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Trojan Independent Spent Fuel Storage Installation Safe' .Analysis Report s 

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 

4.1.2.1 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.  

4.1.2.2 Controlled Area 

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

4.1.2.3 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.  

4.1.2.4 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.

Revision 24-2



Trojan Independent Spent Fuel Storage Installation Safety Analvsis Report

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.  
Thermal, 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 isare 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 irs-are presented in 
Chapter 3. The design codes for the major ISFSI storage structures and components are 
summarized in the following table.

Comtnonent Goverinim Design Code/Standard'

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

1214R aa~keMPC Confinement boundary - ASME, Section III, Subsection NCNB 
I____.r_____ __mb__Fuel Basket - ASME, Section III, Subsection NG 

Iak.-S ',,.. ASME, SecTIon WI, sub.ecio NC 

Fuel Debris Process ASME, Section I1I, 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 
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.

I. . . .. -,,• •
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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 Potclassified as not important to safety.  
The concrete pads provide a supporting surface for the Concrete Casks and Sippinhe 
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 
PW12 = .-ket and Basket O-,e-pckAPC a;@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.  

4.2.2 INSTALLATION LAYOUT 

4.2.2.1 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 PR=. B1 a.eMPC provides the primary confinement boundary for spent nuclear fuel..,wa*.  
In th.. unlike4' .. e.. of 2, P 14. Bkeof t inm,,tbounalRO fai- the affocti, DIUR lBa-Aket
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m.ay ,ither, be repaired or. o ,ealed ,;',ithin 2 , asket , -,rPa.k. 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 fa4o4damaged 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 12 •- 2k.4MPC 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 r igad oisized 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 1WR 2as PC. 4Int.h 
.. ik.. ii .A.... .... R F..k.t &2iQ to mAin.an.. aconfinement. bonda' I ann... .ot be repaired" .  
B-'skt O-,e.pack ir aaiabbe for -ntinu-ed storage inside a Concrete Cask. The Concrete Casks 
are arranged on the Storage Pad as discussed in Section 4.2.2.1.  

4.2.4.1 Functional Description 

The primary functions of the ISFSI storage system components are discussed in Section 3.3. 1.  

4.2.4.2 Component Descriptions 

4.2.4.2.1 Description of the P-.RL ar-ke& PC 

The UPR BasketPC is a transportable cylindrical container consisting of M aII-.Gshell 
"�,sembly, .... hil :li, a ,"r..,,,aI lA MA M ;interAl 1WR- B•osket .s..MblY. honeycomb fuel 
basket, baseplate, MPC shell, MPC lid, vent and drain port cover plates, and a closure ring.  

The P-IR a-•,ke PC sell-provides the confinement boundary and is designed to withstand 
credible accidents without loss of integrity.  

The@ SAterior bottom plate and 9hell are GO-&@d 'ith - r2Adition reSistU, high temper-ature, gloss 

I to ea-so deconam2Aination follo'ing Loadigoprtin and
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2. •to Promote radi-ant hoat dissipation (in support of th" ther• m mall aanh, pretea in 

Sectin 41.2.6) during the conditions listed in Table 4.2- 2.  

The P2.4R Basket inte;,,al a....b,,MPCfuel 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 
comer cells are slightly larger to a311" a2ccommodati-oaaccommodate storage of a Failed Fuel 
Can. Intact fuel assemblies, with or without inserts, may be stored in any of the storage 
locations. The in.a] assamWýMPCfuel basket uses str'-Qtur'ltubefull-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 1 
Basket internal a1SemblyMPCjfuel 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 assemblies within the MPCfuel basket., ho &eer, thegy & .. not credited in the ;ri&t;icaty 
analysis for. dry storage conditions. The PWMR Basikets internl car-bon stdeel componentsar 
co-ateG"t an inorg0anic, r-adiation resistant hish compsrtrcaig 

I. to prowide corrosionpro n in fuel Pool '--..tR, nd 

2. to pro.mo&te d@A;214 hoat A;d;iipaion; (in .. ppo of the theMa-,l a•,lis pr.Snt. d An;, 

Se ction 1.2.. 6 du.in thonditionf lir.fte in T'ble 4.1....

Section 5.1.1 discusses the operations associated with 1hpc ask.&M.C loading and installation 
of the shield lid 2And t]' ct-ur-iMPC lid, ventand drain port cover plates, and MPC closure ring.  
The stainless steel &hii4-MPC lid contains two penetrations to allow for ua~u~m 
dpy4gdewatering, moisture removal, and helium backfilling of the PW"- B'sket .Atomal 
ansh MPC cavity (see Figure 4.2-1a). Prior to lowering the &hi@4.M-.PC lid onto the R 
a-EkesMPC after loading is complete, a pipe is threaded into ogiw-githe &Wounderside of the 

drain port penetrations. When the sid .MPC lid is in place, the pipe length is such that it 
extends to the bottom of the PPR BasketPC to facilitate 4uater*,re. o' MPC 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 (R VOAs) to open and close the vent and drain ports during hydrotesting, 
helium leak testing, draining, moisture removal, and helium backfill operations. After 
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 dried p -i 

into th@ dr2in po2ipe penetr'tion. Tha othe ..... - tili.er a quie IiS. , n..ec.t fittin 

r ball ,hrs to Allo"' connction t, a ,,,,,, dring and helim bac-ifilling systm Tea shiald 
lid is' eal. .A....IAdA to &he P2., " sket shall
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A4 tEeal 1t;-'a gid onaining a pnrtinal'ngaccess-r to the. ghicld lidpetrtosi

4-7 Revision 2

p~laGeG on top orA RAGe nIela 2A6 anwsal j;:eJaeo to Z1e. rw.A4 N29b;Q& SHOW: 2iiu 49 4NO W410iu M 
(hereepoied by the tmct-uir-l lid penetration.).  

Upon; coRpletion of thd 11acuu1M drying and helium J~ in Qig of t internal PWAR- 22aske 
atmsphretho shield Ilid And stRuctural lid penatrationsr- must be sealed. U@ quick diQconnect 

fittin~g or3' 2 "le. is relied, upon to m2A4inAi the heliPAm atmosphereO Wnti the penetr:Ition closure 

plates a;- installed. Th@ RhieldA lid Ponemrations re i; solated by two stool penetrationl GlouRI' 

plates 44nse~ed into the tructral+;-;1 id accecss penetration. Th steol plates 2re insered, individually 
an;d seal1 w.elded tg th@ gides of the stutrllid penotration.  

After helium backfilling is complete, the R VOAs 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 ri .ng 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.  

T'he 4 ~o~os4.wMPC vent and drain port cover plater. 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: 

I1. 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 III, NB-S350, to provide assurance that the weldment is free of 
unacceptable imperfectionsomploy a doubloe 'ed dosign pprowiding redundant 

2. The vent and drain port cover plates will likely not be subject to MfPC internal 
pressure because the vent and drain port caps in the penetrations below provide 
an intermediate barrier to pressure. The calculated i~nternal 1WR Bas~k@& pressure@ 
during normal' erOice is approimately atmospheric; rsliangnngligible 
pfresswr. stre69e69 

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 III, NB-53S0, to provide The a'voldsinqeto

4-7



.JIV-m
Trojan Independent Spent Fuel Storage Installation Safety Ana/vsis Report

are dye penoetra, te,&td thc•rby p.;oiding 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 12. -26k MPCs 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 1"AIR askesMPCs will not be N-stamped in accordance 
with ASME Section III, NC-8 ! 44 (I9924NB-8100 (1995), P-W. RakeMPC construction is in 
accordance with Subsection NB with certain approved deviations (see Table 4.2-la). 4e4ig, 
"fab"cA tion a.nd... eig C.on.tro... m rt be .p.o..by the NRC pr.ior to comm.ncn. s.si 

opaati.n~- Design, fabrication, inspection, and testing ofWAR-skewMPCs will 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-Ia and 4.2-lb provide& 
a pictorial description of the PWR WasketMPC.  

4.2.4.2.2 De on of the GTCC -.sket 

This section ha&-býdeleted.

1�

1'crnptilnw, . tnte Ma.kUt .2"21PahKIssection deleted

In the unlik-ly e,=,nt of 3, -1@2k in the confinsmOmn bon•,n, Ay of 2 •,AR -k•ek.,t th,.at ra-•-ot be 

repaired, a 2@Askat OG'erpaik w'ould lbe used for continued rtorag@ ingide - Concre;te Cask.  

Th, B ,iket ,,,,p ,.k ir , cylindi,4 cal ohe•u ,,it, s,,fc;ont ;,,ide dameterto, ....... , a, 
PR3AR Bask@t. The Hasket O'.'erpack is decignied to the samo God@ reguirmen~ a, trhe W"11 

Thei intar-ior anAdexer-io; of ths Bask@& O;,erpack shell r c; oated "'ith ;-A rdition rritnhg 
temera'..re o~ingto romte ~dant- h@-t A;ri6ipation (An 66JPPQJA Of th@ thermalanly 

presoae in1 Seto 1.26) Aw~ing the onitionWr. i~rted in Table 4.2-12.  

Th@ con;finement4 bondr jgnt hydrortatically taraed. This is ordrdacpal b-sed on 
the 6pGcifie -etoW ofcntwcinadinteded application. h ae o hrcnlr r 

. 4mrie., -r. follows:

Revision 2

4.2.4.2.3

1. 4- The -4116 cacl1eitrnlUR- BMW&e prerSUre during normal SeR'ic i 
approximatoly atmospher-ic mrevWti in negligible PrerSQre StrFreSS,

• ." t•,l • 11 * /%
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2. The .welds 4n qUtin a•re dye pen..trant tested thereb pro...idi a&R..ranc. that 

the wei.QdmenQt is free Of unacceptableipefctos 

3. Neither operatn; n... e rn n adition. ae•. xpec.te. d to subje.c. th;• melds 

4. The. interalatmsper ofthe Ba-sket9 Ov4rpack is prwuizd~ith helium and 
the.structur-al lid weld ;i chec•kd with a hegl;um l•a•k detctor., and 

5. The Basket Ove-opack design includes a redunda-t leakage barrier for the clos'r-

The4 Ba2ske't O;'erpack is designed, fabricated, ans 
spent n.uclea fue.l in acco.rde...;1i44h the g.ner.al 

Subpa't F. Although tha lBasket O,.,erpak will a
ot be N stamped in accordance -vith AS.M

Sec~tion 111, NC- 100 PW 121R _Basket de'sign, fabriation; -Ad testing controls miist be approved by 
theo NR-C prior to comm~enc4ing 1SFSI operations. Design, fabr-ication, and testing of Basket 
Oerpacks ,,,ll be performd in accordance w.ith a Quality ssu...ance Progr.am me;tin•g tho 

applicab!e r-q ue m ts o Io CFR 72 Subpart G as presnted in Chapter 11 T"he B-as.@t 

O'er;pack is ne1'0'e lifted whiles lodade with a PIM1R Basket, therefore, lifting loads, are not 
included in the design.  

Tlh.. description of operation;..s in ,ol.i n t Bask, O-'e.'pack is presnted in Chapter. 5.. The 
fabricationi sumarya is the. same. as for thwo PYR_ Basket as prgesente in Table 41. 1. Figre; 1.2 
"3 provides a de.,.scrition oftheasket O-'.erpak 

4.2.4.2.4 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 2007F. 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 II 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 2P- UkatMC 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 PPR DiskatPC-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 1P- shko PC 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 comers 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.  

4.2.4.2.5 Failed Fuel Can 

The Failed Fuel Can is designed to contain partial or complete fuel assemblies with faila 
damaged or suspect rods. The internal square opening accommodates a fuel assemblywithout 
inserts. The Failed Fuel Can will also be used to store a fuel rod storage container, fuel debris 
Process Can Capsules, fuel assembly ha4dw.-metalfragments (n [i-@11,@ 
Gc..pQI. e.g., portions offfuel rods, grid assemblies, bottom nozzles, etc.), and fuel debris
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Process Cans that contain fuel debris and fuel assembly a&4wa.metalfragments4;-Aife 

be.ar.ing.cmpnet. The outside dimensions allow the Failed Fuel Can to fit in one of the four 

oversized storage locations within an PW-.a,.rk&MPC.  

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 .a..i.m drng. -ofmoisture 
removal from the canister. The vent holes also expose the contents of the Failed Fuel Can to the 

helium atmosphere of the P"'R_ 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.  

"Th. oat1ails, staol FZiled F'rw C2. is not .o.... Thefinal 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 residue 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 
... IR Bar.ka. .acuu.m -d...gMPC moisture removal process.
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4.2.4.2.7 GTCC C4 

This section hJa&-_been deleted.  

