ATTACHMENT A

Revise the Beaver Valley Power Station, Unit 2 Technical
Specifications a follows:
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3/4.9.14 FUEL STORAGE - SPENT FUEL STORAGE POOL
LIMITING CONDITION FOR OPERATION

3.9.14

c.

Fuel is to be stored in the spent fuel storage pool with:

The boron concentration in the spent fuel pool maintained
greater than or equal to 1050 ppm when moving fuel in the
spent fuel pool; and

Fuel assembly storage in Region 1 restricted to fuel with an
enrichment less than orpqua} to Y, 85 wh stered /n a 3¢f ¥
Clvc'c(er' émn/ cen ‘tj w'a Lrem | ang

/

Fuel assembly storage in Region 2 restricted to fuel which
has been qualified in accordance with Table 3.9-1

APPLICABILITY: During storage of fuel in the spent fuel pool.

A

ON:

a. Suspend all actions involving movement of fuel in the
spent fuel pool if it is determined a fuel assembly has
been placed in the incorrect Region until such time as
the correct storage location is determined. Move the
assembly tu its correct location before resumpticn of
any other fuel movement.

b. Suspend all actions involving the movement of fuel in
the spent fuel pool if it is determined the pool boron
concentration is less than 1050 ppm, until such time as
the boron. concentration is increased to 1050 ppm or
greater.

e. The provisions of Specifications 3.0.3 and 3.0.4 are
not applicable.

SURVEILLANCE REQUIREMENTS

4.9.14.1 Prior to placing fuel or moving fuel in the spent fuel pool,

verify through fuel receipt records for new fuel or by
burnup analysis and comparison with Table 31.9-1 that fuel
assemblies to be placed into or moved in the spent fuel pool
are within the above enrichment limits.

4.9.14.2 Verify the spent fuel pool boron concentration is > 1050

ppm:

a. within 8 hours prior to and at least once per 24 hours
during movement of fuel in the spent fuel pool, and

b. At least once per 31 days.
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REFUELING OPERATIONS

%

3/4.9.10 and 3/4.9.11 WATER LEVEL - REACTOR VESSEL AND STORAGE POOL

The restrictions on minimum water level ensure that sufficient water
depth is available to remove 99% of the assumed 10% fodine gap activity
released from the rupture of an irradiated fuel assembly. The minimum water
depth is consistent with the assumptions of the accident analysis.

3/4.9.12 and 3/4.8.13 FUEL BUILDING VENTILATION SYSTEM

The limitations on the storage pool ventilation system ensure that all
radioactive material released from an frradiated fuel assembly will be filtered
through the HEPA filters and charcoal adsorber prior to discharge to the
atmosphere. The OPERABILITY of this system and the resulting fodine removal
capacity are consistent with the assumptions of the accident analyses. The
spent fuel pool area ventilation system is non-safety related and only recircu-
lates air through the fuel building. The fuel build1n? portion of the SLCRS
is safety related and continuously filters the fuel building exhaust air. This.
maintains a negative pressure in the fuel building.

The requirements for fuel storage in the spent fuel pool ensure
that: (1) the spent fuel pool will remain subcritical during fuel

storage; and (2) a uniform boron concentration is maintained in the
water volume in the spent fuel pool to provide negative reactivity
for postulated accident conditions wunder the guidelines of ANSI
16.1-1975. The value of 0.95 or less for kt ¢ which includes all
uncertainties at the 95/95 probability/contf éoncc level is the
acceptance criteria for fuel storage in the spent fuel pool.

The Action Statement applicable to fuel storage in the spent fuel
pecl ensures that: (1) the spent fuel poocl is protected from
distortion 4in the fuel storage pattern that could result in a
eritical array during the movement of fuel; and (2) the beron
concentration 4is maintained at > 1050 ppm (this includes a 50 ppm
conservative allowance for uncertainties) during all actions
involving movement of fuel in the spent fuel pool.

The Surveillance Requirements applicable to fuel storage in the
spent fuel pool ensure that: (1) the fuel assemblies satisfy the
analyzed U-235 enrichment limits or an analysis has been performed
and it was determined that Kkgee is <0.95; and (2) the boren
concentration meets the 1050 ppm !{mic.
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DESIGN PRESSURE AND TEMPERATURE

§.2.2 The reactor containment building is designed and shall be maintained for
maximum interna)l pressure of 45 psig and a temperature of 280.0°F.

PENETRATIONS

5.2.3 Penetrations through the reactor containment building are designed and
shall be maintained in accordance with the original design provisions contained
in Section 6.2.4 of the FSAR with allowance for normal degradation pursuant to
the applicable Surveillance Requiraments.

5.3 REACTOR CORE
FUEL ASSEMBLIES

5.3.1 The reactor core shall contain 157 fuel assemblies with each fuel assem-
bly containing 264 fuel rods clad with zircaloy-4. Each fuel red shall have a
nominal active fuel length of 144 inches. Reload fuel shall be similar in
physical design to the initial core )jading and shall have a maximum enrichment:
of ‘?-?;night percant U-235.

