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Fuel Storage Pool Boron Concentration
3.7.15

3.7 PLANT SYSTEMS

3.7.15 Fuel Storage Pool Boron Concentration

. LCO 3.7.15 The fuel storage pool boron concentration shall be

= 2150 ppm.

e

Lever on »@ ‘

APPLICABILITY: Wheigggé;:;égzmb1ﬂE§Z§EDstored in the fuel storage poo1u§Zg
] ,

a tuef jstorage pool ve5]f1cat1on has ngt been perfor
s%nce he last movemeniy/ of fuel assemblies in the f
storade ‘

ACTIONS _
CONDITION REQUIRED ACTION COMPLETION TIME
A. Fuel storage pool | -----ece-w-- NOTE-------cccv--
boron concentration LCO 3.0.3 is not applicable.

not within limit. | -=-ccccmccmmccceiiiciceenaa

A.1 Suspend movement of Immediately
fuel assemblies in ‘
the fuel storage
pool.

A.ZLZU Initiate action to Immediately
restore fuel storage
pool boron
concentration to
within limit.

A.2.2 / Initiate action to Ipfediately
perform a
storage pgol 1
8 verification. S,

X |
. L }
N H ;

PALO VERDE UNITS 1,2.3 3.7.15-1 AMENDMENT NO. 117
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Spent Fuel Assembly Storage
3.7.17

@ 3.7 PLANT SYSTEMS
(; 3.7.17 Spent Fuel Assembly Storage

LCO 3.7.17 The combination of initial enrichment, @i burnup[of each
fuel assembly stored in each of the (ﬁ@@g_‘egions of the i £ OM}
fuel storage pool shall be within the accepiable burnup

domain for each region as shown in Figures3.7.17-l,and
described in Specification 4.3.1.1.

J“sn‘\—?al, ay 3\7n‘1-3,

APPLICABILITY: whenever]any fuel assembly is stored in the fuel storage
pool.

ACTIONS _
CONDITION REQUIRED ACTION COMPLETION TIME

A. Requirements of the Al -------- NOTE---------
LCO not met. LCO 3.0.3 is not
applicable.

move the noncomplying
fuel assembly into an
appropriate region.

(. ﬂ Initiate action to Immediately

SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY

et
sanddecay +ine
SR 3.7.17.1 Verify by administraijyivé means the initial Prior to
enrichment,g&EDburnuE of the fuel assembly | storing the
is in accordance with Figures3.7.17-1 and fuel assembly
Specification 4.3.1.1. in the fuel
storage pool.

3
,3.1.\1’2)0‘-3."5'7\ )

®

PALO VERDE UNITS 1,2,3 3.7.17-1 . AMENDMENT NO. 117



Spent Fuel Assembly Storage

, . 3.7.17
(

4.30

, Mwd/mtu
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2.7.17-3, anf 23.2.17-4)

®
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Spent Fuel Assembly Storage
3.7.17

l Figure 3.7.17-1

ASSEMBLY BURNUP VERSUS INITIAL ENRICHMENT

for
Region 2

+20000.0 .
u ACCEPTABLE for Region 2
15000.0 {' = ;
~ NOT ACCEPTABLE for Region 2
2 |
® ‘
a .
= .
= .
g 10000.0 :
8 :
2 :
5000.0 / .
Note: Thiscurve é;sumes zero decay time. §
0.0 é————————— e — O . — —

E i 1.5 2,0 25 3.0 35 4.0 45 s 50

0 _ Initial Enrichment, weight % ( ,?r;,ai:?;/ b
enrichment
PALO VERDE UNITS 1,2,3 3.7.17-2 AMENDMENT NO. _
| ‘e
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Spent Fuel Assembly Storage
" 3.7.17

Figure 3.7.17-2
ASSEMBLY BURNUP VERSUS INITIAL ENRICHMENT

for
Region 3

»

(at decay times from 0 to 20 years)

45000
40000 1 -
35000 // , .
30000/ ‘ /// :
2 | ACCEPTABLE for|Region 3 / :
g ] / :
% 25000 ; ;
= ] ‘ ' .
=
o ] .
> 20000 ;
£ ' :
[ 1 o .
g / NOT ACCEPTABLIE for Region 3:
15000 7 E
10000 ] / .
5000 - E
1 | . :
o 1/ Note: Assembly eligible for Regi?n 3 if actual BU > BU requirement forgiven initial emichrpent and current d?cay time. o

1.5 2.0 2.5 3.0 3.5 4.0 4.5 E 5.0
Initial Enrichment, weight % 4 éO%
; limiting
Decay T|me| —o—0 years —&—5 years —h—10 years —¥%— 15 years —— 20 years I enrichment
3.7.17-3 AMENDMENT NO.
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Spent Fuel Assembly Storage
3.7.17

