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fUKL STORACE AND RAKbLING

%ae tuel ator4$ t and hssndlfs+ ayet~ provfde cele aod effective aeacus

stoTQ+y tranaportfnay and handling %At and frradiated nuclear facie Swat
syet~ aefnly are located fn the fuel handlisg areas of the ksafliary 4uild-
hg, ad]acent to the eaat walla of the contaf~nt etructurea. Caparete
facflitiea are prov~ for each eaLt. %he AsccLlfary building fi a Samian

Cleae I atractere mA fa 4eecrfhed fa Chopter S.

0 X.X

ILer fuel erfli be atored fn racha fn veelte fa the AexLlfary seildina, located
ae ehaa fn Figure 1.2< tor lait 1 sad in tiara 1.2-10 for lsd t 2. 2hc

racks ore 4eeignel te etore, protect sad prevent crfticalfty at aeu feel
aaaeablfea eatil eeo4 eithfn the raacter. "

A t A

~i 5uee
gt

Iev fuel aseeeblfaa end SCC aeaeablfae for wch aait ere stored fn separate

aaaa located to facilitate the ealoadiag of acr fuel «eeablfes cad RCC

~eaeablfea !rca trachea. %he storage malta ae 4@a~ to hold aa fuel
aaaeeklfea ia opecfaDy ematructad ancona oad are etflfaed prfaar&y for the

storage af the eoe third replaca~t cores. 2he aaeenblfea ehfch aake w the

raaafnder of the firet core are atorod fa the apent fuel poolo which are eraL1

able for ahfa ~ eatf1 the ffrat aafealfn4,
~ ~ '

%<a 4eefgn haec! for the ~ teel eterne racke are aa folloete! (1) %to racks

prorfded tor sech @aft eCli Mld apprezfaataly ooe-thtrd ot a'eactor core.

(2) Roche are 4esfgnad ao that the fuel vf11 reaafn aubcrftical {k ff of less

than O.f4) vtth the vault flooded

fifth

taoborated eater 4)) The tacks m
capable of Iafntaining horfaonta1 center to center opacity of the tue> e>~

monte ader ssax~ eef~c chock (~le Oasis Ca~nake), and oE iup"cry-

ing the eliot vertically under saaxfmm aeiesLtc ohock.
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There are two racks for each unit." Each rack holds thirty-five asccnblics..
h rack is approximately nine fact os inches vide~ thirteen feet long and

thirteen feet six inches high (excluding centering cones) lt is built from

type 304 stainless steel.
CO

Me assemblies arc in seven r~, five deep, and are spaced to have a center
%o center distance of twenty-two inches plus or-ainus one thirty-second of

an'ch.

They are of 304 stainless steel and have a conc shaped,top entrance to
-facilitate loading of fuel elements. They are shaped fn a nine 'nch square
(cross section) hollow beam configuration, standing upright. They have a one

inch thick "plastic" bearing plate at the base.

'he racks and the anchorage of racks to the flooz are designed for the DDE

Woading condition with the racks filled with fuel assesblies. The seisaic
Wloadings are calculated assuaing a 1,00g horizontal accelezation simul-

taneous with 0.26g vertical acceleration. Equivalent static loads are
applied at the top of the racks assuming that half of the sLsss of racks
includ~.ng thz assenblies is concentrated at the top of the racks.

The racks are designed to withstand a vertical (uplift} force of 4000 lb.
in the unlikely event that an assembly would bind in the rack while being
lifted by the Spent Fuel Bridge Crane.

The racks are located in the fuel handling arcs of the huxiliary Building at
elevation 125. Assembly access is from elevation 140. One third of a core
can be stored for each unit. Before the first fueling, thi other two-thirds
vill be stored in the spent fuel racks.

Safet Evaluation

The storage racks are designed in accordance with the hnerican Institute of
Steel Const ructi cn, speci f cations for the Design, Fabrication, and Erection
oi Structure! Stei 1 f.-r g i)dings. The racks are seismic Design Class Il~

9.1-2





Center-to center assembly spacing is hald to one thirty second of w 'inch

to assure a k ff of loss than 0.90, evan vhen the vault'is flooded w1'th

unborated vater. hf ter the racks are installed, a duaey. gue'1 element's
inserted in each location and critical measurements taken to assure proper
arrangemen and support. > mtal cap ccnrers the top of the rack. The holes

ia the cap line up vith the guidance cones. If a fuel assembly is acciden-

tally dropped, it vill only be able to drop into a holder and could not

drop into the space between fuel assemblies. ha accident analysis vill be

found in Chapter 15 '

~ 1.2 SPENT FUEL STORhCE

The spent fuel storage pool, shown in Figure 9.1-2, is the storage space for
irradiated spent fuel from the reactor. This figure shows the spent fuel
storage racks arrangement. This pool is not required for any plant safety-
related function. Two pools are provided, one for each unit.

Desi Bases

spent fuel pools are designed to accosmodate fuel assemblies in a subcri-
tical array such that a k ff < 0.9 is maintained. They are constructed of
reinforced concrete as part of the huxiiiary Building structure. The design

is described in Section 3.8.1. The entire structure and the spent fuel racks

have been designed in accordance vith Design Class I seismic requirements.

Criteria set by Safety Guide 13 have been followed. Gaseous radioactivity
about the spent fuel storage pool is mMintained below the 10 CFR 20 limits.

S stem Desi

The spent fuel storage pool is a reinforced concrete structure with scare

welded stainless steel plate liner. The pool volume is approximately 59,100

cubic feet. Borated water is used to fill the pool at a concentration of

approximately 2,000 ppm boron.

9. 1-3
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Racks for a'total'f .374, opeat tuel asseablias con'eveatua11y 4
occ~edated; 5ni~y, ra'cks tor 270 ariil be installed. ~ allovs 'for '

~

the concurrent storage of a full core of irradiated fuel assemblies, and

the normal quantity of apent fuel assesblies from the reactor during a

rehseliag operation. Ihe spent hei assemblies are stored ia stiinless
~ ~ e~teel storage racks ia parallel rovs having a center t~enter distance of

~22 inches ia both horixontal directioas. Rod cluster control assemblies
and burnabla poison rods requiring removal from the reactor arc stored in

Cl
~ the spent„ fuel assemblies

~

'heracks and the anchorage of racks to thc floor are designed for the DDE

~loading condition with the racks filled with fuel assemblies. Ihe seismic
~loadings are calculated assuaiag 0 Sing horizontal acceleration simultaneous
>with 0 16g vertical acceleration.. Equivalent static loads are applied at

~ ~ ~

the top of the racks,assumiag that half of the mass of racks iacludiag theCl
asscmblics is coaceatrated at the top of the . acks.