CONTROL ROD ASSEMBLIES

5.3.2 The reactor core shall contain 48 full length and no ?art length contro)
rod assemblies. The full length contro)l rod assemblies shall contain a nominal
142 inches of absorber material. The nominal values of absorber material shall
be 80 percent silver, 15 percent indium and 5 percent cadmium. A1l control
rods shall be clad with stainless steel tubing.

5.4 REACTOR COOLANT SYSTEM

DESIGN PRESSURE AND TEMPERATURE
5.4.1 The Reactor Coolant System is designed and shal)l be maintained:

a. In accordance with the code requirements specified in Section 5.2 of
the FSAR, with allowance for normal degradation pursuant to the
|pp11c00§0 Surveillance Requirenents,

b. For a pressure of 2485 psig, and

¢. Fnr a temperature of 650°F, except for the pressurizer which is 680°F.

VOLUME

5.4.2 The total water and steam volume of the Reacto oolant System is

9370 cubic feet at a nomina)l Tavg of 576°F,
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5.5 EMERGENCY CORE COOLING SYSTEMS

5.5.1 The emergency core cocling systems are designed and shall be maintained
in accordance with the original design provisions contained in Section 6.3 of
the FSAR with allowance for normal degradation pursuant to the applicable
Surveillance Requirements.

TZQ Iut‘/ u."// ‘c’ 57‘9‘:0‘/ in <7C(‘<'"r/un‘.l" ‘.'//{ 'ﬂ£
5.6 FUEL STORAGE provis s dlescribed 1n ESAR Sections 4.3 and 8/

CRITICALITY

5.6.1 The spent fuel storagd racks are dosignod and shall be maintained with
a minimum of 10.4375 inch cehter-to-center distance between fuel assemblies
placed in the storage racks %o ensure a k'ff equivalent to <0.95 with the storage

pool filled with unborated water. WM—#MMW
“atiowance of at least 1 4% Ak/k for uncertainties

DRAINAGE

5.6.2 The spent fuel storage pool is designed and shall be maintained to
prevent inadvertent draining of the pool below elevation 751'-3".

CAPACITY

5.€.3 The fuel storage pool is designed and shal) be maintained with a
storage capacity limited to no more than 1088 fue) assemblies.

5.7 SEISMIC CLASSIFICATION

5.7.1 Those structures, systems and components identified as Category I items

in Section 3.7 of the FSAR shall be dnsi?nod and maintained to the original de-
sign provisions with allowance for normal degradation pursuant to the applicant
Surveillance Requirements.

5.8 METE TOWER TION
5.8.1 The meteorological tower shall be located as shown on Figure 5.1-1.

BEAVER VALLEY = UNIT 2 5«7
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ATTACHMENT B

Safety Analysis
Beaver Valley Power Station, Unit No. 2

Proposed Technical Specification Change No. 15

Description of amendment request: The proposed amendment would
incorporate Section 3.9.14 and associated bases and revise Design
Feature Sections 5.3.1 and 5.6.1 to set forth fuel assembly U-235
enrichment limitations on storage of fuel in the new and spent fuel
storage racks. These changes are based on an evaluation performed by
Westinghouse, '"Criticality Analysis of Beaver Valley 2 Fuel Racks."
The results of the evaluation provide justification for:

1., New fuel storage rack enrichment limit of 4.85 w/o,

2. Two spent fuel storage rack enrichment limits where Region 1
limits fuel enriched from 3.6 to 4.85 w/o to a three out of four
cell checkerboard storage pattern, and fuel assemblies can be
stored in all cells in Region 2 limited by the burnup dependent
restrictions provided in Table 3.9-1.

Criticality of fuel assemblies in a fuel storage rack |is
prevented by the design of the rack which 1limits fuel assembly
interaction. This is done by fixing the minimum separation between
assemblies. The design basis for preventing criticality outside the
reactor is that, including uncertainties, there is a 95 percent
probability at a 95 percent confidence level that the effective
multiplication factor (Kg¢g) of the fuel assembly array will be
less tha 1.95 as recommenaeé in ANSI 57.2-1983 and ANSI 57.3-1983.

For accident conditions where reactivity is postulated to
increase (i.e., misloading an assembly with a burnup and enrichment
combination outside of the acceptable criteria provided in proposed
Table 3.9-1, or dropping a fuel assembly between the rack and pool
wall), the double contingency principle of ANSI 16.1-1975 |is
applied. This states that one is not required to assume two
unlikely, independent, concurrent evints to ensure protection against
a criticality accident. Thus, for accident conditions, the presence
of soluble boron in the storage pool water can be assumed as a
realistic initial condition since not assuming its presence would be
a second unlikely event. The presence of approximately 1000 ppm
boron in the spent fuel pool will decrease reactivity by about 15
percent AK. Thus, for postulated accidents, should there be a
reactivity increase, Ko¢¢ would be less than or equal to 0.95 due
to the effect of the dfslolveﬁ boron.
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The maximum Kg¢ including uncertainties at the 95/95
probability/confidence level is presented for the limiting cases:

Case &_g
1. Spent Fuel Rack Region 1, 4.85 w/o .9417
3 of 4 cell storage
2. Spent Fuel Rack Region 2, 3.6 w/» . 9486
all cell storage
3. Yresh Fuel Rack, 4.85 w'> .9264
moderation - full density
1.0 gm/cm?
4. Fresh Fuel Rack, 4.85 w/o .9398
moderation - optimum low density
0.076 gm/cm?

