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NUREG-0800 
(Formerly NUREG-75/087| 

S U.S. NUCLEAR REGULATORY COMMISSION 

. STANDARD REVIEW PLAN 
/ OFFICE OF NUCLEAR REACTOR REGULATION 

9.1.2 SPENT FUEL STORAGE 

REVIEW RESPONSIBILITIES 

Primary - Auxi4a,--yf Systems Branch (AS-ýBS 

Secondary -. . g~e~~ ~ s~ne rn1 E~ 2 

Iateria-s ndCemi~c*a~l *E'n*g~ineer.ýing Brifanch. (t~4iEC) 3 

.....t.. ..s.e.. Stms ch.  

I. AREAS OF REVIEW 

Nuclear reactor plants include storage facilities for the wet storage of spent 
fuel assemblies. The safety function of the spent fuel pool and storage racks 
is to maintain the spent fuel assemblies in a safe and subcritical array 
during all credible storage conditions and to provide a safe means of loading 
the assemblies into shipping casks.  

The 9 SPLB reviews the spent fuel storage facility design including the 
spent fuel storage racks, the spent fuel storage pool that contains the 
storage racks, the spent fuel pool liner plate, and the associated equipment 
storage pits to si :. e conformance with the requirements of General 
Design Criteria 2, 4, 5, 61, 62, and 63.  

1. The facility and components are reviewed with respect to the following: 

a. The quantity of fuel to be stored.  

b. The design and arrangement of the storage racks for maintaining a 
subcritical array during all conditions.  

c. The degree of subcriticality provided along with the analysis and 
associated assumptions.  
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d. The effects of external loads and forces on the spent fuel storage 
racks, pool, and liner plate (e.g., safe shutdown earthquake, crane 
uplift forces, missiles, and dropped objects).  

e. Design codes, materials compatibility, and shielding requirements.  

f. The use of applicable codes and standards consistent with the 
assigned seismic classification.  

2. The ASB review.. of the peol's water level c-ntrol system, .l.anup system 
and ccaling system is performezd with the spcnt fuel eooling system revc 
in SRP Section 9.1.3*7 

3. The ASB rev ic, of pro .isions to preclud: dropping the spent fuel shipping 
eask into the peel arc evaluated during the reyicw of the cask leading 
pit APPA in 990 crartir~n a1 S

4:0 /$pB 1  also performs the following reviews under the..--.'.. B 
Rev iew PU6an .(SRP 1 2 sections indicated: 

a. Review of flood protection is performed under SRP Section 3.4.1.  

b. Review of the protection against internally generated missiles as 
well as missiles generated by natural phenomena is performed under 
SRP Sections 3.5.1.1, 3.5.1.2, 3.5.2, and 3.5.1.4.  

c. Review of structures, systems, and components to be protected 
against externally generated missiles is performed under 
SRP Section 3.5.2.  

. . Rev i ewb of t 6 ..s ,wa er evl , on ro:--.Sys..". -.. .. system .an.  
cool ing system is performed with the..e...t N0 .y In t.  

S... ... ... - ' ... .r ..... ', .. ... • ;"•V ,C4•- • .. .... F ... .- .x ........ .. . .  

"eview in SRP Section J3 1 

~ Revew fprviosto pre 0d dropping te!% -pntfu ASi~i 
cask into the pool are eval uated durtn 4 the review. of the ......  
Thadlrvg pit area iA Sap Section 9.1.L.  

f.'" eview of fir . ...te ion .s .e.for..d .nde. .. Sect.ion...... . ... 1.  

. Reve of S et pmn~ qulfcto pri pefome Ine 

A seeendary review is perfermed by the Chemical Engineering Braneh (CHEB) and 
the results of its eyaluation arc used by ASB to eemplcte the overall 
evaluation of the system. The CHEB rcvicws the compatibility and chemical 
stability of the materials wetted by thc peel water. in addition, CHEB will 
vcrify that there arc no potential meehanismns that will: (1) alter th 
dispcrsien of the strong fixed neutron absorbers incorporated in the design of 
the storage racks, and/cr (2) cause physieal distortion ef the tubesrtang
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the stered fuel asscmblizz. The rczulv,-of CMEB' scvaluatiofl are transmitc 

to AN f icluel oen in-the spent fuI ItI w.l -teup.1 

• In addition, A0BSýt)' will coordinate reviews performed by other 

branches, and th•e results are used by ASOSPB"• in the overall spent 

fuel storage evaluation. The coordinated reviews are as follows: 

1 The Structural '1engIncr1g4 anh(S-140Eieri~I ..... ..... .. 7 .-, o 
... scienieS •r............ 2 determines te accep 

design an...a..l"..y".. ..ses., procedues, and criteria used to establishO the 

ability of seismic Category I structures to withstand the effects of 

natural phenomena such as safe shutdown earthquakes (SSE), the 

probable maximum flood (PMF), and missiles as part of its primary 

review responsibility for SRP Sections 3.3.1, 3.3.2, 3.4.2, 3.5.3, 

3.7.1 through 3.7.4, 3.8.4, and 3.8.5.  

b23 The Core Perfermancc Braneh(CBRatrYt3$rnc 
2•SIi X}2' determines that the criticality 11mi tml.ts ar e a ceptable and 

i6n. cordance with ANS 57.2" paragraphs 5.1.1.2.1 and 5.1.1.2.2 

as part of its primary responsibility for SRP Section 4.3.  

. 26 The Mechanical Engineering Branch (MIgmE.)" determines that 

the components and structures are designed in accordance with 

applicable codes and standards as part of its primary review 

responsibility for SRP Sections 3.9.1 through 3.9.3.  

d.28• The MEB29 also determines the acceptability of the 

seismic". a..nd - quality group classifications for system components as 

part of its primary review responsibility for SRP Sections 3.2.1 

and 3.2.2.  

.................:I • . .. . .. .. ... .. .. . .. .. .  
e~.IKe" EME reI ew s the l sesmi q I.~lc~ato 1,611-7-0or.  

instrumettol as pr ftsrlayre.ie resoshltf 4 t... . ..... ..... ..... .......... ...... . .. "...... • 

f3 The Material Chemical Engineering Branch (MT-E•.EM- ) 

verifies that "i"nservice.. inspection requirements are met for system 

components as part of its primary review responsibility for SRP 

Section 6.6.  

The rc ,c for r . . o.. .... , T . Sp f at i l , nd Qu 

Az~uancc is ocrdnatd an pcformd b thc Chcical. Enginccr-An Branch, 

Quaity Assuracc Brach~and Licnsng uidncc Brachas part of their 

primary re% iew responsibilities fer SRP Scctions-9.5.1, 16.0, and 17.0, 

respeeti*e1-y.3 p.-im..... .... .... ...  

......" 
.i.."..... .. ...... ... ...... ....................  g. T 6"he " echnial Speci fi catdot Branch "(TS8 'oriateS and* erferms 

reviews of the proposed technical specifications as p~rtfit 
Primary :review responsibility for SR.' Section 1.O.  

h. Te Qua' Sty Assurance and Maintenance Branch: (HIQM cOrdin0' a'e and....  

Ferforms reviews of qualityassurance programs as 4"t Ocf toe A 
rim rgy eiew resosbilt forRIChpe17 
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;Mc Equipnmcnt 9tualificatien Branch reyiews the Sesffizm qualificationo 

Catcgcry Y- 1nstrumcntatiofl and- the cnirontmental qualificatiOn of meehanical 

and clcctrical cguipmzint -~pr f it- primary reyicw rpozblt for SRP 

&SCztion 13.110 end 3.1, czccivly 3 M 3f 4 

A.r, a ..... ..... ..•. ..' .... ' ......  

For~~~~~~~~~~ .hs aeso reiwietfe ab easb,,, .. ......p... ef ...e.  
primary--ee• espnifgbraicy ofC ohrbandhe rsi f the ceptanceatriterare thed 

.. .fI ...P t " and-t-he-i-e m etapatio n are contain....ed ..  
f reniedSP ti on .pat i f . .t' a" S hmia t... .. te 
Are no..p.... ...t.. f r .ya..h.....  

A t tyI of the s-Ien fuel Dosrae.lity dhesg ar st d r E inC th 

applica t's a safety an alysisn report (SAR) i bae ncrite a inGneaDsg 

ncC sritri fnd Regulatory Guides, methd s o f in applintcalctioarontained int hef 

II.. ACETAC CRITERIA a....  

applicant's safety analysis repor (SROsbsdoTeranGnrlDsg 

judgments with respect to system functions and component selection. The 

design of the spent fuel storage facility is acceptable if the integrated 

design is in accordance with the following criteria: 

1. General Design Criterion 2 {$OC Z) •,3 as it relates to structures housing the facility and the faclity itself being capable of 

withstanding the effects of natural phenomena such as earthquakes, 

tornadoes, and hurricanes. Acceptance for meeting this criterion is 

Acceptabilityi of thRpn ulsoaefclt esignast esryGibde in1 the 

based on conformance to positio i of Rgulatr Guie 1.3,th 
applicable portions of Regulatory Guiid 1.29, Regulatory Guide 1.117, and 

ANS 57.2 paragraphs 5.1.1, 5.1.3, 5.1•12, 5.3.2, and 5.3.4.  

2. General Design Criterion 4 (Git 4), as it relates to structures 

housing the facility and the facility itself being capable of 

withstanding the effects of environmental conditions and external 

missiles, and internally generated missiles, pipe whip, and jet 

impingement forces associated with pipe breaks, such that safety functions will not be precluded. Acceptance for meeting this criterion 

is based on meeting position G-.3- C2 4
0 of Regulatory Guide 1.13 , 

Regulatory Guides 1.115 and 1.117, as well as appropriate paragraphs of 

ANS 57.2.  

3. General Design Criterion 54 ), as it relates to sh ured 
suurs , sh yponents important to safety being capable of 

mssiltues, andysternall gen erte misls'o hp n e 

performing required safety functions.  

function wai l no b 9.1.2-4 DRAFT Rev. 4 - October 199i
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4. General Design Criterion 61 CGDC 61j,""..'!.)1 as it relates to the facility 

design for fuel storage and"handling of radioactive materials. -

Acceptance for meeting this criterion is based on conformance to 

positions C.1 and C.4 of Regulatory Guide 1.13 and the appropriate 

paragraphs of ANS 57.2. Acceptance is also based on meeting the fuel 

storage capacity requirements noted in subsection III.1 of this 

SRP section.  

5. General Design Criterion 62•WC £2}," as it relates to the prevention 

of criticality by physical systems or processes utilizing geometrically 

safe configurations. Acceptance for meeting this criterion is based on 

conformance to positions C.1 and C.4 of Regulatory Guide 1.13 and the 

appropriate paragraphs of ANS 57.2.  

6. General Design Criterion 63 (!C3 ),, as it relates to monitoring 

systems provided to detect -6 odItions that could result in the loss of 

decay heat removal capabilities, to detect excessive radiation levels, 

and to initiate appropriate safety actions. Acceptance for meeting this 

criterion is based on conformance with paragraph 5.4 of ANS 57.2.  

TWch Ica Rti -4d 47 

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

....techn c.l...t::nale f:r :p:c:t::::ofithese:ac:e.ta::..:.ite. ia"to 

...........p ..t el t a i s ei•. . . . . . . . . . t.........e.. .. f . i c ... ..........ro 

T..e ..ncti tht4 pen:.t.. S fu•el s.t g ........ i t... . a.. t. .. spe fu. .  .... eq..""'opirne e ith tf --Zreq rmoed t a veif thar the an, curs ..........  

andems adcomponents ifth mpornat flstorSafet facil sityae fein t 

oihtn h ffects of natural. phenomena~sc aerthqate ~ngt orn ratte l 

, iteo, theeb ensurn Vthaq pn.ulwl b anandI 

:aasps ~1 .1,511, $4.oa nd t p.o...e fudac 
ncc tbe ton the s htaff fori ADein the4 !eieet.R 

spn ulwl emitie nasubcritical arrayatof that tan :b beutI r 

i~oadequt condtoned afdtero namtura t p exposuena e in thee -t 

s..g.. ioficaneth relas of rediacives thateil ftt reom sytes nd compohe nt 
Imprtat t saetybe esinedto cc thoate the dfcs Tf, n e 

adcompatibenwtsh, the senvtrnentl tonde aitiots ascite :eind ith o nor.....a..  

operation, ainteance tesitiong and? psteUlatedy aciden113tsp incluin 
loss of coo~~~~eglant. r Thi rqreen inludesy Groteto gis yai
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~ffetsinctdigthe ~ffcts of7 

ub-crlitlcal: .....metry... _4n adii- h a iy isrqu..pire to ro 1c 
..he.fuel .. fr. t. effect of ...i.s.....mi.em nvot 

SuidacAe 15iee...tOW.no

i....rta.t tor saet shl tesaed Pamon ncEarpwruisls 

units.....  
SOC reqiresthat- the fulStoaefclt tmutpeulie 

either not be shre amn h ntohttoesstmfsrcue 
or~~~~~~~~~~~~~... copnet tha ar shre .ilb.eindi scmne hta 

dt amabe thow thefue storag fhacilgit ocu, spent fuel wil be a poenia 

deigned to miniizethelkiho iofs suichu aneet 

4... Compliance~~~ wit SOC 61 reuiesthtf oaganhndl, 

postulated acc.idet conditions 

and C4 ofRegltr Guid K.1 and aprpit prgaph ofAS 7 

Meitetingt the requred mengts of nits 61roie added ahssurnc tha 

an ha~pndln fsentsfueltwill bearrevented?
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c plance wih...2reurs.htcrtcliy....felsoag n 
hadigsse epeet truhthiue .. f .hyica SyseAo 

rfiguXr47 ......  