O

Ihe racks are designed to vithstand a vertical (uplift) force of 4000 'lbs.
in the unlikely event that. an assembly vould bind in the rack vhile being
Mfted ~y the Spent Puel Bridge Crane.

Ad)scent to tbe spent fuel storage pool is the stainless steel lined fuel
transfer canal vhi.ch is connected to thc refueling cavity (inside the
coataiaseat) k leaktight door is provided between the pool and the fuel
transfer canal

~ All components (handling tools, aev fuel elevator, etc.) in contact vith
the spent fuel pool vater are constructed of stainlc~s steel. Since all
materials vhich are used in the construction of the spent fuel pool or are
in contact vith the pool vster are stainless steel, material compatability
is insured.

The boratcd vatcr level in thc pool is maintained tc prnvide at least 10 ft
of eater above the tope of tlute active portion of a *spent fuel assembly.

This vater barrier serves as a radiation shield, limfting the gamma dose

rate at the pool surface.

9 ~ 1W





A cooling and clean-up system for. the spent fuel'storage pool vater is
described in Section 9.1.3. This syatcsL'.aaiataias the poo'ater temperature
belov the normal design limit of 120 F vhen'one third of a core is in the

poolo

A controlled and monitored ventilatioa systaa removes any gaseous radioactiv-
ity from the atmosphere a'~c thc spent fuel storage pool and discharges it
through the plant vents This system is described in Section 9.4.2.

A spent fuel pool veat exhaust monitoring system vill continuously monitor
the gases ia the -vents from tha epeat fuel pool areas aad alarm vhen th ac-
tivity level of the gases reaches a preset Iimiti See also Chapter 6 for a

discussion of the veatilation system operation ia the event high activity
levels are detected.

A speat fuel pool area radiation monitoring system has been provided for
personnel protection and general surveillance of the spent fuel pool area.
Coatiauous monitoring and recording readouts aad high radiation level alarms
in the control room, plus local audible aad visual indicators, are provided.

Desi Evaluation

The spent fuel storage racks are designed ia accordance vith Safety Guide

13 and the American Institute of Steel Construction Specifications for the

Design, Fabrication, and Frection oi Structural Steel for Buildings.

The center-to-center distance betveen ad)scent spent fuel assechlies is suf-
ficient to assure a k ff + 0.9 even if unborsted vater is used to fill the pool.
The design of the spent fuel handling system is such that it is impossible
to insert the spent fuel assemblies in other than prescribed location in the

racks, thereby preventing any possibility of accidental criticality.

Crane operation in the fuel handling area is such that the spent fuel cask

cannot traverse the spent fuel storage pool.

9. 1-5





I l. Dec-tical„interlocks are installed on the tuel handling;, crane,to prevc.nt

Isovesent nf the sp~nt fuel cask over the spent fuel area. „

2. Crane access to the cask te ess in the corner of the pool is possible
fraa the south only (Unit 1, north only for Unit 2); interlocks pre-
veat travel of the crane hook beyo- 'ie recess borderline vith the

spent fuel storage sectioa.

'hese liaitations oa the crane travel preclude the possibility of dropping,
leavy objects from above the spent fuel racks. 'he spent fuel bridge

~ egoist is the only crane vhich is capable of. saving objects over the spent.

fuel tacks. The tated capacity of the hoist is 2000 pounds. hn object of

+his veight dropped on the tacks villaot affect the integrity of the racks.

Lighting fixtures or other coeponeats of the building above the racks are
~ q

not sufficiently ILassive to cause damage to the racks if they are assumed

to fall iato the pool.

~e probability and consequences of a cask. ripping accident have beea

revieved. Although the analysis indicates ao possibility of tipping during
i the DDC design condition, Iseaas are provided to prevent the. cask frcnu

tipping Sato the stored speat fuel This restra'at also vould stabilize
the cask in the unlikely event of a cask dtop.

A cask drop in the spent fuel pool cask loading pit sLight x suit in some

damage to the spent fuel pool valls and floor, hovever the integrity of the

pool vill not be affected since the valls are 6 feet thick and the 4 1/2 foot
tldck floor is poured directly on the underlying rock.

The path of the spent fuel cask roe the speat fuel cask loading pic tn the

cask decontamination area, aad thence to the loading area, passes over the

spent fuel pool cooling system equipaeat. Concrete floor barriers of rvo foot
mini-. a th ciuiess betMeen the cask and the equipment are provided. These

slabs have been analysed for the extremely unlikely event of a cask drop from
a height of 30 feet. The results indicated that the floor vnuld be danaged

irn". cho fall but the cask Mr uld not penetrate the floor. Da=.age fror. any

s..:",» c". t':.» spent fuc l pon) cnoling system piping and cpu'p.-,w-..'. vnuld net

a'.:=cc t..» cnp.~bi licy nf eh@ -„lant to shut dry safe?v.
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Tests and Ins ctions

After erection of the epent fue -recta, tests artll be conducted eith a duaay '-
fuel assembly by passing it into and out of each storage posi&on to assure

that no binding vfll occur.

9.1.3 SPENT ?UEL POOL COOLING AHD CUrWAP SySTI2i

The Spent Fuel Pool Cooling, and Cleanup System is'designed to remove the decay

heat generated by stored spent fuel assemblies from the spent fuel pool vater.
4 secondary function of the system is to clarify and purify the spent fuel
pool, transfer canal, and refueling vater.

Each uni has a completely independent Spent Fuel Pool Cooling and Cleanup

System. The folloMing description is for one unit vfth the second unit having
an identical system.

Desi bases

S~nt fuel Pool Cooling and Cleanup System design parameters are given in
T&le 9.1 1.

S ent Fuel Pool Coolin

The cooling system is designed to remove the amount =f decay heat that is
produced by the nueber of spent fuel assemblies that are stored in the pool fol-
lowing a normal refueling (one-third core). Mhen the spent fuel assemblies

resulting from refueling are in the pool. the system can maintain the spent
0fuel pool vater temperature at or beloM 120 F vhen the heat exchanger is sup-

plied vith component cooling Mater at the design flnv and teaperature.