4.2.4.2.8 Component Coatings

AS indicated in Sectins 41.2.41.2. 1 •nd 4.2.1.2.3, the PWR Basket intermn.als and Basket O'.';e-Pak 
are .oatd to promAot r;adi;at heat tr;anfQe, P-•;,'t cr rson, 4n A di su;-,rfac 

decont;mination. B c..ause thee .......... may b e.gpoge to high radon, hgh 
ep,.,,roe,,- oand or-oGi". chemri•als (dur-ing fU,, loading Sotions), th Gcoatings on these 

com~ponents h-a" been[ qUaljifie by' testing for. these specific applicationS. Th14 qJU2lif42icatints 
and ac•cepance crit.ria fo; these coatings a. ; Simon in Tabl, 1 2 _ 5.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 4.8for 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...p.a.... 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 PWR Basket _.t.inc."_ id, shielAd4PC shell, baseplate, 
lid, shell, and bottom pievent and drain port cover plates, and closure ring, 

2. Thick MPC lids&.A waU' to minimize radiation exposure to the public and site 
personnel, 

3. Design of 12ULR.askatPC body and internals to withstand a postulated drop 
accident during storage or transportation, and 

4. Design of Concrete Cask to provide radiation shielding of the public and 
operations personnel, and to protect the PWU..3-I--akMPCs 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)0). 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.  

4.2.5 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 P.WIR Ba•ket PC 
weight calculation was performed assuming an WAR .. askeMPC 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 NC 
for Cl•E 2 c.'o.ents_ NB for the 2-1.1R.-.ak,&MC confinement boundary.  

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

2. PWP. 2arket intemal assembly cellS and tructu-r-al tU, Cfuel basket; 

3. 13pWR Boarkt shiold lid suppor rin. g '..ld; 

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.  

4.2.5.1 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.  

4.2.5.2 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.  

4.2.5.3 P-2= .askvWPC Stress Analysis Under Normal Loads 

4.2.5.3.1 p1r2= a2cketMPC Thermal Stress Analysis 

The storage system was evaluated for thermal stresses by using separate and distinct models for 

the P*WR _ BaketMPC and Concrete Cask. This approach is valid since these components are not 

structurally coupled. The PWPR BsketPC is free to thermally expand or contract relative to the 

Concrete Cask. In addition, the sices -- fuel basket is not connected to the 12. 11R 2skat PC 

Ph@']enclosure 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 W 

22skcMPC structure. The temperature distribution was obtained from the thermal analysis 

described in Section 4.2.6.
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The 12P1R BkeMPC internal structure is designed to minimize restrictions of thermal 
expansion. Existing gaps allow independent expansion of the inter-nl as.embly ce..l, struc.tural 

tb•fuel basket honeycomb and the shell. As a result, thermal stresses in the PWR a&skeatPC 
fuel basket remain low. The thermal stressesfor the Trojan Storage System are calculated i 
by scaling the thermal stress analysis results presented in the HI-STAR 100 FSAR (Reference 17) 
for the generic PWR. Baske_•tPCfuel basket during transport 4r 44. w-.h; -w.er These 
analysis results are based on the detailed finite element modeling of the structure. -he. s 
dn,;,g ,orags '.er. found b" s.aling of the transportt... io str-sses.. The results are summarized 
in Table 4.2-7.  

4.2.5.3.2 L-. -aV.•cI 4 MPC Dead Weight Load Analyses 

The dead weight loads are bounded by the handling loads on the MPC under normal conditions 
(Level A Service Conditions). The normal handling load on the MPC is assumed to be equal to a 
2g calculated by r2ti&,o of th, .... ai drop stresses .... h mrpa•ec.... ac...... os.; Th 
acceleration, for-whereas the dead weight load corresponds to a i&-l-g acceleration. D@2,4 

"".ight ; tr, e are p... s.nt.d in T2ble 41. _8 The MPC handling analysis is further discussed in 
Section 4.2.5.3.4.  

4.2.5.3.3 PWP. 1B@skeflPC Pressure Analysis 

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 14R B.skotPC woulexists when an 1W3I 
132kWWPC originally loaded with 26-17.4 kWt cools down to 0 kWt and the ambient 
temperature drops to -40'F. This pressure is calculated to be -.Z421.7 psig. -weii; 8 6 
disc.usse.. the a.cd.tw p;rssrizati.on aR.l.sis. Table 4.2-9 presents the results of additional cases 
analyzed onsi4ar4-Aunder nrormal conditions with no rod failures and various ambient 
conditions. The sam. approach as theo , P, R Basket thermal stoss an.lsi, w.as used, i• , tho 

stresses ~ -':.r r1ie fro 1h trnpr0 to codiio Th reIt Ire I ~a di obnto
" """1,M 04140;' ...... Ag . .. " •' "•.- -M. - - "- ..- k -.- -. ,•-qq ,m .-. ...- l r n rpr" a r .. . . .. . . . .. . . .- t- -F 

ASME Sect;ion; WI, NC 3 133.3. The resulting allo' able presur is muh higher. than the 
calculdated maximum; therfore, PRIR Basket buckling w'ill not occr.

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. 1).
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4.2.5.3.4 12 Ba~k"MPC Handling Analysis 

The 2P3 se-L PC normal handling load has been defined as -- Q5g2g applied in aW-the 
horizontal or vertical directions .(Reference 1 7, Section 3.4.4.3. 1. 1). -1i.  
prodwue•r the, sum o,(, . g)-2 - 0 .71g in th, hori.n•tal Adir.tion nd Q 5g ;in the ,,-t.ial 

SThe stresses in the MPC due to lateral handling loads are calculated by-tho 
ppror Ate. ,caling of str..a,, duc w a drop a.cid.....n.usmgfinite 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. " 

4.2.5.3.5 WR- 2agke4MPC Load Combination 

The P-W 1A ,katMPC design loadings are based on dead weight, thermal, internal pressure (not 
applicable to IWPA-.W&.Wk4PCfuel basket internals), and handling loads. The stresses due to 
the loadings are presented and evaluated in Table 4.2-8. Thefirst 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 acceleration. The red,-ct.'. fa.ctor o.f 0.75_ been pplied to g'llo;"'ble 

rtrerrer for tho partial penetration w~eldr, (ASME S-ect4ion TIT, N.C-361.6) 

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 ASMWE stress 
limits in Table 4.2-8. It can be seen that all stresses are within allowable limits.  

4.2.5.3.6 IW-I BasketPC 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 brittle fracture.
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9wb&&;uti;gJ-=Iues and so~ving tOr AT yteIds:

-AT 4 l22-0F
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4.2.5.3.7 P-23.4 .4R- MPC Pressure Test 

The 1PR BaskatPC is hydrostatically tested to meet the requirements of ASME Section III, 
NC-61224222Subsection NB, Article NB-6000 (with Table 4.2-Ia exception), after fuel loading 

and lid welding are successfully completed. The ..e..r. due to a test p........ of appr.oximate-Y 
15 psig are acceptable based onreuli of thu ritical FP~r nl~r(Scin82 n 
ea.luated per ASME Section W![, NC 321 7. For pressurized conditions, maximum primary 
stresses occur in the 'eld between the P1 9arkatMPC shell and 1 bQaabaseplate. These 
stresses calculated at a maximum normal design internal pressure of 4.0100 psig are:

Shell
.Pm = 0,,,6.86 ksi (ASME Service Level A Limit "14,$?8. 7 ksi at 4000F) 

P, + Pb= 4610.6 ksi (ASME Service Level A Limit 212730.0 ksi at 3000F)

= 2.28 ksi (ASME Service Level A Limit 20. 0 ksi at 300'F) 

b= 20.5 ksi (ASME Service Level A Limit 30. 0 ksi at 3000F) 

P. = general primary membrane stress intensity

L= local primary membrane stress intensity 

Pb= primary bending stress intensity
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Table 4.2-8 summarizes the results of maximum stress evaluations for the 1242 - .k4MPC. In 
Table 4.2-8, the ASME Service Level A Limits for the MPC shell and baseplate are 

conservatively evaluated at 450 'F and 400 TF, respectively.

Since m2ximum stresses are les thAn .... 1 

ASME Code. Section LR SII ubsection NC.
";'. W, m ,• te st pregrsur . .... ,- ...............

4.2.5.3.8 P2.UR Ra•kQ4MPC Fracture Toughness 

The PRIA.3- Bask.tMPC confinement boundary materials are made of austenitic stainless steel and 

are exempt from impact testing per ASME, Section III, N44 2 34-W.NB-231 1.  

The 1214ZBske@t inte;,a, MPC fuel basket structural components are made of carbon stean 

are less; than 5/8--inc thicukaustenitic stainless steel. ASME, Section III, NG-23 11 exempts 

austenitic stainless materials w.'ith 2 ;noma,1 section thick-ess- f 5.2 in"ch ad le-s@ from impact 

testing requirements.  

5..4 91 " kbt O,=.,..ear-pack An;a1,,oi 

The Basket4 voerpack is designed for the sam@ normal oper;ationa loads as the PLR- Ba-sket except 
for ha-_dling (a loaded Bakwet Oerpak is no4 ;equirA to be handled)4.  

T he . . . .m.l co n.dition. loads for B asket @rpack are dead w .h , pr ss r ', and t rm.........  

Handling is not applicable because the loaded Basket Qoerpack is nee i-fted out o h 
Ccre11te Cask. The dead weight and noma.l pressue streosses ar@ ngligible. The B asket 
O'.erpack thermal stresse ae consevatiely aum.d ta bhe • sma 92. ... .... thos. for the WR, 

Ba•kat bea-,soe although the t@empea4tur• gradients -re simila., the member thicese ... re

smalle-r maing the BagketO.Qer-pack more flexible.  

T-he. BAskt voerpack pressurea streoses &;egcalculated us ing clarssia! shellI formu1-1as The res'& 
2re evaluated in combinati~on AAith other loadings in T-able 41-2 8 

4.2.5.4 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.' 

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

limits.
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4.2.5.4.1 Concrete Cask Dead Load 

The stress due to the dead load (fD) on the Concrete Cask bottom is conservatively calculated by 
assuming the total weight of the fully loaded Concrete Cask (300,000 lbs which .".c!'_& bounds 
the weight of a B2tsket Overpacl..the 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.  

4.2.5.4.2 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 PIPR Wasket C. 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 U&s-Concrete Cask bottom.  
The stress in the steel liner is about 96W9, 746 psi compression. The stress in the bottom (at the 

-s -a; oncrete Cask center contact strip) is about .i4.0132 psi compression, which also 
represents a negligible contribution to Concrete Cask stress levels.  

4.2.5.4.3 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 4.2-12for 
the 12-hour maximum thermal accident condition. The aaxiavwm-bounding thermal stresses for 
each of the Concrete Cask structural components are listed in Table 4.2-I1. The acceptability of 
these thermal stress levels is included in the Concrete Cask load combination evaluated in 
Table 4.2-10.  

4.2.5.4.4 Concrete Cask Load Combination 

The evaluation of Concrete Cask load combinations in accordance with A4,-CI-349 and 
ANSI 57.9 is presented in Table 4.2-10. Load combinations 5, 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.  

4.2.6 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 2. KW•1 7.4 kWt of decay heat (,1 KAI. for 2 rketovo, p ..... 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 

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 PWR Basket iPC 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 I 00°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 I 00°F air.  

The 75°F ambient conditions are utilized to determine long term storage temperatures and -40'F 

and 1 000F ambient temperatures are used to model extreme environmental conditions. In 

addition to these three cases, 4'.e-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.no'malca. . '.ypothetical 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 generation. The nemt off.norm-al conditi.n c-i•deri blockage of the 

zir in o i;@ on WneLd o- f the-Cnrt Cask (one hal f of the Wowe~) Te ~ ae r drr 
in Sec'ton 8. .2. The final analysis, also a hypothetical accident condition, considers the 

complete blockage of all air inlets-wJ ouaw. 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 claddingand oaag. 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 ( Steel 

ACI-349*2  Concrete 

BFLS ^,,,,,,o coa ga 

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 0.5-4-percent per fuel rod over a 40-year storage term. Using the methodology 
presented in Reference 2, the fuel cladding allowable temperature limitfor normal steady-state 
conditions was determined to be 3.74341.7 0C (=5.647"F) for a Westinghouse 17 x 17 fuel 
assembly and a minimum cooling time of $-nine years. The =.7.4341.7 0C (2ZW470 F) limit was 

determined to bound the B&W 17 x 17 fuel assemblies, which will also be stored in the ISFSI.  