he fStir S o1 th ...e.t .. # .. ~ rg faciit is Yo~ tl petf 

.gnfian rees of.. raiocivt f0 the .ul t o e .11ure 

pssvrattte that spac... be adeat topeetciiaiydrn 

b~soprevnt~te insertion4of t fueisebyayheete hni 
design ~ ~ ~ ~ ~ ~ ~ ~ ~ J .o.t...o.t.n...ad...f.etlaor Gie n 

~ppror"At paagaps f IS e7. prvde.....~cpt~ t h 
Pta fmetith.. .ruttstobi$riyt iOt 

Heating~~~~~~~~~~~ th .....et.. D Z rvds de isrnc~ ti 

B... Cop.ac with... GP e3 'rR6re tha Urpit s te s b roie in 
fue storag andi raiatv rat sytems1 and associated handlingýýjji; 

areas,~~~~~~~~~~~~.... todtc.odtos.htmyrsl nloso eiulha 
reoa cpbltyadeCesierdato lees de onit 
appropriateW" saeyCcios 

.O ....3.. rXursta olbuligrdain po eeadpo 
temperature ~ ~ ~ ~ ~ ~ ~ r. .oiorn -e ptvie for th.potctonofprs ..l..t1 
detec condtionsthatcouldresul in te.los.of.ecay.eat .rmova 

Paragaph 5. ofpre72rvie guidnc acetbetfh tf o 
meeting these reuiemns 

-IIe REVIEW::ý PROCEDURES 

contrctin ermt (cP)iton apli atio reie to.etrmnetht.hedeig 
crterianbse aando the prliiary designmet th accptnc criteria 

combinedli:cnse (C~t)56 appiain the reie prcdrsadacpac 
criteria wil e uaftilizedt ionveifytatte ntildein rtei adbae 

includes ve ificaionthat th con ent L~ an itet. o te-tcnia 

fo ytempertuesig moirinimum performane, and suvilncteeopda 
r esuteof the staff'st review.sutint os:ofdcay`ý'i 
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Upon request from the primary reviewer, the coordinating review branches will 

provide input for the areas of review stated in subsection I of this SRP 

section. The secondary review branch, GMEB, i will provide an input on 

a routine basis for those areas of review indi"cated in this SRP section. The 

primary reviewer (ABP) 6a obtains and uses such input as required to 

s ure that this review procedure is complete.  

The review procedures given below are for a typical storage system. Any 

variance of the review, to take account of a proposed unique design, will be 

such as to assure J that the facility design conforms to the criteria 

in subsection II :` this SRP section. The reviewer selects and emphasizes 

material from this SRP section as may be appropriate for a particular case.  

1. The SAR is reviewed to determine that the design bases and facility 

description section indicates the storage capacity provided in the 

design. The minimum storage capacity in the spent fuel storage pool 

shall be in accordance with ANS 57.2 paragraph 5.1.15, i.e., for a single 

unit facility the storage capacity shall equal or exceed one full core 

discharge plus the maximum normal fuel discharge cycle; for a dual shared 

storage pool facility the storage capacity shall equal or exceed one full 

core discharge plus two normal fuel discharge cycles. Due to a lack of 

sufficient away-from-reactor (AFR) storage capacity, the industry trend 

has been to use high density storage racks. ASB-SPLB.. reviews high 
density storage on a case-by-case basis. Y dnity stor 0 .....be ca e - • - at c..........................  

used, at aminiMum:,: :for-t'he Most recent y di schare ful to dces 
prbability oDf ijgnltiPg :9zA ~ ycadrg nteeet fdann 

2. The information provided in the SAR relating to the facility design 
criteria, safety evaluation, system description, and the layout drawings 

for the spent fuel pool and storage racks is reviewed to verify that: 

a. Criticality information (including the associated assumptions and 

input parameters) in the SAR must show that the center-to-center 
spacing between fuel assemblies and any strong fixed neutron 
absorbers in the storage racks is sufficient to maintain the array, 

when fully loaded and flooded with nonborated water, in a 
subcritical condition. A K., not greater than 0.95 for this 
condition is acceptable.  

b. The design of the storage racks .is such that a fuel assembly cannot 

be inserted anywhere other than in a design location.  

c. Failures of nonsafety-related systems or structures not designed to 

seismic Category I that are located in the vicinit'y of the spent 
fuel storage facility are reviewed to assu. reSUt that their 

failure will not cause an increase in K t, the maximum 

allowable. The SAR description section, the general arrangement and 

layout drawings, and the tabulation of seismic design 
classifications for structures and systems are reviewed and 

evaluated to ss4eeensure" that this condition is met. A 

statement in the SAR ..establishing the above condition as a design 

Final Draft Revision 9.1.2-8 DRAFT Rev. 4 - October 1995



criterion is acceptable at the eg cia ii 5 CP review 

stage.  

d. Design calculations should show that the storage racks and any 

anchorages can withstand the maximum fuel handling equipment uplift 

forces without an increase in Kff or a decrease in pool water 

inventory. A statement in the SAR that excessive forces cannot be 

applied due to the design of the fuel handling equipment is 

acceptable if justification is presented. The evaluation procedures 

identified in SRP Sections 9.1.4 and 9.1.5 are used to validate this 

statement.  

e. Conventionally the plant's Technical Specification states that the 

weight of all loads being handled above stored spent fuel shall not 

exceed that of one fuel assembly and its associated handling tool.  

This weight and its normal carrying height above the storage racks 

establishes what was considered the upper bound on the potential 

energy available to damage the stored spent fuel if a load drop 

occurs. It has been subsequently noted that lighter loads handled 

at greater drop heights may have greater amounts of potential 

energy. Therefore, the following additional requirement is being 

made. The licensee is required to demonstrate and the reviewer to 

verify that the available potential energy of all lighter loads, 

being handled above stored spent fuel, shall not exceed that of one 

fuel assembly and its associated handling tool when dropped from its 

normal operating height above stored spent fuel.  

f. Sharing of storage facilities in multi-unit plants will not increase 

the potential for the loss of pool water or decrease the degree of 

subcriticality provided.  

3. The reviewer verifies that the safety function of the facility will be 

maintained, as required, if the facility is subjected to adverse natural 

phenomena such as earthquakes, tornadoes, hurricanes, and floods. In 

making this determination, the reviewer considers the following points: 

a. The facility design basis and criteria and the component 

classification tables are reviewed to verify that the spent fuel 

storage facility including the storage pool, pool liner, and racks 

have been classified and designed to seismic Category I 
requirements. The AS&-5PLBe will accept a statement that the 

facility will be designe.d and constructed as a seismic Category I 

system (CR ri s ad .des ......gn .. . )...  

b. If the spent fuel pool liner plate will not be designed and 

constructed to seismic Category I requirements, the spent fuel pool 

Final Draft Revision 9.1.2-9 DRAFT Rev. 4 - October 199!5



liner plate is reviewed to verify that a failure of the liner plate 

as a result of an SSE will not cause any of the following:1

1. Significant releases of radioactivity due to mechanical damage 

to the fuel; 

2. Significant loss of water from the pool which could uncover the 

fuel and lead to release of radioactivity due to heatup; 

3. Loss of ability to cool the fuel due to flow blockage caused by 

a portion or one complete section of the liner plate falling on 

top of the fuel racks; 

4. Damage to safety-related equipment as a result of the pool 

leakage, and 

5. Uncontrolled release of significant quantities or radioactive 

fluids to the environs.  

c. The essential portions of the spent fuel storage system are reviewed 

to verify that protection from the effects of floods, hurricanes, 

tornadoes, and internally or externally generated missiles is 

provided. Flood protection and missile protection criteria are 

discussed in sections of the SRP contained in Chapter 3. The 
reviewer utilizes the information in those SRP sections, as 

appropriate, to assure I e8 that the analyses presented are 
valid. A&BSP1.B*: will accept a statement to the effect that the 

storage facIl ,i ty is located in a seismic Category I structure that 

is missile and flood protected.  

4. The safe handling of spent fuel assemblies necessitates the underwater 

transfer of spent fuel between the respective areas of the plant 

including spent fuel cask loading area. The SAR is reviewed to verify 

that the design basis and facility description section has stated that a 

separate spent fuel shipping cask loading area (pit) has been provided 

adjacent to the spent fuel pool. The reviewer verifies that the loading 

pit has been designed so that the safety function of the integrated 

.Th "c " cf h cpaticC. The 

methods of reyicw describcd herein will be used in the eyaluation cof 

zubmittals for apcrating icn c oonztructiof permit applic-a ions 

deeketed after Novcmbcr 17, 1977, whi-ch 4s based o--n thc f irst. application to 

",wa,, .Lo .. p.if..y appl.. . .d. !Rip!. f... or pplI 
o c�.rir too7bc " 1 7, 1977 iS not considcrcd ncccszary- W I dektdpi 

I 

N8AI 

intr sh fucl poole inc piit icds dule to an SSE Will 

liner failucis no ko:idrc a iely evyent. Even in thIe even that a 

liner plate faile - it would nt likely wkth coln tt of spen 

be maintaincd. ..... Thcrefoi!, t" In f' p seisica ...'i 

.~e-eeAdrcd a sgnficntsafety is .u,! and baek'fit is ntrcguired 
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system will be maintained during adverse environmental conditions. In 

addition, the reviewer verifies that the following are included In the 

design: 

a. An interconnecting fuel transfer canal should be capable of being 

isolated from the fuel pool and cask loading area. A statement in 

the SAR that these features are included in the design is 

acceptable. The reviewer uses engineering judgment to assure 

.. el.verINy7' that the means provided meet the stated intent.  

b. In regard to the handling of heavy loads, e.g., the spent fuel 

shipping cask in the vicinity of the spent fuel storage pool, the 

reviewer is required to establish and verify in SRP Section 9.1.5 

that one of the alternative approaches described in Section 5 of 

NUREG-0612 has been satisfied. If Sections 5.1.1 and 5.1.6 of 

NUREG-0612 have not been met, the SAR safety evaluations, results of 

design calculations, and the general arrangement and layout drawings 

should show that the spent fuel loading Pi- ..72 has been designed 

to withstand the loads from dropped heavy objects including the 

shipping cask, and that the loading area is not an integral part of 

the storage pool floor so that if a dropped object should breach the 

pit area, loss of fuel pool water would not result in an 

unacceptable level.  

IV. EVALUATION FINDINGS 

The reviewer verifies that the information provided and-W -srtita ithe.7 

review support conclusions of the following type, to be incIludle'd in the 

staff's sa ty ....utio ............ 7 

The spent fuel storage facility includes the spent fuel storage racks, 

the spent fuel storage pool that contains the storage racks, and the 
associated equipment storage pits. Based on the review of the 

applicant's proposed design criteria, design bases, and safety 

classification for the spent fuel storage facility and the provisions 

necessary to maintain a subcritical array, the staff concludes that the 

design of the spent fuel storage facility and supporting systems is in 

conformance with the Commission's regulations as set forth in General 

Design Criteria 2, 4, 5, 61, 62, and 63.  

This conclusion is based on the following: 

1. The applicant has met the requirements of General Design Criterion 2 

by conforming with position G£.-C.. of Regulatory Guide 1.13 and 

the applicable portions of Regulaitory Guides 1.29 and 1.117, as well 

as paragraphs 5.1.1, 5.1.3, 5.1.12, 5.3.2, and 5.3.4 of ANS 57.2.  
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2. The applicant has met the requirements of General Design Criterion 4 

pertaining to the environmental and missile protection design basis 

by conforming to position • of Regulatory Guide 1.13 and 

the applicable portions of Regulatory Guides 1.115 and 1.117, as 

well as appropriate paragraphs of ANS 57.2.  

3. The applicant has met the requirements of General Design Criterion 5 

since the failure of any portion of the shared spent fuel storage 

facility will not impair the ability of plants systems to perform 

their safety function.  

4. The applicant has met the requirements of General Design Criteria 61 

and 62 pertaining to fuel storage, handling, criticality, and 

radioactivity control by conforming to positions C.1 and C.4 of 

Regulatory Guide 1.13 and the appropriate paragraphs of ANS 57.2.  

5. The applicant has met the requirements of General Design 

Criterion 63 pertaining to monitoring the status of the stored spent 

fuel by conforming to paragraph 5.4 of ANS 57.2.  

'or dsign cet tiic tio reiwte5ndns0t 1s suwmar'ize tte 

extent, that the review is not discussed in.0ther $ER :sect-os 'thetas 
ITAAC evaluation, including design acetnecIteri a. (DACI,.st nef 

V. IMPLEMENTATION 

The following is intended to provide guidance to applicants and licensees 

regarding the staff's plans for using this SRP section.  

