - air pad area outside of cask envelope)
=42.5 psi
Air pad bearing stresses are negligible. No shear forces or bending moments will exist in the

Concrete Cask because the air pads effectively cover the whole bottom area. Hence, the concrete
will not crush during a bottom lift of the Concrete Cask.

4743 Lifting Yoke

The Lifting Yoke is designed, in accordance with NUREG-0612 and ANSI N14.6, to lift the
combined weight of the Transfer Cask and a fully loaded RPAWR-BasketA/PC in the Fuel Building.
sbconservatism-the-an i med-aloaded-Transferl eiaht-o 5 The

oke-wgighi-is-assumed-to-be-4000lbs—A-dynamic-load-ampli ioR 0F-Q
assumeds The maximum normal or combined shear siress in each of the components is limited 1o
the minimum of either 1/10 of the material ultimate strength or 1/6 of the material yield strength.

Figure 4.7-4 provides a drawing of the Lifting Yoke. The-maximum-prncipal-stressuas
Leulated using the follow o
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4744  HoistRingsMPC Lift Cleats

The adequacy of the PAWR-BasketMPC lifting devices is demonstrated by considering each of the
Hoist-RingsMPC lift cleats, the lifting holes and attaching bolts, the PAMR-Basket-structural MPC
lid, and its weld to the shell. The design of the PAWR-BasketMPC incorporates 8-kifting

pointsfour (4) threaded holes in the top lid, which may-becensidersd-astwo-redundant-load

pathsr-each-using-4-Hoist-Ringsaccept a pair of MPC lift cleats (refer to Figure 8.2-6). The
HI-STAR 100 FSAR (Appendix 3.K of Reference 17) includes an analysis of the lifting holes and

an assumed lifting bolt. The MPC lid and lid-to-shell weld are also evaluated in the HI-STAR
100 FSAR for loaded lifting operations. The minimum safety factors for the lid and its
peripheral weld are 6.5 and 2.3, respectively. An analysis of the lift cleat is provided here.

The lift cleat is considered as a plane frame structure subjected to a uniform pressure load from
the lifting operation. There are two lift cleats, each supporting 50 percent of the lifted load
(i.e., the loaded MPC). Frame solutions were used to establish the stress distribution in the lift
cleat section. The analySIS assumes a dynamxc load i increase factor of -1-0%1 5 percenr-and
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The maximum priacipat-normal or combined shear stress wasdetermined-1o-be—s-O-ksi-which
resulis-in-a-safety-factorofl3-2forultimate-stress-and-4-3-foryield-stressin each of the lift cleats
is limited to the minimum of either 1/10 of the material ultimate strength or 1/6 of the material
yield strength for 50 percent of the total lifted load. From the analysis, the minimum safety
factor for each MPC lift cleat is 1.04 over and above the 6 and 10 safety factors suggested by
ANSINI4.6.

Baske&sw#l—be-h-&ed—uang—S—l:Ias&-&mgs—Secnon 8 2 13.1.2 analyzes the accrdent condmon in
‘which an PAWR-BasketMPC Lifi-overlift results in lifting the Transfer Cask.

475 THERMAL EVALUATION DURING FUEL TRANSFER
The Transfer Cask model and calculations are presented below.

4.75.1 Transfer Cask Heat Transfer Modes

Heat is generated in the fuel assemblies and transferred to the Transfer Cask from the PAR
BasketMPC surface by radiation and conduction through the air annulus between the PR
Basket-MPC and the Transfer Cask in a manner similar to that described in Section 4.2.6.4 for

the Concrete Cask and the PAWR-BasketAMPC. The heat is then conducted through the Transfer
Cask wall and convected and radiated from its outer surface. The heat transfer modes inside the
PWR BasketMPC are the same as discussed in Section dwaebvd4.2.6.5. |

The ANSYSAHERMALFLUENT finite element-volume model similar to that efthe-Concrete
Cask-is-described in Section 4.2.6.4 was used for the analysis-and-presented-in-Eiguredis. The
FLUENT model of the Transfer Cask is depicted in Figure 4.7-8. An-admbient temperatures of
75°F and 100°F was-were used in the analysis.

ia-thi ; e—This analysrs determines
the temperature drstnbutlon in the Transfer Cask and lhe P-W-&-BaskeaMPC-sheu Figures 4/~
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74.7-9 and 4.7-10 show the temperature distribution in the MPC in the Transfer Cask for
ambient temperatures of 75°F and 100°F, respectively. Figure 4.7-11 presents the temperature
proﬁle through the Gem;ete—Transfer Cask wall at the hottest section. -"llhe-h-l-g-hest-sheu

The

results of the analyszs are summanzed in Table 4.2-12.

47.52 PWR Basket-Themmal-HydraulicModelVacuum Drying |

Prior to sealing an MPC loaded with fuel, it is dewatered and the
residual moisture is removed. The dewatering step is performed under an inert gas blanket by
introducing pressurized helium in the MPC cavity space. Subsequent to the dewatering
evolution wherein the bulk of the water in the MPC is displaced by helium the removal of the
remaining moisture is performed either by introducing near vacuum conditions within the MPC
or by recirculating dry pressurized helium through the MPC cavity. Under vacuum drying, the
pressure inside the MPC cavity is gradually lowered using a vacuum pump. The fuel decay heat
gradually raises the temperature of the MPC contents, which accelerates the drying process.
The drying step is followed by backfilling the cavity space with pressurized helium. To
determine the peak claddzng temperature during the vacuum drying evolution, several
conservatisms that seek to overstate the computed temperatures are employed in the thermal
modeling. Some of the major assumptions are:

1. Radiation heat dissipation to ambient is understated (Transfer Cask surfaces are
assumed unpainted).

2. Heat dissipation in the MPC-to-Transfer Cask annular gap through convection is
ignored.

3. Heat dissipation in the water jacket space through convection is ignored.

4. Design maximum cask heat load (Q = 17.4 kW) is used.

5. A bounding low MPC cavity pressure (P = 2 torr) is assumed to exist throughout
the vacuum drying operation.
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As discussed below, to ensure that the computed temperatures are not grossly overstated, the
FLUENT thermal model is appropriately enhanced to eliminate certain overly conservative
elements. These are discussed below.

47521 MPC In-Plane Resistance

The MPC is rendered as a two-zone axi-symmeltric thermal model. An inner zone represents the
heat generating fuel basket region. The outer zone is an annular helium-filled region to model
the MPC downcomer space. The width of the annular region, sized from hydraulic
considerations, overstates the annular gap for conduction heat transfer. Consequently, the in-
plane MPC thermal resistance, which is the resultant of fuel basket and downcomer gap
resistances, is substantially overstated in the thermal model. The excessive conservatism is
ameliorated in the vacuum drying condition by analytically adjusting the inner zone effective
conductivity.

4.7.5.2.2  Helium Conductivity Under Near Vacuum Conditions

The thermal conductivity of gases is a very weak function of the concomitant pressure. The
conductivity decrease in the low to moderate pressure range is negligible and quite moderate in
the ultra low pressure range. In the low to moderate pressure range (1 0-3 bar 10 10 bar)
(Reference 19), the thermal conductivity drops by about | percent for a drop in pressure of

I bar. Below 1073 bar, conductivity drops in proportion to pressure reduction down to zero.
For example, conductivity at 0.5 x | 0-3 bar is half the value at | 0-3 bar. This region is denoted

in the technical literature as the Knudsen domain. This domain is approached from above in the

vacuum drying operation wherein the pressure is gradually reduced from approximately 760 torr
down to just below 3 torr for 30 minutes to verify dryness. For the vacuum calculation, a
lowerbound pressure of 2 torr is selected. Employing helium conductivity data at I atmosphere
pressure (760 torr), the conductivity drop at 2 torr is about I percent. For a conservatively
bounding evaluation, a 5 percent reduction in helium conductivity is employed in the FLUENT
models.