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 gLid@ imit for spent fuel clad 
temperature in NUREG-1536, the Trojan spent fuel was compared to that fuel on which the 

temperature gkivslimit 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 g~&•idemperature 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 SW597F. whih 
This result is only slightly higher than the normal steady-state temperature limit of 647TF, and is 
.L702F.substantially below the short-term temperature limit of 10587F, indicating.TF- it 

that a significant margin exists to preclude fuel clad failure during vacuum drying operations or 

other short-term events. As ri,-o,,, no,. AQ 2 nr;,•, t;,ti•m, limi•,; !gid for the di, uatioq o 
....1 loadi.g and vacwm drying opomtionr, for ful, Glad Sod -o ee Section 4. 7.5for a 

detailed discussion of the thermal evaluation of vacuum conditions.  

4.2.6.2 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 identicalfrom a thermal standpoint and are collectively referred to as 

"MPC" in this discussion) emplaced in a vertically oriented TranStorTM 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-Ia.  

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 he'at 

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 

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 15x]5). 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 6xisymmetric 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.  

Tre~ b'-,Sic Models "'ee 'tilized f-or the therm-a e"w'k-Sion of the storag r@@ m T-hesre ar 
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4.2.6.3 .A.4 Frow T e C21cW2&iM4nGlobal 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 (EL P). The EL V 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.  

4.2. 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 4.2-1b).  

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 TEMPERA TURE INSOLATION 

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/ft2 per day and 1475 BTU/ft2 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 I 00°F
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and 1250F ambient storage scenarios. The steady state heat flux on the top and side surfaces 
are 123 Btu/ft2 -hr and 61 BTU/ft2 -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 ofpeak heat generation.  

4.2.6.4 Concrete Cask Body and P-.R._ BaRkqMPC Exterior Thermal Model 

Thermal models of the axisymmetric MPC space and the Concrete Cask were developed using 
the FL UENT 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 airflow 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.

Revision 24-30



Trojan Independent Spent Fuel Storage Installation Safety .4nalivsis Report

5. The most disadvantageously placed cask (i.e., the one subjected to maximum 
radiative blockage) is modeled.  
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4.2.6.5 PLR-Bark.MPC 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 FL UENT 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, I 00°F and 125°F ambient air conditions are shown 
in Figures 4.2-13, 4.2-14 and 4.2-15, respectively.
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co.ff.cientf of 2w.as .......... i Reference 2. based On .xpe.F.montal result. for 
other; 'Gas. In tha areas, no credit iss take for conetion And 2 helium Tondu°-iAi-ey 

"ilue of 2T11 4TUhr 0F-ft is used.

H-eat trMnofer modes ,re addressed by the ANSST RUAL comptr cod. Thw God@-- gomat', 0 

the P2WR Basket interio -';Wovetd to the Rinit Glementmdl shown0 inFgA . 0 h 
model r:eFprSents a ho nta-•-ol slic of unit thicknes• through the hott•st saction. The 

symm.etrcl n rof the storag y.te. mall-owed ue•. o..f 2 45' gctr mod. dl of the D21ITR R;sat.  

This symmetx' was utilize'd by impos'ing zeroQ h@at fluxg bnA'codition4s along the 02 and 3150 
model bounda4res T"'o element types ;;,re W Sd, th@ t;%'o dimensional solid -leen ;,d 
radiation link element. The highvst shell tempoeature calcua2ted from the Concret.e Cask model_ 

iR used -16 a bowndary con;dition. Ther;mal proerie a 104e spci 0 to4h@ Material andAr 
presented in Tabl, 4 1.213. The D2,IR- Ba9ket ate-mpe•r,•t A;,,t;ri3,u-os at -TZ50 91 1lOOT a-nAd 1525O 

a-mbient a;,-r cA;ditions in a Co'',ncrt Cask, a;r show- in Figutrs 1.2 1, 1.2 1 2) Iad 2 3MA 

respecti•e43. The P,'R Basket tnmpeature oditrtion at _OF AA 1602r, ambieAnt ai 

GondiAti.on, in; the Transfer C.. k . '.ith hlium backfill, ae shown in ;Fgurs 4 12 A andA 1 15, 

4.2.6.6 Maximum Temperatures 

Maximum -temperatures dkMaio;sin the MPC and the Concrete Cask for the normal, off

normal, severe environmental, and the accident conditions are shown in Table 4.2-12. It 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 am-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.  

4.2.6.7 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 Pt-1-ak4MPC.  

4.2.6.8 Maximum Internal Pressure 

The -W-R sk-&,4 PC is backfilled with helium to a nominal pressure ofW 4 -1-.-4 
psWa31.3 psig at the conditions present during normal operations. The maximum internal 

pressure calculated for normal ambient conditions is ,45,7. 7 psig and the associated stresses are 

included in the structural analysis in Section 4.2.5. The worst case internal pressure is ,2.•,Q94.8 

psig and occurs during a postulated accident where fuel rods inside the -WR - 4keAMPC 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 uUnder 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.  

4.2.7 CRITICALITY EVALUATION 

The criticality evaluation was performed using the KENO- a mod;le of the SCALE
"4.MCNP4a code pa•kage-Reference 9). The model analysis was based onfuel dimensions that 
bound both the Westinghouse 17xl 7 standard fuel and the. Th@ IS... storage sys'm l• I I also 

StiB&W 17x17 fuel which io considered to be @onde_ by the WeWt@.ghose fel @gTe )A 

significant diffrane in. th.se tw'o . p.. Of f... a,,, mbli... is;, the R&W aCsembl)y hag a ;lightly, 
Rsmallsr fui~e pollot diameter TU@ small@r pellet size makes the R&W assembly slightly less 
rezct-'e and ither -a If o gr., , A.A@A by WestinghoUge a•,,l,,o 

T.k-fFour larger sized comer cells of an P-.R-- Basket'PC may contain fuel debris inside 
Process Cans and a Failed Fuel Can. Aa,..f -4.bThe mass limit of 7.5 kg poer p"2.R Basket A-'ll 
be adMniiS!trati4eiy controlled..A limit of 7.5 kg of fuel debris in Process Cans is significantly 
less than the fuel mass of an intact fuel assembly (a.approximately 460 kg uUranium). The 
;.5 kg oifuel 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 75kg o 
fuel mass in Process Cans will not cause thermal, structural, or shielding problems no matter 
how it is distributed within the Failed Fuel Can.  

The parameters of concern for criticality evaluations are initial enrichment, bumup, moderation, 
poisons, and geometry. These parameters combined produce the reactivity of the system which 
is measured as K,,. Neutron poison plates a•..included in the 21 BaskaMPC design provide 
criticality controlto most the sAportatio•n ....... t.... 10o CFR PRi 71. Although ....u 
poi.son pl.,1,a, ... c. , in th, din a.of.. R. th ----- at, , no- c~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 21W ,-satk PCfuel basket geometry, and conservatively assumes an 
initial fuel enrichment of 4,3. 7 wt% U... with no credit taken for bumup. With respect to the 
criticality analysis, these f.fuel enrichment and burnup assumptions conservatively bound the 
fuel to be stored which has a maximum initial enrichment of 3.56 wt% UM" and has accumulated 
varying amounts of bumup.
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The PI.2E C atmosphere during storage operations was assumed to be iA@A A-4h 

helium. Water moderation was not considered since it would require significant 121-R, 
Q.a~k4L4PC in-leakage coincident with an incredible flood (the ISFSI is located above the 
credible flood plane).  

The calculated Keff is 0,1S,.32,78, with a one sigma statistical error of Q,044. 0003. The 
addition of code bias and uncertainty effects results in calculated K.ff of 0.40.=40.3311 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, 4iIQ4-damaged fuel, and fuel debris by transferring heat to the ambient air.  

4.3.1 VENTILATION AND OFF-GAS SYSTEMS

The spent fuel and other radioactive materials are confined within the PW'R Bas•ke*_APC whiwh 

that is stored within the Concrete Cask. There are no expected radioactive releases during 

normal and off-normal operations. In1 the ,,nlikly e@;,@t a leaky PWR Ba2ske, must be p•Gacd in a 

BaRket OverpaQk, c;..auati-, .f th- B.lsket ;,er.pack and backfill-ig with hlium would be 
reqire. Tis voltio isdisussd i Chpte 5.A sitale iltration system wouldb 

requird fO. he. the 'a4u ....... em ;1ent4 path during thi, vo;lution. Initial P--WR -2Bskat PC 

loading and .a..o 4;,4amoisture removal are i&-performed in the Trojan NUcler PWantTNP 

Fuel Building under the controls of the 10 CFR 50 license and the restrictions imposed by the 

ISFSI Technical Specifications.  

4.3.2 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 11IR 0-aw MPC. 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 I.-.a-Ika4, PC, clean borated -water or filtered ,A4 
ptoJ..water is pumped into the P-W2-1..1R ks.aMPC-to-Transfer Cask gap. This water requirement 
will be met by the existing Trojan plant systems.  

4.3.6 SEWAGE TREATMENT SYSTEM 

There are no sewage treatment systems required for ISFSI operation. The ISFSI is a passive, at 
grade, system whih,-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.  

4.3.7 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.  

4.3.9 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 anOulesfor 
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.

Revision 24-40



Trojan Independent Spent Fuel Storage Installation Safel .Analyysis Report 

4.3.11 AIR SAMPLING SYSTEMS 

Spent fuel is stored within the sealed and'inerted 1-.W-.R Rkt4PC. The 1MPC is 
designed to maintain a confinement boundary during all operating conditions. Since there are no 
operations or credible accident scenarios wi-hhat 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 peak 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 

4.4.1 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 P1-E RkatMPC caused from immersion in the Spent 

Fuel Pool.  

Section 5.1.1.2 describes the procedures implemented to minimize the contamination of the P-.WR 
2ak, "MPC and Transfer Cask during loading operations. This section also discusses the 

decontamination of the Transfer Cask as well as the exterior surface of the P"'R DA•ketPC.  
Surveys are performed on these components and decontamination, if required, would be 
performed prior to transfer to the ISFSI.  

4.4.2 PERSONNEL DECONTAMINATION 

Since the .P.Ka,. ,kaMPC is decontaminated prior to transfer to the Storage Pad and the 
radioactive material is sealed within the P-W BaskePC, personnel decontamination facilities 

are not required during storage.
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4.5 SU P-P!YGTRANSPORT 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 4h4pi;gTransport 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 PIWR -ikat PC. The P-W.R, 
U 2 ýMPC shell and fuel basket are is-constructed of cors.- ... i.t..t.taintess steel material, 
except for the Boral neutron absorbers. To avoid contact of dissimilar materials, the bottom of 
the PPR BirketPC is separated from the steel bottom plate of the Concrete Cask liner by 
ceramic tiles. The- PU-rAR Basket int,.,alo 2re coatcd to p..;ide corro;ion potection dur*ng 
immerri�na in ful pool water. After the 2I!,R ir, k•tMPC cavity is sealed, dried, and backfilled 
with helium, the P2A4 - sketMPC internals are ie-maintained in an inert environment to further 
protect from corrosion. Finally, the PWR asket _PC 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 P-22ksMPCs 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 ISMSI) 

P'1 12R Basket Hoist ;ingMPC 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-W -14esMPC. 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

Transfer Cask2, 3 

Transfer Cask Lifting Trunnions 

Transfer Station 

Air Pad System 

Lifting Yokea3 

PWRC Hist P441gs 
Lift Cleats

Governing Code/Standard'

NUP.EGA 0611 ./ANS! NA.  
( 4SME Section III, Subsection NF 

NUREG-0612/ANSI N14. 6 

AISC Manual of Steel Construction 

Commercial grade 

NUREG-0612/ANSI N 14.6 

NUREG-0612/ANSI N14.6

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

4.7.2 INSTALLATION LAYOUT 

4.7.2.1 Building Plans and Sections 

Loading of the W-2 -BakeMPCs 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 -A. .sR,.WMPCs from the Concrete 
Casks to a ippingTransport 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 
discussed in Section 4.7.3.2.  

4.7.2.2 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 III, Subsection NF. The lifting trunnions on the 
Transfer Cask are designated as special lifting devices designed and fabricated to the 
req,_'Lr.ee&"in accordance with the guidance of NUREG-0612 and ANSI N14.6. The Transfer 
Cask is also designed -s aprovides the necessary shielding We44-to reduce the dose to Trojan plant 
personnel in accordance with ALARA principles.  

The Transfer Cask is used for lifting and transporting 3...k,.ewMPCs in the Fuel Building.  
The Transfer Cask i¢,-may also be used in conjunction with the Transfer Station at the ISFSI to 
temporarily hold the 2 -Basket&MPC during transfer into and out of Concrete Casks, -iaskw 
Spai; or Siing Transport Casks. The Transfer Cask is not used for lifting at the ISFSI.  