If it is necessary to remove a complete core from the reactor vhile the spent

fuel assemblies from the previous refuelinp. still renain in the pool, the sys-
0ten can aaintain the spent fuel pool ueter at or btlov 150 F.

9. 1-7
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cnt fuel cooling end cleanup system coapooeats are constructed to aeissdcop en

5asign Class II requirements in accordance vith Safety Guide 13. The failure
or aalopcration of any of the coeponanta (including failures resulting from the

besign Sasia Earthquake) villnot cause the fuel to be mcovarod.

S ent Fuel pool ~aterin Protection

System piping is arranged. so that failure of any pipelfne cannot drain the

spent fuel pool bclov. thc vater level required for radiation ohielding,

Mater i urifiuetiar

t~e system's desdneraliscr and filters are designed to provide adequate purifi-
~ation to permit access to thc spent fuel storage area and maintain optical

clarity uf the spent fuel pool vater. The optical clarity of the spent fuel
poo1 vater surface is maintained by use of the system's okimmers, strainer,
and skimmer filter.

S stem Desert tion

Ihe Spent Fue'.ool Cooling and Cleanup System. shovn in Figure 3.2-13, removes

decay,heat from fuel stored in the spent fuel pool. Spent fuel is placed in
thc pool during the refueling sequence, and stored there until it is shipped
offsitc to a reprocessing facility.. The system normally handles the decay

heat from 1/3 of a core freshly discharged from the reactor. Eeet is trans-
ferred through the spent fuel pool heat exchanger to the Component Ccoling
Mater System.

Mhcn the Spent Fuel Pool Cooling and Cleanup System is in operation, vater
flovs from the spent fuel pool to the spent fuel pool pump auction, is pumped

through th» tube side of the heat exchanger, and is returned to the pool. The

suction 1'.ne, vhich is protected by a strainer, is located at an elevation
four feet bein. che nnrmal spent fuel pool vater level ~ vhile the return line
con:a>-.,s a-.„a-:i~!phcn hc le near the surface of the vater to prevent gravity
draina„i. e :nc p.:!

9 ~ 1-8





Ihila'he heat zemoval operation io .io;process a pottion of the spent fuel
pool vster may be'iverted through the ~eat fuel pool deataedQ5aet cad the
apeat fuel pool filter to axLiataia eater clarity cad purity. Traasfer canal
vater aay aiao be circulated through the Name deatneraAaer end filter by

opeaiag the Nate betveea the canal cad tha'spent fuel pool This puri-
fication loop ia aufticient fot removtag all aaticipated fission products and

other coauaahuLata vhich could I introduced ii a fuel assembly vith defective
cladding is transfetzed to the spent fuel poolo

Thc dcsLineralixer Ney be isolated by- manual valves from the beat zenoval

portion of the Spent tuel tool Cooling and Cleaaup System. Iy ao doing, the

demiaeraliser asy be used ta con)unction vith the zefueiing vater purifica»
tion pcnry aad filter and zesia trap to clean aad purify the refueling vatcr
vhile opeat fuel pool beat removal operations proceed. Connections are pro-
vided ouch that the zefucliag voter may be pumped from either the refueling
vater storage tank or the refueling cavity, through the filter, dcmiacralizcr,
and resia trap and discharged to either the zefucliag cavity or the. refueling
vater storage tan'k. To further assist in ~iaUskaiag speat fuel pool vater
clarity, the vater outface is cleaaed by a akimmcr loop. Mater is removed

from the surface by the summers, pumped through a strainer and filter, and

returned to thc pool enface at three locatioas remote from the akimmcrs.

The spent fuel pool is initially tilled vith vater that is at 2,000 ppm boron

concenttation. Iorated vater may be supplied from the refucliag vater storage

tank via the refueling vater purification pump connection, or by running a

temporary linc from the boric acid blender, located ia the Chemical and Volume

Control System, ditectly into thc pool.

Demineralited makeup vater can be added from thc condcnsstc storage tank using

the makeup vatcr transfer pumps {Sections 9.2.C and 9.2.5) to replace

evaporated losses. The pumps, tanks and piping are constructed to seismic

Design Class I ia accordance vith Safety Cuide 13.

The gate is installed bctuecn the spent tuel pool and the transfer canal s

that the transfer canal may be drained to silos maintenance of che fuel trans-

fer equipment. The vatct Ln the transfer canal fs f}rsvp pu=„cv ~sinr.-a

9.1 9
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~rtabls pcasp, ~to.gh'e opant; feel-.~ pod ~ ~pgarzsd go-ahoXdup tannic

fn ~ Cbasafcal and %blaaaaa OontroL Systeca'y, tho spent fpo1 pool pumtp; ~hen - .

aaafntensnce on the feat trcmnfer equipment 4a coljplatod, ahe castor f!'-returned

erectly to the transfer canal. by the holdup Ccats.~rccLlatfon pump.

Spent fuel tool Cooling and Cleanup Systea codes and classifications are given
+fn Table 9.I-2. Equipment deefgn yeanatars..ara ghen ~u Table 9.1-.,3 ~

: S t Puel Pool - The paap fs a horfsontal centrifugal nnft, vith all
~«ettid-surfaces +efng stainless steel or;aa equipment corrosion-resistant
~ material. ~ puaap hs, controlled aaanauaXXy fxoa a local station,'-1

S t Puel Pool SM.aaaer - The spent fuel pool ckismme'r pump is a borfson-
C) tal centrifugal unit, «fth nll «etted surfaces being stafnless steel or an

oqufvalent corroafce-resfstant «aterfal.. the pump is controlled manually
from a local statfon.

Refuelfn Qater Purification The refueling vater purfffeat fon pump fs
a horfsoatal centrifugal unit, vith all vetted surfaces being sta'nless steel
er an equivalent corrosion-resistant caateriali The pump is operated aanually
troa a local atatfcn.

t Puel Pool Heat Exchsn er The spent fuel pool heat exchanger is of the
shell and 9-tube type «ith the tubes velded to the tube sheet. Component

cooling vater circulstes through the shell ~ and spent fuel pool vater circu-
lates through the tubes. Construction is carbon steel on the shell side and

stainless steel on the tube sf de.

