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the fuel racks will preclude criticality resulting from placing a fuel element
on the top of the rack. Crill work between rows of fuel tacks provides

« positive mechanical method of preventing insertion in sitions not designated
for fuel storage. Spaces between elements within the rack have physical

barriers to prevent insertion of elements between fuel positions.

The new fuel storage facilities (storage vault end racks) (are designed to
meintain the fuel spacing during a safe shutdown earthquake (SSE). All
critical components (walls, racks) are designed to meet s¢ismic Category I
requirements. (See Seccion 3.7 end Subsection 3.8.4.) |

The cusk handling crane and the spent fuel bridge and hoist arc deaignad

in compliance with Crane Manufecturer Associstion of America (CMAA) Speci-
gication 70, "Specification for Electric Overhead Travelisg Cranes," 29CPRI910
and 29CFR1923 requirements. The cranes are not seismic Chtegory T components;
however, in compliance with Regulatory Position C2 of Regelatory Guide 1.29,
the cranes design paramelers are specified to provide adequate quality control
of fabrication and control of design #o that in the eveut of a DBE or SSE,

the cranes will not fail in such a manner as to reduce th¢ functioning of

any plant feature designated as seismic Category I by Regglatory Guide 1.29.
The cranes are prevented from being dislodged off their rpile dyring the

$SE by mechanical anti-derailing devices. Figures 1.2-17 and 1.2-18 show

the space envelope, boundaries and limits of hook travel of the cranes.

9.1.8 Spent Fuel Storage

1 credible storage
f the assemblies.

the spent fuel assemblies io & subcritical array during ¢
conditions, and to provide a sefe meanc for cack loading

The safety function of the spent fuel pool and storage ruiks is to maintain

9.1.2.1 Design Bases

a. The spent fuel pool storage facility is designed in accordance
with Regulatory Guide 1.13.

b. A total of 1276 fuel assemblies can be etored it the epent fuel
pool. The epent fuel pool is able to sccommodate 123¢ spent fuel
assesblies, based on sixteen (16) refuelings, ote entire core, and

thirteen (13) extra spent fuel assemblies. Thié oumber of accom-
modated spent fuel sssemblies is based upon the following criteria:

Six refuelings, each of which generactes 65 spent fuel
assemblies;
Ten refuelings, esch of which generates 64 epent fuel assemblies; |

One complete core unlcading vhich generatep 193 epent fuel
assemblies;

Thirteen spare locations if needed.

- NOTLIWLIS ¥OO489%3S |
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cell geometry, center-to-cemter distance, lead~in angle
requirements «nd poison thickoess.

ty fuel storage,

The spent fuel racks are deaigned for high dens

and contain neutron absorbing matcrial ¢o assur
cven if the fuel is immersed in unborated water|

|
!
Total fuel assembly storage capability is bnaedjon fuel storage

The design of the spent fuel pool storage racks [is euch thet spent
fuel assemblies cannot be inserted in other tha
thereby preventing any possibility of accidenta
|

criticality.

l

48

designated locations,
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€. A minimum of 10'-6" of water above the highest fyel element position
is provided to permit fuel handling without exceeding 4 radiation

dose of 2.5 wr/hr at the surface of the pool. The concrete valls
provide adequars radiarian protection from irradiated fuel assemblies.

g. The impact load for the design of the racks is bjsed on a 17 x 17
fue! assembly, 8.426 inches squara, 167 inches léng, weighing 1467
pounds, and falling a distance of 18 inches to the racke at the
worst poseible orientatiom.