4.7.5.2.3 Cask Heat Losses to Ambient

In this evaluation, heat losses from cask to ambient via natural convection and radiation heat
transfer are included. The thermal modeling assumes a Transfer Cask with no credit for
increased radiation heat dissipation due to coatings. The ambient temperature is postulated at
the normal temperature of 759F (Table 4.2-12).

Employing the assumptions above at the design maximum heat load of 17.4 kW, a transient
thermal model was generated and a 75-hour time-dependent rise in the PCT computed. The
start of the transient postulates an MPC with its cavity water heated to normal boiling point
followed by an instantaneous dewatering step. A transient PCT plot is shown in Figure 4.7-12.
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The analysis shows that the fuel cladding remains below 520 OF for typical vacuum durations
lasting for about 24 hours or less. Several days of vacuum drying is necessary to approach the
asymptotic steady state temperature of 659°F.

The above results are applicable for a hypothetical bounding heat load (referred to as the design
maximum heat load) of 17.4 kW. In reality, at the time of fuel loadings (circa 2002), the cask
heat loads will be well below 15 kW. A reanalysis of the vacuum drying condition under a heat
of 15 kW is provided as a transient PCT temperature profile shown in Figure 4.7-13. The steady
state PCT is closely approached after several days of vacuum drying operation. The asymptotic
steady state PCT (rounded to a whole number) is computed as 610°F.
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4.8 MATERIALS

NRC ISG-15 (Reference [8) provides specific guidance for the review of materials selected for
dry cask storage systems. Regulatory requirements and review acceptance criteria are presented
in Sections X.3 and X. 4, respectively, of ISG-15. While there are a large number of requirements
and criteria presented, they can be grouped into ten major categories, as follows:

I Adequate Description - Structures, systems and components (SSCs) that are
important to safety and the materials from which they are constructed must be
described in sufficient detail to permit adequate review.

[ISG-15 Sections X.3.1.a, X.3.2.dand X 4.1]

2. Quality Standards — SSCs important to safety must be designed, built, and tested
to quality standards adequate for the safety function performed by the SSC.
[ISG-15 Section X.3.2.a]

3. Design Life — The cask design and the materials from which it is constructed must
be designed to safely store spent fuel and permit required maintenance for the
entire 20-year license period. [ISG-15 Sections X.3.2.e and X.4.2]

4. Environmental Compatibility — The cask design and the materials from which it is .
constructed (including coatings) must be compatible with all expected
environmental conditions, including wet and dry loading and unloading facilities.
Adverse chemical or corrosion reactions that would impact safe operation must
be avoided. [ISG-15 Sections X.3.1.b, X.3.2.c, X.3.3 and X 4.1 through X 4.4]

b Cladding Integrity — Spent fuel cladding must be protected, under both normal
and upset conditions, from temperatures and environments that could cause
degradation leading to cladding rupture. {ISG-15 Sections X.3.4.a and X.4.4]

6. Fire Protection — Noncombustible and heat resistant materials shall be used
wherever possible. [ISG-15 Sections X.3.2.f X 4.3 and X 4.4]

7. Nuclear Control — Materials used for shielding and criticality functions must be
appropriately selected to perform the function adequately and without
susceptibility to slumping or other loss of effectiveness. [ISG-15 Sections X.3.2.b
and X 4.2]

8. Confinement Boundary — Confinement of radioactive materials must be
maintained under all normal and upset conditions. [ISG-15 Section X.3.2.g]
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9 Offsite Shipment — The cask system must be designed to allow spent fuel to be
transported off site for eventual delivery to a DOE repository.

10. Operating Conditions — Materials used to construct the cask must maintain
acceptable physical and mechanical properties over all operating conditions,

including temperature extremes. [ISG-15 Sections X 4.2 and X 4.4]

Each of these ten categories from ISG-15 has been evaluated for the MPC and the Transfer Cask
and is discussed below.

Adequate Description

This category requires that those components of the cask system that are important to safety are
identified appropriately and that complete and accurate descriptions of those components be
provided. Section 3.3.3.1 of this SAR identifies equipment and components that are designated
as important to safety. Chapters | and 3 of this SAR provide descriptions of the identified
important to safety components and equipment.

Quality Standards

This category requires ensuring that appropriate governing codes be selected for SSCs
important to safety. The MPC fuel basket is constructed in accordance with Section I11,
Subsection NG of the ASME Code. The MPC confinement boundary is constructed in
accordance with Section III, Subsection NB, of the ASME Code. The Transfer Cask is designed
and fabricated in accordance with Section 11i, Subsection NF, of the ASME Code. The Transfer
Cask lifting trunnions are constructed in accordance with the applicable guidance of
NUREG-0612 and ANSI N14.6. The governing design code/standard for the Concrete Cask is
ACI-349/ANSI N57.9 and construction is in accordance with ACI-318. The Process Can
Capsule is constructed using the guidance of ASME Section III, Subsection NG, and the Failed
Fuel Can is constructed to ASME Section [Il, Subsection NG. Deviations from the ASME Code
requirements for these components are listed in Tables 4.2-1a and 4.2-2a.

Design Life

This category requires that the design life of the cask system be specified and be at least 20 years
in duration. The design life of the cask system is 40 years, as specified in Section 3.3.7.1.

Environmental Compatibility

This category requires that reactions between cask system materials and the environment be
avoided, including reactions with the Spent Fuel Pool water and corrosion reactions. The MPC
is constructed entirely of austenitic stainless steel and Boral (boron carbide and aluminum). The
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Boral is passivated prior to use, and any continuing passivation reactions will not result in
significant hydrogen production. There are no coatings of any kind in the MPC. The Transfer
Cask is constructed from the following materials: carbon steels; elemental lead; Holtite-A
neutron shield material; paint; and brass, bronze or stainless steel appurtenances (pressure
relief valves, drain tube, etc.). Exposed surfaces of the Transfer Cask are coated with an epoxy-
based coating material that has been assessed and demonstrated not to react with the Spent Fuel
Pool water.

Cladding Integrity

This category requires that appropriate fuel cladding temperature limits be determined and met
and that the fuel cladding be protected from exposure to reacting environments. Section 4.2.6.1
of this SAR describes the determination of allowable fuel cladding temperature limits and
provides values for the limits. The normal condition limits ensure a probability of cladding
breach of less than 0.5 percent over the 40-year design life and the short-term accident cladding
temperature limit is in accordance with NRC guidance. Section 4.2.6.2 of this SAR describes
that the MPC cavity is backfilled with helium, an inert gas, eliminating any reacting environment
within the canister.

Fire Protection

This category requires using only materials that will not ignite when exposed to heat or flame.
The Failed Fuel Can, Process Can Capsule, and a significant portion of the MPC are austentic
stainless steel. That portion of the MPC that is not stainless steel is passivated Boral (boron
carbide and aluminum). The Transfer Cask is constructed from the following materials: carbon
steels; elemental lead: Holtite-A neutron shield material; paint; and brass, bronze or stainless
steel appurtenances (pressure relief valves, drain tube, etc.). None of these materials is known to
ignite when exposed to heat or flame.

Nuclear Control

This category requires the use of materials with known radiation shielding and criticality control
performance. Materials used for criticality control in the MPC are the Boral panels affixed to
the walls of the fuel cells. Boral has been used successfully for many years in wet storage
applications and, more recently, in dry storage service, in the nuclear industry. Shielding in the
Transfer Cask is provided primarily by lead, steel and water, all of which are commonly used in
nuclear applications. A small amount of Holtite-A neutron shield material is used in the lid of
the Transfer Cask. A detailed description of Holtite-A may be found in Section 1.2.1.3.2 of the
HI-STORM 100 System FSAR.
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Confinement Boundary

This category requires demonstrating that the MPC confinement boundary and fuel cladding
operating limits (i.e., stresses and temperatures) are not exceeded. The structural and thermal
analyses discussed elsewhere in this SAR provide this information.