Figure 3.7.17-3
ASSEMBLY BURNUP VERSUS INITIAL ENRICHMENT

for
Region 4

(at decay times from 0 to 20 years)

50000 /
40000 /§
| ACCERTABLE fof Region 4 %/ :
35000 .
| g :
2 | / ' :
< 30000 :
o) ] e
g 25000 1 - / E
g g
g | ) NOT ACCEPTABLE for Region4 &
g 20000 1 ;
A ]
15000 | / E
10000 §
5000 .
o Noto: Assembly eligible for Regipn 4 if actual BU > BU requirement fongiven initial enrichrpent and current dgca y time. E
15 20 25 3.0 35 40 45 : 50
Initial Enrichment, weight % 4 éO%
D limiting
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Design Features
4.0

(;‘ﬁ 4.0 DESIGN FEATURES  (continued)

4.3 Fuel Storage

4.3.1 Criticality

4.3.1.1 The spent fuel storage racks are designed and shall be
maintained with:

a. Fuel assemblies having a maximum radially averaged
U-235 enrichment of iéiZZ? wef'ih: percent;
</0 I/. (<]
/ b. kEAAR if fully flooded With unborated water,

gﬁ{ch gngludeg an a]]gwinc$ gﬁr Bpgiatainties a
escribed in Section 9.1 0 e{ ; .
‘</MIERT);}——————¢. ‘!E!IHI‘IH;

@a@ A nominal 2.5 inch center-to-center distance
between zdjacent storage cell locations.

E@. Region 1: Fuel shall be stored in a_checkerboard —~
(two-out-of-four) storage pattern. Fuel tha
qualifiss to be stored in Regions 1, 2, & 3*in
accordznce with Figure53.7.17-11. may be stored in

JNSELT 29 Region 1. (T2 00 320133
(G ¥»@ Region 2\* 81T e stofed 1n_a_three )

four_stprece pattérn./ Fuelfthat qualifies to be

~ stored in Regions 2,& 3, Nin accordance with Figure(sy
37177200 3.7.17-}, may bestored in \Region 2.
3,7.17-3 C}a® Region 3: be/tored in a four-out-of-
. dJ four stordge pattern. AOnly fuel that qualifies to
i be stored|[in Regiorf83¥ in accordance with Figur
G/ 17-),."GhaTD be stored. in Region 3.
{3 17-2.00 371773

4.3.1.2 The new fuel storage racks are designed and shall be
maintained with:

a. Fuel assemblies having a maximum radi ally averaged
U-235 enrichment of @gZ{Q weight_percent;

b. ke = 0.95 if fully flooded wi unborated water,
W

ich includes an allowance forauncertainties as
described in Section 9.1 of the{ UFSAR;

Crases ookl

(continued)

@
PALO VERDE UNITS 1.2.3 4.0-2 AMENDMENT NO. 117




K%

-

"

A

TS

™

Y

-4
@

~n



Insert Page
Technical Specification 4.3.1.1

Insert 1

c. kett <0.95 if fully flooded with water borated to 900 ppm, which includes an
allowance for biases and uncertainties as described in Section 9.1 of the
UFSAR.

Insert 2

Fuel shall be stored in a repeating 3-by-4 storage pattern in which
Region 2 (two-out-of-twelve) assemblies and Region 4 (ten-out-of-twelve)
assemblies are mixed as shown in Section 9.1 of the UFSAR. .Only fuel

Insert 3

h. Region 4:  Fuel shall be stored in a repeating 3-by-4 storage pattern in
which Region 2 (ftwo-out-of-twelve)-assemblies and Region 4 (ten-out-of-
twelve) assemblies are mixed as shown in Section 9.1 of the UFSAR.
Only fuel that qualifies to be stored in Region 4 in accordance with Figure
3.7.17-3 shall be stored in Region 4.

INSERT PAGE 4.0-2
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Design Features .
4.0

ﬁ 4.0 DESIGN FEATURES (continued)

Ve Bt

c. kg =0.98 if moderated by aqueous foam, which

“includes an allowance foryuncertainties as
described in Section 9.1 pf the UFSAR: and
i!!!::::!&&
d. A nominal 17 inch center to center—distance between

fuel assemblies placed in the storage racks.

-

£.3.2 Drainzcs

The spent fuel storage pool is designed and shall be maintained to
prevent inzdvertent draining of the pool below elevation
137 tegt - 6 inches.