Except in those cases in which the applicant proposes an acceptable 

alternative method for complying with specified portions of the Commission's 

regulations, the method described herein will be used by the staff on its 

evaluation of conformance with Commission regulations.  

implcmcintatiofl schedulcz for-conformanee to part--of-t-hc methcd disett-scd 

herein arc co.ntaed in the- rcfcrcncc NU'rE and Regulatefry -Guide5_79 

VI. REFERENCES 

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for 

Protection Against Natural Phenomena.' 

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "i-,.enme....  

aMn Missile Dcsign BacMniowla Cn Dyai fects De'-igAr 

Oases. e 

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of 

Structures, Systems, and Components." 

4. 10 CFR Part 50, Appendix A, General Design Criterion 61, "Fuel Storage 

and Handling and Radioactivity Control." 
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5. 10 CFR Part 50, Appendix A, General Design Criterion 62, "Prevention of 

Criticality in Fuel Storage and Handling.' 

6. 10 CFR Part 50, Appendix A, General Design Criterion 63, "Monitoring Fuel 

and Waste Storage." 

7. Regulatory Guide 1.13, "Design Objectiyes for Light Water ReaPtor RRPcn 

Fuel Sterag Faiitemts.lcrPwc $Q~ 

8. Regulatory Guide 1.29, 'Seismic Design Classification." 

9. Regulatory Guide 1.115, *Protection Against Low-Trajectory Turbine 

Missiles." 

10. Regulatory Guide 1.117, "Tornado Design Classification." 

11. ANS 57.2/ANSI N210-1976, "Design Objectives for Light Water Reactor Spent 

Fuel Storage Facilities at Nuclear Power Stations." 

12. NUREG-0612, "Control of Heavy Loads at Nuclear Power Plants." 
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Draft SRP Section 9.1.2 
Attachment A - Proposed Changes in Order of Occurrence 

Item numbers in the following table correspond to superscript numbers in the 
redline/strikeout copy of the draft SRP section.  

Itm I Source Jescription 
I Current PRB name and Changed PRB to Plant Systems Branch (SPLB).  

abbreviation 

2 SRP-UDP format item Added ECGB as an SRB per NRC guidance.  

3 Current SRP name and Updated SRB to Materials and Chemical Engineering 
abbreviation Branch (EMCB).  

4 SRP-UDP format item Added SRXB as an SRB per NRC guidance.  

5 Current PRB abbreviation Changed PRB to SPLO.  

6 Editorial revision Changed "assure" to "ensure." 

7 SRP-UDP format item Removed section to reflect current SRP format.  

8 SRP-UDP format item Removed section to reflect current SRP format.  

9 SRP-UDP format item Added "Review Interfaces" to AREAS OF REVIEW and organized 
in numbered paragraph form to describe how SPLB reviews 
aspects of the new fuel storage facility design under other 
SRP sections and how branches support the review.  

10 SRP-UDP format item Changed item number to reflect current SRP format.  

11 Current PRB abbreviation Change PRB to SPLB.  

12 Editorial Defined "SRP" as "Standard Review Plan." 

13 Current SPLB review Changed the responsibility for this review from ASB to 
responsibility SPLB. Relocated the paragraph from Areas of Review in the 

current SRP section.  

14 Current SPLB review Changed the responsibility for this review from ASS to 
responsibility SPLB. Relocated the paragraph from Areas of Review in the 

current SRP section.  

15 Current SPLB review Modified to reflect review responsibility for 
responsibility SRP Section 9.5.1.  

16 Current SPLB review Modified to reflect review responsibility for 

responsibility SRP Section 3.11.  

17 SRP-UDP format item Removed section to reflect current SRP format.  

18 SRP-UDP format item Added item number to reflect current SRP format.  

19 Current PRO abbreviation Changed PRB to SPLB.  

20 Current PRB abbreviation Changed PRO to SPLB.  

21 SRP-UDP format item Added item number to reflect current SRP format.

Final Draft Revision 9.1.2-1 Attachment A 
October 19, 1995



tSource scr i

22

Editorial 

Editorial

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

37 

38 

39 

40 

41 

42 

43

Final Draft Revision 9.1.2-2 Attachment A 
October 19, 1995

Current ECG=B review 

responsibility 

SRP-UDP format item 

Current SRXB review 
responsibility 

Integrated impact No. 398 

SRP-UDP format item 

Current PRB abbreviation 

SRP-UDP format item 

Current PRB abbreviation 

Current EMEB review 
responsibility 

SRP-UDP format item 

Current SRP name and 

abbreviation 

SRP-UDP format item 

SRP-UDP format item 

SRP-UDP format item 

SRP-UDP format item

SRP-UDP format item 

Editorial 

Editorial 

Current Revision of RG 1.13 

Editorial 

Current Revision of RG 1.13 

Editorial

44

45

Changed to reflect primary review responsibility for 
SRP Sections 3.3.1. 3.3.2. 3.4.2. 3.5.3, 3.7.1 through 
3.7.4, 3.8.4, and 3.8.5.  

Added item number to reflect current SRP format.  

Changed to reflect primary review responsibility for 

SRP Section 4.3.  

This standard is outdated. ANS 57.2/ANSI N210-1976 was 

revised In 1983 to ANSI/ANS-57.2-1
98 3 .  

Added item nunber to reflect current SRP format.  

Changed PRB to EMEB.  
Added item number to reflect current SRP formt.  

Changed PRB to EMEB.  

Reflect review responsibility for SRP Section 3.10.  

Added item number to reflect current SRP format.  

Modified to reflect EMCB's primary review responsibility 

for SRP Section 6.6.  

Removed section to reflect current SRP format.  

Rewrote section to reflect current SRP format.  

Rewrote section to reflect current SRP format.  

Removed section to reflect current SRP format.  

Moved section to this location and revised to reflect 

current SRP format and review responsibilities.  

Simplified for clarit and readability 

Introduced "GDC 2" as initialism'for "General Design 
Criterion 2." 

Changed to reflect paragraph number in current revision 
(Rev. 1) of RG 1.13.  

Introduced "GDC 4" as initialism for "General Design 
Criterion 4." 

Changed to reflect paragraph number in current revision 
(Rev. 1) of RG 1.13.  

Introduced "6DC 5" as initialism for "General Design 
Criterion 5." 

Introduced "GDC 61" as initialism for "General Design 
Criterion 61." 

Introduced "GDC 62" as initialism for "General Design 
Criterion 62."



Iti Source Description 

46 Editorial Introduced "GDC 63" as initialism for '6eneral Design 
Criterion 63." 

47 SRP-UDP format item, develop Added "Technical Rationale" to ACCEPTANCE CRITERIA and 

technical rationale organized in numbered paragraph form to describe the basis 
for referencing the General Design Criteria.  

48 SRP-UDP format item, develop Added lead-in sentence for "Technical Rationale." 
technical rationale 

49 SRP-UDP format item, develop Added technical rationale for GDC 2.  
technical rationale 

50 SRP-UDP format item, develop Added technical rationale for 6DC 4.  
technical rationale 

51 SRP-UDP format item, develop Added technical rationale for 6DC 5.  
technical rationale 

52 SRP-UDP format item, develop Added technical rationale for S1C 61.  

technical rationale 

53 SRP-UDP format item, develop Added technical rationale for GDC 62.  
technical rationale 

54 SRP-UDP format item, develop Added technical rationale for GDC 63.  

technical rationale 

55 SRP-UDP format item Added reference to the standard design certification 
application review.  

56 SRP-UDP format item Added reference to the combined license application review.  

57 Current SRB abbreviation Changed SRB and review responsibility to EMCB.  

58 Current PRB abbreviation Changed PRB to SPLB.  

59 Editorial revision Changed "assure" to "ensure." 

60 Editorial revision Changed "assure" to "ensure." 

61 Current PRB abbreviation Changed PRB to SPLB.  

62 Integrated Impact No. 399 The staff concluded in NUREG-1242 (SER for the EPRI 
Evolutionary Plant) that the spent fuel storage design is 

to use low-density storage racks for, as a minimum, the 
most recently discharged fuel.  

63 Editorial revision Changed "assure" to "ensure." 

64 Editorial revision Chan ed "assure" to "ensure." 

65 SRP-UDP format item Added reference to the standard design certification 
review.  

66 Current PRO abbreviation Changed PRB to SPLB.  

67 SRP-UDP format item Added reference to the standard design certification 
review.  

68 Editorial revision Changed "assure" to "ensure." 

69 Current PRB abbreviation Changed PRB to SPLB.

Attachment A 
October 19, 19959.1.2-3Final Draft Revision



Attachment A 

Final Draft Revision 9.1.2-4 O c hmer A 
October 19, 1995

Itm I SIirce 

70 SRP-UOP format item Deleted the footnote limiting certain review procedures to 

applications docketed after 1977.  

71 Editorial revision Changed "assure himself" to "verify." 

72 Editorial revision Corrected "put" to "Pit." 

73 SRP-UDP format item Added the standard paragraph giving additional procedures 

applicable to a standard design certification review.  

74 Editorial Modified to eliminate gender-specific reference.  

75 Editorial Used "SER" as previously defined in this SRP section.  

76 Current Revision of RG 1.13 Changed to reflect paragraph number in current revision 

(Rev. 1 of RG 1.13.  

77 Current Revision of RG 1.13 Changed to reflect paragraph number in current revision 

(Rev. 1) of RG 1.13.  

78 SRP-UDP format item Added the standard paragraph describing additional findings 

applicable to a standard design certification review.  

79 Editorial revision Deleted obsolete scheduling information.  

80 Current Revision of I0 CFR Updated title of GDC 4.  

Part 50, Appendix A 

81 Current Revision of RG 1.13 Change to reflect title of current revision (Rev. 1) of 

RG 1.13.
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Draft SRP Section 9.1.2 
Attachment 2 - Cross Reference of Revision Options 

Integrated Impacts
Checklist

Final Draft Revision 
9.1 .2-1

Attachment B 
October 19, 1995

Integrated 1 SRI Subsections 

Impact No.I Affected 

398 Incorporates latest version of ANSI/ANS 57.2. No change made. Endnote added 
to "Review Interface," item 2.b 

399 Incorporates staff position concerning the use of Subsection III, REVIEW 

I high density storage racks. PROCEDURES, subparagraph 1

9.1.2-1Final Draft Revision
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FINAL DRAFT REVISION 

SRP SECTION 9.1.2 
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REVISION OPTIONS CHECKLIST DOCUMENTATION, 
PARTS A-F AND ASSOCIATED POTENTIAL IMPACTS



0e12oM4

REVISION OPTIONS CHECKLIST 

SRP Section 9.1.2 Integrated Impact No.: 398

PART A - INTEGRATED IMPACT IDENTIFICATION 

SRP section number: 9.1.2 

Enter potential Impact number or related potential impact numboer 

22960 

Reactor Type(s): GENERIC 

Integrated Impact number: 398 

Enter a brief description of the Integrated Impact 

ANS 57.2/ANSI N210-1976 is cited as a guidance document related to prevention of criticality and provides design 

objectives for spent fuel storage facilities. The current version is ANSI/ANS-57.2-1983. PNL is conducting a detailed 

side-by-side comparison between the current and cited versions of the standard. Pending completion and review of the 

side-by-side comparison, consideration should be given to citing the current version of the standard.  

PART B - DETERMINATION OF IMPACT SIGNIFICANCE 

Major 

Significant 

Moderate 

Minor X 

Final Ddit Revision 9.1.2-1 Integrated Impact Number 398 

October 19, 1995

PI.mdat 10:24



SRP Section 9.1.2

Part C - Characterization of Type and Nature of Change 

Enter a brief narrative: 

A footnote was added in the RSO copy of the revised draft at the first 

point where ANS 57.2 is cited. The footnote serves to alert the staff 

that SRP Section 9.1.2 references an outdated standard.

Final Draft Revision 9.1.2-2 Integrated Impact Number 398 
October 19, 1995



SRP Section 9.1.2

Part D - Discussion of Possible Changes 

Statement of Option: Add a footnote to the RSO draft text advising that the 

standard is outdated. Make no change to the text.  

Pros: 1. ANS 57.2 (no version specified) is cited in SRP 

Section 9.1.2 as Specific Criteria related to 

prevention of criticality, maintaining residual 

heat removal capability, and to radiological 
aspects of the design of a spent fuel storage 

facility (General Design Criteria 2, 4, 61, 62, 

and 63). The Staff position regarding ANS 57.2 

is stated in Regulatory Guide 1.13 proposed 
Revision 2 (12/81). In addition, acceptance of 

these standards as they relate to meeting the 

requirements of GDC 61 and GDC 62 is indicated 

in the Final Safety Evaluation Reports for the 

EPRI Evolutionary Plant, NUREG-1242, the ABB-CE 

System 80+, NUREG-1462, and the GE ABWR, 
NUREG-1503.  

2. Before SRP Section 9.1.2 is revised to use the 

current version of ANS 57.2 as part of the 

acceptance criteria, a detailed comparison will 

be required to evaluate the differences between 

the version in effect when Revision 3 of SRP 

Section 9.1.2 was released and the current 
version of the standard.  

3. This impact applies all nuclear power plant 

designs. This SRP section and the referenced 
ANS/ANSI standard are applicable to applications 
for early site permits, construction permits and 

combined licenses.  

Cons: No cons identified for the Integrated Impact.  

Is potential research indicated? Yes No__ 

Is potential rulemaking, regulatory guide Yes.X No_ 

revision, or other regulatory action 
indicated? 

