
Fuel Storage Pool Boron Concentration
3.7.15

3.7 PLANT SYSTENS

3.7.15 Fuel Storage Pool Boron Concentration

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

APPLICABILITY
a ue s orage poo ver >ca son as n een per or
since he last movemen of fuel assemb ies in the f 1

stora e

'ver cn
Whe fuel assemblgsZW stored in the fuel stora e ool a d

d

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. Fuel storage pool
boron concentration
not within limit.

------------NOTE-------------
LCO 3.0.3 is not applicable.

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

AND

A.2g initiate action to
restore fuel storage
pool boron
concentration to
within limit.

OR

A.2.2 Initiate ac on to
perform a el
storage p ol
verifica ion.

Immediately

Immediately

I 'diately

V90SX50aSe eqoeoS
PDR ADQCK 05000528 '.!
p PDR
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Spent Fuel Assembly Storage
3.7.17

3.7 PLANT SYSTEMS

I'.7.17 Spent Fuel Assembly Storage
,a~h Ae(a)»~~

The combination of initial enrichment g5 burnup of each
fuel assembly stored in each of the e ions of the
fuel storage pool shall be within the accep a e urnup
domain for each region as shown in Figures3.7.17-1 and
described in Specification 4.3.1.1.

~

$ Q ~g g~ 0~3 7,(1
J

LCO 3.7.17

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

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. Requirements of the
LCO not met.

A.l --------NOTE---------
LCO 3.0.3 is not
applicable.

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

Immediately

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.7. 17. 1

,4~J~c~ +)~
Verify by administra ive means t e initial
enrichment,gQ burnup of the fuel assembly
is in accordance with Figures3.7.17-1 and
Specitication 4.3.1.1.

Qg tal7 a )
~ ~ )

Prior to
storing the
fuel assembly
in the fuel
storage pool.

(

PALO VERDE UNITS 1.2,3 3.7.17-1 AMENDMENT NO. 117
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Spent Fuel Assembly Storage

3.7.17

FIGURE 3.7,1 -1

A EMBLYBURNUP VERSU INITIALENRICHME

4.30

50000

45 00

E

m

40000

35000

30000

25000

'.. 'EGION 3
4/4 h

'";,'>'.; REGION'2." .

2000

5000

10000
; '".;REGION 1„„'-",:.

5000

0

2.00 2.50 .00 3.50

Initial Enrichment, wt. l
4.00 4.50 5.00

~~ )~ ) g p. tg-z,po) E.7 'l7. 3 (t ~ < '~-
Am& Flp>f+< ' )

>.7, i7-r, <np z.p.)7<3

(

PALO VERDE UNITS 1,2,3 3.7.17-2 AMENDMENTNO. 117



0

I

r IF

0



Spent Fuel Assembly Storage
3.7.17

Figure 3.7.17-1
ASSEMBLY BURNUP VERSUS INITIALENRICHMENT

for
Region 2

20000.0
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Spent Fuel Assembly Storage
3.7. l7

45000

Figure 3.7.17-2
ASSEMBLY BURNUP VERSUS INITIALENRICHMENT

for
Region 3

(at decay times from 0 to 20 years)
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Spent Fuel Assembly Storage
3.7.17

Figure 3.7.17-3
ASSEMBLY BURNUP VERSUS INITIALENRICHMENT

for
Region 4

(at decay times from O to 20 years)
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Design Features
4.0

4.0 DESIGN FEATURES (continued)

4.3 Fuel Storage

4.3.1 C~iti lit
4.3. 1. 1 The spent fuel storage racks are designed and shall be

maintained with:

a. Fuel assemblies havin a maximum radially averaged
U-235 enrichment of we' percent;