Pmmamse,

1
[F%)
(98]

)
)

rage pool 1is designed and shall be maintained
acity limited to no more than 1329 fuel

I —~
[ %]
Ny ¢k
T O

PALO VERDE UNITS 1.2.3 4.0-3 AMENDMENT NO. 117






Fuel Storage Pool Boron Concentration
3.7.15

3.7 PLANT SYSTEMS

3.7.15 Fuel Storage Pool Boron Concentration

LCO 3.7.15 The fuel storage pool boron concentration shall be
‘ 2 2150 ppm.

APPLICABILITY: whenever]any fuel assembly is stored in the fuel storage
pool.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. Fuel storage pool  |------------ NOTE----=mmmmmmu-
boron concentration LCO 3.0.3 is not applicable.
not within limit. | ----c-mmmmmmmiimeeeeee

A.l Suspend movement of Immediately
fuel assemblies in
the fuel storage

pool.

AND

A.2 Initiate action to Immediately
restore fuel storage
pool boron

concentration to
within 1imit.

PALO VERDE UNITS 1,2,3 3.7.15-1 AMENDMENT NO. 334



Spent Fuel Assembly Storage

‘IIED! 3.7.17

3.7 PLANT SYSTEMS
3.7.17 Spent Fuel Assembly Storage

LCO 3.7.17 The combination of initial enrichment, burnup, and decay
time of each fuel assembly stored in each of the four
regions of the fuel storage pool shall be within the
acceptable burnup domain for each region as shown in Figures
3.7.17-1, 3.7.17-2, or 3.7.17-3, and described in
Specification 4.3.1.1.

APPLICABILITY: whenever]any fuel assembly is stored in the fuel storage
pool.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. Requirements of the Al -------- NOTE--=---=--
LCO not met. LCO 3.0.3 is not

$ applicable.

Initiate action to Immediately
move the noncomplying
fuel assembly into an
appropriate region.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.7.17.1 Verify by administrative means the initial |Prior to
enrichment, burnup, and decay time of the storing the
fuel assembly is in accordance with Figures | fuel assembly
3.7.17-1, 3.7.17-2, or 3.7.17-3, and in the fuel
Specification 4.3.1.1. storage pool.

Q PALO VERDE UNITS 1,2,3 3.7.17-1 » AMENDMENT NO. 13+






Spent Fuel Assembly Storage

@ 3.7.17

Figure 3.7.17-1
ASSEMBLY BURNUP VERSUS INITIAL ENRICHMENT
for
Region 2

20000

* ACCEPTABLE for Region 2
15000 r ' —t —

NOT ACCEPTAQ.LE for Region 2

10000

Assembly Bumup, MWD/MTU

1 Nofe: Thisicurve assumes zero decay time.

00N 000 0000000000000 0030[00 000000000000 000000I000000000000RRSRCRTIEPICTRITNTEOOQ0OTIIOTITLTY

0 S - —_
15 20 25 3.0 35 4.0 45 ¢ 50
0y - . )
Initial Enrichment, weight % ,fm‘?gn/;
onrichment
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Spent Fuel Assembly Storage
3.7.17

Figure 3.7.17-2
ASSEMBLY BURNUP VERSUS INITIAL ENRICHMENT
for
Region 3
(at decay times from 0 to 20 years)

45000 2
] L ]
» [ )
L
» . [ ]
_ %
[ ]

40000
35000 /
30000 /

N

E ACCEPTABLE for Regiona)/

2 ) /) _
| P 4
S :
E ] :
i NOT ACCEPTABLE for Region 3:
1000 /

Nole:Assempfyeﬁgz'b!e forRegi?naifadual BU> BU requirement forgiven initial enridupenland current dgcayh'nw.

1.5 2.0 25 3.0 35 4.0 45 E 5.0
vyy . . o, *
Initial Enrichment, weight % 4.80%
DecayTime| —e—oycars —m~5years —aA—10years —%—15yoars —@—20 “I:mtmg
y Time | y y y y yoars Iennchment
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Spent Fuel Assembly Storage

3.7.17
Figure 3.7.17-3
ASSEMBLY BURNUP VERSUS INITIAL ENRICHMENT
for
Region 4
(at decay times from 0 to 20 years)
45000 | pu /-_
. ACCERTABLE for Region 4 /
35000
| A/// 5
5> / :
= . .
§ 30000 { / :
= :
5 o 4 :
2 :
a ] NOT ACCEPTABLE for Region4
@ 20000 4 :
15000 1 / E
oL Note:Assem?lyeﬁgib!eforRegi?MiIadua!BU> BUrequImme()tforglven Wtialenﬁd:Tenlandcuner')fd?cayUme.;
15 2.0 25 3.0 35 4.0 " 45 s 50
Initial Enrichment, weight % 4 éO%
DecayTime] ——0Oyears . —#—5yoars —A— 10 yoars —¥=~=15 yoars —0—20yc;ars Ier:ll‘lmc;‘:lr?'lgnt
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Design Features
4.0