45
h. The facility and the buildiog in which it is hou ed is capable
of withstanding the effects of extreme natural phencmena, such
as the SSE, tornadoes, Lurricanes, :iccilcc and floocs.
{. The spent fuel storage racks have been degigned |
to withstand an SSE, impact, handling loads, and| dead load of 48
the fuel assemblies, and meet ANSI N18.2 rcquircﬁonto.
j. The pool walls, fuel storage racks and other cr!kiccl components
' vhose failure could cause criticality, loss of cpoling or physical
damage to full, Are ¢classified as seismic Cacegory I.
k. Failure of non-safety-related systems or structufes located in
the vicinity of the spent fuel storage facility which are not
designed to seismic Category I requirements will nof cause an
increese in Kegg to exceed the maximum allowable.
1. The epent fuel pool bridge and hoist is designe’ to remain on
ite raile during an SSE and, therefore, canno’ damage stored fuel.
w. The crane handling system is designed to prevent excessive forzes
from being applied to the spent fuel storage racke.
9.1.2.2 Facilities Description
The spent fuel storege and han ling facility consists of four major areas:
1) the spent fuel pool, 2) the fuel transfer crnal, 3) the spent fuel cask
loading area and &) a decontamination area. This arrangement is shown in
Figures 1.2-15 through 1.2-21.
The spent fuel pool is a water-tilled cavity designed to safely score frradinted
fuel assemblies. This pool is constructed of reinforced concrete, with
all interior surfaces lined with stainless steel.
The fuel storage area is prote..ed against external tornado missiles by
2-foot thick reinforced concrete v,llo. The large roll-up door on the west l
vall of the fuel storage building is not designed for tormedo missiles; <4

however, & missile wall is provided inside the building tg prevent any aissiles
that could poesibly penetrate the roll-up door {rom roachibg the storage
pool or cooling equipment,

9.1-4 /2)
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The elcvation of the rail car loading area is 20';6". Prgtection against
flooding is assured since the pool operating floor level qlevation is at

25'-0", which is ebove any postulated flooding conditions |[resulting from
any potential ponding on the site due to extreme rain and jvave overtopping.

The storage racks which hold the spent fuel assemblies are sodular unite,
and each unit ie free standing.

A portion of the pool will be recerved for inspection end;toating of spent
fuel assemblies. ;

The spent fuel pool is separated from the fuel transfer cj:cl by a concrete
shielding wall with & vemovable gate to facilitate the tramsfer of fuel
assemblies. Location of the removable gate is shown on Figure 1.2-16.

The fuel transfer canal contains the necessary equipment to transfer the

fuel assemblies to and from the reactor contaimment. Thid equipment includew:
1) a fuel transfer system conveyor car; 2) fuel transfer valve; 3) fuel
transfer system lifting frame equipment; &) fuel trunnfcrloyn:e- control
penel; and 5) new fuel elevetor. The operation of this o{uiy-cnt is discussed
in Subsection 9.1.4, :

Isolation of the fuel transfer canal from the spen. fuel ﬁool by the removable
gate provides & means for dry maintenance of the refu .ling equipment.

The cask loading pit is located next to the fuel transfer |canal. This provides
for submerged loading of spent fuel. The location elimindtes the need to

move heavy cask components over either newx or spent fuel qtorage areas.

The cask-handling crane is located so that its path of trdvel does not pase

over the spent fuel pool. The cask is lowered in two stepe: from the operating
floor level of 25'to a shelf at elevation 4'-5k", and thed to the loading
position on the bottom of the pool at elevaticn (=) 23'~10k". This arrangement
prevents submersion of the crane hook and cables in the péol water and eliminates
contamination of the ccane.

The spent fuel assemblies are handled by a long~handled tdol suspended fromw

an overhead hoiet and manipulated by an operator standing lon the movable

bridge over the pool. A minimum of 10'-6" of water exists during fuel handling
operations to provide redietion protection to the operatod.

The hoist on the spent fuel pool dridge is equipped wicth &4 load cell to
advise the operator if the fuel assembly is caught in the storage rack.
This load cell has ade uace sensitivity to detect an sbnovmal biading condition
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and thus prevant the movement of the entire rack. 1f the load exceeds &
preset limit of 2,500 1bs, the hoist comtrol circuit is ingerrupted and
the brakes set.

The spent fuel cask decontamination area is used for the storage, maintenance,
clesning, and decontamination of spent fuel shipping casks. This area can
also be used for the temporary storage of other contaminated components.

The area it sized to permit the storage of a snipping cask head, shipping
cask, cask lifting beam and a cask head lifcing device.

Decontamination and maintenance procedures may require the use of portable
scaffolds or elevated platforms to gain access toO the upper parts of the

cask. The dscontamination area is provided with electricilty, plant air,

fresh water. demineralized vater. steam and adequate draia;gc for the decon~
tamination washdown water. Thie area is located between Cthe traneport vehicle
loading ares and the cask loading pool.