The Kegg¢ for each of the above limiting cases is less than 0.95
including uncertainties at the 95/95 probability/confidence level,
therefore, the acceptance criteria for criticality is met under all
conditions.

In accordance with the criticality analysis results, technical
specification limitations on maximum enrichment are applicable for
the spent fuel racks. Fuel assembly storage in Region 1 is limited
to a maximum encichment of 4.85 w/o in a 3 of 4 cell array. Fuel
assemblies can be stored in all cells in Region 2, limited by the
burnup dependent restrictions provided in Table 3.9-1. Both the
spent and new fuel racks are analyzed for an enrichment limit of 4.85
w/0. Since technical specification limits have been placed on fuel
assembly enrichment for storage in the spent fuel pool, no additional
technical specification restrictions are required on the new fuel
racks.

Design Feature section 5.3.1 has been revised to reflect the new
fuel assembly enrichment 1limit of 4.85 w/0o, and section 5.6.1 was
revised to reference the applicable FSAR sections which describe the
provisions for fuel storage. FSAR sections 4.3 and 9.1 are being
revised to reflect the new criticality analysis which includes a
description of the uncertainties applied. Therefore, the sentence
describing the uncertainties is not required and has been deleted.

Storage of fuel in the new and spent fuel racks will be changed
to reflect the '"Criticality Analysis of Beaver Valley Unit 2 Fuel
Racks". The criticality analysis supports the storage of fuel
anriched up to 4.85 w/o U=-235. This will facilitate longer fuel
cycles, higher nuclear capacity factors and lower plant power
generation costs.
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Spent fuel pool Region 1 will provide for storage of fuel with
enrichments up to 4.85 w/o in an administratively controlled 3 cf 4
cell array. Region 2 will provide for storage of fuel assemblies
with the burnup dependent enrichment limitations provided in Table
3.9-1. Kegg will be maintained less than 0.9> consistent with the
current Fsgﬁ design basis. With the Region 1 checkerbcard array, the
segregation of fuel assemblies into Regions 1 and 2 and the proposed
technical specificaticn changes, no adverse safety considerations are
introduced. The new criticality analysis satisfies the design basis
for preventing criticality outside the reactor where, including
uncertainties, there is a 95% probability at a 95% confidence leve)
that Kg¢g of the fuel assembly array will be less than 0.95 in
accordance with ANSI 57.2 =~ 1983 and ANSI 57.3 - 1983, Therefore,
the proposed changes will not reduce the safety of the plant and are
consistent with the current regulatory basis.
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No Significant Hazards Evaluation
Beaver Valley Power Station, Unit No. 2

2roposed Technical Specification Change No. 15

Basis for proposed no significant hazards consideration
determination: The Commission has provided standards for determining
whether a significant hazards consideration exists in 10 CFR
50.92(¢). A proposed amendment to an operating license for a
facility involves no significant hazards if operation of the facility
in accordance with the proposed amendment would not (1) involve a
significant increase in the probability or consequence of an accident
previously evaluated, (2) create the possibility of a new or
different kind of accident from any accident previously evaluated, or
(3) involve a significant reduction in a margin of safety. The
proposed changes do not invelve a significant hazards consideration
because:

1. The criticality analysis acceptance criteria (Kggg < 0.95)
is consistent with that stated in FSAR Sections 9.1.1 New Fuel
Storage, 9.1.2 Spent Fuel Storage and 4.3.2.6 Criticality of
the Reactor During Refueling and Criticality of Fuel
Assemblies. Attachment D provides a revision to FSAR section
9.1.1 and 9.1.2 to describe the segregation of the spent fuel
pool into regions 1 and 2 and how the Region 1 administrative
controls ensure that the 4.85 w/o fuel and the 3 of 4 cell
array is maintained. In addition to the administrative
controls available to maintain the required checkerbcard array
in Region 1, the minimum boron concentration will provide an
additional safety nmnargin to ensure criticality will not be
achieved. Even if new fuel assemblies were not stored in the
specified checkerboard array, the dissolved boron would
provide sufficient neutron absorption capability to preclude
criticality.

Attachment E provides a revision to FSAR Section 4.3.2.6 to
incorporate changes to reflect the new criticality analysis.
These FSAR changes are provided as background information for
this technical specification change and will be included in a
future FSAR update.

Fuel assembly decay heat production is a function of core
power level, and since the authorized core power level is not
being changed, the decay heat 1load on the spent fuel pool
cooling system will not be significantly impacted by the
proposed enrichment limits.