Offsite Shipment

This category requires that the cask system or, in the case of canister-based systems, the MPC be
designed for transportation. The MPC is certified for transportation under 10 CFR 71 in the
Holtec HI-STAR 100 Transport Cask.

Operating Conditions

This category requires that all materials must be evaluated under all conditions that are
reasonably expected to occur during the design life of the cask system. The structural, thermal,
criticality and shielding calculations presented in this SAR have evaluated the performance of
the cask system materials under bounding conditions of storage and onsite handling including
temperature extremes, drops and tipover, tornadoes, floods, lightning, and explosions. All such
evaluations have demonstrated the continued performance of the cask system materials.
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Table 4.2-1

Fabrication Specification Summary

PWR Basket-and-Basket-OverpackMulti-Purpose Canister (MPC)

MATERIALS

Material in accordance with design drawings. References to ASME Section Il are 4992-/995 including Addenda
through 4994 /997.

FABRICATION'

Fabrication inspection in accordance with design drawings.
Cutting, welding, and forming for the confinement boundary in accordance with ASME,
Section [1I, NG-4080NB-4000. Stamping is not required.
Cutting, welding, and forming for the RMWR-BaskatMPC intemnalsfuel basket in accordance with ASME,
Section I1I, NG-4000. Stamping is not required.
Filler metals are ASME, Section Il material.
Welders and welding operators are qualified in accordance with ASME Section [X.2
Welding procedures are written and qualified in accordance with ASME Section X2
Visual examinations of welds as specified in ASME, Section V, Article 9, with
acceptance criteria per ASME Section {11, NG-S364NF-5360 and NG-5I6IUBHDNG-5360, as
clarified on the design drawings.
Welds are liquid penetrant ermagnetic-particle-examined in accordance with the
requirements of ASME Section V, Article 6-or-Aricledr+espactively.
Acceptance criteria forliquid-penetsant-per ASME Section 111, NC-3300-HO8DNB-5350 and
NG-5350, as clarified on the design drawings.
Welds to be radiographed examined in accordance with the requirements of ASME
Section V, Article 2 with acceptance criteria from ASME Section [II, NG-$5380NB-5320.
Personnel performing examinations qualified in accordance with the quality assurance
program, and SNT-TC-1A (4884-/992 Edition).
Surfaces cleaned to surface classification C or better as defined in ANSIN45.2.1,
Section 2.
Hydrostatic Testing to ASME Section [, NC-62334NB-6000.
Helium Leak Testing

pe-ANSLIIAS - Amatican-National-Standard-for-Radicactive
Materials-beakage-Tosts-forRackagestor-Shipment-in accordance with ANSINI4.5.

PACKAGING AND SHIPPING

Packaging and shipping are in accordance with ANSI N45.2.2.

QUALITY ASSURANCE

The RWR-BasketMPC is fabricated under a quality assurance program that meets the applicable
requirements of 10 CFR 72 Subpart G

'Deviations from specified code and justification are provided in Table 4.2-1a.
:Requirements are specified in ASME Section []1
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Table 4.2-1a
ASME Code Deviations
Section Requirement Exception
_Subsection Miscellaneous administrative No Design Specification or Design Report will be required. Manufacturer will not be required to have a
NCA requirements. Certificate of Authorization or an NCA-4000 Quality Assurance Program. Material Organizations will
NB-1100 not be required to have an NCA-3800 Quality Assurance Program. Authorized Inspection will not be
NB-2000 required. Code Data Reports and Code Symbol/Stamps will not be required. Materials will be supplied
by Holtec-approved suppliers with Certified Material Test Reports (CMTRs) in accordance with
NB-2000 requirements.
Ne-32H-
NC3254
NC-4267
Ne—3de2
NC~5253
NE-32538
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Table 4.2-1a
ASME Code Deviations
Section Requirement Exception
NB-4243 Full penetration welds required for | The MPC lid-to-shell weld and the welds joining the MPC closure ring to the MPC lid (1.D.) and the
Category C Juints (flat head to MPC shell (0.D.) are not full penetration welds due to their configuration. These joints are welded
main shell per NB-3352.3) independently to provided a redundant seal. Additionally, a weld efficiency factor of 0.45 has been

applied to the analyses of these welds.

NB-5230 (RT) Radiographic (RT) or Ultrasonic 1. The MPC closure ring welds and the MPC vent and drain port cover plate welds are not RT or UT
(UT) examination required. examined due o their configuration. Root and final weld passes are liquid penetrant (PT) examined
in accordance with NB-5245. The MPC lid weld and the vent und drain port cover plate welds are
leak tested. The closure ring provides independent, redundunt closure for the vent and drain port

NB-5331(UT) cover plates.

2. The MPC lid-10-shell weld is not RT examined due to its configuration. Examination must be by
the UT or PT method. PT examination will be used, and at a minimum it shall include the root
and finul weld layers and each approximately 3/8 inch of weld depth.

NC-6000 Hydrostatic pressure test. The vessel shell will not be hydrostatically tested in accordance with the code since vessel side walls and
NB-6000 bottom are not accessible for inspection. Structural welds will be volumetrically examined, except the
steuctural-MPC lid-to-shell weld  The MPC lid-to-shell weld, the MPC closure ring welds, and the MPC
vent and drain port cover plate weldsewhich will be examined by-theliquid-penstrantmethodas
described on the design drawings and other Code exceptions. The paitial-pensiration-shiekdtidwald
wilMPC vessel is seal welded in the field following fuel assembly loading and shall be hydrostatically

testedr-holivm-loak=tosiod-and-liquid-penetranitesied affer the MPC lid-to-shell weld is complete.

NB-7000 Vessels ure required to have No overpressure protection is provided for the MPC. The function of the MPC is to confine the
overpressure protection radioactive contents under all normal, off-normal, and accident conditions of storage. The MPC vessel
- is designed to withstand the maximum internal pressure considering 100 percent fuel rod failure and
maximum accident temperatures.
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Table 4.2-1a
ASME Code Deviations
Section Requirement Exception
NB-8000 States requirements for nameplates, | The Trojan Cask System is to be marked and identified in accordance with 10 CFR 71 and 10 CFR 72
stamping, and reports per requirements, as applicable. Code stamping is not required. QA data package to be in accordance with
NG-8000 NCA-8000 Holtec QA program.
NG-2H2+ Material utilized in fabrication shall | Not all RMR-BasketMPC materials will be selected from materials permitted for use in Section i core
NG-2000 conform to the requirements of the | support structures. Appropriate material properties will be determined from available technical literature.

specification for material given in
Tables 2A, 2B, and 4 of Section 11,
Part D, Subpart | and all special
requirements of NG.

The primary function is structural, and appropriate structural materials will be selected. Materials will be
supplied by a Holtec-approved supplier with CMTRs in accordunce with NG-2000 requirements.

NG-4427(a)

A fillet weld in any single
continuous weld may be less thun
the specified fillet weld dimension
by not more than 1/16 inch,
provided that the total undersize
portion of the weld does not exceed
10 percent of the length of the weld,
Individual undersize weld portions
shall not exceed 2 inches in length.