8 nc Fuel Pool Qcmineralfmer The spent fuel pool demineralfser fs a flush-
able, aiixed bed dead.neraliser. The demineralimer is designed to provide
adequate fuel pool vater purity.

5 en'uel Pool Filter - The spent fuel pool filter is designed to improve the

pool vaaer clarity by removing particles 5 aLcrons or larger.
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S ent Fuel Pool Skiazner Filter - The spent fuel pool skimmer filter is used

to remove particles vhich are not removed by the strainer. It- is,designed,to,
remove particles S microns and larger.

Refuelin Water Purification Filter - The refueling vater purification filter
is designed to improve the clarity of the refueling vater in the refueling
canal or in the refueling eater storage tank by removing particles 5 microns

and larger.

S ent Fuel Pool Strainer k strainer is located in the spent fuel pool pu=p

auction line for removal of relatively large particles vhich might „otherh:ise

clog the spent fuel pool demineralixer or damage the spent fuel pool pu~..
It is slotted screen design and stainless steel construction.

S ent Fuel Pool Skinner Strainer - The spent fuel pool skimmer strainer is de-

signed to remove debris from the akimmer process flow. It is an in-line
basket strainer of stainless steel construction.

8 ent Fuel Pool Skinners,- Tvo spent fuel pool skimmers are provided to remcva

vater from the surface of the spent fuel pool. The akimmer heads are manually

positioned to take vater from any elevation from the vater surface to four
inches below the surface. The akimmer, pipe and supports are of stainless
Iteel construction.

Valves Hanual stop valves are used to isolate equfpcent and ennusl throttle
valves provide floe control. Valves in contact vith spent fuel pool voter are

austenitic stainless steel or equivalent corrosion-resistant material.

P1 in - dll piping in contact vith spent fuel pool vster is austenitic stain

less steel The .piping is valdad encept vhere flanged connections are used to

facilitate maintenance.





Saf et'wa1uation

kvailabili aad Rclisbi .it

The Spent Fuel Pool Cooling and Cleanup System has ao emergency fuaction during
an accident. This «anuaLIy controlled system sIay be shut dovn for Ximited

periods of time for «aiateaance or rep}acemcnt of malfunctioning components.

Redundancy of the Spent ?ucl Pool Cooling and Cleanup System components is
sat required because o! the large heat capacity of the pool and the slov beat-

ap rate. In the merely event that the spent fuel pool pump should fail for
aa extended period, a portable pump can be connected for circulation of the

pool vater through the spent fuel pool heat exchanger. The beat generated by
the spent fuel (1-1/3 cores) assemblies, in the spent fuel pool during pump

0failure, villnot increase the spent fuel pool vater temperature beyond 180 F

during the period required to install the portable puaq. If a failure should

occur that vould prevent the nse of thc spent fuel pool heat exchanger for
cooling the spent fuel pool eater (e.g. severance of the piping vhich
constitutes the cooling recirculation path), aatural surface cooUag vould
aaintain the vater temperature at or beloM the boQing point. k Class I
'badcup aaheup vater source is provided to assure that the vater level in the
spent fuel pool can be «aiataincd.

S nt Pucl Pool Devsteria

The «ost serious failure of this system vould be complete loss of vater in the
storage pool. To protect against this possibility, the spent fuel pool cool-
Cug suction coanection eaters near the normal vater level so that the pool
cannot be gravity-drained. The cooling vater return line contains aa anti-
siphon hole to prevent the possibGity of gravity draining the pool.

Only a very small amount of vater is interchanged bctveen the refueling canal
and the spent fuel pool vhile fuel asscablics are trans jerrcd ia the refueling
process. whenever a leaking fuel asscmb)y is transicrred from thc fuel trans-
fer canal to the spent fuel storage pool, a sms11 quantity of fxssion products
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Issy enter the Npeat tuel cooling Materi, 'Xha purification loop pruvided
raaovas fissioa products aad other.coa mfaaats'roa the. eater, by maintaining
radioactivity coaceatration in tho epent tuel pool vater at .S x 10 uc/cc
(6 and g) or

lasses

Tests and Zns ections
C

Ac,tive components of the Spent Fuel Pool Cooling and Cleanup System are either
in continuous or intermittent use during aorsLsl system operation. Periodic
visual iaspection and preventive sLsinteaaace are conducted using normal

industry practice.

Instrumentation licstions

The instrumentation provided for the Spent Fuel Pool Cooling and Cleanup Sys-

tem is discussed belov. hlarms aad indications are provided as noted.

Te erature

Local instrumentation is provided to aeasure the temperature of the vater ia
the speat fuel pool and give local indication as veil as annunciation ia the

coatrol room vhen normal temperatures are exceeded.

Local instrumentation is also provided to give indication of the temperature

of the spent fuel pool vater as it leaves the spent fuel pool heat exchanger.

Pressure

Local instrumentation is provided to measure and give indication of the

pressures in the spent fuel pool pump and refueling voter purification pump

suction and discharge lines. Instrumentation is also provided to measure

pressure differential on the spent fuel pool filter and the refueling voter
purification filter.
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Local iastruneatation is provided to measure aad give indication of the flov
in the outlet line of the spent fuel poo1 filter.

PI

Level

'trumentatioa is provided to give m alaaa ia the control room vhsn the

%ster level ia the spent fuel pool reaches either the high or lov level
. hetpoiat.

9.1.4 HKL HhÃ)LING SYSTEM

~ A)

The Fuel Handling System, shovn in Figure 9.1-3 ~ coasists of equipment and

structures utilized for handling nev aad spent fuel assemblies in a safe
~manner duriag refueliag aad fuel transfer operations.
C3

The folloviag dasiga bases apply to the Fuel Handling System:
'.

Fuel handling devices have provisions to avoid dropping or )amming of
fuel assemblies duriag transfer operation.

2. Fuel lifting and handling devices are capable of supporting maximum loads
under double design earthquake coaditions. The fuel handling equipment

vill not fail so as to cause damage to any fuel elements should the double

design earthquake occur during a refueling operation.

3. The fuel trar fer system, vhere it peaetrates the containment, has prove-
s'ons to preserve the integtity of the containment pressure boundary.