The proposed changes will not have a significant impact on the
safety of the plant or on the operation of the spent fuel
storage pool. The criteria setforth in Table 3.9-1 provide
assurance that fuel assemblies are qualified for storage in
Region 2 tou ensure Kggee will be < 0,95 at the 95/95
confidence level. Therefore, the proposed changes will not
introduce any adverse safety considerations or involve a
significant increase in the probability of occurrence or the
conseguences of an accident or malfunction of equipment
important to safety previously evaluated.
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2.

The proposed changes are bounded by FSAR Section 15.7.4
Radioclogical Consequence of Fuel Handling Accidents and the
activities in the fuel rod gap presented in Table 15.0-7 which
use a conservative value of 650 days at a full power value of
2766 MWt to determine fission product inventories and
calculate resultant doses. In accordance with the double
contingency principle of ANSI N16.1-1975 it is not required tc
assume two unlikely, independent, concurrent events to ensure
protection against a criticality accident. Therefore, the
minimum boron concentration 1limits on the spent fuel pool
ensure that even if new fuel assemblies were not spaced to
maintain the checkerboard arrays or a fuel assembly was
dropped on top of the rack (the rack structure pertinent for
criticality is not excessively deformed and the dropped
assembly has more than twelve inches of water separating it
from the active fuel height of stored assemblies) that
criticality would be precluded.

The analysis of reactor core operation with up to 4.85 w/o
reload fuel will be provided in the cycle-specific relocad
safety evaluations which are performed for each reload cycle
(the standard relocad design methods described in WCAP-9272 and
9273, "Westinghouse Reload Safety Evaluation Methodology",
and/or other appropriate criteria to demonstrate that the core
reload will not adversely affect the safety of the plant).
Criticality accidents during fuel handling are precluded by
stringent administrative procedures which require the
gqualification of fuel assemblies in accordance with Table
3.9-1 for fuel assembly storage in Region 2. Therefore, the
probability for an accident or malfunction of a different type
than previously evaluated will not be created.

Technical Specification 3.9.14 and associated bases provide
the administrative controls required to assure that fuel
assemblies with the potential to form a critical array are
segregated such that the effective multiplication factor,
Keff, will be less than 0.95. Criticality will be prevented
in Region 1 by limiting fuel assembly interaction by physical
design of the fuel racks and maintaining a minimum soluble
boron concentration in the pool water. Fuel assembly
placement in Region 1 will be administratively controlled by
storing fuel with an enrichment between 3.6 and 4.85 w/o in a
3 of 4 cell array. Where Region 1 is adjacent to Region 2,
the arrangement will be maintained to 1limit fuel assembly
interaction. This is consistent with the design basis
criteria for preventing criticality outside the reactor where,
including wuncertainties, there is a 95% probability at a 95%
confidence level that Kgee of the fuel assembly array will
be less than 0.95 in accordance with ANSI 57.2 - 1983 and ANSI

57.3 - 1983, Kegf will be maintained less than 0.95
including uncettaintiol consistent with the current design
basis. Therefore, the proposed changes will not involve a

significant reduction in the margin of safety.

Therefore, based on considerations expressed above, it is

proposed that this amendment application does not involve a
significant hazards consideration.
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BVPS-2 FSAR

Ejected rod worths are given in Section 15.4.8 for several different
conditions.

Allowable deviations due to misaligned control rods are discussed in
the Technical Specilications.

A representative calculation for two banks of control rods
simultaneously withdrawn (rod withdrawal accident) 1is given in
Flwr. ‘cJ’J‘n

Calculation of control rod reactivity worth versus time following
reactnr trip invoives control rod velocity and differential
reactivity worth. The rod position versus time of travel after rod
release normalized to "Distance to Top of Dashpot" and "Drop Time to
Top * of Dashpot" is given on Figure 4.3-37. For nulcear design
purposes, the reacti ity worth versus rod position is calculated by a
series of steady-state calculations at various control rod positions,
assuming all rods out of the core as the initial position in order to
minimize the initial reactivity insertion rate. Also, to be
conservative, the rod of highest worth is assumed stuck out of the
core, and the flux distribution (and thus reactivity importance) is
assumed to be skewed to the bottom of the core., The result of these
calculations is shown on “igure 4.3-38,

The shutdown groups provide additional negative reactivity to assure
an adegquate shutdown margin. Shutdown margin is defined as the
amount by which the core would be subcritical at hot shutdown if all
rod cluster control assemblies are tripped, but assuming that the
highest worth assembly remains fully withdrawn and no changes in
xenon or boron take place. The loss of contrel rod worth due to the
material irradiation is negligible, since only bank D may be in the
core under normal operating conditions (near full power). The values
given in Table 4.3-3 show that the available reactivity in withdrawn
rod cluster control assemblies provides t'~ design bases minimum
shutdown margin, allowing for the highest .,rth cluster to be at its
fully withdrawn position. An allowance for the uncertainty in the
calculated worth of N-1 rods is made before determination of the
shutdown margin.