Replace the Code requirement with the following: For the longitudinal MPC basket fillet welds, the
Jollowing criteria apply: 1) The minimum throat dimension must be maintained over at least 92 percent
of the total weld length. All regions of sub-sized weld must be less than 3 inches long und separated from
euch other by at leust 9 inches. 2) Areas of undercuts and porosity beyond that allowed by the applicable
ASME Code shall not exceed 172 inch in weld length, except that cracks shall be evaluated in accordunce
with the applicable ASME Code. The total length of imperfections over any 1-foot length shall not
exceed 2 inches. 3) The weld length in which items (1) and (2} apply shall not exceed a totul of
10 percent of the overall weld length. The subject welds are located over the full length of the MPC
busker. The Code criteria are intended for the construction of operating redactor core support structurces.
The MPC basket is subject to much less severe service than a reactor core support siructure. The
location of the MPC basket welds makes it impractical to measure the depth of weld defects. Considering
the large structural margins in the MPC basket design, these alternate inspection criteria are adequute 1o
ensure the us-built welds are udequute.
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Table 4.2-2
Concrete Cask Fabrication Summary'

MATERIALS
Concrete mix in accordance with requirements of ACI 318.
Type 1l Portland Cement, ASTM C150.
Fine aggregate ASTM C33.
Thermal expansion coefficient of 6.0x10%in/in-°F or less
Composed of sand of the following minerals:
limestone, dolomite, marble, basalt, granite, gabbro, and/or rhyolite.
Coarse aggregate ASTM C33.
Thermal expansion coefficient of 6.0x10*in/in-°F or less
Composed of the following minerals:
limestone, dolomite, marble, basalt, granite, gabbro, and/or rhyolite.
Minimum bulk specific gravity of 2.60
Shall not exceed 1.5 in. nominal size and the amount of flat and elongated
particles shall be less than 15% by weight
Admixtures:
Water Reducing ASTM C494.
Pozzolanic Admixture ASTM C618.
: Air Entraining ASTM C260
Compressive Strength 4000 psi.
Air Entrainment: 3% - 6%
Steel components are ASTM A-36
Reinforcement are ASTM A-615 -

WELDING
Visual inspection of girth and longitudinal welds is performed as specified in ASME,
Section III, Subsection NF (1992 inciuding Addendum through 1994)
Visual inspection of other welds to assure no concrete leakage during pouring.

CONSTRUCTION

Strength tests are performed for each truckload of concrete
Test specimens are cured per ASTM C31 and tested in accordance with ASTM C39.
Formwork in accordance with ACI 318. _
Grade, type, and details of reinforcing steel in accordance with the referenced drawings.
Embedded items conform with ACI 301 and the referenced drawings.
The placement of concrete in accordance with ACI 318 and ACI-301
Surface finish in accordance with ACI 301.

QUALITY ASSURANCE

Construction shall be under a quality assurance program that meets the applicable requirements
of 10 CFR 72 Subpart G.

' Deviations are from ACI-349. Justification is provided in Table 4.2-2a.
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Table 4.2-2a

Concrete Cask Code Deviations'

Code
Section
No.

Requirement

Exception/Justification

1.2

Specifies how drawings and
calculations must be handled.

The loads used in the design are covered in the
calculations rather than the drawings and
specifications.

4.1.4

Design drawings shall show
specified compressive strength of
concrete

Design drawings refer to design specification
SP-001 for compressive strength. Justification
is that design compressive strength is 4000 psi
for all concrete used in Concrete Cask
fabrication.

4.5.1 and
1 ACI-318,
421

Air content for frost resistant
concrete, for moderate exposure
and 1-1/2-inch aggregate, is
4.5+1.5 percent (Reference
Chart 4.5.1).

Two concrete batches had actual air content
below 3.0 percent (2.6 and 2.9 percent).
Justification is based on compressive strength
exhibited in 28-day break. Specifically, the
batch with 2.6 percent air (Batch No. 493526)
had break test results of 7,880 and 7,830 psi.
The batch with 2.9 percent air (Batch No.
492942) had break test results of 7,130 and
7.170 psi. These test results are consistent
with high strength concrete (i.e., greater than
3,000 psi), for which the Code allows a

1 percent reduction in air content.

A4

The limits for bulk, (150°F) &
local area (200°) concrete
temperature.

A long term temperature limitation of 225°F is
used. This increased limit is based on test data
from several research efforts which show that

concrete of similar composition to that used in
the casks does not suffer loss of strength when

exposed to temperatures up to 350°F.

' Deviations are from ACI-349 except where indicated otherwise.

Revision 2




Trojan Independent Spent Fuel Storage Installation Safety Analysis Report

Table 4.2-3

Conformity to Requirements

Page 1 of 5

Requirement

Requirement Summary

Basis for Conformance

10 CFR 72.122(a) Quality Standards

Structures , systems, and components important to
safety must be designed tested and fabricated to
quality standards commensurate with their function

Quality assurance program in accordance with 10 CFR
72.104(d) implemented for ISFSI activities. Refer to SAR
Chapter 11.

10 CFR 72.122(b)
Protection Against Environmental Conditions and
Natural Phenomena

Structures , systems, and components important to
safety must be designed to accommodate the effects of
and be compatible with site characteristics and to
withstand postulated accidents

SAR Chapter 2 describes the site characteristics and
defines credible environmental conditions.

SAR Chapter 8 provides analysis to demonstrate design
conformance.

OAR 345-26-390(4)(b)

The ISFSI shall be designed such that in the event of a
Seismic Margin Earthquake, anticipated damage to
spent nuclear fuel or containers will not preclude
acceptance at federally licensed disposal facility.

SAR Section 8.2.5.2 demonstrates that Seismic Margin
Earthquake does not result in damage (o storage system

10 CFR 72.122(c)
Protection Against Fire and Explosions

Structures , systems, and components important to
safety must be designed and located so that they can
continue to perform their safety function under
credible fires and explosion exposure conditions

SAR Section 8.2.9 discusses impact of fire on the ISIFS],
Section 8.2.14 discusses explosions

10 CFR 72.122(d)
Sharing of Structures and Components

Structures , systems, and components important to
safety must not be shared between the ISFSI or other
facilities unless it is shown that such sharing will not
impair the capability of cither facility to perform its
safety function.

The ISFSI is designed for stand alone operations and does
not rely on other facilities to support performance of its
safety function. The ISFSI does not share its facilitics
with any other facility.
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Table 4.2-3

Conformity to Requirements

Page 2 of 5

Requirement

Requirement Summary

Basis for Conformance

10 CFR 72.122(¢)
Proximity of Sites

An ISFSI located near other nuclear facilities must be
designed and operated to ensure that the cumulative
effects of their combined operations will not constitute
an unreasonable risk to health and safety of the public.

The Environmental Report, Chapier § discusses the impact
of ISFSI operation on the environment. The
Environmental Report concluded that ISFSI operations
have no significant impact on the environment.

10 CFR 72.122(f)
Testing and Maintenance of Systems and Components

Systems, and components important to safety must be
designed to permit inspection, maintenance, and
testing.

ISEFSI structures-, systems, and components important to
safety are designed to minimize the need for testing.
System performance monitoring is provided by
temperature monitoring of the air outlet. Surveillances to
ensure proper operations are provided in the Technical
Specifications.

10 CFR 72.122(g)
Emergency Capability

Structures, systems, and components important 1o
safety must be designed for emergencies. The design
must provide for accessibility to the equipment of on-
site and available offsite emergency facilities and
SCervices.

Access to off-site emergency facilities and services such
as hospitals, fire and police departments, ambulance
services, and other emergency agencies is discussed in the
Emergency Plan.

10 CFR 72.122(h)
Confinement Barriers and Systems

The spent fuel cladding must be protected during
storage against degradation that leads to gross ruptures
or the fuel must be otherwise confined.

Section 4.2.3 discusses the confinement boundaries. The
PR BaskatAPC shell provides the confinement barrier
even in the event of gross rupture of fuel clad. For the
range of design basis accidents presented in Chapter 8
there is no loss of confinement boundary.