4.0 DESIGN FEATURES (continued)

4.3 Fuel Storage

4.3.1 Criticality

4.3.1.1 The spent fuel storage racks are designed and shall be
maintained with:

a. Fuel assemblies having a maximum radially averaged
U-235 enrichment of 4.80 weight percent;

b. ke < 1.0 if fully flooded with unborated water,
which includes an allowance for biases and
Hpgﬁatainties as described in Section 9.1 of the

C. Ker £0.95 if fully flooded with water borated to
900 ppm, which includes an allowance for biases and
ﬁpgiﬁtainties as described in Section 9.1 of the

d. A nominal 9.5 inch center-to-center distance
between adjacent storage cell locations.

e. Region 1: Fuel shall be stored in a checkerboard |
(two-out-of-four) storage pattern. Fuel that
qualifies to be stored in Regions 1, 2, 3, or 4 in
accordance with Figures 3.7.17-1, 3.7.17-2, or
3.7.17-3, may be stored in Region 1.

f. Region 2: Fuel shall be stored in a repeating
3-by-4 storage ?attern in which Region 2
(two-out-of-twelve) assemblies and Region 4
(ten-out-of-twelve) assemblies are mixed as shown
in Section 9.1 of the UFSAR. Only fuel that
qualifies to be stored in Regions 2, 3, or 4, in
accordance with Figures 3.7.17-1, 3.7.17-2, or
3.7.17-3, may be stored in Region 2.

g. Region 3: Fuel shall be stored in a four-out-of-
four storage pattern. Only fuel that qualifies to
be stored in Regions 3 or 4, in accordance with
Figures 3.7.17-2 or 3.7.17-3, may be stored in
Region 3.

(continued)

PALO VERDE UNITS 1,2,3 4.0-2 AMENDMENT NO. 3+
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Design Features
4.0

4.0 DESIGN FEATURES (continued)

h.

Region 4: Fuel shall be stored in a repeating
3-by-4 storage ?attern in which Region 2
(two-out-of-twelve) assemblies and Region 4
(ten-out-of-twelve) assemblies are mixed as shown
in Section 9.1 of the UFSAR. Only fuel that
qualifies to be stored in Region 4 in accordance
with Figure 3.7.17-3 shall be stored in Region 4.

4.3.1.2 The new fuel storage racks are designed and shall be
maintained with:

a.

4.3.2 Drainage

Fuel assemblies having a maximum radially averaged
U-235 enrichment of 4.80 weight percent;

Keee £ 0.95 if fully flooded with unborated water,
which includes an allowance for biases and ,
Hpggatainties as described in Section 9.1 of the

Kerr £ 0.98 if moderated by aqueous foam, which
includes an allowance for biases and uncertainties
as described in Section 9.1 of the UFSAR: and

A nominal 17 inch center to center distance between
fuel assemblies placed in the storage racks.

The spent fuel storage pool is designed and shall be maintained to
prevent inadvertent draining of the pool below elevation
137 feet - 6 inches.

4.3.3 Capacity

The spent fuel storage pool is designed and shall be maintained
with a storage capacity limited to no more than 1329 fuel

assemblies.

PALO VERDE UNITS 1,2,3

4.0-3 AMENDMENT NO. 332
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Fuel Storage Pool Boron Concentration
' B 3.7.15

e B 3.7 PLANT SYSTEMS

B 3.7.15 Eue] Storége Pool Boron Concentration

BASES

BACKGROUND As described in LCO 3.7.17, "Spent Fuel Assembly Storage,"
fuel assemblies are stored in the spent fuel racks in “
accordance with criteria based on initial enrichment and
discharge burnup. Although the water in the spent fuel pool
is normally borated to = 2150 ppm, the criteria that limit

“ . the storage of a fuel assembly to specific rack -locations is

conservatively developed without taking credit for bor%

{ INSERT \§—

APPLICABLE A fuel assembly could be inadvertently loaded into a spent

SAFETY ANALYSES  fuel rack location not allowed by LCO 3.7.17 (e.g.. an -
unirradiated fuel assembly or an insufficiently depleted
fuel assembly). Another type of ﬁostulated accident is
associated with a fuel assembly that is dropped onto the
fully loaded fuel ﬁool storage rack or between a rack and
the pool walls. These incidents could have a positive
reactivity effect, decreasing the margin to criticality.
However, the negative reactivity effect of the soluble boron

G compensates for the increased reactivity caused by these

postulated accident scenarios.

The concentrat{on of dissolved boron in the fuel pool
satisfies Criterion 2 of 10 CFR 50.36 (c)(2)(ii).