Are there additional options? Yes No__ 

Final Draft Revision 9.1.2-3 Integrated Impact Number 398 
October 19, 1995



SRP Section 9.1.2 

Part E - Identification of Conflicts 

Conflict Identified: Yes__ NoXL 

Conflicting Potential Impact No.  

Provide a narrative describing the nature of conflict: 

Provide a narrative describing potential conflict resolution: 

Provide a narrative describing the rationale for the resolution: 

Is potential research indicated? Yes - No 

Is potential rulemaking, regulatory guide revision, or 

other regulatory action indicated? Yes - No 

Are there additional conflicts? Yes__ No 

Final Draft Revision 9.1.2-4 Integrated Impact Number 398 
October 19, 1995



SRP Section 9.1.2 

Part F - Type I/Type II Determination 

Type I - Revisions to SRP Without Public Comments 

1. Do the suggested revisions incorporate new or revised requirements or 

guidance that have received public comment and have been approved by the 

Director, NRR, and therefore do not require additional public comments? 

Yes__ No__ 

2. Do the suggested revisions incorporate new positions that have been 

approved by the Director, NRR, and by CRGR and EDO as being so clearly 

needed that public comment period would cause an unacceptable delay in 

implementing them? 

Yes No 

3. Do the suggested revisions involve only minor changes, such as 

clarifications, corrections, changes in names or assignments of 

branches, or deletions of unused references? 

Yes No 

Type II - Revisions to the SRP With Public Comments 

1. Do the suggested revisions incorporate proposed new or revised 

requirements, positions, or guidance that have not been reviewed and 

approved by the Director, NRR, CRGR and the EDO, or which could result 

in new sections for the SRP? 

Yes _ No 

Provide rationale for above determination 

No change was made to the text of the SRP section.  

END OF REPORT 

Final Draft Revision 9.1.2-5 Integrated Impact Number 398 
October 20, 1995
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Potential Impact/Section Consistency Report 

SRP Section 9.1.2 Potential Impact No. 22960 

Document Type, No.: C&S: ANS 57.2 
Title: Requirements for Light Water Reactor Spent Fuel Storage Facilities at Nuclear Power 

Plants, Design 
Revision No., Date: 

SRP Section No.: 9.1.2 
Title: SPENT FUEL STORAGE 

Revision No., Data: 3,07/01/81 

Reactor Types: GENERIC 

Summary: ANS 57.2/ANSI N210-1976, which is cited as a guidance document, was revised in 
1983. The standard provides guidance for designing spent fuel storage facilities at 
nuclear power stations.  

Impact Locationfsl: Entire Document 

Impact Criteria: 1. Staff position, guidance or requirement.  

Search Index: Manual 
Search String: None 

Consistency Check Information 
Consistency Check Status: Retain Impact 

Work Assignment No: 1340 

1. Is it Adequately covered In the SRP7 Yes No X 

2. Retain " technical rationale for acceptance criteria? Yes No X 

3. Was this potential impact Incorrectly assigned to this SRP section? Yes No X 

4. Should this potential Impact be eliminated from further consideration for some other reason? Yes No X



09MG0J4 

PrIq d sa 10:"4 
F.... 5 

REVISION OPTIONS CHECKLIST 
In~egaw~ mpu~~i~u.  

SR-Scto 9. •1 - ---.Z & '

PART A - INTEGRATED IMPACT IDENTIFICATION 

SRP section number: 9.1.2 

Enter potential impact numbar or related potential Impact nufmbrs 
22959 

Reactor Typelal: EVOLUTIONARY 

Integrated impact number: 399 

Enter a brief description of the Integrated Impact 

Revise Review Procedures for review of the design of fuel storage racks provided for storage of recently discharged fuel.  

Section 111.1 of SRP 9.1.2 states that the staff reviews high density storage on a case-by-case basis.  

In the EPRI FSER, the staff recomnended that FDA/DC applicants submit a design that uses low-density storage racks in 

the spent fuel pool for, as a minimum, the most recently discharged fuel.  

Consideration should be given to revising Review Procedures for review of the design of fuel storage racks provided for 

storage of recently discharged fuel to reflect the above staff position.  

PART B - DETERMINATION OF IMPACT SIGNIFICANCE 

Major

Significant 

Moderate x

Minor 

Final Draft Revision 9.1.2-1 Integrated Impact Number 399 

October 19, 1895

Integrated Impa" Nou.: a=SRP Section 9.1.2



SRP Section 9.1.2

Part C - Characterization of Type and Nature of Change 

Enter a brief narrative: 

Modify "REVIEW PROCEDURES" as follows: 

Add the following sentence to the end of subparagraph I stating the NRC 

position concerning the use of low-density storage racks for the storage of 

spent fuel: 

t w-dens~t Y t r g hSu ON, :ie, Iit I :ln:m n ........... t.........  
dichrgedfe odces h prba-b`ility of -~~1 n th irao 

C. addi i A . t~he evet of4ai.~ tb` .... pet *,fue o

Final Draft Revision 9.1.2-2 Integrated Impact Number 399 
October 19, 1995



SRP Section 9.1.2

Part D - Discussion of Possible Changes 

Statement of Option: Add to REVIEW PROCEDURES the NRC position concerning 
the use of low-density storage racks for the storage 
of spent fuel.  

Pros: 1. The NRC staff in its review of the EPRI 
Evolutionary Plant, NUREG-1242-Vol 2., 
Section 3.2.30, stated that although the 
likelihood of complete draining of the spent 
fuel pool was low, the use of high-density 
storage racks increased the probability of a 
zircaloy-cladding fire as compared with the use 

of low-density or open-frame racks. The staff 
concluded that the use of low-density storage 
racks was justified by a favorable value/impact 
ratio. Consequently the staff expects an 
applicant to submit a design that uses low
density storage racks in the spent fuel pool 
for, as a minimum, the most recently discharged 
fuel.  

2. The current staff position regarding low-density 
storage racks for spent fuel should be given in 

the SRP section. Recommendations to revise 
Regulatory Guide 1.1.3, Spent Fuel Storage 
Facility Design Basis, to reflect the staff's 
position concerning the use of low-density 
storage racks for the storage of spent fuel are 

provided on an IPD 7.0 Form in this report.  

3. This SRP section is applicable to applications 
for early site permits, construction permits and 
combined licenses.  

Cons: No cons identified for the Integrated Impact.  

Is potential research indicated? Yes No_X_ 

Is potential rulemaking, regulatory guide Yes X No

revision, or other regulatory action 
indicated? 

Are there additional options? Yes No X 

Final Draft Revision 9.1.2-3 Integrated Impact Number 399 
October 19, 1995



SRP Section 9.1.2 

Part E - Identification of Conflicts 

Conflict Identified: Yes__ NoX 

Conflicting Potential Impact Nos.  

Provide a narrative describing the nature of conflict: 

Provide a narrative describing potential conflict resolution: 

Provide a narrative describing conflict rationale: 

Is potential research indicated? Yes - No 

Is potential rulemaking, regulatory guide revision, or 

other regulatory action indicated? Yes - No 

Are there additional conflicts? Yes No 

Final Draft Revision 9.1.2-4 Integrated Impact Number 399 
October 19, 1995



SRP Section 9.1.2

Part F - Type I/Type II Determination 

Type I - Revisions to the SRP Without Public Comments 

1. Do the suggested revisions incorporate new or revised requirements or 

guidance that have received public comment and have been approved by the 

Director, NRR, and therefore do not require additional public comments? 

Yes X No 

2. Do the suggested revisions incorporate new positions that have been 

approved by the Director, NRR, and by CRGR and EDO as being so clearly 

needed that a public comment period would cause an unacceptable delay in 

implementing them? 

Yes - No .  

3. Do the suggested revisions involve only minor changes, such as 

clarifications, corrections, changes in names or assignments of 

branches, or deletions of unused references? 

Yes No X 

Type II - Revisions to the SRP with Public Comments 

1. Do the suggested revisions incorporate proposed new or revised 

requirements, positions, or guidance that have not been reviewed and 

approved by the Director, NRR, CRGR and the EDO, or which could result 

in new sections for the SRP? 

Yes No X 

Provide Rationale for Above Determination 

The position represented by this revision was taken in the EPRI 

Evolutionary Plant FSER. This FSER has been available for public 

comment and for Commission review.  

END OF REPORT 

Final Draft Revision 9.1.2-5 Integrated Impact Number 399 
October 19, 1995



Pkd at: 08:68- 0st2014 Pa"=: 6;4 

Potential Impact/Section Consistency Report 

SRP Section 9.1.2 Potential Impact No. 22959 

Document Type, No.: FINAL SER EPRI CH 1 
Thile: EPRI URD-EPD: OVERALL REQUIREMENTS 

Revision No., Date: 

GRP Section No.: 9.1.2 
Thie: SPENT FUEL STORAGE 

Revision No., Date: 3, 07/01181 

Reactor Types: EVOLUTIONARY 

Summary: Although the likelihood of the complete draining of the spent fuel pool was low, the 
use of high-density storage recks increased the probability of a zirceloy-cledding fire as 
compared with the use of low-density or open-frame racks. The staff concluded that 
the usa of low-density storage racks was justified by a favorable valuelimpact ratio for 
new designs and recommended that EPRI make a commitment to use low-density 
storage racks, at least for the most recently discharged fuel. Therefore, the staff will 
expect the FDA/DC applicant to submit a design that uses low-density storage racks In 
the spent fuel pool for, ass minimum, the most recently discharged fuel.  

Impact Location(s): Block(s) as follows: 
From: Appendix B, Section 3.2.30 

Impact Criteria: 1. Staff position, guidance or requirement.  
3. Information that can be used for establishing criteria bases or licensing requirements 
for evolutionary reactors 

Search Index: epri eve 
Search String: spent fuel pool 

Consistency Check Information 
Consistency Check Status: Retain Impact 

Work Assignment No: 1340 

1. Is It Adequately covered In the SRP? Yes No X 

2. Retain as technical rationale for acoeptanoe criteria? Yes No X 

3. Was this potential Impact Incorrectly assigned to this SRP asction? Yes No X

4. Should this potential Impact be eliminated from further consideration for some other reason? Yes Noa X
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Potential Impact/Section Consistency Report Worksheet

SRP Section: 9.1.2 
Potential Impact Number: 23699 
Type No: NRC BULLETIN 94-01 

Consistency Check Information 

Provide a 1 to 2 sentence discussion where appropriate, for each item below.  

1. Is it adequately covered in the SRP? Yes__ No___ 

2. Should it be retained as technical rationale 
for acceptance criteria? Yes__ No_ 

3. Was the PI incorrectly assigned to this SRP section? Yes_ No_ 

4. Should this impact be eliminated from further 
consideration for some other reason? Yes2X_ No 

Bulletin 94-01, Potential Fuel Draindown Caused By Inadequate Maintenance 

Practices at Dresden Unit 1, was issued to inform all licensees of the 

results of a special NRC inspection at Dresden Nuclear Power Station 

Unit 1 concerning conditions that resulted from freeze damage to service 

water piping. The investigation revealed that there was a potential for 

a portion of the system inside the containment to fail and result in 

partial draindown of the spent fuel pool. The bulletin also requested 

action of all holders of licenses for nuclear power reactors that are 

permanently shutdown with spent fuel in the spent fuel pool (except 

Shoreham).  

This bulletin does not establish new requirements or acceptance criteria.  

Even though some of the requested actions were considered backfits, these 

actions did not impose any new requirements. The requested actions 

resulted because established regulatory requirements exist but were not 

satisfied and, therefore, the backfits are to bring facilities into 

compliance with existing requirements.  

Candidate for Integrated Impact Yes NoX 

Final Draft Revision 9.1.2-1 Consistency Report Worksheet 
October 19, 1995



Potential Impact/Section Consistency Report Worksheet

SRP Section: 9.1.2 
Potential Impact Number: 24255 
Type No: NRC BULLETIN 84-03 

Consistency Check Information 

Provide a I to 2 sentence discussion where appropriate, for each item below.  

1. Is it adequately covered in the SRP? Yes_ No

2. Should it be retained as technical rationale 
for acceptance criteria? Yes__ No__

3. Was the PI incorrectly assigned to this SRP section? Yes_

4. Should this impact be eliminated from further 
consideration for some other reason? YesX.  

Requested licensees and CP holders to evaluate the potential 

consequences of, a refueling cavity water seal failure.  

requirements identified. (see related PIs 14697 and 15013).  

Candidate for Integrated Impact Yes

Noj 
for, and 

No new 

No X

Final Draft Revision 9.1.2-2 Consistency Report Worksheet 
October 19, 1995
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Research/Regulatory Action Needs Form (IPD 7.0)

Need Number: INEL 9.1.2. R/R A-1 

Need Title: Comparison study for ANS 57.2 and develoD regulatory guide 

Need Source: Integrated Impact No. 398 as a result of SRP-UDP activities 

SRP Section(s): iLZ 

Research Need _._ Rulemaking Need 

Regulatory Guide 
Development/Revision 
Need x Other Regulatory Action Need 

Codes/Standards 
Development Needs 

Description of Need: SRP Section 9.1.2, "Spent Fuel Storage," cites ANS 57.2.  