10 CFR 72.122(i)
Instrumentation and Control Systems

Instrumentation and controls systems must be
provided to monitor systems that are important to
safely over anticipated ranges for normal and off-
normal operation

The Trojan ISFSI is passive by design and requires no
controls for operation. Storage system monitoring will be
performed using measuring and test equipment calibrated
in accordance with the Quality Assurance program.
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Table 4.2-3

Conformity to Requirements

Page 3 of 5

Requirement

Requirement Summary

Basis for Conformance

10 CFR 72.122(j)
Control Room or Control Arca

A control room or control area, if appropriate for the
ISFSI design, must be designed to permit occupancy
and actions to be taken to monitor the ISFSI safely
under normal conditions, and to provide safe control
under off-normal or accident conditions.

Chapter 5 provides a discussion of ISFSI normal and
emergency operations. These operations are monitored
and performed at the Storage Pad. There is no
requirement for remote monitoring, therefore there is no
requirement for a control room or control arca.

10 CFR 72.122(k)
Ulity or Other Services

Requires utility services that are important to safety be
provided with redundant capabilities and adequate
capacities.

The design of systems, structures and comiponents
important to safety does not rely on utility services.
Section 4.1.2.3 provides additional discusston.

10 CFR 72.122(1)
Retrievabihity

Storage systems must be designed to allow ready
retrieval of spent fuel for further processing or
disposal.

Spent nuclear fuel is stored within scal welded closure
PWR-BasketsA (P Cs.

The ISFSH is designed to allow retrieval of the W
Baskats A1PCs and placement 110 a Waksportation
Transport ¢Cask. Chapter 5 discusses operations
associated with retrieval and shipment of spent nuclear
fuel.

10CFR 72.124
Cnitena for Nuclear Criticahity Safety

The spent fuel handling, packaging, transfer, and
storage systems must be designed to be maintained
subcritical and to ensure that, before a nuclear
criticality accident is possible, at least two unlikely
independent, and concurrent or sequential changes
have occurred. When practical the design must be
based on favorable geometry or permanently fixed
ncutron absorbing material, or both.

The PMRBaskat A PC is designed 1o maintain subceritical
conditions for credible accidents. The Kegy for the PWR
Baskat M PC is based on design geometry and doss+ot
credit for the neutron absorbing material for both the wet
loading and dry storage conditions ~la-ordes-tia-tivalidaie
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Table 4.2-3

Conformity to Requirements

Page 4 of §

Requirement

Requirement Summary

Basis for Conformance

10 CFR 72,126 (a)
Exposure Control

Structures, systems and components for which
operation, maintenance, and required inspections may
involve occupational exposure, must be designed,
fabricated, located, shielded, controlied, and tested so
as to control internal and external exposure to
personnel.

Radioactive materials are confined within a welded steel
enclosure. As a result, it is not anticipated that personne!
will be exposed to airborne radioactivity. Radiation
exposure control is implemented by limiting access to the
ISFSI. Access control will be implemented in accordance
with radiation control and security procedures. Chapter 7
discusses the potential sources for radiation exposure and
the design, procedures and programs utilized to implement
ALARA concepts.

10 CFR 72.126(b)
Radiological Alarm Systems

Radiological alarm systems must be provided in
accessible work areas as appropriate to warn operating
personnel of radiation and airborne radioactive
concentrations above a setpoint.

Section 7.3.1 of the SAR describes the design features of
the installation and equipment that ensures that personnel
exposure to radiation is ALARA. Section 7.3.4 describes
the radioactive monitoring instrumentation.

10 CFR 72.126(¢)
Effluent and Direct Radiation"Monitoring

As appropriate, cftluent systems must be provided
with means for measuring the amount of radionuclides
in effluents. Areas containing radioactive materials
must be provided with systems for measuring direct
radiation.

The confinement features of the Trojan ISFSI storage
system are such that radioactive releases are not expected,
thus, effluent radiation monitoring systems are not
required. Direct radiation monitoring consists of
thermoluminescent detectors (TLDs) posted at the
perimeter of and in the Controlled Area near the Concrete
Casks. Radiation protection equipment, instrumentation,
and facilities are discussed in Section 7.5.2 of the ISFS]
SAR.

10 CFR 72.126(d)
EtHuent Control

The ISFSI must be designed 1o provide a means to
limit to levels as low as reasonably achicvable.

The ISFSI s designed to ensure confinement of stored
radioactive materials. The confinement design features
are discussed in Section 4.2.3 of the SAR. ‘There is no
anticipated release of radioactive material during normal
operations. The potential effects of postulated RPWR
BasketMP( leakage are evaluated in Sections 8.1.4 and
821
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Table 4.2-3

Conformity to Requirements

Page 5 of 5

Requirement

Requirement Summary

Basis for Conformance

10 CFR 72.128(a)
Spent Fuel Storage and Handling Systems

Spent fuel storage and other systems that might
contain or handle radioactive materials must be
designed to ensure adequate safety under normal and
accident conditions.

The ISFSI is designed to provide confinement of spent
nuclear fuel and related radioactive material for the
spectrum of operating conditions and accidents.

10 CFR 72.128(b)
Waste Treatment

Radioactive waste treatment facilities must be
provided. Provisions must be made for the packing of
site-generated low-level wastes in a form suitable for
storage onsite awaiting transfer to disposal sites.

Generation of radioactive waste is not anticipated at the
ISFSI. Radioactive material stored at the facility is
contained within welded enclosures. Site-generated waste
confinement is discussed in Chapter 6 of the SAR. Since
there is no anticipated generation of radioactive waste, a
waste treatment facility has not been included in the
design.

10 CFR 72130
Criteria for Decommissioning

The ISFSI must be designed for decommissioning.

Decommissioning activitics consist primarily of
transferring the RMARBaskews A PCs for permanent off-site
disposal or storage. The storage system has been designed
to minimize contamination of the Concerete Cask exterior
during loading and unloading operations. No
contamination is expected on the Concrete Cask and
because of low neutron flux levels activation of the
concrete and steel is considered insignificant.

OAR 345-26-0390(4)()
Design Life

The ISFSI must have a minimum design life of 40
years.

The ISFS! is designed for 40 year life.
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Page 1 of 2
Table 4.2-4
Nominal Weights and Centers of Gravity* |
. Nominal Center of
Item/Configuration Weight Gravity
PWR BasketMPC ‘
Empty (without lids) 26440030400  80.980.0 ‘
Loaded Wet- (Fuel, Inserts, water, and shield-lid) 86,000 93,400 918934 . ‘
Loaded Dry (Fuel, Inserts, shicld-and-structural-lid, 15300 78 700 96494.0
and lid closure ring)
Steuctural-Lid 2+700 9,790 - l
Shield-Lid ~400 -
Basket-Overpack | .
Empty Ouithoutlid) 6,600 3
Steuctural-Lid 1,000 ~
Transfer Cask
Empty (no lid) : 120,000 83185.9
109,000
Empty (with lid) 121008 83.688.2 -
111,500
Empty (with lid and water jacket filled) 119,100 88.5
Lid : 4002, 500 -
With RWR BasketMPC (empty without lids) 147,000 86.686.5
’ 139,400
With PR BasketMPC (loaded wet with shield-lid, warer 207000 92.694.6
Jjacket empty) 204,900
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Page 2 of 2
Table 4.2-4
Nominal Weights and Centers of Gravity* |
. Nominal Center of

[tem/Configuration Weight Gravity

With PR BasketMPC (loaded dry with lids, water 196,000 93.794.3

Jjacket filled) 197,800
Concrete Cask

Empty (without lid and shield ring) 212,000 103.8

Empty (with lid and shield ring) 214,000 105.0

With PAWR-BasketMPC (loaded dry) . 290,000 108.4107.8

292,700

With-PWR Basket-and-Basket-Overpack 297,000 108.8

Lid | 1,200 -

Shield Ring 1,200 ‘ --

Revision 2



Trojan Independent Spent Fuel Storage Installation Sufety Analvsis Report

~ Table 4.2-5 Page 1 of 35 |
Mechanical Properties of Steels Used in the Storage System