</,0
b. k «gag~ if fully floode wi unborated water,

which includes an allowance for uncertainties a

described in Section 9.1 of the UFSAR:
Ipse'8f i ~

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

gag Eg~ Z

Q,7, )'7 X) a9W

70 7

Region 1: Fuel shall be stored in a checkerboard
(two-out-of-four) storage pattern. Fuel that 14'"+
qualifies to be stored in Regions 1, 2, 45 3 in
accol dance v ith Figures3.7.17-$ , may be stored in
Region 1. ,5.7,17 "2

~
nr 5:7. l1 5

Region2:,ue s esoe dna r -ou-o
our - r co r t at qualifies to be

stored in .-,egions 2,aHa 3, in accordance with FigureQS
3.7.17- l. may be tored in Region 2. gf'fa ~

+4
Region 3: all b stored in a four-out-of-
four stor ge pattern. nly fuel that qualifies to
be stored in Regior@3 in accordance with Figure@

g~g3, {QgcfTb be stored, in Re ion 3.

JdsekY 3 I 7-z ~r 3,7.)'7-3

4.3. 1.2 The new fuel storage racks are designed and shall be
maintained with:

Fuel assemblies havin a maximum radially averaged
U-235 enrichment of wei ercent;

k « ~ 0.95 if fully flooded wi unborated water,
wffich includes an allowance for~uncertainties as
described in Section 9. 1 of the UFSAR;

1~35e5 4

(continued)

PALO VERDE UNITS 1.2,3 4.0-2 AMENDMENT NO. 117
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Insert Page
Technical Specification 4.3.1.1

Insert 1

c. k,ii(0.95 iffully 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 (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.

INSERT PAGE 4.0-2
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Design Features .

4.0

4.0 DESIGN FEATURES (continued)

k... ~ 0.98 if moderated by aqueous foam, which
includes an allowance for uncertainties as
described in Section 9. 1 f th UFS and

yipes an
A nominal 17 inch center to cen istance between
fuel assemblies placed in the storage racks.

4.3. 2 Drainace

Th spen-. fuel storage pool is designed and shall be maintained to
pr v=-nt inadvertent draining of the pool below elevation
I37 =eet - 6 inches.

..".=- s~e..- fu="1 s-:.orage pool is designed and shall be maintained
;;:th h s:o;ace capacity limited to no more than 1329 fuel

PALO VERDE UNITS 1,2.3 4.0-3 ANENDHENT NO. 117
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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 bet 2150 ppm.

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

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. Fuel storage pool
boron concentration
not within limit.

------------NOTE-------------
LCO 3.0.3 is not applicable.

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

AND

A.2 Initiate action to
restore fuel storage
pool boron
concentration to
within limit.

Immediately

Immedi ately

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



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, 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
LCO not met.

A.1 --------NOTE---------
LCO 3.0.3 is not
applicable.

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

Immedi ately

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.7.17.1 Veri fy by administrative means the initial
enrichment, burnup, and decay time of the
fuel assembly is in accordance with Figures
3.7.17-1. 3.7.17-2. or 3.7.17-3, and
Specification 4.3.1.1.

Prior to
storing the
fuel assembly
in the fuel
storage pool.

PALO VERDE UNITS 1,2,3 3.7.17-1 AMENDMENT NO. ~
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Spent Fuel Assembly Storage
3.7.17

Figure 3.7.17-1
ASSEMBLY BURNUP VERSUS INITIAL ENRICHMENT
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Spent Fuel Assembly Storage
3.7.17

45000

Figure 3.7.17-2
ASSEMBLY BURNUP VERSUS INITIAL ENRICHMENT

for
Region 3

(at decay times from 0 to 20 years)
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enrichment

PALO VERDE UNITS 1,2,3 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)
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Design Features
4.0

4. 0 DESIGN FEATURES (continued)

4.3 Fuel Storage

4.3.1 ~tati 11t

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

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

k,« < 1.0 if fully flooded with unborated water,
which includes an allowance for biases and
uncertainties as described in Section 9.1 of the
UFSAR;

k,« s 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'he
UFSAR.