"Design Objectives for Light Water Reactor Spent Fuel Storage Facilities at 

Nuclear Power Stations," as Specific Criteria related to meeting the requirements 

of General Design Criteria 2, 4, 61, 62, and 63 as they relate to protection of 

the stored spent fuel, prevention of criticality, radiological aspects of the 

design of a new fuel storaae facility, and to monitoring requirements. A 

detailed comparison study of the current version of ANS 57.2 (1983) and the 

version in effect when Revision 3 of SRP Section 9.1.2 was issued should be 

performed to determine whether the current version should be endorsed by NRC.  

The Staff position regarding ANS 57.2 is stated in Regulatory Guide 1.13.  

Proposed Revision 2 (12/81). However, Regulatory Guide 1.13 does not cite the 

current version of ANS 57.2. The regulatory guide should be revised to cite the 

current version and state the current staff position reqarding ANS 57.2 as it 

relates to meeting the requirements of General Design Criteria 2, 4, 61, 62, 
and 63.  

References: NUREG/CR-5973. Rev. 1. Codes and Standards and Other Guidance Cited 

in Regulatory Documents.  

Analyst's Name (print): J. L. Edson 

Signature Date 

Analyst's Supervisor's Approval Date 

ILPB Approval Yes No 

ILPB Signature Date 

Final Draft Revision 9.1.2-1 Research/Regulatory Action Needs (IPD 7.0) 
October 19, 1995



Research/Regulatory Action Needs Form (IPD 7.0) 

INEL 9.1.2. R/R A-2 

Revise RG 1.13 to address high density storage racks

Need Source: Integrated Impact No

SRP Section(s): 11.L2

Research Need

Regulatory Guide 
Development/Revision 
Need _x

. 399 as a result of SRP - UDP activities 

Rulemaking Need 

Other Regulatory Action Need

Codes/Standards 
Development Needs 

Description of Need: The NRC staff in its review of the EPRI Evolutionary 
Plant, NUREG-1242-Vol 2., Section 3.2.30, stated that although the likelihood 

of complete draining of the spent fuel pool was low, the use of high-density 

storage racks increased the probability of a zircaloy-cladding fire as 

compared with the use of low-density or open-frame racks. The staff concluded 

that the use of low-density storage racks was justified by a favorable 

value/impact ratio. Consequently the staff expects an applicant to submit a 

design that uses low-density storage racks in the spent fuel Dool for, as a 

minimum, the most recently discharoed fuel.  

Regulatory Guide 1.13, Proposed Revision 2. does not address the issue 

concerning the use of high density fuel storage racks. RG 1.13 should be 

revised to reflect the staff's position concerning the use of high density 

fuel storage racks.

References: NUREG-1242-Vol 2., NRC Review of Electric Power Research 

Institute's Advanced Light Water Reactor Utility Requirements 
Document.

Regulatory guide 1.13, Proposed Revision 2, Spent Fuel Storage 

Facility Design Basis.  

Analyst's Name (print): J. L. Edson

Signature 

Analyst's Supervisor's Approval

ILPB Approval 

ILPB Signature 

Final Draft Revision

Yes

Date:

Date

No

Date

9.1.2-2 Research/Regulatory Action Needs (IPD 7.0) 
October 19, 1995

Need Number: 

Need Title:
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Items for Further Consideration

1. Take a critical look at subparagraph 1.b under Review Interfaces.  

SRP Section 3.5.2 belong here? It appears, more logically, under 

subparagraph I.c.  

Should SRP Sections 3.5.1.5 and 3.5.1.6 be included as review 

interfaces?

Does

Should SRP Section 3.5.1.3, with EMCB as the responsible review branch, 

be included under subparagraph 2? 

2. Should SRP Section 9.1.4 be added as a review interface under 

subparagraph 1? 

Final Draft Revision 9.1.2-1 Items for Further Consideration 
October 19, 1995



NUREG-0800 
(Formerly NUREG-751087) 

.• 1o%. U.S. NUCLEAR REGULATORY COMMISSION 

q I STANDARD REVIEW PLAN 
0 

%2 qmv.o• OFFICE OF NUCLEAR REACTOR REGULATION 

9.1.2 SPENT FUEL STORAGE 

REVIEW RESPONSIBILITIES 

Primary - Auxiliary -TPfiat Systems Branch (AW&SP•L8) 

Secondary - Civil Engineerin d Gte"oi•g•ences rafd.,TECGB)2 °3 
Material!s and.Chemical Engineering Branch (GM~ECB) 3:8 
Reactor .Systems Branch, SRXB T 

I. AREAS OF REVIEW 

Nuclear reactor plants include storage facilities for the wet storage of spent 
fuel assemblies. The safety function of the spent fuel pool and storage racks 
is to maintain the spent fuel assemblies in a safe and subcritical array 
during all credible storage conditions and to provide a safe means of loading 
the assemblies into shipping casks.  

The A&S-PL5 reviews the spent fuel storage facility design including the 
spent fuel storage racks, the spent fuel storage pool that contains the 
storage racks, the spent fuel pool liner plate, and the associated equipment 
storage pits to w 1 0'eehnsure 6 conformance with the requirements of General 
Design Criteria 2, 4, 5, 61, 62, and 63.  

1. The facility and components are reviewed with respect to the following: 

a. The quantity of fuel to be stored.  

b. The design and arrangement of the storage racks for maintaining a 
subcritical array during all conditions.  

DRAFT Rev. 4 - April 1996 

USNRC STANDARD REVIEW PLAN 
Standard review plans are prepared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the 
review of applications to construct and operate nuclear power plants. These documents are made avalable to the public as 
part of the Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies.  
Standard review plans are not substitutes for reg,-atory guides or the Commission's regulations and compliance with them is 
not required. The standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports 
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.  

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new 
information and exprience.

Comments and suggestions for improvement wil be considered and should be sent to the U.S. Nuclear Regulatory 
Commission, Office of Nuclear Reactor Regulation, Washington. D.C. 20555.



f

c. The degree of subcriticality provided along with the analysis and 
associated assumptions.  

d. The effects of external loads and forces on the spent fuel storage 
racks, pool, and liner plate (e.g., safe shutdown earthquake, crane 
uplift forces, missiles, and dropped objects).  

e. Design codes, materials compatibility, and shielding requirements.  

f. The use of applicable codes and standards consistent with the 
assigned seismic classification.  

and eeeling system is perfcrined with the spent fuel ecodinq system reyicw 
in SRP Scction C9.13.3.1 

3. he ,SB rev.iew of provisien" te preclude dropping the spent fucl shipping 
eask into the peol are evaluatced d-uring, the rcvicw ef the eaz!k loading 
pit area in SRP Section 9.1.5.8 

Review I-terfaces9 

4L'0I A-8SPLB" also performs the following reviews under the: tandaýd 
Review PI an .(SRPI sections indicated: 

a. Review of flood protection is performed under SRP Section 3.4.1.  

b. Review of the protection against internally generated missiles as 
well as missiles generated by natural phenomena is performed under 
SRP Sections 3.5.1.1, 3.5.1.2, 3.5.2, and 3.5.1.4.  

c. Review of structures, systems, and components to be protected 
against externally generated missiles is performed under 
SRP Section 3.5.2.  

d. Review of the pool's water level control 'syse~m,' cleianup systlem-and 
cooling system is performed with the spent fuel cooling syst-em 
review in SRP Section ý91..  

e. Review of provisions to predcude dropping the spent f0ui" shipping 
cask into~the pool are evaluated durinp the review of thýe caský 
-loading pit area in SRP Section 9.1.5.~ 

f. Revi ew of fire protection is p~erformed under SR Scin 5j1 

g. eview of equipmient -qualific~atibon Iprfred un~de40 
S.RP Section 3-jj1,"

DRAFT Rev. 4 - April 1996 9.1.2-2



A seecndary rcvicw is perfermcd by the Chemiceal Enginecring Branch (CMEB) and 
the results of its cvaluation are used by ASB to complctc thc- ...rall 
evaluation of the system. The CMEB re.' ies the compatibility and chcmfical 
stability of the materials wetted by the peel water. in addition, CMEB w4l1 
.erify that therc arc no petcntial mczhanizrnz that will! (1) alterth 
dispersien of the strong fixcd ncutren abserbers- incIprted in the design of 
the sterage racks, and11or (2) cause physical dictortion of the tube: retaining 
the stered fuel assenmblic:. The result: of CMEB's evaluation arc transmitted 
to ASB fer 4nclusien in the spent fuel storage SER writcupr 17 

. In addition, A&B$P& will coordinate reviews performed by other 
branches, and th .e .'results are used by ASBSS.PL 120 in the overall spent fuel 
storage evaluation. The coordinated reviews are as follows: 

a.'The Structur-al Eiigincer-4ng Branch (E)~i niern n 
Geosciences Br-a-nch(Cd determines the acceptability of the 
design analyses, procedures, and criteria used to established the 
ability of seismic Category I structures to withstand the effects of 
natural phenomena such as safe shutdown earthquakes (SSE), the 
probable maximum flood (PMF), and missiles as part of its primary 
review responsibility for SRP Sections 3.3.1, 3.3.2, 3.4.2, 3.5.3, 
3.7.1 through 3.7.4, 3.8.4, and 3.8.5.  

b. The Cer Performanee Branch (CpB)Peatr Iyt#$Bac (RB 2 

determines that the crit~icality limits are acceptable and"ifni...  
accordance with ANS 51.25. paragraphs 5.1.1.2.1 and 5.1.1.2.2 as 
part of its primary responsibility for SRP Section 4.3.  

C. 26 The Mechanical Engineering Branch (MEBrEM..EB)127 determines that the 
components and structures are designed in accordance with applicable 
codes and standards as part of its primary review responsibility for 
SRP Sections 3.9.1 through 3.9.3.  

ad... The gRýME29 also determines the acceptability of the seismic and 
quality group classifications for system components as part of its 
primary review responsibility for SRP Sections 3.2.1 and 3.2.2.  

e. The EMEB reviews the seliuir .. qualiflca"ti"'O""n 41 O"'*:*"C"a"*t*:e:,g:*,O:ry .-:XI 
instrumentations as part....of its prima~r.y review resp nS-b1: t u 

f.'The Materials Engineeringq Branch (MTEB):.. ECGB verifies that 
inservice inspection requirements are met for system components as 
part of its primary review responsibility for SRP Section 6.6.  

The review fer Fire Proteetien, Technical Specifications, and Quality 
Assurance is coordinated and performed by thc Chemical Engineering Branch, 
Quality Assuranco Branch, and Liconsing Cuidanec Branch as part of their