Coefficient
Type Yield Ultimate Allowable Elastic of Thermal
Material or Temp S, S, Sw Modulus' Expansion®
Specification Grade (°F) (ksi) (ksi) (ksi) (10° psi) (10°in/in°F)
ASME SA-516 70 70 38.0° 70.0* 23.3¢ 29.5 -
| 100 38.0° 70.0* 23.3° 5.53
200 346 70.0* 234! 28.8 5.89
300 33.7° 70.0* 22.5¢ 28.3 6.26
400 32,6 70.0* 217 277 6.61
500 30.7 70.0* 20.5° 273 6.91
600 28.P° 70.0* 18.7 26.7 7.7
700 27.4} 70.0¢ 18.3° 255 7.41
ASME A-350 LF2 70 36’ 70.0* 23.3° 295 --
200 32.9 70.0* 219 28.8 5.89
300 31.9° 70.0* 21.3° ' 283 6.26
400 30.9° 70.0¢ 20.6° 277 6.61
400 0.9 30.0¢ 20.6* ol & 664

! ASME, Sec. II. Part D, Subpart 2, Table TM-1
2 ASME, Sec. I, Part D, Subpart 2, Table TE-1
3 ASME, Sec. II, Part D, Subpart 1 Table Y-1

* ASME, Sec. 1. Part D, Subpart 1, Table U

5 ASME, Sec. II, Part D, Subpart 1, Table 2A
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Table 4.2-5 (continued) : Page 2 of 35 |
Mechanical Properties of Steels Used in the Storage System
Coefficient
Type Yield' Allowable’ Elastic of Thermal
Material Or Temp S, Ultimate? Sp Modulus? Expansion®
Specification Grade  (°F) (ksi) S. (ksi) (10° psi) (10*in/in°F)
(ksi)
ASME SA-240 304 70 30.0 75.0 20.0 283 ---
100 30.0 75.0 20.0 --- 8.55
- 200 25.0 71.0 20.0 27.6 8.79
300 225 66.0 20.0 270 9.00
400 20.7 64.4 18.7 26.5 9.19
500 194 63.5 17.5 25.8 . 9.37
600 182 - 63.5 16.4 253 9.53
700 17.7 63.5 16.0 248 9.69
ASME-SA-240 304.L 70 - 250 70.0 16.7 Use SA-240 Type 304 data
100 25.0 70.0 16.7
200 213 66.2 16.7
300 19.1 60.9 16.7
400 17.5 58.5 15.8
500 16.3 57.8 14.8
600 15.5 570 14.0 -
700 14.9 56.2 13.5

! ASME, Sec. II, Part D, Subpart 1, Table Y-1

2 ASME, Sec. II, Part D, Subpart I, Table U

* ASME, Sec. I, Part D, Subpart 1, Table 2A

* ASME, Sec. Il, Part D, Subpart 2, Table TM-1

5 ASME, Sec. 11, Part D, Subpart 2, Table TE-1
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~ Table 4.2-5 (continued)

Mechanical Properties of Steels Used in the Storage System

Type
Material or Temp. Yield
Specification Grade (°F) S,
(ksi)
ASTM-A-538 100 50
200 47.5¢
360 45.6*
400 43.¢*
ASTM A-36 70 36.0*/
100 36.0¢/
200 32.84/
300 31.9¢1
L 400 30.84/
Cs00 29.14
+ ASMECode-Casor- D25 Fable-3
. L ASME, Code-CaserN-7I-15, Table-S
* ASME,Code-Caserdlatiats, Fabled

4] ASME, Code Case N-71-16, Table 4
32 ASME, Code Case N-71-16, Table 5

3 ASME, Sec. 1, Part D. App. 2

Ultimate

S.
(ksi)

EEEE

Allowable
S

(ksi)
23.3°
23.3°
233
233

19.3¢3
19.3%3
19.33
19.3%3
19.3%3
19.33

Page 3 of 35 |
Coefficient
Elastic of Thermal
Modulus Expansion

(10° psi) (10°in/in°F)

Use SA-516 Grade 70 data
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Table 4.2-5 (continued) Page 4 of 5

Mechanical Properties of Steels Used in the Storage System

Coefficient

‘ Type Yield! Ultimate2 Allowable3 Elastic of Thermal_
Mat?rtal . Or Temp Sy s Sm Modu/us.“ ExpaAnszhog-’
Specification  Grade  (°F) (ksi) &é_"l (ksi) (108 psi) (10-8in/in°F)

ASME SA350 LF3 -120. 37.5 70.0 233 285 6.20

100 37.5 70.0 233 27.6 6.27

200 34.2 68.5 22.8 27.1 6.54

300 33.2 66.7 22.2 26.7 6.78

400 32.2 64.6 215 26.1 6.98

500 30.3 60.7 20.2 25.7 7.16

600 - -— 18.5 - —

700 -— - 16.8 - —

I ASME, Sec. I, Part D, Subpart 1, Table Y-1
2 Based on ratioing Sy, values
3 ASME, Sec. II, Part D, Subpart I, Table 24

4 ASME, Sec. II, Part D, Subpart 2, Table TM-1

5 ASME, Sec. Il, Part D, Subpart 2, Table TE-1
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Table 4.2-5 (continued) Page 5 of 5
Mechanical Properties of Steels Used in the Storage System

Coefficient
Type Yieldl  Ulimatel 2 Allowable3 Elastic of Thermal
Material Or Temp y S, ' Sm Mo%ulus_" Expgzm{og’
Specification Grade fﬂ (ksi) (ksi) (ksi) (10° psi) (10Cin/in"F)
ASME SB637 NO7718  -100 150.0 185.0 30.0 29.9 -
-20 1500 185.0 500 --- -
70 150.0 185.0 30.0 29.0 7.05
100 150.0 185.0 500 - 7.08
200 144.0 177.6 48.0 283 7.22
300 140.7 1735 46.9 27.8 7.33
400 138.3 170.6 46.1 276 7.45
500 136.8 168.7 5.6 27.1 7.57
600 135.3 166.9 45.1 26.8 7.67
ASME SA193 B7 <200 105.0 125.0 -— — -
200 98.0 116.4 — - 6.09
300 94.1 112.1 -—- -— 6.43

400 915 108.9 — — 6.74

! 54193 B7 Values from ASME, Sec. I, Part D, Subpart 1, Table Y-1. SB637 values based on ratioing S
values

2 4193 B7 Sy, based on ratioing Sy values
3 ASME, Sec. II. Part D, Subpart 1, Table 4
¥ ASME, Sec. II, Part D, Subpart 2, Table TM-4

5 ASME, Sec. If, Part D, Subpart 2, Tables TE-1 and TE-4
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Table 4.2-6

Mechanical Properties of Concrete Used in Concrete Cask

Thermal Thermal Modulus of
Density Conductivity Compressive Expansion  Elasticity (psi)
Temp. °F (Ib/ft) (BTU/hrft°F) Strength (psi) (in/in/°F) 40 years

32-400 141 0.719 4,000 6.5x10° 3.1x10°
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#

Table 4.2-7

Summary of Maximum PWR BasketMPC

Thermal Stresses (ksi)
Component Maximum Thermal Stress Q (kst)
Fuel Basket 361 ‘
Shell 14.039.97 |
Bottom-PlateBaseplate | 15.921.97 l
Structurab-Lid 443.527
Top-iield 3
Sleeve >4
;‘ Afcfiaximum stress (P + Pp + Q) due to combined effect of normal operating internal pressure plus thermal
oading.
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Table 4.2-8