~ ~ Cranes s.-.d hoists used to lift spent fuel assemblies have - limited
I ~gImu. g f ( ', ~ IF'}.: . i chat the minimum required depth of vatI:r shieldinp,





~ ten &seri tion

The'Fuel mendling Systea consfata of tho eqnfpnent needed for the re&cling of
(

the reactor core. lasicaDy this equfpeeat fa ceepzfsed ot ctanea~ haadliag
aqufpneat, and a fuel transfer systems. %o attuctures associated with the fuel
haadliag equfpnent ate the tefueifng cuvfty, the tefuelfag canals the epeat
fuel storage pool, and the aet fuel acoragc area.

Tbc reactor fa refueled with fuel hendlfag oqufpaent designed to handle the

spent fuel underwater &oa the tfno i.t locraa the reactor vessel until it is
placed in a cask for ahipaent ttoa tha Nfteo Underwater transfer of spent
fuel provides an effective~ aconce6c and ttanspareat tsdiation shield u w11
as a reliable cooling cediua for tosoval of decay heat. Sozic acid is added

to the water to fnsure eubctftfcal condftfons.

The associated fuel handling atructurea nay bc gcncraUy divided iato three
areas: (1) the tcfucliag cavity and rcfuelfag canal which are flooded only
during plant ahutdova for refueling, (2) the opeat fuel pool which is kept
full of water and is always accessible to opetating personnel, and (3) the

ncv tuel atoragc area which fa Separate aad protected for dry storage. The

rcfueliag canal and the spent fuel pool ate coancctcd by the fuel transfer
tube. This tube is fitted with a blind flaagc on the canal ead aad a gate.
valve oa the spent fuel pool end. Tba blind flange is in place except duzing

tefueling to ensure contafancat iategzity.

The ncv fuel containers are ualoadcd from the shipping vehicle and placed on

thc 5'levation using the fuel handling crane. Ncv fuel assemblfcs are

rcawcd oac at a tfac frow the shipping containers using the ncv fuel handling
tool and the spent fuel bridge hoist. The asscmblics azc stored in thc aev

. fuel stotagc tacks ia thc fuel atotagc area.

Each assembly is inspected foi possible shipping damage prior to insertion into
the zcactor core. The spent fuel bridge hoist is used Lo tr~fcz thc essem-

blics bctvccn the ncv fuel storage racks and the adjacent inspection .'acility.
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Sev fuel is delivered to the reactor by first transferring the fuel vith thc

epeat fuel bridge hoist "to the aev "fuel elevator. The fuel is, levered 5Jlto

the spent fuel pool vhere the spent fuel handling tool $e interchanged vith
the nest fuel tool. Thc asseably is thea transferred to the upender using the

epeat fuel bridge hoist.

The upcnder at either ead of the fuel transfer tube ia used to pivot a fuel
eN

assembly to the horisoatal positioa fo passage through the transfer tube.
~Fuel is carried through the tube on en andezvater transfer car. After the

transfer car transports the fuel nnaeebbly through the transfer tubers the

upeadcr at that end of the tube pivots thc asseebly to a vertical position
~o that it can be lifted out of the fuel container,

0+
Fuel is moved betveen locations ia thc reactor vessel and the traasfer
acchanisa by the Isanipulator crane.

~In thc spent fuel pool, fuel assecblics are moved about by 'the epcat fuel pool
bridge hoist. Mhcn lifting epeat fuel assemblies, the bridge hoist and a lcmg-

haadled tool are used to prevent liftiag fuel usecblics eny closer than 9.4

feet from thc spent fuel pool surface assuring that sufficient radiatioa shielding
ia aaintajncd, A shorter tool ie used to handle tsv fuel~ but the aev fuel
elevator est be used to lover the assembly to a depth et vhich the hoist, using
the long-handled tool, can place the ncv assembly into the fu=l transfer con-
te'a"r xa the upcndiog device.

Decay heat, generated by the spent fuel assemblies in the spent fuel pool,
is removed by the Spent Fuel Pocl Cooling and Cleanup System. After a suf-
ficient decay period, the fuel is removed from the racks and loaded into a

shipping cask for removal from the site.

The spent fuel cask is lovercd into the spent fuel pool vith thc fuel handling
crane. The assemblies are loaded into the cask vith the spent fuel bridge
hofsr ~ Q>,c cask is then transie rrcd to the ad]scent decontamination arcs
using the f«ci h««dlin„or~« . ~~a outside s«rfa.-cs o.'he cask arc
deco"..ta"...'acted prie r t: ship.-cat br u~i~g steam, vater, detergent snlutionr

-gc«~.'-... ~ " '::,. i '.:.i ~ w.~or require d. The decontamination arcs has c
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otafnlass stoel ttnod base and a ca& S» provided.,around it to prevent
the vater and solvents n»ad,during docootemfnatioa from spreadfag over the
building floor~ Stained fn'tha floo+'of the ates" koQove, the decoatscsfnants-
to the Masts Disposal gystcaa for processing.

oneat Descri tion

iaaf ulator Crane The sLaafpulator crane f» a rectilinear bridge and trolley
crane vith a vertical Isast extending dovn fato the refueling vater. The bridge
spaas the.refueling cerfty Ind run» on rails set into the edge of the refucliag,
cavity. The. bridge and trolley notions are aced to position the vertical mast

over a tuel assembly fn thc core..A loag tube,vfth a.pneumatic gripper on the

end fs lovered dovn out of the aast to grip the fuel assembly. The gripper
tube fs long eaough so that the upper end is stfll coatained in the mast vhen

thc gripper end contacts the fuel. h vinch Isounted oa the trolley raises the

gripper tube and fuel assembly up into the mast tube. Thc fuel vhile inside
the mast tube fs transported to fts aev position.

hl1 coattols tor the manipulator crane are mounted on a console on the

trolley. Ihe bridge fs posftfnned on a coordinate system laid out oa one

raf'. T?- electrical readout system oa thc console indicates the positioa of
the bridge. The trolley is positioned vith the aid of a scale oa the bridge
structure. Thc scale is read directly by the operator at the console. The

drives fot the bridge, trolley, aad viach are variable speed and include a

separate inchiag control on the vfnch. Electrfcal fntcrlocks and limit
svitches on the bridge and trolley drfve» prevent damage to the ucl assemblies.