9.1.2-3DRAFT Rev. 4 - April 19969.1.2-3



primfary rcvicw responsibilities for SRP Sections 9.5.1, 16.0, and170 
respecti~:el". 33 

~~~.. ... . .. .. . .................................................  

g~Th Tchicl peciiain rac S)coprdinates And p-erforms 
F reviews of the propoused technical specifications .as part . .of its 

primar...........  

primary reviewb responsibilityhfr SrPnSectio 1640.  

bi. The Quality:.Assurance:and Maintenance Branch (HQNB) coordiae n 
peess ryform reviews of ality asm s furancepprograms a rt of it s 
primaryP reviewonf+ ..........n"....fr .....Chapter13 

Th: Equipment Qualifieatien Braneh re fiews the s m qalifecatien of 
catcgery a instrumentatlin and the cnironmcntae qualifceatioan of meehanieal 

and electrical equipmcnt as part of its primary review responsibility for SRP 
Sectiens 3.10 and 3.11, respectivel y 36 

sig . A specondary review nstaperformedfby the Materialse ftheand Chmicaln 
Engineering Branch (ERCB) and the, resultseofa: s 

1. Gnerl Dsig Crteron •:iii•DC),9 a itreltesto :::evauatioures husing 

by SPLB to complete the overall evaluation of: the: system. The ENCB 
reviews the compatibility and chemical stability of the, materials 
wetted by the puDoi water.ý In addition, EMCB will verify that there 
are no potential mechanisms that wil. (1) after the dispersion of 
the strong fixed neutron absorbers incorporated in the design ofthe 
storage racks, and/or (2) cause physical distortion of the tubes 
retaining the stored fuel assemblies. The results of EMCB's 
evaluation are transmitted to SPLB for inclusion in the spent fuel 

strae safety evaluation report.(SER) writeup? 

For those areas of review identified above as being rcvicwcd as part of the 
primary-rei-ew responsibility of other branches, the acceptance criteria 
neccss ary for the revicw! and the~ir. methods of application are contained in the 
referenced SRP section of the corresponding primary branch.38 

II. ACCEPTANCE CRITERIA 

Acceptability of the spent fuel storage facility design as described in the 
applicant's safety analysis report (SAR) is based on certain General Design 
Criteria and Regulatory Guides, and on independent calculations and staff 
judgments with respect to system functions and component selection. The 
design of the spent fuel storage facility is acceptable if the integrated 
design is in accordance with the following criteria: 

1. General Design Criterion 2 (GDC Z)13 as it relates to structures housing 
the facility and the facility itself being capable of withstanding the 
effects of natural phenomena such as earthquakes, tornadoes, and 
hurricanes. Acceptance for meeting this criterion is- based on 
conformance to position X-3.tZ0 of Regulatory Guide 1.13, the applicable 
portions of Regulatory Guide 1.29, Regulatory Guide 1.117, and ANS 57.2 
paragraphs 5.1.1, 5.1.3, 5.1.12, 5.3.2, and 5.3.4.

DRAFT Rev. 4 - April 1996 9.1.2-4



2. General Design Criterion 4* ii(.OG1C 4,41 as it relates to structures housing 
the facility and the facility itself being capable of withstanding the 
effects of environmental conditions and external missiles, and internally 
generated missiles, pipe whip, and jet impingement forces associated with 
pipe breaks, such that safety functions will not be precluded.  
Acceptance for meeting this criterion is based on meeting 
position - 2 42 of Regulatory Guide 1.13, Regulatory Guides 1.115 
and 1.117, as well as appropriate paragraphs of ANS 57.2.  

3. General Design Criterion 5 (i1JC S),4 as it relates to shared structures, 
systems, and components important to safety being capable of performing 
required safety functions.  

4. General Design Criterion 61:1 {-DC ).,-* as it relates to the facility 
design for fuel storage and handling of radioactive materials.  
Acceptance for meeting this criterion is based on conformance to 
positions C.1 and C.4 of Regulatory Guide 1.13 and the appropriate 
paragraphs of ANS 57.2. Acceptance is also based on meeting the fuel 
storage capacity requirements noted in subsection III.1 of this 
SRP section.  

5. General Design Criterion 62' :.:`-.•(GD as it relates to the prevention 
of criticality by physical systems or processes utilizing geometrically 
safe configurations. Acceptance for meeting this criterion is based on 
conformance to positions C.1 and C.4 of Regulatory Guide 1.13 and the 
appropriate paragraphs of ANS 57.2.  

6. General Design Criterion 63 (iDC i3),46 as it relates to monitoring 
systems provided to detect conditions that could result in the loss of 
decay heat removal capabilities, to detect excessive radiation levels, 
and to initiate appropriate safety actions. Acceptance for meeting this 
criterion is based on conformance with paragraph 5.4 of ANS 57.2.  

Techni cal Ratinale:
47 

The te~chnical rationale frapp i ra ,ti.1o'0'n"' " of these ac~cep tance criteria to0 
reviewing spent fuel stor~age is discu ssed in the following paragraphs.:4'A 

1. Compliance with GOC 2 requires :that ..clear 4- wr plant 'structuret--s,ý 
s-ystemns, and components important to safety be desig9ned: to -with stan'd the 
effects of natural phenomena such a s earthqiiake, tornado,, hw. iC-ane, 
flood, tsunami an~d seiche wit~hot lO-s of capabilityto per~form theijr 
safety functi-ons.  

The function of thes ...pent fueil srgefac"'I ity, is to maint ai n spent fuel 
in a subcritical :array that can be adequately tooled during all credible 
storage conditions and to limit offsite expos ur.e Is Il:in :the eve~t: of 
significant release of radioactive materials from the fuel.- :The 
requi rements of, PC .2 ar, imposed to Verify that the structures,, stems,
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.and components. of the spent fuel storage facility are, designed to 
withstand the effects of natural phenomena that miighit occur at the plan t 
site, thereby ensuring that spent fuel will be maintained in a 
subcritical array., :position C42 of Regulatory, Gu-ide .1.13; the applicabl~e 
portions of Regulatory Guide 1.29; Regulatory Guide .1.117; and ANS 57.2 
paragraphs 5.1.A, 5.,l3, 5..2 .. ,and 5.3.4% provide. guidance, 
Iacceptable to the, staff for me~eti~no these r~equiremnents:..  

Meeting the requirements "of Gt2:providesi assurance that` stobred spent: 
fuel will be maintained in a subcr~itical configuration.that a be 
.adequately cooled after a natur-a phenoe.a.ee.t.  

2. Compliance with GIJC 4 :,.":r+equ+ires '.,that"" :structrs sytes and.. components...  
important to safety'be design ed to accoi~nodat~e-:" te effects of,.And be 
compatibl e 'with, the: envi ronmental conditiJons, associated with normal 
operationls, Imaintenance, testing, and postulated accidents, :including 
loss of coolant. This requirement includes protection against dynamic 
effects, including the effects ,of :missiles, pOipe .whippin~g, ýand 
discharging fluids resulting from equipment fa~ilures .and from events and 
conditions, outs~ide the nuclear power unit.  
GUC 4 requires that a spent :fuel storage failit proide controlled 

environment that will facilitate maintaining the fuel in a coolable and 
subcritical geometry; In addition., the facility-is required to protect 
the fuel from the effects of missiles and jet, impingement forces 
associated with turbine failure, natural phenomena (including tornadoes),,) 
and pipe breaks. Position C.2 of Regulatory Guide:1.13, Regulatory 
Guides 1.115 and 1.117, and appropriate, paragraphs of. MNS.57.2 provide 
guidance acceptable to the staff for me~eting-thi TNreqieet 

Meeting the requirements of GDC 4 provides assurance tat :the spent fuel 
storage facility will contain radi~oactive materials and maintain a 
subcritical configuration that can be adequately cooled after being 
exposed to the effects of missiles and natural phenomena.50s 

3. Compliance with GOC 5 requires that structures, systezs, and components, 
important to safetj shall not be shared among nuclear power units unless 
it can be shown that such sharing will not significantly impair their 
ability to perform their safety functions, including,-in the event, of an 
accident in one unit, an orderly shutdown-and cooldown of :the :remaining 
units.  

GDC 5 requires that the fuel storaigeLi fac iIi ty at muli"ti ple-uJn'i t, s ite's 
either not be shared among the units orj that those systems , structures',, 
or components that are shared will be designed in such a manner that :an 
accident at one facility will nut significantly impair the ability ýof thel 
remaining facility to protect sp-ent fuel. Should an accdlent that causes 
damage to the fuel stor-age facility occrspet ue w ll e..apotential .... ... .. .... ..... ... ... ... ......
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source ýof radioactv effuets Thrfore, spe" fulgstorage must be 
designed to minimize the lieiodo uh anent 

Meet ing the requrent ...... :r:SOC r.ovides ASSUrapce that spe.A nt fuel will 

nIt become a $ource of radioactive effluentt.. a 

4. ompliance wit G~ 1rqie htfelstrg anhndi, 
radioactive waste, adohrsteshtmycntain radioactive 
materials be desi gned to enueaeut Afeyudrnn n 
postulated accdntodtos 

CO1applies to hi SRPscinL ~ as terve~ vla 
inspection and tetn f copnns'hedigfrrdainprotection, 
containment and filtering testability .of reiual heatrmvl n 
preventing the -loss, of, fuel storage 'cool ant lnventory, "'.Positions I.  
and C.4 of'Regul at ory GuiOde .113 And appropriate paragraphs5X:. of AilS:57.2 
provide guidance. ..accepatabl:e to th staff. fr mýý-eetingw ;the requirements... of 
thi S. cri terion 

Meet ing the: requiirements of ...O'C "6poidsasuac that crticlity 
and releases of radioactive material s ..rela ted 'to the" Storage and handli jg, 
of spent fujel will be prevented-.5t 

5. Compliance with SOC 62 requires tha tcritfic%*a~li'ty, i*:n *t",h e.,.% f uel -ý sto6r age a n d 
handl ins system be prevented through the use of .phys~ical systems or 
processes, with preferen-ce given to theaplcto ofg meralyse 
con f igurati ons..  

The function of the spent fuel s'torg faiiyi tomitnspent ue 
in a subcritical array that can .be. adequ ately'.cooiled dur":ing: all. credibl-e 
storage conditions and to limit offslte -exposures :in the, event :of 
significant release of radioactivity from the fuel4 This role r-equires 
that the design of spent fuel storage use potential moderators to provide 
assurance that spacing be adequate to prevent criticality during 
earthquakes and flooding, The configuration of spent fuel storage must; 
also prevent the insertion of a fuel assembly anywhere other that) in oa.  
,design location. Positions C.1 and C.4 of Regulatory Guide:1.13,and ..  
appropriate paragraphs of MNS 57.2 provide guidance acceptable. to the_ 
staff for meeting the requirements of this criterio.......  

Meeting the requirements of WOC 62 provides asurnc that cicatY 
willI be prevented .in the spent fuel. storage, facgility.53 

6. ompliance with GOt 63 requires that. appropriat stems beOrovided .in' 
.fuel storage and radioactive waste Isystems, and, associ ated. h andlIng p 
areas, to detect conditions that may res-ult in loss of residual :heat, 
removal capability and ecsierdainlvl n~oiiit 
appropriate safety action.
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Th C 63 requires thatr usol duling ter ctadiation, polervme .C.and pool 
temperature monitoring be provided for at protection of personnel and to 
detect conditions thatncould result in the loss of decay heat removal 
capabilities.. In additioncalarms and aommunications Systems must be 
provided to alert personnel and t provide fort ommunications between fuel, 
handling machines, refueling pl machines, and thescontrol rroom 
Paragraph 5.4 of ANS t 7., provides guidance acceptable to the staff for 
meetingthese requirements..  

Meeting the requirements ofpGDC e, arovides assurance that residual beat 
removal wilI be adequately proviesded and that Ibe ct asi I of aio activeP 
materials willsobe rrevented.wi 

III. REVIEW PROCEDURES 

The procedures below are used during the construction permit (CP) application 
review to determine that the design criteria and bases and the preliminary 
design meet the acceptance criteria given in subsection II. For the review of 
the operating license (OL) application, the review procedures and acceptance 
criteria will be utilized to verify that the initial designccriteria and bases 
have been appropriately implemented in the final design. The OL review 
includes verification that the content and intent of the technical 
specifications prepared by the applicant are in agreement with requirements 
for system testing, minimum performance, and surveillance developed as a 
result of the staff's review.  

Upon request from the primary reviewer, the coordinating review branches will 
provide input for the areas of review stated in subsection I of this SRP 
section. The secondary review branch, G MB 5 will provide an input on a 
routine basis for those areas of review indicated in this SRP section. The 
primary reviewer (A-S8SPLB) 56 obtains and uses such input as required to 
e-s-s+ueensure 57 that this'r~eview procedure is complete.  

The review procedures given below are for a typical storage system. Any 
variance of the review, to take account of a proposed unique design, will be 
such as to e-s-ureensure 58 that the facility design conforms to the criteria in 
subsection II of this SRP section. The reviewer selects and emphasizes 
material from this SRP section as may be appropriate for a particular case.  

1. The SAR is reviewed to determine that the design bases and facility 
description section indicates the storage capacity provided in the 
design. The minimum storage capacity in the spent fuel storage pool 
shall be in accordance with ANS 57.2 paragraph 5.1.15, i.e., for a single 
unit facility the storage capacity shall equal or exceed one full core 
discharge plus the maximum normal fuel discharge cycle; for a dual shared 
storage pool facility the storage capacity shall equal or exceed one full 
core discharge plus two normal fuel discharge cycles. Due to a lack of 
sufficient away-from-reactor (AFR) storage capacity, the industry trend 
has been to use high density storage racks. A&&-.SF'.LB159 reviews high)
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density storage on a case-by-case basis. Low-density storage shiould ..be 
us s .ed, at a minimul for the Most recently discharged fuel to decrease .the 
probability of intntezralycladdim. in the.. e-veint o-f drainin 
the spent The~lpol.

2. The information provided in the SAR 
criteria, safety evaluation, system 
for the spent fuel pool and storage

relating to the facility design 
description, and the layout drawings 
racks is reviewed to verify that:

a. Criticality information (including the associated assumptions and 
input parameters) in the SAR must show that the center-to-center 
spacing between fuel assemblies and any strong fixed neutron 
absorbers in the storage racks is sufficient to maintain the array, 
when fully loaded and flooded with nonborated water, in a 
subcritical condition. A Keff not greater than 0.95 for this 
condition is acceptable.  

b. The design of the storage racks is such that a fuel assembly cannot 
be inserted anywhere other than in a design location.  

c. Failures of nonsafety-related systems or structures not designed to 
seismic Category I that are located in the vicinity of the spent 