Maximum Stress Evaluation

PWR Basket-and-Basket-OxerpackMPC

Calculated-Maluoksi®
Ra o+ o3 - o8 3 52
Basket-Shell R =Py 2 69 - 2 2.3 bl X}
e o2 59 3.0 3 8 53
B -0 68 - + 3 52
w&frwoﬁa_m PL+Py 02 46 : 2 60 23
2aQ &2 46 58 = -9 53
Backet S | By (281 (¥} - (13 o5 152
Lid PPy o4 -t - 86 P} bl Ko
el o -4 LY o6 62 REY
By o o9 - 188 + 22
BaskerTop-Weldd R =By 2 3 - S .5 132
PQ o2 3 +H3 RS 133 364
: P, ot o) - Fiy i 183
Basket-Sleeve Br+Py o o0 - -8 >4 4
PQ o4 o} 154 bRt 23 59
Basket-Shield-bid 2 o+ o0 - o4 o2 e
Supper-Ring By -«-Py (183 o0 - 02 o4 170
Weld 2aQ (1% 0 1¥1} o2 04 344
. . . By o4 o3 - o 0.8 52
Baskei-Shisld-bid BLRy 02 08 . o2 3 2232
2Q 02 4K 28 o2 w02 453
_ Pa Y V3 R o2 180
Ouarpack-Sheli RL Ry 02 i1 . A Y 220
B o2 -2 4.0 R >4
, Roy 00 03 . a3 180
pack- By 02 1) - NA 2 3.0
RaQ 02 %0 58 L3 LN
Querpack B 00 03 - 03 130
Struciural Ry Ry o4 90 - NA o4 220
= P o4 .0 4 Bl >4
O kToob B ot - - o4 144
Wald R =iy o2 03 - NA o3 6
) o2 0 i 203 433
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Calculated Value, ksi9
Component Stress Category Design Internal Normal Handling ASME Service
Location Pressure Level A Limit®
Fuel Basket Py - 0.5 154
Pr + Py - 83 23.1
Shell Py 6.9 6.9 18.1
Pr + Py 10.6 87 | 27.2
PL+Pp+Q 39.9 - 54.3
Baseplate Py 2.3 - 18.7
Pp + Pp 20.5 25.8 28.1
Pp+Pp+Q 21.9 - 56.1
Lid Pm 0.7 - 16.9
Pr + Pp 3.0 39 25.4
. PpL+Pp+Q 35 - 50.8
Lid Weld Total Shear 2.7 35 8.0

a Values shown a

Fuel Basket
Shell
Baseplate
Lid

Lid Weld

re maximums i

725°F
450°F
400°F .
550°F
350°F

rrespective of location

i tress limits are conservatively taken at the following reference temperatures:
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Table 4.2-9

Summary of Basket-MPC Pressure Analysis

Maximum Minimum-Design
i Calculated Basis Pressure
Condition . . .
Pressure, psia Limit, psig
(psig)
PWR BasketMPC Normal Storage Conditionse-psia 232-8+) 63619
psig)
Minimum Internal Pressure 36.4(21.7) 0
Maximum Internal Pressure 72.4(57.7) 100
PWR BasketMPC Accident Storage Conditionsypsia 646-652%) NA
o .
Minimum Internal Pressure N/A 0
Maximum Internal Pressure 109.5 (94.8) 125
Basket O KN IS Conditi } 234487 9078
peig)
Basket O | ident S Conditi . 45498, NZA
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Table 4.2-10

Concrete Cask Structural Load Combination Summary

Maximum! Allowable!
L.oad Combination Stress/Load Stress/Load Stress/Capacity
1 114D+ 1.7L Shear 0 -
Normal 0.50 2.8
2 14D+ 1.7L + 1.7H Same as Combination
No. 1 (H=0)
3 0.75(1.4D+1.7L+1L.TH+ 1.7T_+1.TW) Shear 0 0.11
Normnal 1.8 2.8
4 0.75(1.4D + 1.7L + 1.7H + 1.7T)) Bounded by Load
Combination No. 3
S D+L+H+T,+E, Shear - 0.05 0.11
Normal 1.5 2.8
6 D+L+H+T,+A See Section 8.2.3
7 D+L+H+ T, Bounded by
Combination No. 3
because T, =T,
8 D+L+H+T,+W, Shear Capacity 457.52! 1,106°
Moment Capacity 87,820° 94,170°

1 Units are ksi unless otherwise noted.

: Capacities calculated per ACI-349 are used for these load combinations instead of stresses. Capacities are in kips (force) or kips-in (moment).
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Table 4.2-11

Summary of Maximum-Bounding Concrete Cask Thermal Stresses

Component

Concrete

Rebar
Vertical

Hoop
Liner
Cover Plate

Bottom Plate

75°F Ambient Air, Normal Operation

ksi

1.1

394

47.9
1.4
2.0
4.0
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Table 4.2-12
Summary of Cask Thermal Evaluation

Temperatures (°F)
2R Transfer
Outer Inner Basket Cask Neutron
Air Concrete | Concrete MPC Max Shielding
Ambient | Solar Outlet Sheli Clad Material
Normal Operation v
Limits - - - 225 225 430~ | 705647 -
Steady State Normal 75 no 136157 85 139/70 282280 | 632543 -
10%-Fusl-Pin-Failured s EPY 1 85 138 282 648 -
Steady-State-Normal 3 a0 5 3 3 349 672 -
10%Euel-Pin-Failure® = Ao 13 &8 ®i 349 684 -
Off-normal and Infrequent Events
—without-Basket-Ouerpack—26-k W)
Limits - - - 300 300 - 1058 350307
Steady State Severe Cold -40 no 393/ ~53 -29 $028 24153 | 40437 -
Steady State Severe Hot 100 yes 206/97 33127 223214 303314 | 639380 -
2 of Inlets Blocked . 75 no 193/87 87 203 29238 | 646572 -
Basket-MPC in Transfer Cask with He 75 no - - - 384337 | 129579 -
. with He 100 yes - - - 404-365 | 3306179 259248
with vacuum : 75 no - - - 384339 | 883659 -
Off-posmalandinfrequent-Evenis )
—with-Basket- Overpackead- M)

e LiiitS - - - 300 300 - 1058 -
Sisadi-State-Severe-Cold -i9 "o 33 =3 3 13- 88 -
Steady-State-Seners-Hot 400 ¥6 03 36 pAKA FUAl 602 -
Lol lnlets-Blocked L3 RQ 190 % o4 352 619 -
Hypothetical Events/Accidents ,

Limits - - - 350 3s0 775 1058 -
12 hour Max Thermal 125 yes 238224 193752 258243 333340 | 683608 -
—pithout-Basket-Oxerpacke-26-W4
12-hourMax—Tthermal s 6 233 13 L] 393 2 -
—uith-Basket Oxerpack—24-kiL)
All Inlets aad-Outlets-Blocked * 310G | aeves na £9/27 350 2 8267 -
(transient values at 34-837./ hours)
I Concrete temperature limit (350 °F) is reached in approximately 34857/ hours. and all calculated temperatures will continue
to increase with time until steady state conditions are reached.
2 Concrete temperature reaches the maximum allowable limu before the cladding or the MPC shell temperatures reach their
respective limits. 40%-Eusl-pin-failure-is-an-oirormmaldreni—Howdsrthetong-lerm-fuslclad-lmperature-Himit-is-applicable
R
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Thermal Properties