The Trojan Transfer Cask c-on•i•t_, cfy.,n;adsraesign is similar to the Holtec HI-TRAC 100, 
with moveable shield doors at the lower end and a top G;4id 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 designedfor 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 suafars 
LwjQ,;sshells are made of steel. Sandwiched between the steel sgs laye. hells 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.  
.(insid) an•di nutron abso;bing mat.. ial (o. sid,.). The movable shield doors at the lower end 

allow lowering of the P..2WR B.rsketMPC into the Xaa&far-Concrete Cask or the Transport Cask.  
The doors slide in steel guides along each side of the Transfer Cask. T-o . .stl pins p..  
dooMechanical stops are used to prevent inadvertent opening of the doors. Hydraulic pistons 
are used to open the doors for the 12PR Rask@4 C transfer. The top Go',@r-id of the Transfer 
Cask extends over the P'A'R D-sketPC to provide shielding and to prevent the 2 

skeAuMPC from being inadvertently lifted out of the top of the Transfer Cask.  

In the Fuel Building, the Transfer Cask is lifted from above by the Lifting Yoke via two lifting 
trunnions located on the outer shell primtly th;,@@ t fr"om &h. top o- f the Tra-sfar Cask.  
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 trunnionc 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 Aal-partial penetration 
cir.umferenial welds. The two lifting trunnions are capable of accommodating the combined 
weight of the Transfer Cask and a fully loaded wet P-2AR. s-kMPC while meeting the 

I4 . ae-guidance of NUREG-0612. The Tr•asfer Cas'k .Ad.ifiing 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 lifting trunnions.  

4.7.3.2 Transfer Station 

Since the Trojan Nuclear Plant Spent Fuel Pool wvy-will not be available for P-4R. a•kt, MpC 
transfer from the Concrete Cask to the Shi-piaTransport 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 Spping-Transport Cask to be positioned under the Transfer Cask for 2W a t PC 
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 Section& 5.1.1 5 n.d 54 . 1.61. 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.  

4.7.3.3 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.  

4.7.3.4 Lifting Yoke 

The Lifting Yoke is designed and fabricated to mate with the Transfer Cask lifting trunnions and 
provide a means to lift the loaded Transfer Cask in the Fuel Building. Prior tofirst use, -the 
Lifting Yoke wa,-is tested to ,OQ4%- 150percent of its maximum design load. Figure 4.7-4 
provides a drawing of the Lifting Yoke.
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4.7.3.5 Ioit .i... PC 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 Thr . . .oi st R-i . .  

oPmmeprcGially av.ailable. and are iniRerted ;;nto the threaded Gonnectione provid~ed in ths P'.1 R 
Basket tr~uct&url lid. Section 4174'IA provides an analysis ofth- Hoist Rzings &o demonsrJ;te they 

meet h• ;e•quir•. mnt. -ofNUREG-0612 and ANSI N14.6 (see Section 4. 7.4.4).  

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 1-21.R,.I•s MPw at the ISFSI is 

performed within the specially designed Transfer Station. With the exception of minor boom 

adjustments to ensure proper alignment of the 1 4R. B3skatPC, the handling of loaded PW4W 

Rag 4etMPCs within the Transfer Station is limited to vertical hook movements to raise the 

P._ ..... tMPC into the Transfer Cask and to subsequently lower the PPR Basket C into a 

Concrete Cask, Basket Ovo..... , or ppk;gTransport 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. AL, ,.•as,k.&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 ISFSI 

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 fzctor o.ft.... ated 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 2SALR..ask pC has been evaluated as described in 

SAR Section 8.2.13. The structure of the Transfer Station limits potential P-.W-14seMPC 

drops to vertical end drops from within the Transfer Cask into an empty Concrete Cask or 

Sh.pi4"g-Transport Cask. The design of the Transfer Cask precludes lifting the A.W.R,
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32E wAMPC beyond the top of the Transfer Cask. Limit switches or load limiters will be set to 

Qs-minimize the likelihood that the mobile crane Gam•o&-will lift the combined weight of the 

Transfer Cask and 1 - 2k-&PC 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 PWR Bas•ke.&iPC 
confinement boundary or signifi,;aa&-, daage to the pnt &....e-1 tht could reult in 2h r;it,•alit,; 

4.7.4 STRUCTURAL ANALYSIS OF THE FUEL HANDLING COMPONENTS 

4.7.4.1 Transfer Cask Lift 

A loaded Transfer Cask weight of at least 215,000 lbs is used for the lifting device 
analy.4ianalyses. 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 lifting trunnion design can be evaluated by considering the 
stress levels in the lifting trunnion and the Transfer Cask wall. The Transfer, Cask lifting 
trunnions w•a&-are designed with a factor of safety of 5-10 or greater on ultimate and 3-6 or 
greater on yield and includes the dynamic load increase factor of 4"0 15 percent.  

The maximum shear stress (r) of the lifting trunnion is: 

T = (Weight of -.U, Ra,•4koMPC + Transfer Cask) x x 4131.15 
(2) x AT 

= .1-,44. 76 ksi 

The maximum bending stress(ob) in the lifting trunnion is calculated as: 

ab = (Weight of WA-R.aaskeWPC + Transfer Cask) x L x ".41..15 
(2) x S 

where:
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L = Distance betweenface of Transfer Cask o'-ter.;aw@,runnion block and 
mid-point of load application 

S = Trunnion section modulus 

b = "4-166. 6ksi 

The maximum lifting trunnion principal stress (S,), is determined by combining shear stress and 

bending stress as follows nr at.... because th.. ' @ccur at different point,): 

S, = 01,/2 + [(01,/2)2 + 2)]0, 

= a2,,.;7.8 ksi 

Therefore, the factors of safety, q%(ultimate) and %p(yield), for the trunnion (Su = ZO-181.3 ksi and 

Sy = 34,.S147. 0 ksi for tP.PA_'.-5.SB-637-N07718 steel, at work temperature) are: 

S = SuS=/SI .25,10.2 > $1O 

(P% = S/S, =4-448.2 > 16 

Hence, the lifting trunnions k,.are adequate (and meet& NUREG-0612-1980/ANSI NI 4.6-1993) 
to carry the weight of the Transfer Cask with the 154 -skatMPC 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 ; Sui@4 -.Appendix 3.AE of the HI-STORM 100 

System FSAR. The model focuses on the Transfer Cask wall region near the lifting 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- TRA C 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 "SHELL63" elements are used for the lifting trunnion and 
Transfer Cask shells.  

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 lbs was assumed in the analysis.NUREG 061 2/ANSI N!, 6 stat._ 
tha tA.f.ty faJtors Of 3 and 5 only1 apply to 9tr09999 th.t Wo ..d not be @..... by !@Gal yIdij;.. .
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., g e 21 .R...s.. The maximum ;ole.... pi-;p;,primary stresses in the Transfer Cask wall 

caused by .... l;i4i.ghis bounding load applied at the lifting trunnion A,2A calcuatedA to be-re: 

Tr..fer CaQrk W11211 Max. 1."i.nipa1 Primary Membrane Stress, jPm = 6,1 0.5 ksi

Max. Primary Membrane Plus Primary Bending Stress, Pm + Pb = 12.5 ksi

Therefore, the factors of safety on this stress are:

Ir2.sta ;r'." k wa2- W 2•ctorr oi

SF (primary membrane) = 17.5/10.5 
= 1.67

SF (primary membrane plus primary bending) = 26.2/112.5 
= 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.

In adAdtin, t&h; high-gs, l-'l Etroro in the 

13.4 ksoi
tt.rIuAiGnr t.o afll it~n'tinarea "'a, -,i.u-at-u to ,u

S" . t"-l I1 - - C C' -

r~nnion to ~nvii faor 01 ~wtl

4.7.4.1.3 Shield Door Rail and Welds 

The shield door rails must support the weight of a fully loaded .2WI- alketPC and ýhe weight 

of the shield doors themselves (a total of approximately 101 50104,200 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 4.-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 .1.0215 percent dynamic factor) is 

W = 4Q1,5Q.104,200" -41..15 
= 4 14,65Q 119,830 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: 

"= W =Q0g0.87 ksi 
2xLxt 

where: 

W = Design load = 61 H/50119,830 lbs 

L = Rail length 

t = Rail bottom plate thickness 

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

ob = M/(Lt2/6) = (W/2) x 6/(Lt2/6) 

where: 

M = Moment in bottom plate 
= (W/2) x 6 

6 = Applied load moment arm (I .,J. 25 inches) 

ab = 4,.4.34 ksi 

The bottom plate maximum principal stress is then, 

Bottom Plate S, = aW2 + [(oa/2)2 + T']°' 
= 4.44.51 ksi
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Although the Transfer Cask is designed in accordance with ASME III. Subsection NF, the stress 
criteria from ANSI NI1. 6 are applied here for added conservatism. "4;';h~hBased on the 
wat;ial properties of the material (S, = U.8-70 ksi, Sy = -3-2434.6 ksi), p •.4d~s he safety factors 
of.are: 

"q= 15.5 > 5 

9y= Z4 7.7 > 3 

The rail lower welds were evaluated by first determining the reactive forces, Fo and Fi, 
experienced by the outer and inner welds due to the applied load. These forces are found from 
simple balance of forces and moments.  

Fo = (6/w) x (W/2) = 4.1413.4 kips 

Fj = [(w + 6)/w](W/2) = 4..,773.3 kips 

where: 

w = Distance between welds 

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

tiower weld = Fl(,,-tgroove x L) 
= 243.19 ksi 

and the maximum principal stress at the weld is (for pure shear condition): 

Lower Weld S, = To,,wd =•243.19 ksi 

Which provides factors of safety of: 

(, =2 .1.222. 0 > 5 

PY =44410.9 > 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 P 
2ak LMPC as well as the weight of doors and rails for the total of approximately 
.l ... Q108, 200 lbs (I !;7, 5Q]24,430 lbs with a 4.1.15 load amplification factor).
tho r'&ctur,-. ;in-t,•,it of th-,I ;2 , 1 Iper welds if, aff,-d b, th ;he G.. .A .... O. ,, of the ... t,
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1je (see Figure '17-6) This effect stems frA; th@ fact thait the. load distribution bet"'ean the 
to upper... e. A. is w.. ith Position along 4h@ r2i . The analysis is done using the standard 

methodology of treating the weld as a line. The area and section mwQ-uw,- moduli of the weld per 
one inch of weld throat are calculated to be g 483.0 in,"/in -and 217-8Q171 in, 3/in respectively.  
The center of gravity location is shown in Figure 4.2-8. Then the applied moment (M) is 
calculated to be 24•i-199 kip-in.  

Weld force per unit of length (F.) is calculated as: 

Fw =(W/2) / A, + M / Sw = "1.91 kips/in 

Conservatively assuming a 4.12;.J/2-inch fillet weld, the stress (fj) is calculated as: 

f, = F/ (tI / V2) = 4,5.4 ksi 

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

(P. = SJSI=.i44,13.0> 5 

gy = S/S = ,26.4 > 3 

4.7.4.1.5 Top Co-a-9@Lid 

The purpose of the top Govr-plaw id is to provide radiation shielding and to prevent inadvertent 

lifting of the P-1.- R.• Rk•cttPC out of the Transfer Cask. Therefore, the Go-@plae op lid and 
its attachment hardware must have sufficient strength to support the weight of an empty Transfer 
Cask (since an inadvertent 1 BasketPC lift would imip-ause the lifting of the entire 
Transfer Cask by the Gov@;plaw op 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 Go;plats op lid is a steel ring with a 27-inch diameter center opening sightly sthaner th..  
the PWAR Ba.ket dmke .ter. The central opening allows access to the 2 13-g- PC 4 

WA, i ift cleats when raising or lowering the RIAIR P-askatMC out of or into the Concrete 
Cask. Sixtee- Twenty-four studs and nuts •,l.thold the Go;,@;pla op lid in place.  