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

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.

Region 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 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.

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. ~
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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 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 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:

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

k ff ( 0. 95 if ful ly flooded wi th unborated water ~

which includes an allowance for biases and
uncertainties as described in Section 9. 1 of the
UFSAR:

c. k,« s 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

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

4.3.2 ~Draina e

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 ~Ca acit

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. 447-
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Fuel Storage Pool Boron Concentration
B 3.7.15

8 3.7 PLANT SYSTEMS

B 3.7. 15 Fuel Storage Pool Boron Concentration

BASES

BACKGROUND

ip5Ck1

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 boro

APPLICABLE
SAFETY ANALYSES

A fuel assembly could be inadvertently loaded into a spent
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 postulated accident is-
associated with a fuel assembly that is dropped onto the
fully loaded fuel pool 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
compensates for the increased reactivity caused by these
postulated accident scenarios.

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

LCO

APPLICABILITY

/855Ll

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 oron is the minimum required
concentration for fuel ass bly storage and movement within
the fuel pool.

S

~ vs. IS

This LCD applies whenever fuel assemblGB Q9 stored in the
s ent fuel ool i f a corn e e spen poo
veri ica io as been per rmed followi g the last vement
of fuel as mblies in t spent fuel ol. This does
not appl following t verificatio since the v ification
would nfirm that t re are no mi oaded fuel ssembl'es

(continued)

PALO VERDE UNITS 1,2,3 B 3.7.15-1 REVISION 0
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Insert Page
Technical Specification Bases 3.7.15

Insert 1

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

Insert 2

in order to comply with the TS 4.3.1.1.c design requirement that k,g<0.95.

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

BASES

APPLICABILITY
(continued)

With no f rther fuel ass bly movements in ogress. there
is no p ential for a m'oaded fuel assem or a .dro e
fuel a embl

ACTIONS A.l 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 suspending the movement
of fuel assemblies. This does not preclude the movement of
fuel assemblies to a safe position. In addition, action.
must be immediatel initiated to restore boron concentration
to within limit. erna y, >mme ia e ac ion to erf rm a

ue s ora oo verifi tiori

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
REQUIREMENTS

SR 3.7.15.

This SR verifies that the concentration of boron in the
spent 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 appr'opriate because no major
replenishment of pool water is expected to take place over a
short period of time.

REFERENCES

y/5QgY \

2.

UFSAR. Section 9.Qk ~l. L

PVNGS Operating License Amendments 82. 69 and 54 for
Units 1, 2 and 3, respectively. and associated NRC
Safety Evaluation dated September 30, 1994

'ALO

VERDE UNITS 1,2,3 B 3.7.15-2 REVISION 0
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Technical Specification Bases 3.7.15

Insert 1

3. 13-N-001-1900-1221-1, "Palo Verde Spent Fuel Pool CriticalityAnalysis,"
ABB calculation A-PV-FE-0106, revision 3, dated January 15, 1999.

INSERT PAGE B 3.7.15-2
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Spent Fuel Assembly Storage
8 3.7.17

8 3.7 PLANT SYSTENS

8 3.7.17 Spent Fuel Assembly Storage

BASES

BACKGROUND

bo<o
~q~f„+f3

gp)546 i

iy~e47 z

'

~ rinin> rht ~
Sb)u.bh
Cent.a-+ rWAk

o& Roe graf

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

- store up to 1329 fuel .assemblies in a bor ated fuel storag
mode. The current storage configuration. which allows
cre it to e taken for burnup an oes no require neu ron
absorbin boraflex) storage cans, provides for a maximum
s orage of fuel assemblies in a ~re ion
confi uration.'Region 1 is comprised of ~ x8 stora e
racks> one 12x8 storage rack To
prevent inadvertent storage of a fuel assembly in a cell
required to be vacant, cell blockin devices are laced in
every other storage cell location o main ain a two-out-of-
four checkerboard confi uration.'8 Region is comprise o