4.3.2.6 Criticality of the Reactor During Refueling and Criticality
of Fuel Assemblies

Criticality of fuel assemblies outside the reactor is precluded by
adequate design of fuel transfer, shipping and storage facilities,
and by administrative control procedures., The two principal methods
of preventing criticality are limiting the fuel assembly array size
and lumiting assembly interaction by fixing the minimum separation
between assemblies and/or inserting neutron poisons Dbetwveen
assemblies.

The design basis for preventing criticality outside the reactor is
that, considering possible variations, there is a 95 percent

4.3-33
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probability at a 95 percent |confidence level that the effective
multiplication factor (k,¢¢) ofythe fuel assembly array will be less
than 0.95 as recommen 5 in The following are the
conditions that are assumed in meeting this design basis:

1. The fuel assembly contains the highest enrichment authorized
without any control rods or any noncontained burnable poison
and is at its most reactive point in life. fl,‘.ffio—-

Seetion 9.i.2 for fuel properties wused in eriticality
S ealewiations.
oF CFVF

2. For flooded ‘conditions, the moderator is pure water at -the @
temperature .
/d,"'/c"-" - usJ
¢

icmsco‘wﬁﬂ Value

for ;‘: Jm.f, t’ we e

3. The array ic either infinite in lateral extent or is
surrounded by a conservatively chosen reflector, whichever
is appropriate for the design.

4. Mechanical wuncertainties are treated by either using "worst
case" conditions or by performing sensitivity studies and
cbtaining appropriate uncertainties.

S. Credit is taken for the neutron absorption in structural
materials and in solid materials added specifically for
neutron absorption.

6. Where borated water is present, credit for the dissolved
boron is not taken, except under postulated accident
conditions where the double contingency principle of
ANSI N16.1-1975 is applied. This principle states that it
shall require at least two unlikely, independent, and
concurrent events to produce & criticality accident,

For fuel storage application, water is usually present. However, the
design methodology also prevents accidental criticality when fuel
assemblies are stored in the dry condition. For this case, possible
sources of moderation, such as those that could arise during fire
fighting operations, are included in the analysis. The-design basie -
MWT& WA Wl s pae K k.“ .‘n‘/!/’

in 1{4 | ow’ duu}y M&'at'h\ Coni S Frems CCCUrs at g07€ ﬂ/L-ﬂ’ et clo-csafy,
& bue/ ~~.The desi method which ensures the critifality safety of fuel
ﬂ o rack 4550nb 108 doutesdethe—resotor Uses the AMPX system of codes (Ford e

+636 and Greene -e4—ad 1976) for cross-section generation and
] 482 ~ FENO IV (Petrie and Cross 19785) for reactivity determination.

3:; 1952

The energy group cross-section library (Ford ee—el-4836), that is
the common starting point for all cross-sections, has been generated

6#3‘/"\’ froaiauu-u data. The NITAW.L program (Greene e4—ed 1976) includes
in this library the self-siiielded resonance cross-sections that are
appropriate for particular geometry, The Nerdheim Integral
Treatment is used. ) Energy and spatial weighting of cross-sections is

coc
4.3-34
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performed by the XSDRNPM program (Greene @4—ad-1976), which is a one-
dimensional §, transport theory code. These multi-group cross-
section sets are then used as input to KENO IV (Petrie and Cross
1975), which .s a three-dimensional Monte Carlo theory program
designed for reactivity calculations.

A set of gﬂ critical experiments has been analyzed using the above

method to demonstrate its applicability to criticality analysis and

to establish the method bias and variability. The experiments range

from water moderated oxide fuel arrays separated by various materials

that simulate LWR fuel shipping and storage conditions {Biorman ot al [alduia H"I)
1577 -and-1978) to dry harder spectrum uranium metal cylinder arrays

with various interspersed materials (Thomas 1973) that demonstrate

the vide range of applicablity of the method.

317
Some descriptive facts about each of the @3 benchmark critical
5992, . experiments are given in Table 4.3-4. The average kgs¢ of the
Dercimarks 15 2o-5588—ywhieh demonstrates Lhal Lhere 16 Viiludisy HO

104, - velues—4e—000534r The 95/95 one sided tolerance limit factor for
' 11 8% values i5™2+26+ There is thus a 95 percent probability with a
25 percent confidence level that the uncertainty in reactivity due to
the methed is not greater than m:&k.
TNSERT ]

—

()
r
|N
'y
'

! I $72-14992,

These methods conform with ANS N1§. .‘{ 73, Nuclear Safety Criteria
for the Design of Stationary Prelsurized Water Reactor Plants,
Section 5.7, Fuel Handling System; Design Objectives

cqz ”‘% Fuel Storage Facilities at Nuclear Power Stations,
Section #; ANSI N1 .9-197%, Validation of Calculational Methods
for Nuclear Criticalizy Safety; NRC Standard Revievw Plan,
Section 9.1.2, Spent Tuel Storage; and the NRC guidance, jReviev and
Acceptance of Spent Fuel Storage and Mandling Applxcnnonck
MSE §2.3- 1913, Darga Roguinmtals for Moo Futl Shorge MEL Pesibion Sor

Fatily hes of L.au Wedwr Revchw Madts.