The stresses on the inner and outer edges, ai and ao, of the go;,@; plate op lid can be calculated 
from th. flloin.g _; ..... O..Usingformulas from .Reference 4,104.
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-3W jffm4 1,(2 in a .ro 6M [aIr(m-1)-b:(m+ 1)] 
--4=cmt ... ro a t' [a (m-l)+bt (rn-I)] ln 

3 W][lro 2]6mM [2b2 ] 

U L 2,Tt' a t 2  [a 2(Mm- 1)+b(m + 1)] 

;- [W-/8~m]n [(m-'-14( !('r4~ 0 a--4 

3A,7 - Weight of .T..ARnf Cask (;t;';h lid) 

- Radius of applied load - p 2k@.la, .t uter radi,4 

a -Co~er- plate bolt circle radiura 

- Radiu's of-vo"- r plate cntral openin•gi 

m - 1,Poisson. ,atiQ - ..a3 - 3.33 

t Cower. plate thick;;@sr 

Substituting nu.meri.al ,alei.. into the a .ov .formulas yioldsThe results are: 

a. = 41.22.62 ksi 

c;(, = 4-3,.•.73 ksi 

The shear stress on the outer edge of the G -plate op lid, T., is calculated as: 

TO = W / 2rat = 040.59 ksi 

Therefore, the g -pl•aw op lid maximum principal stress due to the applied load is: 

S, = aF/2 + [(aJ/2)2 + T]05 = 428..77 ksi
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Comparing this stress level to the acceptance criteria shows the G -plate.op lid is structurally 
adequate, i.e., 

43.,,28. 77 ksi < 2"426. 0 ksi (0.75FY allowable per AISC) 

4.7.4.1.6 Cc-eP-kteTop Lid Bolts 

The load on a single bolt due to the reactive force caused by an inadvertent PWER 1BasketiPC lift 

is: 

FF = W.•,.W/24 =,715. 71 kips 

The load on each bolt due to the bending moment in the pa•.-lid (prying action) is: 

FM = 2HaM4ý 2=aMr/24 L = 2ra a.t2/6 
4.N24 x L 

where: 

L = Radial distance from outer edge of ~ Go-p~seop lid to bolt 
circle 

Mr = Moment per circumferential length = aot2/6 

t = Cg;.-PlatTop lid thickness 

-Y " .14,?,8. 73 ksi, see Gous&-pIaw op lid calculation section 

a Bolt circle radius 

which after numerical evaluation yields: 

FM = 54.,4.56 kips 

Therefore, the tension on each bolt, F, is calculated as: 

F Fp+FM +j= ;2, 10.3 kips 

which is within the acceptable range, i.e., 

F = 2"Q,10.3 kips < 3425.0 kips (allowable load for I lA -31-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, 2.1..1R..-•akePC, 24 fuel assemblies 
with control components) which is conservatively assumed to be 300,000 lbs. 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: 

Pb = (p(o.85f,) 4-74 
= 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.  

4.7.4.3 Lifting Yoke 

The Lifting Yoke is designed, in accordance with NUREG-0612 and ANSI NI 4.6, to I i ft the 
combined weight of the Transfer Cask and a fully loaded 2W- .Rask.@MPC in the Fuel Building.  
F~or conrsrat~ism the analysis :arvum-ed -a Ioadad- Traansfa Cark Wasigh of2g,0 I h*fd 

Lifting Yo0ke"weight's -AI- rmad to be 7,000 lbs A dynamic load amliiatin tor. of I - a 

2 The maximum normal or combined shear stress in each of the components is limited to 
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. Th..e -- " pr. icipal .r..... ....  
Qc'l1-!la4QA U~ifg th@ follo"ing gti: 

2" 2 2'
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EF - bending stress 

r-- heafstr-tess

T"~~~~~ ~~~~~~~ r"'na 21 R489 1412rent -2GI2~ n; com1nonent9WsGRAGOiS4AQGR;QG;
analyi~ec! "ere: beams, pins, yoke -;ms, And hook. The maxiu rnia tr'4ess for each of 
thse coQmponents was than CoQmpared to allo"'ablo yiald and u'ltimate traessr for its materia of 

const~~~ction.I Ths omoet "eefund LO h2AIe safety factorS Of greater. tha 3 for yield 
stress, and greater than 5 forutiaestes 

The. lou.'est eR@I'ice temper-atr for: th@ Lifting Y4oke u's etr ie to be- W0 . se of the 

Lifting YoQk- is limited to ambient tprtrsgreater thanl -320 to Satisf' fract&'r" toughness

4.7.4.4 W4oi.t ..... LMPC Lift Cleats 

The adequacy of the PP Bcst C lifting devices is demonstrated by considering each of the 
WA-RtinP~MPC lift cleats, the lifting holes and attaching bolts, the pRU. Basket s•tctu,_aMPC 
lid, and its weld to the shell. The design of the R.W- 2a-skaPC incorporates liftig 
pQoirfour (4) threaded holes in the top lid, which may be asnsdered a two redndan. t odad 

paths, each using . Hoist Rigaccept 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-STA R 
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 dynamic load increase factor of 4.0415 percent-an 
ca•lc-lated the• ;VtreSS asocited;U ith a single oad path sng H4oist Ring. "n .ad , sinc 

the load is, applied at a s!,lgh angle, a hori;XontaI load opnn s nrdcd 

Th-e. oirit Ring e"aluation is. based on the Manufac-turer's- rated4 capacity and pro;Zided load 
fatct-rs The saf.et factor for the Hoist Rings (single load path of Ilif points) ;'-. S AetQR:AiA t 
be 5.33 This assum. d a maximum liWt angle of 120 (this .. . a. . to a W.ight .... the . W. R 

Basket Hoist& Rings and lifting point Oflnot less, than I1I feet). !Amwinra;tive controls w'ill be 

Theminmumtl;--Ad @ngagement4 for the Hoist Rings was detemined based on the trnhsof 
materilsi toesr tiping of thre@ad materia inte r2ctn liwoulR@ not cur- (since the 

st~trllid is made ofr.sfotr. mater:i-l than the hoist ri;ng bolts) The minimum thrd 
e~ngagement "'as d@4temined to be QS9 inches -An ;Aill be ensured4 by admnsrai' procdures.
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The. strctralZ,;. lid 2and PWAR Wasket shell are. eualuated baasead on the finite olementA analysis results 
of the Sierra Nular- Co-Porationg \'SC21• ca•lclaton; (Refere .nce 8) The strctural.... l1;d, 

thickness for the WAW. Biake.9t is the same. as used for the USC 21. The -.211 th;ikne... for the 

PW14R Baskets is the same, thickness used in 2 '.'SC214 lifting deoice calculation. The PWAR 
Baskets hav. a slightly i;nc.oaraed diamst;, r Adju,,tm.nt ,ar,2a m.ade for the ne"'.. loads .s wal.l as 

for the .light inr.;ase in diamet.. ;T h.e load -ha i incrporat, d by cali•n.g. Q heomet, 

changes • ;e@ atigod, since stres is -po•ial to!hre the radius ofth loAd 
application; and a the plate radius.  

The maximum p , pnip-normal or combined shear stress A-.s deter:mined to b 5.0 kgi ,'h•c•h 
results. in a safety factor of 13.2 for ,timate ostress -Ad 4.3 for yield streasin 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 
ANSI N14. 6.  

The a-bo",. analysis ,'a bsegd oRn 4 Hois Rings sup-o i- the DWR/ 2asket lo-.- ThXe DLPR 
Basket "'ill b l;.d using 8 H'-oist RIn;-s.a Section 8.2.13.1.2 analyzes the accident condition in 
which an PWR Raske&MMPC fi,.toverlift results in lifting the Transfer Cask.  

4.7.5 THERMAL EVALUATION DURING FUEL TRANSFER 

The Transfer Cask model and calculations are presented below.  

4.7.5.1 Transfer Cask Heat Transfer Modes 

Heat is generated in the fuel assemblies and transferred to the Transfer Cask from the 1.W.R, 
2-sk, tMPC surface by radiation and conduction through the air annulus between the -W2-R 

-s kwt-MPC and the Transfer Cask in a manner similar to that described in Section 4.2.6.4 for 
the Concrete Cask and the WWR. . ,sketiPC. The heat is then conducted through the Transfer 
Cask wall and convected and radiated from its outer surface. The heat transfer modes inside the 
P-WR 2a&7.PC are the same as discussed in Section 4 1 64. 2.6.5.  

The ANSYS_'.HEPARALFLUENT finite .o•w~mivolume model similar to that of the Coinc•rG 
Ca-k-i6described in Section 4.2.6.4 was used for the analysis and p-. .te.. nA Figure" 4.7 5. The 
FLUENT model of the Transfer Cask is depicted in Figure 4. 7-8. Aun.aAmbient temperatures of 
750 F and I00°Fwasa.were used in the analysis.  

As aQeQs•ibd in Scot;An 4-1641, the PWR Basket 1n2te4sreR not mod•e•A ;in detaI sRinc the 

only itret,, for. the WA, R 2askoot in this Modal W,. thesh temlrl.,re. This analysis determines 
the temperature distribution in the Transfer Cask and the P.R,. Bsk.@4 C- . Figures 4.7-
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.;4. 7-9 and 4.7-10 show the temperature distribution in the MPC in the Transfer Cask for 

ambient temperatures of 75°F and 100TF, respectively. Figure 4.7-11 presents the temperature 

profile through the C."ctat Transfer Cask wall at the hottest section. The, higi. t Rho'eI 

t.mpe.rature. is use,-d as a boundary, condition in the r2WAR Basket n desc-,bd b,•,,•A The 

results of the analysis are summarized in Table 4.2-12.  

4.7.5.2 PWR Baarkat Tham Lldra'.141; .. delVacuum Drying 

"The 12,IPR B•aset was modeald using the, ANSýV4S'THCLUE R MAIn ,ite e•le•m t code as discusAeA 

in Sectio .. 6A Tho P1IYR B2-,khot slic•_e I m .ol .gA ued Wtostimat, t1,he D'PI B•kot 

c romp onent andfuel tempertures,.For the PWR- Basket drying car,@, the P-2lWR Tasket model 

41.1Asoiidt represent -2'acuum con;ditons. The innr helium alementsS w~ereo rePo-ad. The 
result4ing mnodel onlyý includes radiation from tho guide sloAee'.'e to the PWAR- 11asket w"all. Baied 

on the bnc.hmar.ks pero...d for .acuum case.o.f o.ther cs. k tests ad th. highsr .. mpor.aturs, 

the fueal effecti-e thermal con~ducti;,Wiies ;;,er@ left unchanged. The shell ternparatwe frm the 

Transfer. Cask was used 2as 2 bounding con~dition for the PRIAR B12sk@t U-~yis The111 2;@ls 

presented in Table 1.2 1 .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 cladding 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.  

4. 7.5.2.1 MPC In-Plane Resistance 

The MPC is rendered as a two-zone axi-symmetric 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 (10-3 bar to 10 bar) 
(Reference 19), the thermal conductivity drops by about I percent for a drop in pressure of 
I bar. Below 10-3 bar, conductivity drops in proportion to pressure reduction down to zero.  
For example, conductivity at 0.5 x 10-3 bar is half the value at 1O-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 75°F (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 PCTplot is shown in Figure 4. 7-12.
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The analysis shows that the fuel cladding remains below 520 °F 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 6590F.  

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 6100 F.
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4.8 MATERIALS 

NRC ISG-15 (Reference 18) 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 andX.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: 

1. 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. d and 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. L.b, X3.2.c, X.3.3 andX 4.1 through X 4.4] 

5. 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- IS 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 Xi3.2.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 SA R identifies equipment and components that are designated 

as important to safety. Chapters 1 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 III, 

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 ll, 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 III, Subsection NG. Deviations from the ASME Code 

requirements for these components are listed in Tables 4.2-la 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 SA R 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 
PW-R Bsk-ae and Basket O.erpc•.'_Muldt-Purpose Canister (MPC) 

MATERIALS 

Material in accordance with design drawings. References to ASME Section III are 4.19,.11995 including Addenda 
through 4.9"1997.  

FABRICATION' 

Fabrication inspection in accordance with design drawings.  
Cutting, welding, and forming for the confinement boundary in accordance with ASME, 

Section II, NC-4GOQNB-4000. Stamping is not required.  
Cutting, welding, and forming for the RPC i.........fuel basket in accordance with ASME, 

Section III, NG-4000. Stamping is not required.  
Filler metals are ASME, Section I1 material.  
Welders and welding operators are qualified in accordance with ASME Section IX.' 
Welding procedures are written and qualified in accordance with ASME Section IX. 2 

Visual examinations of welds as specified in ASME, Section V, Article 9, with 
acceptance criteria per ASME Section III, Nrw.5W54LNF-5360 and NQ-,32(-14NG-5360, as 
clarified on the design drawings.  

Welds are liquid penetrant or m pg..tgicp'ti-c_ examined in accordance with the 
requirements of ASME Section V, Article 6 or A.ticlo 7, respe*cively.  
Acceptance criteria for .liquid penra•t per ASME Section III, NC 53QQ (1992)NB-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 III, NC-53OQNB-5320.  