LCO The specified concentration of dissolved boron in the fuel
pool preserves the assumptions used in the analyses of the
potential accident scenario,described above. This
concentration of dissolved poron is the minimum required
concentration for fuel assembly storage and movement within
the fuel pool. <

. qaaa} <y
APPLICABILITY This LCO applies wheneverlfuel assemb](EB«iEBégigred in the
spent fuel pool/UMti11v¥a complete spent iyel pool
/NSELT T veritication/has been perférmed followixg the last mdvement
of fuel asgémblies in thé spent fuel pbol. This does
nfi

not apply following t

would rm that there are no migloaded fuel dssemblies,

— (continued)

Q PALO VERDE UNITS 1.2.3 B 3.7.15-1 . REVISION 0







Insert Page
Technical Specification Bases 3.7.15

Insert 1

In order to maintain the spent fuel pool kes<1.0, a soluble boron concentration of
900 ppm is required to maintain the spent fuel pool ke<0.95 assuming the most
limiting single fuel mishandling accident.

Insert 2

in order to comply with the TS 4.3.1.1.c desigr} requirement that kex<0.95.

INSERT PAGE B 3.7.15-1
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Fuel Storage Pool Boron Concentration
‘ B 3.7.15

BASES

(continued) is no potential for a misloaded fuel assemiyly or a-droppe
fuel agSembly/ :

APPLICABILITY ‘(with n:ggdrther fuel assefibly movements 1nb?fbgress. thera)

ACTIONS ’ Al and A.2

The Required Actions are modified by a Note indicating that
LCO 3.0.3 does not apply. '

When the concentration of boron in the spent fuel pool is
less_than required, immediate action must be taken to
preclude an accident from happening or to mitigate the
consequences of an accident in progress. This is most
efficiently achieved by immediately sus?ending the movement
of fuel assemblies. This does not preclude the movement of
fuel assemblies to a safe position. In addition, action-
must be immediately initiated to restore boron concentration
to within limit. ely, immediate ac¥ion to perfgrm a/

If moving fuel assemblies while in MODE 5 or 6, LCO 3.0.3
would not specify any action. If moving fuel assemblies
while in MODE 1. 2, 3. or 4, the fuel movement is
independent of reactor operation. Therefore, inability to
suspend movement of fuel assemblies is not sufficient reason
to require a reactor shutdown.

SURVEILLANCE SR _3.7.15.1
REQUIREMENTS =
This SR verifies that the concentration of boron in the
sRent fuel pool is within the required limit. As long as
this SR is met, the analyzed incidents are fully addressed.
The 7 day Frequency is appropriate because no major
replenishment of pool water is expected to take place over a
short period of time.

REFERENCES 1. UFSAR,-Section 9.8 (0. T3

2.  PVNGS Operating License Amendments 82, 69 and 54 for
Units 1, 2 and 3, respectively, and associated NRC

ISENT Safety Evaluation dated September 30, 1994,
/

PALO VERDE UNITS 1.,2.,3 B 3.7.15-2 : REVISION 0




0 | Insert Page
‘ Technical Specification Bases 3.7.15

Insert 1

3. 13-N-001-1900-1221-1, “Palo Verde Spent Fuel Pool Criticality Analysis,” |
ABB calculation A-PV-FE-0108, revision 3, dated January 15, 1999.

1
INSERT PAGE B 3.7.15-2






Spent Fuel Assembly Storage
B 3.7.17

0 - B 3.7 PLANT SYSTEMS

B 3.7.17 Spent Fuel Assembly Storage

BASES

BACKGROUND The spent fuel storage is designed to store either new
(nonirradiated) nuclear fuel assemblies, or burned
(irradiated) fuel assemblies in a vertical configuration
underwater. ~ The storage pool was originally designed to

boeoon . N Store up to 1329 fue) .assemblies in a borated fuel storag
concenkrwandmode. The current storage configuration, which allows
credit to be taken for¥burnup“and does not require neutron
. absorbing, glboraﬂex) storage cans, provides for a maximum
storage of fuel assemblies in a €HPES Tegion
R &) configurationj®Region 1 is comprised of €Ared9x8 stora
RS rackss,one 12x8 storage rack QI Ume9X9 SLOFAge rach.
a prevent inadvertent storage of a fuel assembly in a cell
, required to be vacant, cell blocking devices are placed in @
' every other storage cell location¥io maintain a two-out-of-
@ four” checkerboard configuration® Region@is comprised of X33

three 9x8 storage racks and one'd2xB storage rack. /Te
bTocking deviges in Region Z arg employed in oné out of

every four sforage cell locatidns to preclude £fhe
possibih’t of an unanalyzed 4ssembly configuration. Regio
t - 3 is comprised of six 9x8 sporage racks ang/two 12x8 storade