The speat fuel pool is monitored for leakage by a series df leak detection
channels located adjacent to each liner seam weld, The 1:.& monitor system

‘ has three chaonels which will gravity drain to a sump locdted in the fuel
storage building. This goning arrangement’ can be usei to laid in establishing
the location of the leakage. By monitoriug the leakage rate, &ny change

in the integrity of the liser canm be established.

9.1.2.3 Safety Zvaluation

The required margin of subcriticality of the fuel storage array is assured
by neutron absorber material built into the storage structure of the rack.

The fuel pool and storage racks are designed so that normal loads, vhen
combined with the forces resulting from the BSE, will not result in failure.
The spent fuel pool, fuel trans fer canal and caek loading pit are designed
to meet the requirements of ACI 318-71. Seismic design considerations of
these areas are discussed in detail in Section 3.7 and Subsection 3.8.4.

The spent fuel pool cooling pump succion penecration is ldcated approximately
ewo feet below the water level =levation, and the return line is & minimum

... |6 feet above the top of the spent fuel assemblies. The failure of piping
external to these penetratioms will mot result in loweriag of the pool water
below this elevation. The emount of water remaining above the top of the
fuel sssemblies is spproximacely 16 feet, and this will résult in a pool

surfece radiation level of less than 2.5 ar/hr.

The cask loading pool and the spent fuel pool are separate pocles. A loss

»{ spent fuel pool water from s cae drop accident is prevented dy #n jeolation
gate, protected from the cask by concrete walle, which is instal led between

the spent fuel pool and the transfer canal during cesk hatdling operations.

See Figure 1.2-17 for the limits of travel of the cask. 1_1\0 ¢rane cannot

9.1-6

L
- v »
aad €9.6 - NOTLIMIS % '4843S LWO es:1l £8.

69334



Amendment &4
Pebruary 1982

be passed over the spent fuel storage area; hence the fuel shipping cask
cannot be transported ovey this area. Hence, dropping of a heavy cask will
no. breach the integrity of the spent fuel storage area nur damage stored
fuel. The cask travels over the cask haniling dry storage ares &8 it travels
from the receiving rea to the cask loading pool. The spent fuel cask cannot
travel over eny saf:ty-related equipment.

Protection ageinst the effects of tornado and wind loadings is discussed

in Section 3.3. Protectior against the dynamic effects associated with
postulated pipe ruptures is discussed in Section 3.6. Radiation wonitoring
is ‘iscussed in Section 12.3.

9.1.3 Spent Fuel Pool Cooling and Cleanup System

9.1.3.1 Design Bases
The functions of the epent fuel pool cooling and cleanup eystem are tot

a. Continuocusly remove decay heoat generated by fudl ¢lements stored
in the pool,

b. Contisuously maintain s winiwwm of 10 feet of water over the speat
fuel elewents to shield personnel. and

Continucusly maintain the chemical parsmecers and optical clarity
of the spent fuel pool water, snd the water in the reector cavily
end refueling canal during -efueling operationd.

Bach of the two units has an independent spent fuel pool cooling and purificatica
system, and no intercommections exist between the two ucits.

All portions of the apent [uel pool cooling loop are designated Safety Clase

3, and are designed and constructed to meet seismic Category I requirements.
Those portions of the claanup systam not danigned eca thesa raquirewmanta

are normally isolated from the cooling loop.
A leak detection system is prcvided (refer to Subsectiom 9.1.2).

All safety-related portions of the spent fuel pool cooling system are housed
in structures capable of withstanding seismic and flood ¢onditione, &s well

as tornado generated missiles. Rafer to Section 3.5 for a discussion of
internally-generated missiles and jet impingement. Protéction against dynemic

effects associated with postulated pipe ruptures is discdseed in Section 3.6.

A seismic Category I normal makeup and & backup supply cépable of deing
connected to an alternate seismic Category 1 source are provided.

The op :at fuel pool cooling system {s designed to assure adequate cool’ng

to stored fuel, assuming & single failure of an active component coircident
with & loss of offsite power.

NOTLIMLIE #OCe9%3s |
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The spent fuel pool cooling end cleanup system design temperature is 200°F,
with a design pressure of 150 peig.

The syscem design has been evaluated using the NRC Branch Techaical Position

"‘ 9-20
1
2)

3

4)

5,

The basic assumptions used in this analysis are as follows:
The reactor core heat output is 3411 MWT.