fuel storage facility are reviewed to assw-sees-Ir-: that their 
failure will not cause an increase in Keff to exceed the maximum 
allowable. The SAR description section, the general arrangement and 
layout drawings, and the tabulation of seismic design 
classifications for structures and systems are reviewed and 
evaluated to eass&eensur 62 that this condition is met. A statement 
in the SAR establishing the above condition as a design criterion is 
acceptable at the CP review stage.  

d. Design calculations should show that the storage racks and any 
anchorages can withstand the maximum fuel handling equipment uplift 
forces without an increase in K or a decrease in pool water 
inventory. A statement in the VAR that excessive forces cannot be 
applied due to the design of the fuel handling equipment is 
acceptable if justification is presented. The evaluation procedures 
identified in SRP Sections 9.1.4 and 9.1.5 are used to validate this 
statement.  

e. Conventionally the plant's Technical Specification states that the 
weight of all loads being handled above stored spent fuel shall not 
exceed that of one fuel assembly and its associated handling tool.  
This weight and its normal carrying height above the storage racks 
establishes what was considered the upper bound on the potential 
energy available to damage the stored spent fuel if a load drop 
occurs. It has been subsequently noted that lighter loads handled 
at greater drop heights may have greater amounts of potential 
energy. Therefore, the following additional requirement is being
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made. The licensee is required to demonstrate and the reviewer to 
verify that the available potential energy of 'all lighter loads, 
being handled above stored spent fuel, shall not exceed that of one 
fuel assembly and its associated handling-tool when dropped from its 
normal operating height above stored spent fuel.  

f. Sharing of storage facilities in multi-unit plants will not increase 
the potential for the loss of pool water or decrease the degree of 
subcriticality provided.  

3. The reviewer verifies that the safety function of the facility will be 
maintained, as required, if the facility is subjected to adverse natural 
phenomena such as earthquakes, tornadoes, hurricanes, and floods. In 
making this determination, the reviewer considers the following points: 

a. The facility design basis and criteria and the component 
classification tables are reviewed to verify that the spent fuel 
storage facility including the storage pool, pool liner, and racks 
have been classified and designed to seismic Category I 
requirements. The A--SPLB63 will accept a statement that the 
facility will be designed and constructed as a seismic Category I 
system (CP).  

b. If the spent fuel pool liner plate will not be designed and 
constructed to seismic Category I requirements, the spent fuel pool 
liner plate is reviewed to verify that a failure of the liner plate 
as a result of an SSE will not cause any of the following:4.  

1. Significant releases of radioactivity due to mechanical damage 
to the fuel; 

2. Significant loss of water from the pool which could uncover the 
fuel and lead to release of radioactivity due to heatup; 

3. Loss of ability to cool the fuel due to flow blockage caused by 
a portion or one complete section of the liner plate falling on 
top of the fuel racks; 

4. Damage to safety-related equipment as a result of the pool 
leakage, and 

5. Uncontrolled release of significant quantities or radioactive 
fluids to the environs.  

c. The essential portions of the spent fuel storage system are reviewed 
to verify that protection from the effects of floods, hurricanes, 
tornadoes, and internally or externally generated missiles is 
provided. Flood protection and missile protection criteria are 
discussed in sections of the SRP contained in Chapter 3. The )
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reviewer utilizes the information in those SRP sections, as 
appropriate, to as-s& nsum 64 that the analyses presented are 
valid. A-S&P.L 65 will accept a statement to the effect that the 
storage facility is located in a seismic Category I structure that 
is missile and flood protected.  

4. The safe handling of spent fuel assemblies necessitates the underwater 
transfer of spent fuel between the respective areas of the plant 
including spent fuel cask loading area. The SAR is reviewed to verify 
that the design basis and facility description section has stated that a 
separate spent fuel shipping cask loading area (pit) has been provided 
adjacent to the spent fuel pool. The reviewer verifies that the loading 
pit has been designed so that the safety function of the integrated 
system will be maintained during adverse environmental conditions. In 
addition, the reviewer verifies that the following are included in the 
design: 

a. An interconnecting fuel transfer canal should be capable of being 
isolated from the fuel pool and cask loading area. A statement in 
the SAR that these features are included in the design is 
acceptable. The reviewer uses engineering judgment to aes-e*e 
hims-fif-.rivfy 67 that the means provided meet the stated intent.  

b. In regard to the handling of heavy loads, e.g., the spent fuel 
shipping cask in the vicinity of the spent fuel storage pool, the 
reviewer is required to establish and verify in SRP Section 9.1.5 
that one of the alternative approaches described in Section 5 of 
NUREG-0612 has been satisfied. If Sections 5.1.1 and 5.1.6 of 
NUREG-0612 have not been met, the SAR safety evaluations, results of 
design calculations, and the general arrangement and layout drawings 
should show that the spent fuel loading p.... has been designed 
to withstand the loads from dropped heavy objects including the 
shipping cask, and that the loading area is not an integral part of 
the storage pool floor so that if a dropped object should breach the 

- Th impillm. tatli on of this itcmn reflects current regulatory practliec. Th 

mcltheds of fcvicw deseribcd herein will bc used in the evaluation oft 
submittals for operating 1iccn-se orA construction permit appications, 
docketed after November 17, 1977, whieh is based on the first application to 
.whieh this methed was spccifically applied. implcmclntation for applications 
dcckctcd prior to Novcmber 17, 1977 is not eensidercd necessary sne 
stress • s induced in the fuel peol liner plate welds due to an SSE will 
usually be well below the maximum allowablie stress levcls and therefore 
liner failure is not eonsidcred a likely event. Evcn in the event that a 
liner plate failci, it would not likely block the coolant outlet ef spent 
fuel assmbles. completely and sufficient cooling of stored spent fuel would 
be maintained. Therefere, the spent fuel pool liner plate seismic desiRA is 
net considered a signifieant safety issue and baekfit is not -1guir.
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pit area, loss of fuel pool water would not result in an unacceptable level.  

for standard design- certification X:reviews :u'nd-er 10 CFR. Part 52, the procedure s 
above should be fol'lowed., as modified by the proc-edures in SRP Section 14.3 

eproposedv to verify that the design set forth in the standard safety 
analysis report, including inspections, tests, analysisn and acceptance 

criteria (ITfuC), siteointerface requirements and combinedlicenset action 
items, meet the acceptance criteria gciveninsubsectien Ito . SRP Section 14.3 
(proposed) contains Ipprocedures for pit the review of certified design material 
(CDM) for the standard. design includingtthe site pbrasnes, a s,..raet 
,criteria, and ITAAC.6 

IV. EVALUATION FINDINGS 

The reviewer verifies that the information provided and-h-i-s ̀:th~ia-t t.he 0 review 
support conclusions of the following type, to be included in the staff's 
safety eyaluatien rcpcrSER.: 7' 

The spent fuel storage facility includes the spent fuel storage racks, 

the spent fuel storage pool that contains the storage racks, and the 
associated equipment storage pits. Based on the review of the 
applicant's proposed design criteria, design bases, and safety 
classification for the spent fuel storage facility and the provisions 
necessary to maintain a subcritical array, the staff concludes that the 
design of the spent fuel storage facility and supporting systems is in 
conformance with the Commission's regulations as set forth in General 
Design Criteria 2, 4, 5, 61, 62, and 63.  

This conclusion is based on the following: 

1. The applicant has met the requirements of General Design Criterion 2 
by conforming with position .-4C .27 of Regulatory Guide 1.13 and 
the applicable portions of Regulatory Guides 1.29 and 1.117, as well 
as paragraphs 5.1.1, 5.1.3, 5.1.12, 5.3.2, avid 5.3.4 of ANS 57.2.  

2. The applicant has met the requirements of General Design Criterion 4 
pertaining to the environmental and missile protection design basis 
by conforming to position C-4 :C.2 73 of Regulatory Guide 1.13 and the 
applicable portions of Regulatory Guides 1.115 and 1.117, as well as 
appropriate paragraphs of ANS 57.2.  

3. The applicant has met the requirements of General Design Criterion 5 
since the failure of any portion of the shared spent fuel storage 
facility will not impair the ability of plants systems to perform 
their safety function.  

4. The applicant has met the requirements of General Design Criteria 61 
and 62 pertaining to fuel storag e, handling, criticality, and)
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radioactivity control by conforming to positions-C.1 and C.4 of 
Regulatory Guide 1.13 and the appropriate paragraphs of ANS 57.2.  

5. The applicant has met the requirements of General Design 
Criterion 63 pertaining to monitoring the status of the stored spent 
fuel by conforming to paragraph 5.4 of ANS 57.2.  
.......... ........... ..........~!!i~ ii!•iii~i !i!• •!!,i i ~ i•• i'i'!'•, i~',i 

for desýIgn cer.t ,ification :,::.as the f...q wila so ummarie tote 
extent that the revied is not disvcussed igan to happitY. vanudtio ensee 
sections, the staff's evaplation of inspections, tests, ana.yses, and 
acceptance criteria ivtAAtf, including designicceptancecriteria onAs , site 
interface requirements, and comebied ecenise haction items thatb4re reieVant to 
this SRP section.. 74 

V. IMPLEMENTATION 

The following is intended to provide guidance to applicants and licensees 
regarding the staff's plans for using this SRP section.  

This SRP section will be used"b by te ''st-""a"*'ff wen , ror'ln saf'ety, evaluations 
of license apvlications submitted by applicants pursuant to 10 CFR.50 ..........  
or 10 CFR 52. 50Except in those cases in which the applicant proposes an 
acceptable alternative method for complying with specified portions of the 
Commission's regulations, the method described herein will be used by the 
staff on its evaluation of conformance with Commission regulations.  

2. 10 CF Part 5 , Append x A, Ge er..........rit rion. 4,. .. . .......  
.......... t in' o k e 

3. ~ ~ ~ ~ ~ ~ ~~ ... 10 aCFR Par a0 pedxA eealDsg rtro ,"Saigo 

The provisions of this SIRP se-ction apply to r'eviews o-f pictosdced 
:si x months or more after the date of issuance of this :SR' sC.tio. 75. ...  

Implementation schedules for conformance to parts of the method discussed 

herein are contained in the referenced NUREG and Regulatory Guides.  

VI. REFERENCES 

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for 
Protection Against Natural Phenomena." 

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmzlntzi 
and Missile Design BasesEnvir66mental and Dy-namaic Effects Delsign 
gases. 1077. 

- :;: 

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of 
Structures, Systems, and Components.".  

4. 10 CFR Part 50, Appendix A, General Design Criterion 61, "Fuel Storage 
and Handling and Radioactivity Control."
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5. 10 CFR Part 50, Appendix A, General Design Criterion 62, "Prevention of 
Criticality in Fuel Storage and Handling." 

6. 10 CFR Part 50, Appendix A, General Design Criterion 63, "Monitoring Fuel 
and Waste Storage." 

7. Regulatory Guide 1.13, "Design Objctive+ for Light Water- Reactor Spent 
Fuel St.rag.. Fai.el i.t.... at Nuear Poer Statiems.'SPent Fel Storage 
Facility Desigi Blas!~ 

8. Regulatory Guide 1.29, "Seismic Design Classification." 

9. Regulatory Guide 1.115, "Protection Against Low-Trajectory Turbine 
Missiles." 

10. Regulatory Guide 1.117, "Tornado Design Classification." 

11. ANS 57.2/ANSI N210-1976, "Design Objectives for Light Water Reactor Spent 
Fuel Storage Facilities at Nuclear Power Stations." 

12. NUREG-0612, "Control of Heavy Loads at Nuclear Power Plants."

DRAFT Rev. 4 - April 1996 9.1.2-14



SRP Draft Section 9.1.2 
Attachment A - Proposed Changes in Order of Occurrence 

Item numbers in the following table correspond to superscript numbers in the 

redline/strikeout copy of the draft SRP section.

Page 1 of 4

Item Source Description 

1. Current PRB name and Changed PRB to Plant Systems Branch (SPLB).  

abbreviation 

2. SRP-UDP format item Added ECGB as an SRB per NRC guidance.  

3. Current SRP name and Updated SRB to Materials and Chemical Engineering 

abbreviation Branch (EMCB).  

4. SRP-UDP format item Added SRXB as an SRB per NRC guidance.  

5. Current PRB abbreviation Changed PRB to SPLB.  

6. Editorial revision Changed "assure" to "ensure." 

7. SRP-UDP format item Removed section to reflect current SRP format.  

8. SRP-UDP format item Removed section to reflect current SRP format.  

9. SRP-UDP format item Added "Review Interfaces" to AREAS OF REVIEW 

and organized in numbered paragraph form to 

describe how SPLB reviews aspects of the new fuel 

storage facility design under other SRP sections and 

how branches support the review.  

10. SRP-UDP format item Changed item number to reflect current SRP 

format.  

11. Current PRB abbreviation Change PRB to SPLB.  

12. Editorial Defined "SRP" as "Standard Review Plan." 

13. Current SPLB review responsibility Changed the responsibility for this review from ASB 

to SPLB. Relocated the paragraph from Areas of 
Review in the current SRP section.  

14. Current SPLB review responsibility Changed the responsibility for this review from ASB 
to SPLB. Relocated the paragraph from Areas of 

Review in the current SRP section.  

15. Current SPLB review responsibility Modified to reflect review responsibility for SRP 
Section 9.5.1.  

16. Current SPLB review responsibility Modified to reflect review responsibility for SRP 

Section 3.11.  

17. SRP-UDP format item Removed section to reflect current SRP format.  

18. SRP-UDP format item Added item number to reflect current SRP format.  

19. Current PRB abbreviation Changed PRB to SPLB.  

20. Current PRB abbreviation Changed PRB to SPLB.  

21. SRP-UDP format item Added item number to reflect current SRP format.



SRP Draft Section 9.1.2 
Attachment A - Proposed Changes in Order of Occurrence

Page 2 of 4

Item [ Source Desrption 

22. Current ECGB review responsibility Changed to reflect primary review responsibility for 
SRP Sections 3.3.1, 3.3.2, 3.4.2, 3.5.3, 3.7.1 
through 3.7.4, 3.8.4, and 3.8.5.  

23. SRP-UDP format item Added item number to reflect current SRP format.  

24. Current SRXB review responsibility Changed to reflect primary review responsibility for 
SRP Section 4.3.  