. /Since fuel assemblies may be stored in every Regjbn
3 cell/location, no cell blocking devicey are installed/in
Regign 3. Cell blocking devices are algo placed along/the
Regjon 2 interface withh Region 3 to eViminate the P
ogsibility of an unanal rrangeent of assemblies./"The
Concelt roX\» e spent fuel storage cells are instalied in parallel rows with
o Goo ppMm a nominal center-to-center spacing of 9.5 inches. This
spacing¥and the storage of fuel in the appropriate region
-"-'\S based on assembly burnup in accordance with TS Figurds
2.7 \q_z)a,é 3.7.17-1,is sufficient to maintain a k., of <0.95 for

2.7.17-3 Tuel of originaljenrichment o t 2. =) ;
. , A——-— MNAX) M r(..Q.w.\\:] AOQ"‘? @

APPLICABLE The spent fuel storage pool is designed for non-
SAFETY ANALYSES criticality by use of adequate spacing,.and the storage of
fuel in the apﬁropriate region based onfassembly burnup in
th TS Figure, 3.7.17-1y

&

Jand

deco

O MANT MM
Ssluble orON

accordance wi

C(‘:«b v §<>r \oo(‘un
copcentesyion,

0 ‘ | : (continued)

PALO VERDE UNITS 1.2.3 B 3.7.17-1 REVISION 0







Insert Page
Technical Specification Bases 3.7.17

Insert 1

The design basis of the spent fuel cooling system, however, is to provide
adequate cooling to the spent fuel during all operating conditions (including full
core offload) for only 1205 fuel assemblies (UFSAR section 9.1.3). Therefore, an
additional four spaces are mechanically blocked to limit the maximum number of
fuel assemblies that may be stored in the spent fuel storage pool to 1205.

-
«

Insert 2

Since fuel assemblies may be stored in évery Region 3 cell location, no cell
blocking devices are installed in Region 3.

Regions 2 and 4 are mixed and are comprised of seven 9x8 storage racks and
three 12x8 storage racks. Regions 2 and 4 are mixed in a repeating 3x4 storage
pattern in which two-out-of-twelve cell locations are designated Region 2 and
ten-out-of-twelve cell locations are designated Region 4 (see UFSAR Figure 9.1-
9). Since fuel assemblies may be stored in every Region 2 and Region 4 cell
location, no cell blocking devices are installed in Region 2 and Region 4.

Insert 3

, 3.7.17-2, and 3.7.17-3. The design requirements related to criticality (TS
4.3.1.1) are kegi<1.0 assuming no credit for boron and ke¢<0.95 taking credit for
soluble boron. The burnup versus enrichment requirements (TS Figures 3.7.17-1,
3.7.17-2, and 3.7.17-3) are developed assuming keg<1.0 with no credit taken for
soluble boron, and that ke¢<0.95 assuming a soluble boron concentration of 900
ppm and the most limiting single fuel mishandling accident.

INSERT PAGE B 3.7.17-1






Spent Fuel Assembly Storage
B 3.7.17

BASES

APPLICABLE The analysis of the reactivity effects of fuel storage in

SAFETY ANALYSIS the spent fuel storage racks was performed by ABB-Combustion
theftwo-dimensiopal discrete ordinates)

(contipued) Engineering (CE) using :
transpory” theory DOT- computer code/with four energy group
cross sectiofis_generated by ghe CEPAK code. These

odes/nhave/been previously used by CE for the analysis of

fuel rack reactivity and have been benchmarked against
results from numerous critical experiments. These experiments
simulate the PUNGS fuel storage racks as realistically as
possible with respect to parameters important to reactivity
such as enrichment and assembly spacing. /In March 1992, the
(NRL 1ssued Infgrmation Notice/92-21 and Supplefient 1
concerning digcrepancies thay were discovered/in spent fuel
pool reactivity calculationg. The discrepangies were due to
an overestimation of neutrgn absorption in/the CEPAK
generatiory of cross sectigns. These discrgpancies were found
to exist Only in regions/containing a styong neutron absorber
époison . Since neutror/poison is not present. this problem J
0es n

exist for the/ PUNGS ra
The modeling of Regions 2,Edd 3 included Several conservative

assumptions. These assumptions neglected the reactivity
effects of @x1al/Teakdde,) poison shims in the assemb]iesxﬁ::2§3
structural grids Cami—SolubYe bOron T the 68°F pogl waten.
These assumptions tend to increase the calculated effective
mu]tig]ication factor (K¥,.¥) of the racks. The stored fuel

assemblies were modeled as CE 16x16 assemblies with a nominal
pitch of B06) inches between fuel rods. a fuel pellet
diameter of I3 inches, and a UD(2) density of &Z{)Lgicc_.@