Full power operation is assumed for the entire year between annual
refueling. .

The fuel is unloaded annually with cpptoxinntcl} one-third of a
core transferred to the spent fuel p.ol for 16 tefueling cycles as
depicted in Subsection 9.1.2.1b. The spent fuel pool iaventory
considers a full core to be placed in the spent fuel! pool 36 days
after the 16th refueling.

The irradiation time for the first cycle rctu.l‘ug batch is 365
days; for the second cycle 730 days, and for the equilibrium cycles
1095 days. An average fuel assembly power of :}.67 MWT is ueed

for all irradiation times. For the full core ugload, 36 days after
the 16th refueling, one-third of the core was itradiated for 36
days, one~third has been irradiated 401 days, and one-third has
been irradiated for 766 days.

The time sequence used for full core unload ie 150 hours to
prepare for refueling the reactor and the full ¢ore unload.

The analysis using the above assumptions, and the computet code penex(1)
"yields the following maximum decay heat loade in the spent fuel pool.

Spent ¥ P -

Refueling Cycle i Deca at~BTU/RR
At End o a
l A‘osl ‘ 106
2 12.92 x 108
3 13.78 = 106
4 14,33 x 108
S 14.75 = 108
3 15.11 = 106
7 15.45 x 108
¥ 15.78 z 100
3 16,09 x 108
10 16.640 x 106
11 16.69 = 108
12 16.98 x 106
12 17.27 = 108

802’ d

9.1-8
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14 17.% x 106
15 17.81 x 166
16 18.08 x 106
Full Core 36 days after
16¢h refueling 42.6 x 106

Presently, the ssstem thermal design provides for the removal of 18.1 x 106
BTU/HR of decay neat while maintaining & pool water temperiture of 122°F if
16 refuelings of 1/3 core each are to be accommodated. In addition, the
present design allows the removal of 42.6 x 108 BTU/HR of Hecay heat and a
pool water temperature of 14197 if the heat load is produchd from 16 refuel-
ings and an eatire irredisted core. The values of 122°F abd 141°F are valid
only if all of the spent fuel heat exchangers and pumps ark operating during
che heat removal procesr {(refer to Table 9.1-3).

The computer code BUTRES(2) is used to calzuiate the transient temperature
response in the spent fuel pool, See Table 9.1-3 for additional system
thermal design conditioms. |

The final storage capacity of the spent fuel rack will be 1236 fuel elements.
This accepts the 1223 spent fuel elements from the 16 refuelings plus a full
core reload. The remaining 13 cells could be used for starage of fuel elements
th't mey be removed from the reactor between cycles because of cladding defects,
ete. As the heat load to the spent fuel pool is based upom the normal cycles
and irradiation, the impact of partial spent fuel cells ia the 13 additional
celle is inherent in the total heat load calczulatica.

System component design data, together with the safety and code class require~
ments, are presented in Table 9.1-1. .

9.1.3.2 System Description

The flow diagrems for thisé system are shown in Pigures 9.1-1 and 9.1-2.

Each spent fuel pool cooling and cleanup systea is compridad of Chree sub~
systems:

Spent fuel pool cooling subsystem
Spent fuel pool cleanup subaystem

Reactor cavity and canal cleanup subsysten
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The overall systeam is comprised of the following major cc‘poncans
Two spent fuel pool cooling pumps
Two spent fuel pool cooling heat exchangers
One iclet straioer
One pre~filter
One demineralizer
One post filter
One skimmer pump
Five epen. fuel pool skimmer intakes

One reactor cavity cleanup pump

"~ = I ® we , —— e Yl
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Spent Fuel Pool Cosling Subsystea

The spent fuel cooling pumps take suction from the pool and circulate
vater through the heat exchangers which are cooled by the primary
component cooling water system. Pool water enters the suctiom

line through a strainer near onme wall of the pool lat a poiat thirteen
feet higher cthan the return line terminations. Tie return lines

are located at a sufficient distance from the suctiion line to

sssure adequate circulation and uniform pool water temperatures.

All system connections to the fuel pool penetrate 4t elevacions
sufficiently above the tep of the fuel (i0 ft.) tad maintain adequate
shielding in the aveat the water level drains to the penetration
levei. Piping arrangement precludes syphoning below this level.