,an3
deca)
+ iWao ~

gov r

in/ (ml

spent fuel storage cells are installed in parallel rows with
a nominal center-to-center spacing of 9.5 inches. This
spacing and the storage of fuel in the appropriate region
based on assembly burnup in accordance with TS Figur~s
3.7.17-1 is sufficient to maintain a k of «0.95 for gÃt}

ue o original enrichment o t X.
fin,aaiffafJ~ f f.peal<

t ree x storage rac s an one C5$ stora e rack. e
oc ing evi es in egion ar emp oye in o out of

every four orage cell locati ns to preclude he
possibilit of an unanalyzed ssembly config ration. Regio
3 is corn ised of six 9x8 s orage racks an two 12x8 stor e
racks. ince fuel assembl es may be stor in every Reg'
3 cell ocation. no cell locking device are installed in
Regi 3. Cell blockin devices are al o placed alon the
Reg' 2 interface wit Region 3 to e minate the

o ibilit of an n 1 rran e ent of assembl es. The

APPLICABLE
SAFETY ANALYSES

The spent fuel storage, pool is designed
criticality by use of adequate spacing,
fuel in the appropriate region based on
accordance with TS Figure 3.7.17-1~

s

for non-
and the storage of
assembly burnup in

CCa:kH'0f'oCzfi
co nc,aA4 «>'~o

3

PALO VERDE UNITS 1,2.3 8 3.7.17-1

(continued)
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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 every 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 k,g<1.0 assuming no credit for boron and k,g<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 k,g<1.0 with no credit taken for
soluble boron, and that k,a<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
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Spent Fuel Assembly Storage
B 3.7.17

BASES

APPLICABLE
SAFETY ANALYSIS

(conti ed)

/nl564I ~

0, 504

o,32'&sq<7

z

The analysis of the reactivity effects of fuel storage in
the spent fuel storage racks was erformed by ABB-Combustion
Engineering (CE) usin the wo- imensso a iscre e or dna es
ranspor eory - computer code with four energy group

neutro cross secti s enerated b e CEPAK code
een previous y use y CE for the analysis of

fuel rack reactivity and have been benchmarked against
results from numerous critical experiments. These experiments
simulate the PVNGS fuel storage racks as realistically as
possible with respect to parameters important to reactivit
such as enrichment and assembly s acin . n c . e

issue n rma son o 1ce - an uppl ent 1
concerning di crepancies tha were discovere in spent fuel
pool reactiv ty calculation . The discrepan es were due to
an overesti ation of neutr n absorption in he CEPAK
generatio of cross secti ns. These discr pancies were found
to exist nly in region containing a st ong neutron absorber
(poison . Since neutro poison is not esent. this roblem
does n exist for th PVNGS ra

J

The modeling of Regions 2,693 include several conservative
assumptions. These assumptions neglected the reactivity
effects of xia ea oison shims in the assembliesx an
structural grids
These assumptions tend to increase the calculated effective
multiplication factor (O'„P) of the racks. The stored fuel
assembli s were modeled as CE 16xl6 assemblies with a nominal
pltc o 4395 inches between fuel rods, a fuel ellet
diameter of inches, and a UO(2) density of g/cc. /o.S (

co Uiayions were use
versus initia enrichment for th Regions 2 an 3 (TS Figure
5.6-1) such hat all points o the curve prod e a k « value
(without u ertainties or bi ses) of 0.93. is method of
reactivit equivalencing h been accepted the NRC and
used f'r umerous other s nt fuel storage ools which take
credit or burnup. The C criticality a ceptance criterio
for f 1 storage is tha k,« be no great r than 0.95.
incl ing all uncertai ties at a 95K pr bability/95K
con idence level. refore. the rea ivity of assembl'es.
mi imum monolith th'ness. temperat re variations; mi imum-insert thickness assembly enric nt. and assembl burnup
were obtained as ell as a method ogy uncertainty d bias.
These were appli d to the nomina value of 0.93 to obtain afinal k,« 0.9 for the spent f 1 racks. This ets the NRCcriterion of o reater than 0.95.