{UOI-1V CalCuiayions were used to/econstruct 3 curye of burTup )
versus initial enrichment for béth Regions 2 and’ 3 (TS Figure
5.6-1) such fhat all points oy the curve produfe a k., value
(without unlertainties or bigses) of 0.93. THis method of
reactivity equivalencing hag been accepted the NRC and
used for/numerous other spént fuel storageHools which take

credit for burnup. The MRC criticality agceptance criterio
for_fyel storage is thay k., be no greatgr than 0.95,
inclyding all uncertaidties at a 95% prébability/95%

i confidence level. refore, the reagtivity of assemblies,
minimum monolith thjtkness, temperature variations: mirimum
~insert thickness/ assembly enrichsent. and assembl
were obtained as 4ell as a methodofogy uncertainty
These were agp]i d to the nomina)/value of 0.93 to/obtain a
final Ky 0. for the spent fu€l racks. This
(criterion of nO greater than 0/95.

(continued)
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three dimensional Monte Carlo code KENO-VA with the updated 44 group
ENDF/B-5 neutron cross section library. The KENO code has

Insert 2

KENO-Va calculations were used to construct curves of burnup versus initial
enrichment for decay times in 5 year increments from 0 to 20 years for both
Regions 3 and 4 (TS Figures 3.7.17-2 and 3.7.17-3) such that all points on the
curves produce a ke value (including all biases and uncertainties) of <1.0 for
unborated water. Biases associated with methodology and water temperature
were included, and uncertainties associated with methodology, KENO-Va
calculation, fuel enrichment, fuel rack pitch, fuel rack and L-insert thickness,
pellet stack density, and asymmetric fuel assembly loading were included.
KENO-Va calculations were also performed to determine the soluble boron
concentration required to maintain the spent fuel pool ke (including all biases and
uncertainties) < 0.95 at a 95% probability/95% confidence level. A soluble boron
concentration of 900 ppm is required to assure that the spent fuel pool keg
remains <0.95 at all times. This soluble boron concentration accounts for the
positive reactivity effects of the most limiting single fuel mishandling event and
uncertainties associated with fuel assembly reactivity and burnup. This method of
reactivity equivalencing has been accepted by the NRC (Reference 3) and used
for numerous other spent fuel storage pools that take credit for burnup, decay
time, and soluble boron.

INSERT PAGE B 3.7.17-2
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Spent Fuel Assembly Storage
. B 3.7.17 .

BASES

APPLICABLE Most abnormal storage conditions will not-result in an
SAFETY ANALYSES increase in the k., Of the racks. However, it is possible
(continued) to postulate events/such as an assembly drop on top ot @
ack or betweerya rack and the pogd walls or the migloading
of an assembly, with a burnup and’enrichment combipation
outside of tHe acceptable area ih TS Figure 3.7.17-1, which
ﬁ could. 1ead £o an increase in rgactivity. Howevey, for such
. events, credit may be taken for the presence 0f/2150 ﬁpm of
--_3 boron iry'the pool water reqyired by TS 3.7.15 Since the staff]
require the assumption of two unlikgly.- independent.
concyfrent events to ensuye protection agaipst a criticality
acciflent (double contingéncy principle). Ahe reduction in
/ caused by the boron/more offsets-the reactivity addition
used by credible ac¢hdents. Therefore, the staff criterion
of k. no greater thafn 0.95 for any postulated accident is
et s

2

The criticality aspects of the spent fuel pool meet the
requirements of General Design Criterion 62 for the
prevention of criticality in fuel storage and handling.

(:§§£§§r The spent fuel pool head load calculations were based ona
! TulT pool with (1300 fuel assemblies. ﬂge mgximum number o!l
e
h

; : uel assembfies that can be Atored in t ree-region
onfiguration is 1054 fuel assemblies. e actual loading
. pattern therefore has a lgwer decay hea¥ than assumed in

alculations for a full fo0l./ :

The original licensing basis for the spent fuel pool allowedy bacdd

for spent fuel to be loaded in either a 4x4 array or a e oce

checkerboard array, de?ending on the use of Gorafiex porsod. \{2'52°
A" fuel handling accident was assumed to occur with

maximum Toading of the pool. The fuel pool rack construction

precludes more than one assembl fr?%hbeing impacted in a

fuel handling accident. GEEEEE%EEI e UFSAR analysis

conclusion regarding the worst scenario for a dro?ped

assembly (in which the horizontal impact of a fuel assembly

on top of the spent fuel assembly damages fuel rods in the

dropped assembly but_does not impact fuel in the stored

assemblies) continue@:os be limiting.