All components in contect with the epent fuel cooling water are
stainless steel.

The spent fuel pool pump motors are Class lE motors and are supplied
from sepsarate eaergency busses.

Spent Fuel Pool Cleanup Subsystem

Spent fuel pool water quality is maintained by a pool skimmer
loop which filters and demineralises the circulatéd water. The

{ ol skimmer loop zomsists of five pool surface stimmers, a skimmer
pump, two filters and & demineraliser. This syetém is utiliged
to maintain the pool surface free from floating particles and
other materials snd to remove radioactive materials in the water.
The eystem is sized to process approximatcly 120 gpm, whieh mean:
that 1/2 of the pool volume is processed in & day, All spe.c
fuel pool cooling and cleanup system equipment is located in the
fuel storage building, except the filters and demineraliser whick
are located in the demineralizer earea of the primary auxiliary
building.

The skimmer pump motor is not Class LE, and is supplied from a
local coatrol center.

Resctor Cavity and Cenal Cleanup System

The reactor cavity cleanup portion of the syscem is designed to
purify the reactor cavity during refueling operationa to improve
the optical clarity of the water. A composite drmwing shoving
this function is shown in Pigure 9.1-2. The system consisce

of five surface skimmere at the water surface of the refueling
cavity and refusling ceanal, all piped to the suction of “the reavtor
cavity cleanup system. The cavity water is pumped through the
chemical and volume control eystem mixed bed demineralizer and
filters to the suction of the residual heat removal pumpe * .ere
it is veturned to a cold leg through a residual Heat removal

heat exchanger. Suction can also be taken from any of the cavity
drains and final cavity cleanup effected by pumping the cavity
vater through a portable cleanup filter.

9.1-9
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The reactor cavity cleanup pump motor is pot Class 1E, and ie
supplied from & motor control center in the control building.

9.1.3.3  Sefery Evaluation

Normally, more than 25 feet of wacer {s caintained over the spent fuel.

During fuel handling operations, Che opevator is protected from direct shine
emanating from the spent fuel by at least 10 feet of water. The puritication
provided by the clzanup sytcem, in additior to the water levels mai tained
above the spent fuel, result in & pool surface radiation level of less than
2.5 me/he, which allows unlievited nperator access to the durface of the

pool and ~noling system compovents. However, the filte~s and the deuineraliser
in the cleanup system snd expected to collect particulate and ionic radio~
active materials, and thus have r strictive eccess. Thes¢ components are
located in the primary auxiliary building behind shield walls. A radiological
evaluation of the purification loop is presented in Chapters 11 and 12.

Each spent fuel pool pump i capable of circulating pool ﬁ.ccr through either
spent fuel pool heat exchanger. If ome spent fuel pool pymp becomes inoperable
for iny reason, the remaining pusp supplying half flow to each heat exchanger
can maintain pool water temperatures at 1359F, with sixtedn epent core regions
stored in the pool.

1f only one speat fuel pool pump and heat exchanger are operable, the pool
water temperature can be maintained below 1579F with 16 spent core regions
in the pool (refer to Table 9.1-3).

The thermal capacity of the spent fuel pool cooling systew equals the physical
storage capacity of the spent fuel pool. Thus, actual vater temperatures
wvill be no greater than thoee indicated in Table 9.1-3.

The spent fuel pool cooling and cleanup system is designed so that the pool
level will aot be inadvertemtly drained below s point approximately i0 feet
above the top of the spent fuel assemblies. The spent fuel pool suction
line penetration and the returm line terminations are located at elevetions
such that the failure of piping external to these penetrations will not
cesult in lowering the pool water level below this elevatlon.

Lach spent fuel pool heat exchanger is supplied cooling water froe a separate
primary component cooling water loop (see Section 9.2.2). In the unlikely
event that all forced circulation cooling flow to the pool is lost, the

large volume of pool water (approximately 280,000 gallone) provides a heat
sink which allowe time for maintenance. The minimum Cime for the pool water
to reach the saturation temperature is 2-3/4 houre for tha 16 epent core

region storage condition.

Spent fuel pool makeup water can be obtained from either the refucling vater
s.orage tank, or the condensate storage tank, if necessary. The refueling
vater storage tank and its piping to the pool is seismic Category I. A

hose connecticn is provided in the emergency feedwater pump guction piping
from tho seismiec Categery [ esendensate storage tenk. The zanmertian .