Personnel performing examinations qualified in accordance with the quality assurance 
program, and SNT-TC- IA (44".1992 Edition).  

Surfaces cleaned to surface classification C or better as defined in ANSI N45.2. 1, 
Section 2.  

Hydrostatic Testing to ASME Section III, WC-622"B-6000.  
Helium Leak Testing por ANb1SI N! 4 5, "•om•erii Ntional -,d,,d for R-dietio 

Materiz*k_ Leakage Te669 for PRczkgef for Shippme.n'zn accordance with ANSI NI4.5.  

PACKAGING AND SHIPPING 

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

QUALITY ASSURANCE 

The RWR RarkeUPC 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-Ia.  

"Requirements are specified in ASME Section III
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Table 4.2-la 
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.  

N4t-- l-•l . Wk.!;i.... cnf" r....ion .tructoral "attchme.'t. ".elds re. prmit,,ed ,,o bo at-,,achd b... weld that, ..r. no cont;nu on.... all t;d, 

N44~ reqiremnts llowd i vesels heseattahmens d not sroive w rsoertaining fQnction, and, "'henA fuel irs loadod, QroV &Ubjoct only t 
p-i d p... ...... m nt. o ciG6A oa d Cycli loading, ..... r ...het, and fati..o &;@ not cr. dible .. t... . D ta. .ied doJp an.aly.ig 

inclodos- actoal. 'vel -41nf-g1ration and ptnillatrnfrt hpe reetnngboutndary.  

Catog;ry C weldati jo~int fo -bcct1nNC regore Category, C ful -pnetAtio conr61de o,4t0bAxmio b h 

(doeto ~ aueoaton o UT ignls b aosnic tailossstee n'ld lea!nd ajoint geometr-y that 
com4plicates WT ine-eainAnd the inheOr;n cracking r06.6tAnGO of thage matorials, the 4caaopy C 
strctoral lid tlo-r-•a ;li;, ll n,,o1t. b t nondt;•lI ea mined in ... ord.nc. it; N 2553. Thi ....  

44,6 11 be exaMined by &h@ liqtidA penerrant maethod (ialti layor. prcdr#hat inclo'des thie root 1,;d 
fial . a.. r and..fficiet lay@r- to dectcrial fla....) In additi, tpaal p.. t 

weldbet'ee ~h sheldlidand~heshal ~illbe xamnedby J;@ liqoid penetrant met;hod (za r@9 iro by j 

NCt 5260) and w'ill be helium loak tested, onf'in~i' a VWak tight boondJary.  

DofIign of him-d att-GlmonsoW in whe Q-r hedt sel''ls aVcone joint, NC X759. rei ie ththo.&Ogh thickntiss dimen~sion ol 
; .... h- ...... J .o..Xce .*he h r .fth . h .A .or shell thickne. s by &A amoont that 4Fio ' will; the spe.ifi.  

jgjoint derSign. DoeW to ;h@ geome @ of- A,,e Qnonl an1,--o ak, of acce to the inIs!ed sorface of the4 
104. GtrI lid clos'r w"'ld, the -hlld to 0bowom Pl!ate ;hold alie th,% rtrp tr l 21id to &hell closreF AAeld do 

no h.. .. &he ri lrdr on. .. e I-IA O 4 rF c . .. .........
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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 (I. D.) and the 
Category C Joints (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 (R T) Radiographic (RT) or Ultrasonic 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 to their configuration. Root and final weld passes are liquid penetrant (PT) examined 

in accordance with NB-5245. The MPC lid weld and the vent and drain port cover plate welds are 
leak tested The closure ring provides independent, redundant closure for the vent and drain port 

NB-5331 (UT) cover plates.  

2. The MPC lid-to-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 final weld layers and each approximately 3/8 inch of weld depth.  

SHydrostatic 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 

"Pr.alJ-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 welds,-;,igh will be examined by •he . ,,id Feer2.n' mMthO',_s 

described on the design drawings and other Code exceptions. The p."ii p2wnotration shild lidw '.'d 
u4UMPC vessel is seal welded in the field following fuel assembly loading and shall be hydrostatically 
tested, holium loak wewd .. lig-id p...e.nt tadtiq after the MPC lid-to-shell weld is complete.  

NB-7000 Vessels are 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-la 
ASME Code Deviations
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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.  

N.C.-2 I-) Material utilized in fabrication shall Not all P'R B.&,.•wkt•PC materials will be selected from materials permitted for use in Section III 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 The primary function is structural, and appropriate structural materials will be selected. Materials will be 

Tables 2A, 2B, and 4 of Section Ii, supplied by a Holtec-approved supplier with CLMTRs in accordance with NG-2000 requirements.  
Part D, Subpart I and all special 
requirements of NG.  

AG-4427(a) A fillt weld in any single Replace the Code requirement with the following: For the longitudinal MPC basket fillet welds, the 
continuous weld may be less than following criteria apply: I) The minimum throat dimension must be maintained over at least 92 percent 
the specified fillet weld dimension of the total weld length. All regions of sub-sized weld must be less than 3 inches long and separated rfom 
by not more than 1/16 inch. each other by at least 9 inches. 2) Areas of undercuts and porosity beyond that allowed by the applicable 
provided that the total undersize ASME Code shall not exceed 1/2 inch in weld length, except that cracks shall be evaluated in accordance 
portion of the weld does not exceed with the applicable ASME Code. The total length of imperfections over any I-Jbot length shall not 
I0 percent of the length of the weld. exceed 2 inches. 3) The weld length in which items (1) and (2) apply shall not exceed a total of 
Individual undersize weld portions I0 percent of the overall weld length. The subject e"lds are located over the full length of the Afl'(" 
shall not exceed 2 inches in length. basket. The Code criteria are intended for the construction of operating reactor core support structures.  

The AIPC basket is subject to much less severe service than a reactor core support structure. The 
location of the MPC basket welds makes it impractical to measure the depth of weld defects. Considering 
the large structural margins in the AIPC basket design, these alternate inspection criteria are adequate to 
ensure the as-built welds are adequate.
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Table 4.2-2 
Concrete Cask Fabrication Summary' 

MATERIALS 
Concrete mix in accordance with requirements of ACI 318.  
Type II Portland Cement, ASTM C 150.  
Fine aggregate ASTM C33.  

Thermal expansion coefficient of 6.Ox I 0in/in-0 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 6.0x 10-Sin/in-0 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 including 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 3 18.  
Grade, type, and details of reinforcing steel in accordance with the referenced drawings.  
Embedded items conform with AC! 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'

SDeviations are from ACI-349 except where indicated otherwise.

Revision 2

Code Requirement Exception/Justification 
Section 

No.  

1.2 Specifies how drawings and The loads used in the design are covered in the 
calculations must be handled. calculations rather than the drawings and 

specifications.  

4.1.4 Design drawings shall show Design drawings refer to design specification 
specified compressive strength of SP-001 for compressive strength. Justification 
concrete is that design compressive strength is 4000 psi 

for all concrete used in Concrete Cask 
fabrication.  

4.5.1 and Air content for frost resistant Two concrete batches had actual air content 
A CI-318, concrete, for moderate exposure below 3.0 percent (2.6 and 2.9 percent).  
4.2.1 and 1-1/2-inch aggregate, is Justification is based on compressive strength 

4.5±1.5 percent (Reference exhibited in 28-day break Specifically, the 
Chart 4.5.1). 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 
5, 000 psi), for which the Code allows a 

I percent reduction in air content.  

A.4 The limits for bulk, (150'F) & A long term temperature limitation of 225°F is 
local area (2000) concrete used. This increased limit is based on test data 
temperature. 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.
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Requirement Requirement Summary Basis fbr Conformance 

10 CFR 72.122(a) Quality Standards Structures , systems, and components important to Quality assurance program in accordance with 10 CFR 
safety must be designed tested and fabricated to 72.104(d) implemented for ISFSI activities. Refer to SAR 
quality standards commensurate with their function Chapter 1I.  

10 CFR 72.122(b) Structures, systems, and components important to SAR Chapter 2 describes the site characteristics and 
Protection Against Environmental Conditions and safety must be designed to accommodate the effects of defines credible environmental conditions.  
Natural Phenomena and be compatible with site characteristics and to 

withstand postulated accidents 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 SAR Section 8.2.5.2 demonstrates that Seismic Margin 
Seismic Margin Earthquake, anticipated -damage to Earthquake does not result in damage to storage system 
spent nuclear fuel or containers will not preclude 
acceptance at federally licensed disposal facility.  

10 CFR 72.122(c) Structures, systems, and components important to SAR Section 8.2.9 discusses impact of lire on the ISFSI, 
Protection Against Fire and Explosions safety must be designed and located so that they can Section 8.2.14 discusses explosions 

continue to perform their safety function under 
credible fires and explosion exposure conditions 

10 CFR 72.122(d) Structures, systems, and components important to The ISFSI is designed for stand alone operations and does 
Sharing of Structures and Components safety must not be shared between the ISFSI or other not rely on other facilities to support performance of its 

facilities unless it is shown that such sharing will not safety function. The ISFSI does not share its facilities 
impair the capability of either facility to perform its with any other facility.  
safety function.
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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(e) An ISFSI located near other nuclear facilities must be The Environmental Report, Chapter 5 discusses the impact 
Proximity of Sites designed and operated to ensure that the cumulative of ISFSI operation on the environment. The 

effects of their combined operations will not constitute Environmental Report concluded that ISFSI operations 
an unreasonable risk to health and safety of the public, have no significant impact on the environment.  

10 CI:R 72.122() Systems, and components important to safety must be ISFSI structures-, systems, and components important to 
Testing and Maintenance of Systems and Components designed to permit inspection, maintenance, and safety are designed to minimize the need for testing.  

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 CI:R 72.122(g) Structures, systems, and components important to Access to off-site emergency facilities and services such 
Emergency Capability safety must be designed for emergencies. The design as hospitals, fire and police departments, ambulance 

must provide for accessibility to the equipment of on- services, and other emergency agencies is discussed in the 
site and available offsite emergency facilities and Emergency Plan.  
services.  

I0 CI:R 72.122(h) The spent fuel cladding must be protected during Section 4.2.3 discusses the confinement boundaries. The 
Confinement Barriers and Systems storage against degradation that leads to gross ruptures RMPC shell provides the confinement barrier 

or the fuel must be otherwise confined, 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 controls systems must be The Trojan ISFSI is passive by design and requires no 
Instrumentation and Control Systems provided to monitor systems that are important to controls for operation. Storage system monitoring will be 

safety over anticipated ranges for normal and off- performed using measuring and test equipment calibrated 
normal operation in accordance with the Quality Assurance program.

Revision 2
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Requirement Requirement Summary Basis for Conformance 

IO C:R 72.1220) A control room or control area, if appropriate for the Chapter 5 provides a discussion of ISFSI normal and 
Control Room or Control Area ISFSI design, must be designed to permit occupancy emergency operations. These operations are monitored 

and actions to be taken to monitor the ISFSI safely and performed at the Storage Pad. There is no 
under normal conditions, and to provide safe control requirement for remote monitoring, therefore there is no 
under off-normal or accident conditions, requirement for a control room or control area.  

IO CFR 72. 122(k) Requires utility services that are important to safety be The design of systems, structures and components 
Utility or Other Services provided with redundant capabilities and adequate important to safety does not rely on utility services.  

capacities. Section 4.1.2.3 provides additional discussion.  

I0 CFR 72.122(1) Storage systems must be designed to allow ready Spent nuclear fuel is stored within seal welded closure 
Retricvability retrieval of spent fuel for further processing or $4j1-..A1AfPCs.  

disposal. The ISFSI is designed to allo%% retrieval of the 14444 
"Mail,,"MP('s and placement into a 

Transport ,Cask. Chapter 5 discusses operations 
associated with retrieval and shipment of spent nuclear 
fuel.  