The vinch is also provided vith limit svitches plus a mcchardcal stop to pre-
vent a fuel assembly from being raised above a safe shielding depth should

the limit svitch fail. 1a an emergency, the btidgc, ttollcy, and vinch can be

opetated manually using handvheels on the motor shafts.

5 ent Fuel Pool grid c - 'The spent fuel pool btidge is a vheel-mounted valkvay,
spanning the spent fuel pool, vhich carries an clecrri: monorc'.1 hoist on an

overhead structure. The bridge, trolley and the hoist are clce:ticaliy drive'n.

The fuel assecblies are moved vithin the spent Euc} pool by nea".s of a

0 ~ 1~$ 7



5

0



long hsndied tool suspended from the hoist., The hoist'ravel and- tool langth
're

designed to aisLit the sLsx!mum liftof a. fuel asseably to ~, safe ahistlding

depth.

The spent fuel pool bridge is also used in transfer of nev tuel assemblies to
and free the nev fueL storage area.

<Fuel Bandlin Crane The fuel handling crane is an overhead traveling crane

located in the i'uel handling area above elevation 140'. It consists of tvo
parallel structural guides bridged by a trolley and moves on four double-flanged
vheels. The crane has a 125-ton capacity main hook for handling spent fuel
casks and a 15-ton capacity auxiliary hook for handling nev fuel shipping
containers. The'ravel of both hooks over the spent fuel pool is restricted

~ bv electrical interlocks and administrative controls to preclude the possibility„
. C) of dropping heavy ob)ects on the spent fuel. Crane hook access is restricted'~ to the cask recess in the corner of the pool. The integrity of the crane hooks

is assured by the folloving measures: 1) shop testing of both hooks, 2) the

sLain hook is radiographed and liquid penetrant tested, the auxiliary hook is
radiographed and a ~etic particle inspected, and 3) both hooks are field
tasted for 10 minutes at 1/2, 3/4 ~ 1 and 1-1/4 times the rated loads.

The fuel handling crane vas designed in accordance vith seismii Class I
requirements. It vas designed for accelerations of 0.93g horisontal and 0.13g
vertical - acting simultaneously - for the D.E. loading condition, vith no

increase in allovable stress. In addition, the design of the crane is adequate
to assure against exceeding the yield strength of any part of the crane vhen
the DDE loading condition is applied. (Accelerations during DDE are tvice
those during DE).

Although the vertical acceleration due to an earthquake is not large enough to
overcome th» crane's gravity load, a vertical "stop" is provided along the
entire length of the runMay to prevent uplift and derailing.

rcc ups j da'sign is fn act. rdanee vith Standard No. 6 of the Association of

jest:,

~..d igi< 1 } ngf n< |:rs (A:SE) vi:c rc a;'",: > c~ '.i. A:1 me~Hers not covered by

Lna sos..dard .stv v. jnvd and:.o'..- c'at cd .'.". a "rrcdance'j th the current
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Specificatioa for the hesign> Fabrication~ and Erection of Structural Steel ~

for tuildings by the ~cican Institute of Stool Construction QXSC), oxcopt„

that stresses do not oxceed 00 percaat'of the allowable m4uaa atatad in this.
kXSC opacificatioa.

Nev Fuel tlevstor - the aev furl elevator coasists of a bos-shaped elevator
assembly vith its top end opea anu sised to house one fuel assembly. Depth

of thc structure is slightly less thea the overall length of the fuel
assembly vhtch rests oa the bcttoa plate.

The acv fuel elevator is used exclusively to lover a acM fuel-assembly to ~

the bottom of the spent fuel pool vhere it is transported to thc fuel transfer
system by the spent fuel pool bridge hoist.

Fuel Transfer S stem - Thc fuel transfer system {Figure 9.1-3) includes an

undervater air-motor driven transfer car that ruas oa tracks extending from

the refueling canal through the transfer tube into the spent fuel pool and an

upendcr lifting frame at each ead of the transfer tube. The upender ia the

refueling canal receives a fuel asscshly ia the vertical positioa from the

manipulator crane. Thc'fuel asseably is then pivoted to a horisoatal position
for passage through the transfer tube and pivoted to a vertical position by the

upeader in the spent fuel pool. The opeat fuel pool bridge hoist takes the

fuel assembly to a position in thc spent fuel storage tacks.

h blind flange is bolted oa the refueling canal end of the transfer tube to
seal the reactor contatmncnt. The terminus of thc tube outside the contain-
scat is closed by a gate valve.

Rod Cluster Control Chan in Fixture - Rod cluster control {RCC) elements are

transferred from one fuu. assembly to another by the RCC changing fixture.
The five ms)or subasseirblies of the changing fixture arc: frame and track
structure, carriage, guide ttOe, gripper, and drive mechanism. The carriage
is a movable container supported by the frame and track structu".c.. The tracks

provide a guide for the four flangcd carriage vheels and alloM horizontal m':e-
mend c i'he carrisge during changing operations. positioning stupa on both the

carria~L and frame locate each of the three carriag» compsri....; '.irect]y
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be?av tho giide tcbc. ''. Of .thos'a 'emop~ea6s'%iNB dxxjiyf4Q1-faeL oeaesbl ias
et%1~ the third |supporti a ~pe;RCC '«14seht." hk ~de'eibe'; Sfteated ahcve

the carriage «ad mounted oa the refueling caaal va11, provides foz the tuiddsace
and proper orientatioa of the gripper ond RCC element as they are being raised
or layered. The paeuaaticaDy «ctuated gzipper engages tbe RCC ala«eat, Two

Qerrre ffetere eee be feeerted fete the e r of the hCC eleeeet ebea et r
prcssure is applied to the gripper piston Normally, the fingizs are locked

Ya a radially extended position. Noes.od oa 'the opeiating deck, the drive
Kchanisa assembly includeas .teLnual carriage drive eecheais«, zevolvtag stop

cratiag handle, pncu'metic'«elector valve foz'«ettmting the gripper piston,
«nd electzic hoist for elevatioa control of the'gzippez;" "-

t Fuel Hcndlin Tool - This Nanually actuated tool is coed to handle ace

and spent fuel ia the spent'uel poole'' It ii «canted on the. ea8'oi a Xoag

pole suspcadcd from the spent fuel pool bridge hoiate ka'operator oa thc
gent fuel pool bzidgc guides and operates thc tool,
C)

Ner?ucl ksscsbl Handlin firtuzc This abort-handled tool is used to handle
ace fuel oa the operating deck of the fuel atorage «zea, to remove the aev

fuel from the shipping container, «nd to faciBtatc inspection aad storage of
the ncv fuel and loading of fuel iato the acr fuel elevator.