Table 4.2-13

Themmald
ecifie Lt : - Sonci
Material Temperature | (BTUAbmSE) | (BITUGeR-SE) | dbmi@’) | Easshuity
EE
Carbon-Steel -0 0095 222 490 08
) 0097 228 Goated)
200 oHs 244
- 550 0435 234
200 0456 209
Stainless-Steel =58 o 28 438 A8
200 6422 8.3 (base)
400 0129 104 8.8
550 0132 Ha oated)
750 0436 120
Lead 148 803 433 0 —_—
32 2023
22 93
392 182
s 1722
Concrete 32-400 024 [T} “i 087
Air -50 0238 0014 0.094 —
[ 0239 00430 0.086
32 0240 00440 6084
100 0240 0.0454 6o
200 0244 80424 6060
300 0243 0.0493 0052
500 8247 00234 8041
700 0253 0.0268 0032
Helivm [ 124 0078 —_ —
200 0.097 '
400 oHs
600 o129
300 o138
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Thermal Conductivity

Specific Heat (BTU/hr-f1-°F) Density
Material Temperature | (BTU/Ibm °F) (Ibm/fi3) Emissivity
(°F)
Curbon Steel -10 0.095 22.7 490 0.8
0 0.097 22.8 (couted)
200 0.118 24.4
550 0.135 234
900 0156 20.9
Concrete 32-400 0.21 0.719 141 0.87
@ 200°F @ 450°F @ 700°F
(BTU/hr-f1-°F) | (BTU/hr-f1-°F) | (BTU/hr-fi-°F)
Type 304 Stainless Steel 0.12 8.41 9.8 11.0! 501 0.362
[Reference 13]
Lead [Reference 12] 0.031 19.4 17.9 16.9 710 -
Water [Reference 14] 0.99 0.392 0.368 Not Applicable 62.4 -
Air [Reference 12] 0.24 0.0173 0.0225 0.0272 ldeal Gus ---
Law
Helium [Reference 12] 1.24 0.0976 0.1289 0.1575 ldeal Gus -~
Law

Bounding values for a class of stainless steels defined as Alloy X in the HI-STAR 100 FSAR [Reference 17].

2 From Reference 1)5.
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Table 4.2-14
Summary of Storage System Cooling Air Flow Analysis
For Normal Storage Conditions
Temperature at Temperature at Temperature at
75°F Ambient 100°F Ambient -40°F Ambient
Location (°F) (°F) (°F)
Air Inlet 75 100 -40
Adir-Blovation-*finches)
816 %3 100 Rt §
632 26 ol -4
348 108 H 4
48—64 2 443 -4
64380 33 160 s
3096 B3 3 B
96112 B2 136 23
123 168 92 e
284 26 <06 ]
5
Air Outlet 136/57 206/97 83/
Air Flow Rate (Ibm/sec) 0-7920.638 03320631 0090 825
e levation ic basedon heiahtabove beaiarinaot heated. fuel lonatk
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Criteria PWR Basketlnteriorand-Failed | — PWR Basket-Exteriorand
EuelGCans ———Basket-Oxerpack
Boric-acidi . bi 1000 oe 120} 1000 o 1204
temperature’
Bosicacidi . | I 000 | c A
iemperature’ ~3°Ehete-2°E
High-Temporature-Exposure 830°F 1 S°E for T2 -hours 435° Ll E-forT2-hours
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Table 4.7-1
Transfer Station Fabrication Specification Summary
MATERIALS
Steel components shall be of material as specified on the referenced drawings.
WELDING
Welds shall be in accordance with the referenced drawings.
Filler metals shall be appropriate AWS D1.1 material.

Welders and welding operators shall be qualified in accordance with AWS D1.1.
Welding procedures shall be written and qualified in accordance with AWS D1.1.

Visual inspection of structural welds shall be performed to the requirements of AWS D1.1.

CONSTRUCTION

Cutting and forming shall be in accordance with AISC Manual of Steel Construction.
Attachment bolts shall be installed and torqued in accordance with referenced drawings.

Quality Assurance

The Transfer Station shall be constructed under a quality assurance program that meets the
applicable requirements of 10 CFR 72 Subpart G.

CQ@C\L?
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Table 4.7-2

Transfer Cask Lift Components!

ANSIN14.6

Component Safety Factor Non-Ceritical Critical
Trunnion yield +1.882 3 6

ultimate 2-210.2 5 10
Shell | wield 68 3 6

wltimate 03 =3 i0
Shield Door Rail Bottom | yield 3877 3 6
Plates ultimate 32155 5 10
Shield Door Rail yield 4.310.9 3 6
Lower Welds ultimate 25.222.0 5 10
Shield DoorRail/ yield - 8d6.4 3 6
Transfer Cask Shell Weld | ultimate +4.87/3.0 5 10
Component Stress/Force AISC Allowable
CexerPlateTop Lid - bending 1328.77 ksi 24.626.0 ksi [
Bolts tension 29.0/0.3 kips 34.625.0 kips |

1 For lifts in the Fuel Building. The Transfer Cask is not used for lifting at the ISFSI.

Revision 2



MPC CLOSURE RING
DRAIN PORT \ MPC LID VENT PORT

?7/ ///// )

| —LIFTLUG
" DRAIN PIPE—_
SHELL——\ ”

—FUEL ‘BASKET

5 BASEPLATE

. TOJAN ISFSI
SAFETY ANALYSIS REPORT

: . FIGURE 4.2-1a
MULTI-PURPOSE CANISTER
ELEVATION VIEW

Revision 2




90°

FLUX TRAP
CANISTER SHELL
(4) LIFTING LUGS
3
7 8
180° | i
13 14

19

15

I

20

I

23

270°

2
5 6
10 - 11
T
16 17
21 22
N
24

BASKET SUPPORTS
FUEL CELL |

——BASKET
e

12

OO
18

BORAL
AND SHEATHING

CELL ID. NO.
DRAIN PIPE LOCATION

TOJAN ISFSI
SAFETY ANALYSIS REPORT

FIGURE 4.2-1b
MPC-24E/EF
CROSS SECTION

Revision 2




Figure 4.2-2 Deleted

This page intentionally blank.



Figure 4.2-3 Deleted

This page intentionally blank.



CaSx LID

SHIE.D RING

|

AIR QUTLET VENT

. y
1)
@ z
& <
o X
" v O
e, tud
N " ) Q
W Q m a
4 nNU . o
=
- (8] MHA =
" 2
Vol . LY " = - !
N N . « TN
R ' ws « et s MU T * « 't
. . - A d N M ' v u hd T
- - . . . v e Cw oL M v
. . LEEV «® . -~ . LN d <ot )
. . - .« . * . ’ N
AN -ﬁ . . ' . e . . M - ~4 . . a.. N
’ o M . A ° )
.. " - . v . . . - *
H | ) . . . N \.n\ . , . . LI . L L)
T T T T T e T U Y ye s wuu At : AHW .
Ly auy . : Hrvr
I IXINYS X135y Avuthntay Anuiduny
e i

. .
- N - b It
. . . . A N . . R .. . ‘. Al
- . . . * ¢ °
- . . . * b : y
* hd v ) ! ’
. . . - v - . .
. . : .- H
. . . - v N ¢ ' ’ ’
- .
e L I v . * * * o
. . - * ! ) '
. LI ) . v * * * T ) )
¢ ) . * : Se b '
. . . « . .
. A M * * )
. o o, ¢ 7 * ' * *
. s 4 - ~ * tr ; )
. - 13 * : . e
s - - . M - Y
. - s >

L. 8 Sttt
¥ SANY . A
Y TN 3 MAA.A lldnlttidilinuidnsitinnantnnusud

.
. * M - e ’ Al
» . v . “

TROJAN ISFS!
SAFETY ANALYSIS REPORT

FIGURE 4.24
CONCRETE CASK




Security-Related Information Figure
Withheld Under 10 CFR 2.390.

TROJAN ISFSI
SAFETY ANALYSIS REPORT

FIGURE 4.2-5
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