PALO VERDE UNITS 1,2.3 B 3.7 '7-2
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three dimensional Monte Carlo code KENO-VAwith the updated 44 group
ENDF/8-5 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 k,g 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 k,g (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 k,ff
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



~

'»

p )
l

l

f

11

1

i

I

ba y

S ~ l
.I

~ '

'



Spent Fuel Assembly Storage
B 3.7.17

BASES

APPLICABLE
SAFETY ANALYSES

(continued)

gzo

gdgsPT >

Most abnormal storage conditions will not.result in an
increase in the k « of the racks. However, it is possible
to ostulate events, suc as an ass m rop on op a

a rack and the o walls or the mi oadiac or e wee P ng
of an assembl, with a burnup an enrichment combi tion
outside of e acceptable area 'S Figure 3.7.1 -1. which
could. lead o an increase in r activity. Howeve . for such
events. edit may be taken f r'the presence of 2150 ppm of
boron i the pool water req red by TS 3.7.15 ince the staf
does n require the assum ion of two unlik y. independent,
conc rent events to ensu e protection agai st a criticality
acc'nt (double contin ncy principle). he reduction in
k , caused by the boro more offsets the eactivity addition

used by credible ac dents. Therefor . the staff criterion
of k « no greater th 0.95 for any po ulated accident is
et

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.

The s ent fuel ool head load calculations were based on a
u oo wit fuel assemblies. e m )mum num er o
ue assem es a can e ore sn the ree-region
onfigurat'on is 1054 fuel ssemblies. e actual loading
attern erefore has a l er deca hea than assumed in th
alcula ons for a ful

The original licensing basis for the spent fuel pool allowed'
for spent fuel to be loaded in either a 4x4 array or a
checkerboard array. depending on the use of or x
tibHREE/f 1 h dli g id t d t ith
maximum loading of the pool. The fuel pool rack construction
precludes more than one assembl fr~ being impacted in a
fuel handling accident. She UFSAR analysis
conclusion regarding the worst .scenario for a dropped
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@to be limiting.

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

PALO VERDE UNITS 1.2.3 B 3.7.17-3
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with a burnup and enrichment combination outside of the acceptable area in 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 k,gremains (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 k,uncaused by the required soluble
boron concentration more than offsets the reactivity addition caused by credible
accidents, and the staff criterion of k,g<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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LCO The restrictions on the, placement of fu 1 assemblies within
the spent fuel pool. according to Figur 3.7.17-1, in e
accom an in LCO ensures that the k « of the spent fuel pool
will always remain (cC9K assuming tive pooi to be flooded
with unborated water. The restrictions are consistent with
the criticality safet analysis performed for the s ent fuel
poo accor ing o igure 3.7. 17-1, in e accompanying
Specification 4.3.1.1 provides additional details for fuel
'storage in each of the Qgg~Re ions.

goop

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

ACTIONS ,A1

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

When the configuration of fuel assemblie restored 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
assembly movement(s) to bring the configuration into
compliance 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 NODE 1, 2. 3. or 4. the fuel
movement is independent of reactor operation. Therefore. in
either case. inability to move fuel assemblies is not
sufficient reason to require a reactor shutdown.

SURVEILLANCE
REQUIREMENTS

SR 37. 7

This SR verifies by administrative means that the initial
enrichment and burnup of the fuel assembly is in accordance
with Figure 3.7.17-1 in the accompanying LCO and
Specification 4.3.1.1.

5
E,A-Z, cn 3,I~

gro$cM ~
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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. Ifthe 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),

~ and that comparing actual burnup to the burnup requirement for zero
decay time will always be correct or conservative.

INSERT PAGE B 3.7.17-4
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