Reactor Vessel Head Iiftin Device - The reactor vessel head lifting device
consists of a vcldcd and bolted structural «teel frame vith suitable rigging
to enable thc crane opczator to lift the head.and store it duziag refueling
operations. The lifting lugs are permanently attached to the zeactor vessel
head.

Reactor Internals Liftin Device Thc reactor iateraals lifting device is a

structural frame i.spcndcd from the overhead crance Thc frame is lovezcd onto
the guide tube support plate of thc internals, and is ssanuclly bolted to the

support plate by three bolts. Sushings on thc frame engage guide studs in the

vessel flange to provide guidance during removal «ad replacement of the
int e zns 1 s package .
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Icactor Vessel Stud Tensionet . Stud tenaionera are eaployed to secure thc
head closure foiat at every refuelling. Tha;otud teasionct: is a hydtaulicall>
operated device,that uses oil as thc vorkiag'luid. The device pepaits pte-
loading and unloading of thc reactor vessel closure etude at cold.shutdovn
conditions. Stud tcnsioners aiaied.ze the time required fot, the tensioning
or unloading operations. Three tensionera,are provided and are applied
aicaltaneously to three studs located 120 degrees apart. A single hydraulic
punpiag unit operates the teasioaersg i@Lich are hydraulically connected in
~eries. The studs are tensioned to, their operational load in tvo steps to
prevent high stresses ia the flaage region and unequal loadiags -in the studs.
Relief valves oa each teasioncr. prevent overtcnsioning of the studs du to
excessive pressure.

Re fuelin Procedure
V~ ~

The refueling operation follovs a detailed procedure vhich provides a safe,
efficient refueling operation. The folloving significant points are assured

by the refueling procedure:

1. The refueling vater and the reactor coolant contains approximately 2,000

p",m bor:=. This concentration, together vith the negative reactivity of
coatiol rods, is sufficient to keep the core approximately 10 percent
hk/k subcritical during the refucliag operations. It is also sufficient
t'o maintain the core subcritical if all of the tod cluster control
assemblics vere removed from the core.

2. The vater level in the refueling cavity ls high enou h to keep the radia-
tion levels vithin acceptable limits vhen the tuel esse~lies are being
removed from the core. This vatet also ptovides adequate cooling for the

fuel assemblies during transfer operations.,

The refueling operation is divided into four ma)or phases: 1) prcparatio.;;
2) reactor disassembly; 3) fuel handling; and 4) r.actor asseriily. * general

description of a typical refueling opcrarioll throu:.. 'tl>a~ fa)ur ...<st.s is g Yen

'1
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reactor is ohut dova and cooled to cold ohntdoyn conditions:.vith a

final k ff e 0.9 (all rods ia). Polloviag a radiation ourvey, the con-otf
uLinesat ia antered. kt this time, the coolaat lovel in the reactor ~

vessel ia Xcetexed to 4 point slightly belov the vessel flange. Thea the

&a1 transfer equipaeat cad manipulator crane are checked for proper

operation.

EQoe Q ~ $4actor ICSassembILy
~ ~ ~

" J

I

All cables, air ducts, oad insulation are removed from the vessel head.

The refualiag cavity is thea prepared for floodiag by seal~,off the
tea"tor cavity; checking of the andetvater 1i@ts ~ tool'a

~ ind fuel trans-
fer system; closiag the refueliag canal drain holes; and removing the

blind flange froa the fuel transfer tube. Mith the refueling cavity pre-
pared for floodiag, the veasel head is unseated cad raised approximately

'

one toot above the vessel flange. Mater froe the refueliag vater storage
tank is pumped into the Reactor Coolant System by the resMual heat
reseyal ~s causing the vater.to overfly into the refueliag cavity.
The vessel head and the vater level in the refueling cavity are raised
ainLLltaaeoualy, keeping the vater level )uat baler the bead. %hen the
vater reaches a safe shielding depth, the vessel heaa is taken to its
storage pedestal. The coatrol rod drive shafts are discoanected and, vith
the" upper internals, are removed from the vessel. The fuel assemblies and

rod cluster control assemblies are ncv free fraa obstructions, and the

core is ready for refueliag.

3. Phase III - Puel Handling

The refueling sequence is started.vith the Nanipulntor crane. hs determined

by the refueling procedure vhich is prepared before each refueling, spent

fuel assemblies are removed from the core. Ihe positions of partially
spent assemblies are changed, and neM assemblies are added to the core.
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The general fuel haadling sequence is:

a. The manipulator craae is positioned over a fuel ass'embly in the most

depleted region of the core.

b. The fuel assembly is lifted by the manipulator, crane to a pzedetend.aed

height to clear the zeactor vessel and still leave sufficient watercover$ r,

to eliminate any radiatioa hatard to the opezating personael.

c. If the removed assembly contains a rod cluster control, the assembly

is placed in the rod cluster control changing fixture by the manipula-
tor crane. The zod cluster control is removed from the speat fuel
assembly and put in a new fuel assembly or in a partially spent fuel
assembly aLso placed in the changing fixture.

d. The fuel transfer car is moved into the refueling canal from the spent

fuel pool.

a. The fuel assembly contaiaez is pivoted to the vertical position by

the upendero

f. The manipulator craae is moved to Line up the fuel assembly with the

fuel transfer system.

g. The manipulator crane. loads a fuel assembly into the fuel assembly

coatainer of the. fuel transfer car.

h. The container is pivoted to the horizontal position by the upender.

i. The fuel container is moved through the fuel transfer tube to the

spent fuel pool by the transfer car.

The fuel assembly container is pivoted to the vertica position. The

fuel assembly is unloaded by the spenr. fuc haadliag tc.~ attached to

the spent fuel pool bridge hoist.
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%he fuel assembly is placed in the spent fuel storage rack.

l. h nev fuel assemb1y. is.brought from dry storage, lovered into the

spent fuel pool vith the.new fuel elevator, and loaded intolthe fuel
assembly container hy the spent fuel pool bridge hoist.

m. The fuel assembly container is pivoted to the horizontal position and

the transfer car is moved bade into the refueling canal.

dn. Partially spent fuel assemblies. are relocated in the reactor core, an

nev fuel assemblies are added to the core.

o. kny nev asseibly or transferred fuel assembly that is placed in a

control position is first placed in the rod cluster control changing

fixture to receive a rod cluster control from a spent fuel assembly.

p. This procedure is continued until refueling is completed.