4.3-3%
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The following equation is used to develop the maximum keff'

Kett & Kworst * Brames * Boor * v [(k8) worsr * (kS)? metnee ]

where:

Kworst

Bmaetnos

Boart
KSworst

kSmatned

worst case KENO Kev that includes centered fuel
assembly positions, material tolerances, and
mechanical tolerance which can result in spacing
betw ‘en assemblies less than nominal

method bias determined from benchmark critical
comparisons

bias to account for poison partical self-shielding
95/95 uncertainty in the worst case KENO Ko

95/95 uncertainty in the method bias

The criticality acceptance criteria is met when the effective multiplication
factor (keff) including wuncertainties -at a  95/95 probability/confidence

level {s less than 0,95,
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are obtained from the three dimensional TURTLE calculation from which
constants are homogenized by flux-volume weighting.
Validation of the spatial codes for calculating power distributions
involves the use of :ncore and excore detectors and is discussed in

Section 4.3.2.2.7.

Based on comparison with measured data, it is estimated that the
accuracy of current analytical methods is:

20.1 percent A0 for Doppler defect

£2 x 10°%/°F for moderator coefficient

250 ppm for critical boron concentration with depletion

$3 percent for power distributions

£0.2 percent 40 for rod bank worth

4 pem/step for differential rod worth

0.5 pem/ppm for boron worth

$0.1 percent 40 for moderator defect
4.3.4 Revisions
The design methods for the criticality of fuel assemblies outside the
reactor now use the AMPX/KENO system of codes as described in
Section 4.3.2.6,
The design methods for the nuclear analysis of the core now use both
TURTLE (Barry and Altomare 1975) and PALADON (Camden et al 1978) for
multi-dimensional analyses.

4.3.5 References for Section 4.3

Barvy, R.F. 1963. LEOPARD =+ A Spectrum Dependent Non-Spatial
Depletion Code for the IBM-7094., WCAP-3269-26.

Barry, R.F. et al 1975, The PANDA Code. WCAP-7048-P-A (Proprietary)
and WCAP-7787-A (Nonproprietary).

Barry, R.F. and Altomare, §. 1978. Fhe TURTLF 24.0 Diffusion

Depletion Code. WCAP=7213<P-A  (Proprietary) and WCAP=7758-A
(Nonproprietary).

“Canstery-of 235 we & 238U Reds 1 Water with Fined Neutron Porsens.
Bertos o Pacrfre Northuest Laboratories PRL-3438.

Amendment 12 4.3-45 June 1986
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CHAPTER 9

AUXILIARY SYSTEMS

9.1 FUEL STORAGE AND HANDLING
9.1.1 New Fuel Storage

The new fuel storage area is located in the fuel area shown on
Figures 9.1-1, 9.1-2, and 9.1+3 and is designed to provide a safe,
effective means for dry storage of the new fuel assemblies.

9.1.1.1 Decign Bases

The new fuel storage area is designed in accordance with the
following criteria:

1. General Design Criterion 2, as it relates to the ability of
structures housing the facility components to withstand the
effects of natural phenomena such as earthquakes, tornadoes,
hurricanes, and floods.

2. General Desiyn Criterion 5, as it relates to share”
structures, systems, and components important to safety
being capable of performing required safety funct_.ons.

3. General Design Criterion €1, as it relates to the facility
design for fuel storage.

4. General Design Criterion 62, as it relates to the prevention
of criticality by physical systems or the process utilizing
geometrically safe configurations.

$. Regulatory Guide 1.29, as it relates to the seismic design
classification of facility components.

6. The new fuel storage facility is designed to store
sufficient fuel for one refueling (one<third core) plus
17 spares, for a total of 70 assemblies, and maintain the
fuel subcritical (Kagg “0.95) when fully loaded and flooded
with non-borated ater, With  fuel of the highest
anticipated enrichment, assuming Joptimum moderation, the
effective multiplication facter (K"') vill not exceed 88«

Rig
9.1.1.2 Facilities Description

The rew fuel storage area is snown on Figures 9.1-1, 9.1+2, and
9.1-3, New fuel storage is provided for one-third core (53 fuel
assemblies) plus .7 spare assembliss., New fuel assemblies are stored
dry in a steel and concrete structure within the fuel duilding. The
new fuel storage racks consist of a stainless steel support structure

Amendment 3 9.1-1 October 19813
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inte which 70 stainless steel fuel guide sssemblies are bolted in
14 parallel rows of five fuel guide assemblies each. It 1is not
pessible to insert & fuel assembly in other than a prescribed
location due to the drsign of the fuel guide supporting structure,

The spacing of the new fuel assemblies, located in the new fuel guide
assemblies, 1s a minimum of 21 inches center-to-center. Fuel
assemblies are loaded into the fuel guide assemblies through the top.
.dequate guidance is provided in each fuel guide assembly by means of
a flared lead-in opening to preclude damage to the fuel assemblies
during insertion or withdrawal. The accumulation of ligquid in the
new fuel storage area is prevented by a 4-inch floor drain located in
the area,

9.1.1.3 Safey Evaluation

The new fuel storage area is located in the Seismic Category 1 fuel
building., Handling of new fuel is done by a separate 10-ton hoist on
the motor-driven platform crane (Section 9.1.4).