IO CFR 72.124 Fhe spent fucl handling, packaging. transfer, and The AW4 ,tAP(" is designed to maintain subcritical 
Criteria for Nuclear Crilticality Safety storage systems must be designed to be maintained conditions for credible accidents. T he Keff for the IL 

subcritical and to ensure that, before a nuclear UA&L*0lPC is based on design geometry and -ia & 
criticality accident is possible, at least t1%o unlikely creditfor the neutron absorbing material for both the wet 
independent, and concurrent or sequential changes loading and dry storage conditions. I" to'.r ., in'd _."' 
have occurred. When practical the design must be "...i..i.i ...... .. iw 4 1 'l M 44• A. oluii .. .  
based on favorable geom etry or perm anently fixed h... _- ' till- _' h . '_ I_: ' - -_ for th i- .. _ k'. t_,_ 

neutron absorbing material, or both. . ....... ,h ilt: ' I ........ .......  

n~~in~m........ . ........................ ~n't i 

r .. .. . in.h. ... r ... ..
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Requirement Requirement Sunmmary Basis for Conformance 

I0 CFR 72.126 (a) Structures, systems and components for which Radioactive materials are confined within a %kelded steel 
Exposure Control operation, maintenance, and required inspections may enclosure. As a result, it is not anticipated that personnel 

involve occupational exposure, must be designed, will be exposed to airborne radioactivity. Radiation 
fabricated, located, shielded, controlled, and tested so exposure control is implemented by limiting access to the 
as to control internal and external exposure to ISFSI. Access control will be implemented in accordance 
personnel, 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.  

It CFR 72.126(b) Radiological alarm systems must be provided in Section 7.3.1 of the SAR describes the design features of 
Radiological Alarm Systems accessible work areas as appropriate to warn operating the installation and equipment that ensures that personnel 

personnel of radiation and airborne radioactive exposure to radiation is ALARA. Section 7.3.4 describes 
concentrations above a setpoint. the radioactive monitoring instrumentation.  

I0 CFR 72.126(c) As appropriate, effluent systems must be provided The confinement features of the Trojan ISFSI storage 
Effluent and Direct Radiation'Monitoring with means for measuring the amount of radionuclides system are such that radioactive releases are not expected, 

in effluents. Areas containing radioactive materials thus, effluent radiation monitoring systems are not 
must be provided with systems for measuring direct required. Direct radiation monitoring consists of 
radiation. thermoluminescent detectors (iLDs) 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 ISFSI 
SAR.  

I0 CFR 72.126(d) The ISFSI must be designed to provide a means to The ISFSI is designed to ensure confinement of stored 
1:Iflluent Control limit to levels as low as reasonably achievable. 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 V" 
Ua&L'tAIPC leakage are evaluated in Sections 8.1.4 and 
8.2.1.
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Requirement Requirement Summary Basis for Conformance 

10 CFR 72.128(a) Spent fuel storage and other systems that might The ISFSI is designed to provide confinement of spent 
Spent Fuel Storage and Ilandling Systems contain or handle radioactive materials must be nuclear fuel and related radioactive material for the 

designed to ensure adequate safety under normal and spectrum of operating conditions and accidents.  
accident conditions.  

I0 CFR 72.128(b) Radioactive waste treatment facilities must be Generation of radioactive waste is not anticipated at the 
Waste Treatment provided. Provisions must be made for the packing of ISFSi. Radioactive material stored at the facility is 

site-generated low-level wastes in a form suitable for contained within welded enclosures. Site-generated ,astc 
storage onsite awaiting transfer to disposal sites. 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.  

IO CFR 72 130 1'he ISFSI must be designed for decommissioning. Decommissioning activities consist primarily of 
Criteria for Dccommissioning transferring the AIP(s lor permanent off-site 

disposal or storage. The storage system has been designed 
to minimize contanmination of the Concrete 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 34 5-2 6-O39 0(4 )0) The ISFSI must have a minimum design life of"40 The ISFSI is designed for 40 year life.  
Design l~ife years.
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Table 4.2-4 

Nominal Weights and Centers of Gravity" 
Nominal 
Weight

P14.44R- k@4MPC 

Empty (without lid&) 

Loaded Wet- (Fuel, Inserts, water, and shickd-lid) 

Loaded Dry (Fuel, Inserts, sh-ield and str'-ctu-l lid, 
and lid closure ring) 

Stiar Lid 

Sh-ie I;

mRpty (without lid)

Transfer Cask 

Empty (no lid) 

Empty (with lid) 

Empty (with lid and water jacket filled) 

Lid 

With 12 R-skeMPC (empty without lid&) 

With p 1 .R B•asketaMPC (loaded wet with shii. .1-lid, water 
jacket empty) 

Table reflect_ n.aminal weight and_ centers of g@ra-4y bsedl @A 

dasig;n aiI-,ations used glight"l, d,'fferent values. Ue diftfar, 

co.cQ'-_sens reached.

Q 95,4.8V5.9 
109,000 

1 -11,',6 8 .2 
111,500 

119,100 88.5 

4•W2,500 -

i nn ý'Q96,686.5 
139,400 

1W, 0 ,6 Q"94.6 
204,900 

ent deiA c~~Aio tom ear

Revision 2

Item/Configuration
Center of 
Gravity 

=,980. 0 

!;1.,g93.4 

!4494. 0

26,430,400 

86,000 93,400 

5 78,700 

a 9, 790

GIN*

Gar, Me QFA. M W "we M"MM
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Page 2 of 2

Table 4.2-4 

Nominal Weights and Centers of Gravity"

Item/Configuration 

With W-R ...a.. ;.MPC (loaded dry with lid&, water 
jacket filled)

Concrete Cask

Empty (without lid and shield ring) 

Empty (with lid and shield ring) 

With ,P1-WR -a.,ksMPC (loaded dry)

212,000 

214,000

292, 700

WUith pW.". Brket and Baflket O,,etrc,

1--1

Lid

Shield Ring

1,200 

1,200

T-b'd rsfl4cti, ROMiI OR-1 t WO 3nSd centeri of@ gn,,ity bai@,d OA Gig*@nt .4@SOSn c0[2ioF'o~ aitr.

Revision 2

'-V

Nominal 
Weight 

196,800 
197,800

Center of 
Gravity 

9.-3,94.3

103.8 

105.0

.1094107.8

JOWSn c11C212tiQfl 1160" 6Iiht'ý' 61ttROFOt 4-h~fmec~ter, s nce.@r.- - IMM rm.0i Qn0 AQ& 1noiG impi

S. . . . . • 1•
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Table 4.2-5 

Mechanical Properties of Steels Used in the Storage System

Material 
Specification 

ASME SA-516

ASME A-350

Type 
or 

Grade 

70

LF2

Temp 
(OF) 

70

100 

200 

300 

400 

500 

600 

700 

70 

200 

300 

400 

400

Yield 
Sy 

38.0' 

38.0' 

34.6' 

33.7' 

32.6' 

30.7' 

28.1V 

27.4' 

36' 

32.93 

31.9' 

30.9'

Ultimate 
Sý 

70,.04 

70.04 

70.04 

70.04 

70.04 

70.04 

70.04 

70.0' 

70.04 

70.04 

70.04 

70.04 

70.0

Allowable 
S, 

23.3' 

23.3' 

23.15 

22.5' 

21.7' 

20.5' 

18.7' 

18.3' 

23.3' 

21.9' 

21.3' 

20.6'

Elastic 
Modulus' 
(109 psi 

2)9.5

28.8 

28.3 

27.7 

27.3 

26.7 

25.5 

29.5 

28.8 

28.3 

27.7

Page 1 of ;5 

Coefficient 
of Thermal 
Expansion

(I 0-in/in°f) 

5.53 

5.89 

6.26 

6.61 

6.91 

7.17 

7.41 

5.89 

6.26 

6.61

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

2 ASME, Sec. II, Part D, Subpart 2, Table TE-i 

3 ASME, Sec. ii, Part D, Subpart I Table Y-I 

4ASME, Sec. II. Part D, Subpart I, Table U 

5 ASME, Sec. I1, Part D, Subpart I, Table 2A

Revision 2
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Table 4.2-5 (continued) 

Mechanical Properties of Steels Used in the Storage System

Material 
Specification 

ASME SA-240

ASME-SA-240

Type 
Or 

Grade 

304

304L

Temp 
(OD 

70 

100 

200 

300 

400 

500 

600 

700

70 

100 

200 

300 

400 

500 

600 

700

Yield' 
Sy 

30.0 

30.0 

25.0 

22.5 

20.7 

19.4 

18.2 

17.7

25.0 

25.0 

21.3 

19.1 

17.5 

16.3 

15.5 

14.9

Allowable' Elastic
Ultimate2 

S.  

75.0 

75.0 

71.0 

66.0 

64.4 

63.5 

63.5 

63.5

70.0 

70.0 

66.2 

60.9 

58.5 

57.8 

57.0 

56.2

Sý (ksi 

20.0 

20.0 

20.0 

20.0 

18.7 

17.5 

16.4 

16.0 

16.7 

16.7 

16.7 

16.7 

15.8 

14.8 

14.0 

13.5

Modulus' 
(106 psi) 

28.3 

27.6 

27.0 

26.5 

25.8 

25.3 

24.8

Page 2 of 35 

Coefficient 
of Thermal 
Expansion5 

(10 6in/in 0 D 

8.55 

8.79 

9.00 

9.19 

9.37 

9.53 

9.69

Use SA-240 Type 304 data

'ASME, Sec. 11, Part D, Subpart 1, Table Y-1 

"ASME, Sec. [1, Part D, Subpart I, Table U 

SASME, Sec. 11, Part D, Subpart I, Table 2A 

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

ASME, Sec. 11, Part D, Subpart 2, Table TE-!

Revision 2
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Table 4.2-5 (continued) 

Mechanical Properties of Steels Used in the Storage System

Type 
or 

Grade
Temp.  
(OD)

44.0 

300 

400 

70 

100 

200 

300 

400 

500

Yield 
Sy 
kLS)

36.0V/ 

36.0W1 

32.V1/ 

31.9"1 

30.8'V 

29. i "/

Ultimate 
Sý

58S.0•2 

58. 042 

5 8. W 

58.0ý2

Allowable 
S, 

(ksi)

19.3`3 

19.3'3 

19.363 

19.3,3 

19.3'3 

19.3,3

Elastic 
Modulus 
(10' psi)

Page 3 of 5 

Coefficient 
of Thermal 
Expansion 

(l10-in/in°F)

UWAe SA- 516 Ga_.de 70 dtaw 

Use SA-516 Grade 70 data

A AMW Code Case, N' 71 15, T-ble 3 

A5449, Co-49 Q66, N ;71 15, Table 5 

'AS ME, Code Q66e, W 71 IS, Thbls 1 

1 ASME, Code Case N-71-16, Table 4 

s2 ASME, Code Case N-71-16, Table 5 

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

Revision 2

Material 
Specification

ASTM A-36
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Table 4.2-5 (continued) 

Mechanical Properties of Steels Used in the Storage System

Type 
Or 

Grade 

LF3

Temp 

-120.  

100 

200 

300 

400 

500 

600 

700

Yield1 
sy 

(Aksi) 

37.5 

37.5 

34.2 

33.2 

32.2 

30.3

Ultimate2 

Su 
(ksi) 

70.0 

70.0 

68.5 

66.7 

64.6 

60. 7

Allowable3 

Sin 

23.3 

23.3 

22.8 

22.2 

21.5 

20.2 

18.5 

16.8

Elastic 
Modulus4 

(106 psi) 

28.5 

27.6 

27.1 

26.7 

26.1 

25.7

Page 4 of 5 

Coefficient 
of Thermal 
Expansion

(10-6in/inOF) 

6.20 

6.27 

6.54 

6.78 

6.98 

7.16

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

2 Based on ratioing Sm values 

3 ASME, Sec. II, Part D, Subpart 1, 

4 ASME, Sec. AI Part D, Subpart 2, 

5 ASME, Sec. I1, Part D, Subpart 2,

Table 2A 

Table TM-I 

Table TE- I

Material 
Specification 

ASME SA350

Revision 2
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Table 4.2-5 (continued) 

Mechanical Properties of Steels Used in the Storage System

Page 5 of 5

Material 
Specification 

ASME SB63 7 

ASAE SA 193

Type 
Or 

Grade
Temp 
.FoL

N07718 -100 

-20 

70 

100 

200 

300 

400 

500 

600 

B7 <200 

200 

300 

400

Yield1 
Sy 

(ks i) 

150.0 
150.0 

150.0 

150.0 

144.0 

140.7 

138.3 

136.8 

135.3 

105.0 

98.0 

94.1 

91.5

Ultimate 1, 2 

Su 
(ksi)

185.0 

185.0 

185.0 

185.0 

177.6 

173.5 

170.6 

168.7 

166.9 

125.0 

116.4 

112.1 

108.9

Allowable3 

Sm 
(ksi)

50.0 

50.0 

50.0 

50.0 

48.0 

46.9 

46.1 

45.6 

45.1

Elastic 
Modulus

4 

(106 psi0

29.9 

29.0 

28.3 

27.8 

27.6 

27.1 

26.8

Coefficient 
of Thermal 
Expansion: 

(l0-6in/inOF)

7.05 

7.08 

7.22 

7.33 

7.45 

7.57 

7.67 

6.09 

6.43 

6.74

/ SA 193 B 7 Values from ASME, Sec. I1, Part D, Subpart 1, Table Y- I. SB63 7 values based on ratioing Sm 
values 

2 A 193 B7 Su based on ratioing Sy values 

34ASME, Sec. IL Part D, Subpart 1, Table 4 

4 ASME, Sec. 11, Part D, Subpart 2, Table TM-4 

5 ASMAE, Sec. II, Part D, Subpart 2, Tables TE- I and TE-4

Revision 2
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Table 4.2-6 

Mechanical Properties of Concrete Used in Concrete Cask

Density 
Temp. 'F (lb/ftl)

32-400 141

Thermal 
Conductivity 
(BTU/hrft0 F) 

0.719

Compressive 
Strength (psi) 

4,000

Thermal 
Expansion 
(in/in/IF) 

6.5x10-6

Modulus of 
Elasticity (psi) 

40 years 

3. 1 x 106
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Table 4.2-7 

Summary of Maximum W-RR- 8arktMPC 
Thermal Stresses (ksi)

Component 

Fuel Basket 

Shell 

Rouom- -aBaseplate 

'Shield Lid 

T,-@I, I. -laASZ A 

ShWae~dLdW~

Maximum Thermal Stress Q (ksi) 

5.61 

4."39. 9t 

4S5121. 9t 

"443.52t

t Maximum stress (PL + Pb + Q) due to combined effect of normal operating internal pressure plus thermal 
loading.