4 Phase IV Reactor kssembly

Reactor assembly, folloving refueling, is essentially achieved by revers-
ing the operations given in Phase II Reactor hhsassembly.

Saf e evaluation

Cceformsnce with the requirements oi Safety Cuide lumber 13 assures safety
ender normal and postulated accident conditions.

Safe Randlin

%e aaaipulator crane design Includes the foDoMing provisions to assure safe

handling of fuel assemblies:

l. B id t olley and inch drives are actually interlocked, eaing redun-l. Bridge, tro ey, an

dant interlocks, to prevent simultaneous operation of any tvo drives.
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except %hen both gripper

3. An interlock is eepjlLed ektch ~ants the opea4Q ot a solenoid valve
fn the Iir ~4 to the 'grtpper'oxcept eben'sero omspendded weight is in-
dicated by a force gauge. Aa backup protection for this interlock, the

eechanical meight actnated Rock Ln tha gripper prevents operation of the

grjpper ~der-1oad ev'en ff air. proesura io applied to the operating
cylinder.

4. Jn excessive Nuspended weight saCtch opens the.hoist drive circuit in the

up direction shen tha Goading is M excess. of 110 percent of a fuel
assembly veight. '

'I

S. An interlock of the hoist drive circuit in the up direction permits the

hoist to be operated cjnly eben either the open or closed indicating
svitch on the gripper lo actuated.

6. An interlock of the bridge and trolley drives prevents the bridge drive
from traveling beyond the edge of the core unless the trolley is aligned ~
rfth the refneling canal centerline. The trolley drive is locked out

vhcn the bridge fa beyond th'e edge of the core.
I

7 ~ Restraints are provided betareen the bridge and trolley structures and

their respective rails to prevent derailing due to the double design

earthquake. 'Lhe'janipalator crane & designed to prevent disengagement

of a fuel assembly from the gripper under the double design earthquake.

8. The main and auxiliary hoists are eqaipped vf th tvo independent braking

systems. A solenoid release - spring aet electric brake ia mounted on

the motor shaft This brake operates in the normal sLsnner to release

upon application of current to the motor and set vhen current is inter-
rupted. The second brake is'a mechanically actuated lo-8 brake interna1

to the hoist gear box that sets if the load starts to overhaul the nois< ~

It is necessary to apply torque from the motor to raise ar denver the load.
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u rent g, th motor ~ the br~ open' ~~g aha ~tor slips
the brake alloviag the load to Rover. This brake actuates upon„loss. of

-torque tres the eotor for eny reason and ia not dependent. oo.any. electri-
cal circuits. Oa the aain hoist tho.saotor brake is ratod at S5p percent

operating load ead the Isechaaical brake at 300 parceat.

The verging load ot fuel asserkly plus gripper io opprozfaately 2,500 pounds.

Ke gripper itself has four fingers gripping the fuel, eny tvo of vhich vill
eepport the fuel Nasejsbiy veight.

Me folloving safety features are provided for in the fuel transfer system

,cpntxol circuit:
~sl

l. Transfer car operation is possible oaly vhea both upenders are in the
CD

doMn position as indicated by the 1iait catches.
C)

2. The renote control paaels have a persciosive Nvitch in the transfer car
control circuit that preveats operation of the transfer car in either
directio ~a either svitch is open; t.e., vith tvo recaote control pan-

els ~ one in the refueling canal aad one ia the apeat fuel pool, the
transfer car cannot be Noved until both "go~ ca<tches on the panels are

closedo

3. An interlock allovs upender operation only vhen the traasfer car is at
either end of its travel.

4. Transfer car operation is possible oaly vhen the transfer tube gsce valve

position svitch indicates the valve is fully open,

5. The refueling canal upender ts interlocked vich the asnipulacor crane.

The upendcr cannot be operaCed unless the sMLaipulatox crane gripper tube

is in the fully retracted position or the crane is over the core.

~ 4,
r z ~Wig
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Seismic Considezations

The maximum design stress for the structures end for all parts involved, in
gripping, supporting or. hoisting the fuel assemblies is 1/5 ultimate strength
of the material. This requirement applies to normal wooing load and emez-

Iency pullout loads, when specified, but not to earthquake loading. To resist
double design earthquake forces, the equipment is designed to limit the stress
in the load bearing parts to 0.9 times the ultimate stress for a combination

oi normal working load plus double design earthquake fozces.

Containment Pressure Bounds Inte rit

The fuel transfer tube which connects the refueling canal (inside the contain-
aent) and the opent fuel pool (outside the containment) is closed on the

refueling canal side by a blind flange at all times except during refueling
operations. Two seals are located around the periphery of the blind flange
with leaL-check provisions betveen them. The spent fuel pool side containment

integrity is maintained by a gate valve.

Radiation Shieldin

turing all phases of Npent fuel transfer, the gamma dose rate at the surface

of the water is lied.ted by maintaining a minimum of 9 ' feet of water above

the top of the fuel assembly during all handling operations.

The two czanes used to lift spent fuel assemblies are the manipulator crane

and the spent fuel pool bridge hoist. The manipulator crane contains posi-
tive stops which prevent the top of a fuel assembly from being raised to

within 9.4 feet of the normal water level in the refueling cavity. The hoist.

cn the spent fuel pool bridge moves spent fuel assemblies with a long-handlec

tool. Eoist travel and tool length likcvise limit the maximum lift of a fuel
assembly to within 9.4 feet of the normal water level in the spent fuel pool.
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Tests end Ias ectioas .

As part o normsAs t of aormsl plant operations, the fuel haadliag, equipmeat is inspected
for operating conditions prior to each refueliag operation, During the:.oper-

ational testing of this equipmeat, procedures are follaved atd that vi11 affirm
the correct performance of the fuel haadliag system interlocks.
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ENCLOSURE 7

NRC LETTER TO PG8E

January 4, 1974

(Item 14)