25. Integrated Impact No. 398 This standard is outdated. ANS 57.2/ANSI N210
1976 was revised in 1983 to ANSI/ANS-57.2
1983.  

26. SRP-UDP format item Added item number to reflect current SRP format.  

27. Current PRB abbreviation Changed PRB to EMEB.  

28. SRP-UDP format item Added item number to reflect current SRP format.  

29. Current PRB abbreviation Changed PRB to EMEB.  

30. Current EMEB review responsibility Reflect review responsibility for SRP Section 3.10.  

31. SRP-UDP format item Added item number to reflect current SRP format.  

32. Current SRP name and Modified to reflect the ECGB's primary review 
abbreviation responsibility for SRP Section 6.6.  

33. SRP-UDP format item Removed section to reflect current SRP format.  

34. SRP-UDP format item Rewrote section to reflect current SRP format.  

35. SRP-UDP format item Rewrote section to reflect current SRP format.  

36. SRP-UDP format item Removed section to reflect current SRP format.  

37. SRP-UDP format item Moved section to this location and revised to reflect 
current SRP format and review responsibilities.  

38. Editorial Simplified for clarity and readability.  

39. Editorial Introduced "GDC 2" as initialism for "General 
Design Criterion 2." 

40. Current Revision of RG 1.13 Changed to reflect paragraph number in current 
revision (Rev. 1) ofRG 1.13.  

41. Editorial Introduced "GDC 4" as initialism for "General 
Design Criterion 4." 

42. Current Revision of RG 1.13. Changed to reflect paragraph number in current 
revision (Rev. 1) of RG 1.13.  

43. Editorial Introduced "GDC 5" as initialism for "General 
Design Criterion 5."

)

)



SRP Draft Section 9.1.2 
Attachment A - Proposed Changes in Order of Occurrence

Page 3 of 4

Item Source J Description E 

44. Editorial Introduced "GDC 61' as initialism for "General 
Design Criterion 61." 

45. Editorial Introduced "GDC 62" as initialism for "General 
Design Criterion 62." 

46. Editorial Introduced "GDC 63" as initialism for "General 
Design Criterion 63." 

47. SRP-UDP format item, develop Added "Technical Rationale" to ACCEPTANCE 

technical rationale CRITERIA and organized in numbered paragraph 
form to describe the basis for referencing the 
General Design Criteria.  

48. SRP-UDP format item, develop Added lead-in sentence for "Technical Rationale." 

technical rationale 

49. SRP-UDP format item, develop Added technical rationale for GDC 2.  
technical rationale 

50. SRP-UDP format item, develop Added technical rationale for GDC 4.  

technical rationale 

51. SRP-UDP format item, develop Added technical rationale for GDC 5.  
technical rationale 

52. SRP-UDP format item, develop Added technical rationale for GDC 61.  
technical rationale 

53. SRP-UDP format item, develop Added technical rationale for GDC 62.  
technical rationale 

54. SRP-UDP format item, develop Added technical rationale for GDC 63.  

technical rationale 

55. Current SRB abbreviation Changed SRB and review responsibility to EMCB.  

56. Current PRB abbreviation Changed PRB to SPLB.  

57. Editorial revision Changed "assure" to "ensure." 

58. Editorial revision Changed "assure" to "ensure." 

59. Current PRB abbreviation Changed PRB to SPLB.  

60. Integrated Impact No. 399 The staff concluded in NUREG-1 242 (SER for the 
EPRI Evolutionary Plant) that the spent fuel storage 

design is to use low-density storage racks for, as a 

minimum, the most recently discharged fuel.  

61. Editorial revision Changed "assure" to "ensure." 

62. Editorial revision Changed "assure" to "ensure." 

63. Current PRB abbreviation Changed PRB to SPLB.  

64. Editorial revision Changed "assure" to "ensure."



SRP Draft Section 9.1.2 
Attachment A - Proposed Changes in Order of Occurrence

Page 4 of 4

Item Source Description 

65. Current PRB abbreviation Changed PRB to SPLB.  

66. SRP-UDP format item Deleted the footnote limiting certain review 
procedures to applications docketed after 1977.  

67. Editorial revision Changed 'assure himself' to 'verify." 

68. Editorial revision Corrected 'put' to *pit.' 

69. SRP-UDP Guidance, Added standard paragraph to address application of 
Implementation of 10 CFR 52 Review Procedures in design certification reviews.  

70. Editorial Modified to eliminate gender-specific reference.  

71. Editorial Used 'SER" as previously defined in this SRP 
section.  

72. Current Revision of RG 1.13 Changed to reflect paragraph number in current 
revision (Rev. 1) of RG 1.13.  

73. Current Revision of RG 1.13 Changed to reflect paragraph number in current 
revision (Rev. 1) of RG 1.13.  

74. SRP-UDP Format Item, Implement To address design certification reviews a new 
10 CFR 52 Related Changes paragraph was added to the end of the Evaluation 

Findings. This paragraph addresses design 
certification specific items including ITAAC, DAC, 
site interface requirements, and combined license 
action items.  

75. SRP-UDP Guidance, Added standard sentence to address application of 
Implementation of 10 CFR 52 the SRP section to reviews of applications filed 

under 10 CFR Part 52, as well as Part 50.  

76. SRP-UDP Guidance Added standard paragraph to indicate applicability 
of this section to reviews of future applications.  

77. Current Revision of 10 CFR Part Updated title of GDC 4.  
50, Appendix A 

78. Current Revision of RG 1.13 Change to reflect title of current revision (Rev. 1) of 
RG 1.13.

)



SRP Draft Section 9.1.2 
Attachment B - Cross Reference of Integrated Impacts

Page 1 of 1

Integrated Issue SRP Subsections Affected 

Impact No.  

398 Incorporates latest version of ANSI/ANS 57.2. No change made. Endnote 
added to "Review Interface," 
item 2.b 

399 Incorporates staff position concerning the use of Subsection III, REVIEW 

high density storage racks. PROCEDURES, subparagraph 1 

1168 Revise the Acceptance Criteria, Review This is a placeholder integrated 

Procedures, and Evaluation Findings as necessary impact.  

to incorporate the guidance of the proposed draft 

Regulatory Guide CE-913 (proposed revision 2 to 
RG 1.13).



REGULATORY GUIDE 1.13

SPENT FUEL STORAGE FACILITY DESIGN BASIS 

A. INTRODUCTION 

General Design Criterion 61, "Fuel Storage and Handling Criteria for Nuclear Power 

Plants," of Appendix A, "General Design for Nuclear Power Plants,* to 10 CFR Part 50, 

"Licensing of Production and Utilization Facilities,3 requires that fuel storage and handling 

systems be designed to assure adequate safety under normal and postulated accident 

conditions. It also requires that these systems be designed with appropriate containment, 

confinement, and filtering systems and be designed to prevent significant reduction in the coolant 

inventory of the storage facility under accident conditions. This guide describes a method 

acceptable to the NRC staff for implementing this criterion.  

B. DISCUSSION 

It is important that fuel handling and storage facilities be designed to: 

a. Prevent loss of water from the fuel pool that would uncover fuel.  

b. Protect the fuel from mechanical damage.  

c. Provide the capability for limiting the potential offsite exposures in the event of 

significant release of radioactivity from the fuel.  

If spent fuel storage facilities are not located within the primary reactor containment or provided 

with adequate protective features, radioactive materials could be released to the environs as a 

result of either loss of water from the storage pool or mechanical damage to fuel within the pool.  

1. Loss of Water from Storage Pool 

Unless protective measures are taken, loss of water from a fuel storage pool could cause 

overheating of the spent fuel and resultant damage to fuel adding integrity and could result in 

release of radioactive materials to the environment. Natural events, such as earthquakes or high 

winds, could damage the either directly or by the generation of mis es.  

Earthquakes or high winds could also cause structures, cranes, etc., to fall into the pool.  

Designing the facility to withstand these occurrences without significant loss of watertight 

integrity would alleviate these concerns.  

Dropping of heavy loads, such as a 100-ton fuel cask, _ of low probability, cannot 

be ruled out in plant arrangements where such loads are positioned or moved in or over the fuel 

pool. Possible solutions to this potential problem include (1) preventing, preferably by design 

rather than interlocks, heavy loads from being lifted over the pool; (2) using a highly reliable 

handling system designed to prevent dropping of heavy loads as a result of any single failure; or 

(3) designing the pool to withstand dropping of the load without significant leakage from the pool 
area in which fuel is stored.  

Even if the measures described above to prevent loss of leak-tight integrity are followed, 

small leaks may still occur as a result of structural failure or other unforeseen events. For 

example, equipment failures in systems connected to the pool could result in loss of water from
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the pool if such loss is not prevented by design. A permanent fuel-pool-coolant makeup system 

with a moderate capability, and with suitable redundancy or backup, could prevent the fuel from 

being uncovered if such leaks should occur. Early detection of pool leakage and fuel damage 

could be provided by pool-water-level monitors and radiation monitors designed to alarm both 

locally and in a continuously manned location. Timely operation of building filtration systems can 

be assured by actuating these systems by a signal from local radiation monitors.  

2. Mechanical Damage to Fuel 

The release of radioactive material from fuel may occur during the refueling process, and 

at other times, as a result of fuel-cladding failures or mechanical damage caused by the dropping 

of fuel elements or the dropping of objects onto fuel elements.  

Missiles generated by high winds can also be a potential cause of mechanical damage to 

fuel. Designing the fuel storage facility to prevent such missiles from contacting the fuel would 

eliminate this concern.  

A relatively small amount of mechanical damage to the fuel might cause significant offsite 

doses if no dose reduction features are provided. Use of a controlled leakage building 

surrounding the fuel storatge pool, with associated capability to limit releases of radioactive 

material resulting from a refueling accident, appears feasible and would do much to eliminate this 

concern.  

C. REGULATORY POSITION 

1. The Spent fuel storage facility (including its structures and equipment except as noted in 

paragraph 6 below) should be designed to Category I seismic requirements.  

2. The facility should be designed (a) to keep tomadic winds and missiles generated by 

these winds from causing significant loss of watertight integrity of the fuel storage pool and (b) to 

keep missiles generated by tornadic winds from contacting fuel within the pool.  

3. interlocks should be provided to prevent cranes from passing over stored fuel (or near 

stored fuel in a manner such that if a crane failed, the load could tip over on stored fuel) when 

fuel handling is not in progress. During fuel handling operations, the interlocks may be bypassed 

and administrative control used to prevent the crane from carrying loads that are not necessary 

for fuel handling over the stored fuel or other prohibited areas. The facility should be designed to 
minimize the need for bypassing such interlocks.  

4. A controlled leakage building should enclose the fuel pool. The building should be 

equipped with an appropriate ventilation and filtration system to limit the potential release of 

radioactive iodine and other radioactive materials. The building need not be designed to 

withstand extremely high winds, but leakage should be suitably controlled during refueling 

operations. The design of the ventilation and filtration system should be based on the 

assumption that the cladding of all of the fuel rods in one fuel bundle might be breached. The 

inventory of radioactive materials available for leakage from the building should be based on the 

assumptions given in Regulatory Guide 1.25, "Assumptions Used for Evaluating the Potential 

Radiological Consequences of a Fuel Handling Accident in the Fuel Handling and Storage Facility 

for Boiling and Pressurized Water Reactors" (Safety Guide 25).
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5. The spent fuel storage facility should have at least one of the following provisions with 

respect to the handling of heavy loads, including the refueling cask: 

a. Cranes capable of carrying heavy loads should be prevented, preferably by design 

rather than by interlocks, from moving into the vicinity of the pool; or 

b. Cranes should be designed to provide single-failure-proof handling of heavy loads, 

so that a single failure will not result in loss of capability of the crane-handling system to perform 

its safety function; or 

c. The fuel pool should be designed to withstand, without leakage that could uncover 

the fuel, the impact of the heaviest load to be carried by the crane from the maximum height to 

which it can be lifted. If this approach is used, design provisions should be made to prevent the 

crane, when carrying heavy loads, from moving in the vicinity of stored fuel.  

6. Drains, permanently connected mechanical or hydraulic systems, and other features that 

by maloperation or failure could cause loss of coolant that would uncover fuel should not be 
installed or included in the design. Systems for maintaining water quality and quantity should be 

designed so that any maloperation or failure of such systems (including failures resulting from the 

Safe Shutdown Earthquake) will not cause fuel to be uncovered. These systems need not 

otherwise meet Category I seismic requirements.  

7. Reliable and frequently tested monitoring equipment should be provided to alarm both 

locally and in a continuously manned location if the water level in the fuel storage pool falls below 

a predetermined level or if high local-radiation levels are experienced. The high-radiation-level 
instrumentation should also actuate the filtration system.  

8. A seismic Category I makeup system should be provided to add coolant to the pool.  
Appropriate redundancy of a backup system for filling the pool from a reliable source, such as a 
lake, river, or onsite seismic Category I water-storage facility, should be provided. If a backup 
system is used, it need not be a permanently installed system. The capacity of the makeup 
systems should be such that water can be supplied at a rate determined by consideration of the 

leakage rate that would be expected as the result of damage to the fuel storage pool from the 
dropping of loads, from earthquakes, or from missiles originating in high winds.* 

D. IMPLEMENTATION 

Any of the alternatives in Regulatory Position C.5 of Revision 1 may be applied at the 

option of applicants for construction permits and operating licenses for all plants, regardless of 
the date of application.  

*The staff is considering the development of additional guidance concerning protection against 

missiles that might be generated by plant failures such as turbine failures. For the present, the 

protection of the fuel pool against such missiles will be evaluated on a case-by-case basis.