Revision 2



qLi'

f1

(

I

LIII t

r1

.4 4. 4 4- + 4 4- 4 4 4

4? i
I

4 4. 4 4- 4 4- 4 4. 4 4 4 4 -

I

[ci' 

a a �a a a �a a �a a j�s a Es a a �s a

4 ____________ A ___________ L U .5. *......4. 4 .1. .4.

( (

-4 

-I 

0

X CD.  

.tt

I

I.

t ý t I r V E I r v El r t El t t El r t t I t V fl t E H t t El t E E I t E t



Trojan Independent Spent Fuel Storage Installation Safety Analysis Report

Calculated Value, ksta 

Component Stress Category Design Internal Normal Handling ASME Service 

Location Pressure Level A Limit1 

Fuel Basket Pm 0.5 15.4 

PL + Pb " 8.3 23.1 

Shell Pm 6.9 6.9 18.1 

PL + Pb 10.6 8.7 27.2 

PL + Pb + Q 39.9 54.3 

Baseplate Pm 2.3 18.7 

PL + Pb 20.5 25.8 28.1 

PL + Pb + Q 21.9 56.1 

Lid Pm 0.7 16.9 

PL + Pb 3.0 3.9 25.4 

"*PL + Pb + Q 3.5 50.8 

Lid Weld Total Shear 2.7 3.5 8.0 

a Values shown are maximums irrespective of location 
b ... d. ............ r .du ..d by .....rc .t.c.n.i.ent ...... ............ .f ....... ! ..... .... for ...  

i ....... Stress limits are conservatively taken at thefollowing reference temperatures:

Fuel Basket 
Shell 
Baseplate 
Lid 
Lid Weld

725 OF 
450 OF 
400 OF 
550 OF 
550 OF

Revision 2
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Table 4.2-9 

Summary of aUsk -MPC Pressure Analysis

Revision 2

M-oma M- m." R m- in-Design 
Calculated Basis Pressure 

Condition Pressure, psia Limit, psig 

(psig) 

P-1 .R .- k9,tMPC Normal Storage Conditionsp ia 4 68( ;94•-~4,.  

Minimum Internal Pressure 36.4 (21.7) 0 

Maximum Internal Pressure 72.4 (57. 7) 100 

11-4wwPC Accident Storage Conditionspgia 4;.4(-29 N" 

Minimum Internal Pressure N/A 0 

Maximum Internal Pressure 109.5 (94.8) 125 

Ba•ket 'e,@rpark No'rmal Sto'•g• C'nditio ')3. 46 9 84_ 

B ....t "..erp. ..k A ...ident S.... • Co itio " 4 ... 5.09 4 N".
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Table 4.2-10 

Concrete Cask Structural Load Combination Summary

Maximum' Allowable! 

Load Combination Stress/Load Stress/Load Stress/Capacity 

1 1.4D + 1.7L Shear 0 
Normal 0.50 2.8 

2 I.4D + 1.7L + i.7H Same as Combination 
No. I (H = 0) 

3 0.75(1.4D+ 1.7L+ 1.7H+ 1.7T-+ 1.7W) Shear 0 0.11 
Normal 1.8 2.8 

4 0.75( l.4D + 1.7L + 1.7H + 1.7T,) Bounded by Load 
Combination No. 3 

5 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 + Ii + T, + W, Shear Capacity 457.521 1,1062 
1 _ Moment Capacity 87,8202 94,1702 

1 Units are ksi unless otherwise noted.  

2 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 
75°F Ambient Air, Normal Operation

Q (ksi)Component 

Concrete

Rebar

Vertical

Hoop

Liner

Cover Plate 

Bottom Plate

1.4 

2.0 

4.0

Revision 2

1.1

39.4 

47.9
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Table 4.2-12 
Summary of Cask Thermal Evaluation

Normal Operation 

Limits 

('- ithot Biask@t Q-@FP2Gk. 16 k'1 t) 

Steady State Normal 
100/ F'_.l Pin'z F'ilurs2 

(4%.ith B.sk-t Ovr.•c. 21h .a'Wk) 

s10%y Fswt Norii

,Q-4 FlPin F'ilwr 2

Temperatures (0 F )
WU Transfer 

Outer Inner U Cask Neutron 

Air Concrete Concrete MPC Max Shielding 
Ambient Solar Outlet Shell Clad Material

75 

4$

no 144.15 

4,74

4.22 

4.22

225

85

225 

4.g/l-0

.24." 

1.I"

450-

U22280

344 

34a

2564 7

Off-normal and Infrequent Events 

(i .ho.. . i ..sk .t "Qr ....... 6 WW) 

Limits - 300 300 - 1058 ,50307 

Steady State Severe Cold -40 no J.W31 .4-29 ,028 .1U/53 540437 

Steady State Severe Hot 100 yes 20"197 4.1I27 2U,214 =0.314 64$580 

'/ of Inlets Blocked 75 no .41.487 87 203 Z.2318 44,572 

ak.4-MPC in Transfer Cask with He 75 no - - - 3&U331 .Q5 9 9 

with He 100 yes 4 - ,04-365 454M619 2,0248 

with vacuum 75 no - - - .g339 2Sg659 

(", ith WasekatO; ru 21 k"'t 

-~3 -3 U a"O 0 - ~ S 

sv-'d- S'atd sgure Cold 4-W40 3. -446 ;44 1-U "22 

o . .. l l.. . o. . . .d 74. . .... . .4 .. 6..  

l) pothetical Events/Accidents 

Limits - - 350 350 775- 1058 

12 hour Max Thermal 125 )es 2,4224 4.Q4152 252243 34,340 493608 

( ithol wafiWt 0'eF~rp'ck 26 klc'1 

W- 4,U • a 4-" ;SQg 2t 

W t agkot O".rpack. 2.1 14';1 ) 

All Inlets aa4)_ s&. 1 Q .Blocked ' .,/00 ;Wves n/a g0122 350 47-12 &;&2 

(transient values at 34457.1 hours)

I Concrete temperature limit (350 OF) is reached in approximately 34437 I hours, and all calculated temperatures will continue 

to increase with time until steady state conditions are reached.  
2 Concrete temperature reaches the marimum allowable limit before the cladding or the MPC shell temperatures reach their 

respective limits. 0 '% f,, pin failre- ii... a .... nrma l. .. . et , . r. ,h .. ,,An t.m fWal . ._d m e_..atur. limit i• _pplicabl 

Sin- 11hd filre A 0 . . . . . .no. h. . .. .. .. i l' di d -Rd GOrr t I.
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Table 4.2-13 

Thermal Properties

Revision 2

40wQ; -W QQ 221. 4.04 04 
0 Q QW.7 2a4 (& 

20GA"~ 24,4 

004 () 15 2014 

St"20SS0449 Q42 II94 " 
404 0.4-2Q40.4 .  

4042 

Q4 0434 42.4 

-32 2G.;& 
24.2 404 
3.92 4&2 

4-722 

22-4Q 0,24. 0,40 Q44 042 

- ~ 01;20 0.04 Q.9 I-I 2 

014 0,0 01442 01"a4 

Q.40243 0 Q044 0517 
200 Q 14k 0 Q1 I 94 

0 .1,~424 .7-
2w4 QQ=9 
400 Q 115 
6w 02 
9w 02
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Thermal Conductivity 
Specific Heal (BTU/hr-ft-0 F) Density 

Material Temperature (BTU/lbmn OF) (bmi/fl 3) Emissivity 

(OF) 

Carbon Steel -10 0.095 22.7 490 0.8 
0 0.097 22.8 (coated) 

200 0.118 24.4 
550 0.135 23.4 
900 0.'156 20.9 

Concrete 32-400 0.21 0.719 141 0.87 

@ 200-F @ 450°F @ 7001F 
(BTU/hr-fit- F) (B TU/hr-ft- 0F) (BTU/hr-fl- -F) 

Type 304 Stainless Steel 0.12 8.41 9.81 11.01 501 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 Ideal Gas 

Law 

Hlelium [Reference 12] 1.24 0.0976 0.1289 0.1575 Ideal Gas 
Law 

fn nI;j~ *vIn& lr- /,,vvnc Ifvtnel n. ~ I oI I Al Y Iti, Iia 141 -I ('TA J? 11Mf 17A J? /-)?.K..... 17 77

2 From Reference 15.

,( (
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Table 4.2-14 

Summary of Storage System Cooling Air Flow Analysis 
For Normal Storage Conditions

Revision 2
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DIVb K) A Oc'Vrr V. (nlJrDD A 41f -CFATJNTCC i-D!TqvDIA 4..

Criera WR. Bawtke Intriar- awd Failed -PWR HBuket ExterOar. -u-4 
91,1 -CAs Bas ket Ovsrpmck 

Boric 2Gid imme@Rsin -FA ambien '00ppm for 120 hocr 1000 ppmA for 120 hou~fi 

Boric acidA 2#erio atO 4QQQt 10 ppm at a howt lip Fat" 4" .~ 

Wigh Tomper-at'2e RU -tW ar; h- Z.o9+44r e ' ~~ 

RadiatiOn Eiayp I I x .I- 0-R-A total Gamma- 'IQ xJ.I 'R.2i sow'1 Gamma 

DeotaitinAbilit, 4"t 

2er.kac reAgonF and

i'ote I. .".II �-oatinat are to De tecteo oer �ri � ii ci ''. I r-2n�tor * oflinttr �caiiricarion rro�ram itvp�in
'I No gensration of'.olatile organi compounds, or fla-mmable gawse wre allo'ed.
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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 D 1. 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 D I. 1.  
Visual inspection of structural welds shall be performed to the requirements of AWS D 1. 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.
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Table 4.7-2 

Transfer Cask Lift Components'

ANSI N14.6 

Component Safety Factor Non-Critical Critical 

Trunnion yield 44.,8.2 3 6 

ultimate 2,41 10. 2 5 10 

Shield Door Rail Bottom yield ;7.7 3 6 

Plates ultimate .IY,215.5 5 10 

Shield Door Rail yield 44.1•0.9 3 6 

Lower Welds ultimate 2'L222. 0 5 10 

Shield DoorRail! yield &,;2,6. 4 3 6 

Transfer Cask Shell Weld ultimate 4."S13.0 5 10 

Component Stress/Force AISC Allowable 

C-'e PlawTop Lid bending 44.28. 77 ksi 2"426. 0 ksi 

Bolts tension 2.,"10.3 kips 3",25. 0 kips 

I For lifts in the Fuel Building. The Transfer Cask is not used for lifting at the ISFSI.
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FIGURE 4.7-2 
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FIGURE 4.7-3 
TRANSFER STATION



TROJAN ISFSI 
SAFETY ANALYSIS REPORT 

FIGURE 4.7-4 
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FIGURE 4.7-11 
TRANSFER CASK THROUGH WALL 

TEMPERATURE DISTRIBUTION 
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FIGURE 4.7-12 
VACUUM TRANSIENT PEAK CLADDING 

TEMPERATURE 
(Design Maximum Heat Load Q = 17.4kW) 
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FIGURE 4.7-13 
VACUUM TRANSIENT PEAK CLADDING 

TEMPERATURE 
(Bounding Heat Load Analysis Q = 15kW)
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