The spent fuel assembly storage satisfies Criterioﬁ 2 of 10
CFR 50.36 (c)(2)(ii).

‘ * (continued)
PALO VERDE UNITS 1,2.3 B 3.7.17-3 REVISION 0 °



-

By

.-
[ X SR |

L
__—
PRI

e

# P SR




Insert Page
Technical Specification Bases 3.7.17

Insert 1

with a burnup and enrichment combination outside of the acceptable areain TS
Figure 3.7.17-1, or with a burnup, decay time, and enrichment combination
outside of the acceptable area in TS Figures 3.7.17-2 or 3.7.17-3, which could
lead to an increase in reactivity. These events would include an assembly drop
on top of a rack or between a rack and the pool walls, or the misloading of an
assembly. For such events, partial credit may be taken for the soluble boron in
the spent fuel pool water to ensure protection against a criticality accident since
the staff does not require the assumption of-two unlikely, independent,
concurrent events (double contingency principle). Although a soluble boron
concentration of only 900 ppm is required to assure that kegremains <0.95
assuming the single most limiting fuel mishandling event, TS 3.7.15
conservatively requires the presence of 2150 ppm of soluble boron in the spent
fuel pool water. As such, the reduction in ke caused by the required soluble
boron concentration more than offsets the reactivity addition caused by credible
accidents, and the staff criterion of ke¢<0.95 is met at all times.

Insert 2

From the spent fuel pool criticality analysis, the number of fuel assemblies that
can be stored in the four-region configuration.is-1209 fuel assemblies. The
design basis of the spent fuel cooling system, however, is to provide adequate
cooling to the spent fuel during all operating conditions (including full core
offload) for only 1205 fuel assemblies (UFSAR section 9.1.3). Therefore, an
additional four spaces are mechanically blocked to limit the maximum number of
fuel assemblies that may be stored in the spent fuel storage pool to 1205.

INSERT PAGE B 3.7.17-3
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accompanying LCO,EensurSs that the k, of the spent fuel pool

The restrictions on the placement of ?351 assemblies within

3.7.17-1¥n the

the spent fuel pool, according to Figur

will always remain assuming the pool to be flooded
with unborated water. The restrictions are consistent with
the criticality safety analysis performed for the spent fuel

pooT according to Figure’3.7.17-1%n the accompanying LCO.
Specification 4.3.1.1 provides additional details for fuel

‘storage in each of the €hpe& Regions.
e

APPLICABILITY

This LCO applies whenever any fuel assembly is stored in the
spent. fuel ‘pool.

ACTIONS

. assembly movement(s) to bring the configuration into

Al

Required Action A.1 is modified by a Note indicating that
LCO 3.0.3 does not apply.

When the configufation of fuel assembliessstored in the, spen
fuel pool is not in accordance with Figure! 3.7.17-1%
immediate action must be taken to make the necessary fuel

comp]ianqe with Figure, 3.7.17-1#

If moving irradiated fuel assemblies while in MODE 5 or 6.
LCO 3.0.3 would not specify any action. If moving irradiated
fuel assemblies while in MODE 1, 2, 3, or 4, the fuel
movement is 1ndegendent of reactor operation. Therefore, in
either case, inability to move fuel assemblies is not
sufficient reason to require a reactor shutdown.

SURVEILLANCE
REQUIREMENTS

®

SR_3.7.17.1

This SR verifies by administrative means that the initial
enrichment and burnup of the fuel assembly is in accordance

with Figure3.7.17-1.in the accompanying LCO and
SPec1f1cat1%4.3.1.@

* (continued)
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To manually determine the allowed SFP region for a fuel assembly, the actual
burnup is compared to the burnup requirement for the given initial enrichment
and appropriate decay time from Figure 3.7.17-1, 3.7.17-2, or 3.7.17-3. If the
actual burnup is greater than or equal to the burnup requirement, then the fuel
assembly is eligible to be stored in the corresponding region. If the actual burnup
is less than the burnup requirement, then the comparison needs to be repeated
using another curve for a lower numbered region. Note the following:
. that a fuel assembly that does not meet the burnup requirement for
Region 2 must be stored.in Region 1, ...
that any fuel assembly may be stored in Region 1,
that any fuel assembly may be stored in a lower numbered region than the
region for which it qualifies because burnup requirements decrease as
region numbers decrease (refer also to Tech Spec 4.3.1.1),
o and that comparing actual burnup to the burnup requirement for zero
decay time will always be correct or conservative.

-
. -
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ENCLOSURE 3

Palo Verde Spent Fuel Pool
Criticality Analysis (CENPD-395)