New fuel assemblies are “tored vertically, with a minimum center to
center spacing of 21 inches., This wi'l maintain the fuel in a

subcritical condition with the effective multiplication factoer, Kef
lcu than 0. OSMMW‘“M

!1o-oooo-to-0ioodod-u4oh—noaniooo0od-uoQQOv-U60h-‘eo%-oﬁ-0ho-

‘,{ § : 1..// J.Q‘D’ :“}Q-‘ ﬂf ‘""d/’m/“n

“«J /'* "'“ Y (007""/C" 0, tlﬂuﬁ\ U\JM " C 0'“
The new fuel storage racks ‘are designed to s.xouic Category I
requirements. A detailed analysis of the storage racks have been
performed to verify the adequacy of the design to withstand the
loadings encountered during normal operation, an operating basis
earthguake (OBE), and the safe shutdown earthquake (SSE).

The motor-driven platform crane, ' aich is used for transfer of fuel,
is the only overhead crane whir', can pass over the nev fuel.

Damage to the fuel assemb ies and the new fuel racks by excessive
uplift forces from the new fue' handling hoist are prevented by
operating procedures and by a load cell attached to the crane. In
addition, the new fuel storage area is protected from the effect of
dropped heavy objects by interlocks on the fuel handling heist, which
limit the lifting capability of the crane to the weight of a fuel
cell and its handling tool. Heavier loads will be handled hy an
administrative procedure, which will define the area over which these
loads may be handled to prevent damage to the new fuel,

Amendment 11 9.1-2 January 1986
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9.1.2 Spent Fuel Storage

The spent fuel storage area, located in the fuel building shown on
Figures 9.1-1 and 9.1-2, is designed to provide a safe and effective
means of storing spent fuel.

9.1.2.1 Design Bases

The spent fuel storage area is designed in rccordance with the
following criteria:

1. General Design Criterion 2, as it relates to struciures
housing the facility and the facility itself being capable
of withstanding the effects of natural phenomena, such as
earthquakes, tornadoes, hurricanes, and floods.

2. General Design Criterion 5., as it relates to structures
housing the facility and the facility itself being capable
of withstanding the effects of environmental conditions,
external missiles, internally generated missiles, pipe wvhip,
and jet impingewent forces associated with pipe breaks, such
that safety functions will not be precluded.

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

4. General Design Criterion 61, as it relates to the facility

design for fuel storage and handling of radicactive
materials,

S, General Design Criterion 62, as it relates to the prevention
of criticality by physical systems or processes utilizing
geometrically safe configurations.

6. General Design Criterion 63, as it relates to monitoring
systems provided to detect conditions that could result in
the loss of decay heat removal capabilities, to detect
excessive radiation levels, and to initiate appropriate
safety actions,

7. The spent fuel storage area is designed in accordance with

the requirements of Regulatory Guides 1.13, 1.29, 1.115, and
1.117.

9.1.2.2 Facilities Description

The spent fuel storage area is divided into three areas separateu by
a stainless steel-lined concrete wall, with a removable gate provided
between each area to allow movement of fuel elements between them,
Each gate 1s equipped with an inflatable seal to prevent leakage from
one area to another. The three areas are defined as the fuel cask

9.1-3
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area, the spent fuel pool, and the fuel transfer canal. Each area
is lined with stainless steel and is normally filled with borated
demineralized water.

The fuel cask area consists of two locations at different elevations,
which allow for the safe movement of spent fuel 1into the shipping
cask. The lower elevation provides a sufficient height of water
above the fuel being transferred to allow for adeguate shielding,
while the upper elevation limits the potential spent fuel cask drop
height and allows for preliminary decontamination wusing & floating
spray ring.

The spent fuel pool houses the spent fuel storage racks, which
provide sufficient space to store spent fuel from a total of
17 refuelings, plus the storage of one full core in the event the
reactor must be emptied of fuel at any time during BVPS-2 life. The
spent fuel racks consist of 17 rack assemblies, each having a storage
capacity of 64 spent fuel elements. Total spent fuel pool storage
capability is 1,088 spent fuel elements.

The spent fuel racks consist of two parts, a subbase beam system and
the 17 individual rack assemblies. The system of interconnected base
beams 1is provided to bridge the space between embedment pads so load
transfer from the racks to the floor occurs only through the
embedment pads. Each spent fuel rack, consisting of an 8x8 array of
storage cells, is bolted to the base beams, Because the entire
complement of base beams and 8x8 racks form a single structural unit,
relative sliding between racks is eliminated. However, the base beam
system 1is free to slide since it is not connected to the embedment
plates. The storage racks are positioned such that adequate
clearances sre provided between the racks and pool walls to avoid
impacting during seismic events,

The fuel transfer canal houses the fuel transfer system which
provides for transfer of new and spent fuel elements between the fuel
building and reactor containment during refueling. Spent fuel is
transported between the fuel transfer canal, spent fuel pool, and the
fuel cask area by the fuel building motor-driven platform crane.
This platform incorporates separate 10-ton heists for new fuel and
spent fuel. A complete description of fuel handling and utilization
of the movable platform with hoists is provided in Sections 9.1.4 and
9.1.5. Handling of the spent fuel casks utilizes the spent fuel cask
trolley and is described in Section 9.1.5,

Normal makeup water for the spent fuel pool is provided by the
primary grade vater system. Borated makeup water may be supplied
from the refueling water storage tank (RWST) through the fuel pool
cleanup system, as described in Section 9.1.3. Boron concertration

is normally maintained at 2,000 ppm and monitored by samples taken
pericdically.