9.1-10
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TABRLE 9.1-1
(Sheet 1 of 2)

SPENT FUEL COOLING _AND CLEANUP SYSTEM D!S[CN DATA

SYSTEM DESIGN DATA

System Cooling Capacity, Btu/hr

s, Normal (16 epent core regions at maximum 18.1 x 108
pool water temperature of 122°)

b. Maximum (16 speat core cegions plus full 42.5 x 106
cre at maximum pool water Cempersture
of 141°F)

System Design Pressure, peig 150

Syetem Design Temperature, oy ' 200

Nominal Boron Comcentratiom, pp® 2,000

SAVETY CLASS
COMPONENT DESIGH DATA

Components Design Dats Code

Spent Fuel Pool Cooling Pump

Quantity/Unit 2 ASME III

Type Horizontal, centrifugal Class 3

Masorial gtuinless steol

Flow (each), gpm 1100

Head (esch), ft, 43

Design pressure, peig 150

Design temperature, oy 225

Motor horsepower 20

spent Fuel Pool Cooling Heat
Exchanger (worst case which
considers 16 refueliogs and one
full core unloading)
Quantity/Unit 2
Type Counter flow
I[nstallation Horigontal
Design heat transfer rate, stu/ht. 21.3 = 108
gffective heat transfer area, fe? 3037




Components

3142

Shell side - design

Design pressure, peig

Design temperature, OF

Primary componcat cooling
flow vate, gpa

Pcimary coamponent cooling
vater temperature (im), °F

Primary component cooling

water temperature (out), ©¥
- F/Btu

Fouling facter, hr-ft?
Material
Tube side - deaign

Design pressure, peig

Design temperature, °F

Spent tueél pool water flow
rate, gpm

Spent fuel pool water
temperature (in), OF

Spen: fuel pool water
temperature (out), °F

Fouling factor, hr-ftl

Material

Piping and Valves Associated
dith Fuel Pool Cooling
Material
Design pressure, peig
Design temperature,

Pig 4

- F/Btu

T 9.1-!
(Sheet 2 of 2)

Design Data

150
200
3000

83
99

0.0005
Carboun steel

150
200

1100
141

103

0.0005
Austenitic stainless
¢ ool

Stainless asteel
150
200

$9e - NOLLWLS
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ANSI
Nil8.2
Safety
Class Code
L)
3 ASMs III
Class 3
4&
3 ASME I1I
Class 3
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SPENT FUEL POOL COOLING AND CLEANUP SYSIEM

Ccomponent

1.

Spent Fuel Pool
Cooling Pump

Spent Fuel Pool Cooling
Heat Exchanger

Spent Fuel Pool
Skimmer

Spent Fuel Pool
Purification Loop

Spent Fuel Pool
Cooling Loop

MALFUNCTION ANALYSIS

Mul fusclivu

Rupture of &
pump casing

Tube or shell
Tupture

Component failure

Component failure

Pipe rupture

Commerts pnd Conocgquonoec

Pumps can|be isolated. Wich only
one of the twc pumps operating,
adequate heat removal can be
obtained.

Rupture ip considered unlikely.

Heat exchanger can be isolated for ¢
maintenance. The second heat
exchanger can provide adequate heat
removal under all design conditioms.

Spent fuel continues to be cooled |
by fuel pool cooling puzps and heat «
exchangers, Optical clarity of pool
water may be decreased. Adequate time
{s available for restoration before
unaccepijble clarity is reached. Part

of cooling flow can be diverted to
cleanup loop.

Loop is isclated from fuel pool I
cooling loop. Spent fuel continues "
to be codled by the fuel pool cool-
ing pumpd and heat exchanger, Purity
of pool Water may be decreased until
loop is testored.

Adequace time 1is available for
reetovatfon before unacceptable
impurity level is reached. A bypass
loop is also provided td divert flow
to the demineralizer if required.

Fuel pool caonot be drained below
a level that provides adequate
shielding. Sufficient time 1s
available for restoration of cool-
ing. Assured pool makeup water

{s provided by reactor makeup
vater sydtem or refueling water
storage tank. :




Amendment 48
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