Amendment 6 9.1-4 April 1984
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Fuel stored in the spent fuel pool |is segregated into two areas
(Region 1 and Region 2). Spent fuel pool Region 1 will provide for
storage of fuel with enrichment between

3.6 and 485 w/o in a 3 of

4 cell array administratively controlled. The non-fueled cells will
provide adequate spacing to prevent criticality. Criticality in
Region 2 is prevented by 1imiting storage to fuel assemblies with
burnup dependent enrichment limitations provided in the technical
spec .fications. The soluble boron in the pool water provides
available negative reactivity to maintain Kg¢ less than or equal
to 0.95 for postulated accidents that would aifect an increase in
reactivity. These limitations satisfy the design basis for
preventing criticality outside the reactor where, including
uncertainties, there is a 95% probability at a 95% confidence level
that the Ko¢¢ of the fuel assembly array will be less than 0.95.
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Decay heat from fuel elements is removed by the fuel pool coeling
system, as described in Section 9.1.3.

Ventilation in the fuel building is designed to maintain a negative
pressure and is described in Section 7.4.2.

9.1.2.3 Safety Evaluation

In accordance with Regulatory Guide 1.13, the storage and handling of
fuel in the fuel building is designed to protect the fuel K limit

Amendment & 2.1-4a April 1984
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potential offsite exposures, and prevent loss of water from the fuel
pool which may uncover the fuel.

The spent fuel pool, spent fuel poo! liner, and all supporting
structures are designed for SSE seismic loads as described in
Sections 3.8.4 and 3.2.1.2. The BVPS-2 spent fuel pool structure and
the spent fuel racks are classified, designed, and constructed as
Seismic Category I items. The spent fuel pool liner and refueling
cavity liner are classified, designed, and constructed as Seismic
Category II items., The effects of tornadoes, hurricanes, and floods
are described in Sections 3.3.1, 3.3.2, and 3.4.1. The capability of
these components and structures to withstand the effects of external
missiles, pipe whip, and jet impingement forces are described in
Sections 3.5.1.1, 3.6.1, and 3.6.2.

The spent fuel pool is designed such that the wvater level in the pool
cannot be decreased below the top of the fuel stored in the spent
fuel racks. The fuel transfer gates do not extend below the top of
the spent fuel assemblies, and all piping and piping penetrations of
the spent fuel pool terminate no lower than 10 feet above the top of
the fuel stored in the racks.

The fuel pool is lined with stainless steel and is equipped with a
leak chase system and tell-tale drain connections which drain to a
tell-tale drain tank located in the fuel building.

In the event of a ).ss of fuel pool cooling and normal makeup water
supply, a supply of vater is provided from the Seismic Category I
service wvater system, as described in Section %.1.3.

Radiation levels are kept at a minimum (Chapter 12) and optical
clarity is maintained by the spent fuel pool cleanup system, as
described in Section 9.1.C.

The release of radicactive material is prevented by the design of the
fuel building ventilation system which maintains a negative pressure
on the building and by the supplementary leak collection, as
described in Sections 9.4.2 and 6.5.1.,

The ASME IIl portions of the fuel podl cooling system and the
ASME III portions of other systems important to safety of the spent
fuel stored in the spent fuel storage facility underge periodic
inservice inspection and testing, as described in Sections 3.9.6 and
6.6,

Spent fuel assemblies are stored vertically in 17 free-standing high
density storage vracks. The racks utilize a neutron absorbing
material (boron carbide in nonmetallic binders) in vented storage
compartments to prevent the buildup of gases, and have & minimum
center-to-center spacing of 10 7/16 inches to maintain the spent fuel
in & subcritical condition. With spent fuel of a maximum enrichment
of Své-percent by weight UD,, the fuel pool filled with pure water at
¥3<

Amendment 10 9.1-% May 198%
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-33°F, the fuel stored in the worst feasible geometric configuratien,

and with the worst case seismic deflection, the effective

multiplication factor, Ni , will be less than 0.95.
condition of a fuel “tnbl g -
between the racks and the fuel pool liner, the K is also
as less than 0.95,du¢ ¥ oy presence of appoetilsel,

For the

y dropping on a storage rack and/er
verified
1000 gy drigslind beves

The continued presence of neutron absorbing material is ensured by a
poisen surveillance program. This program provides samples which are

exposed simultaneously to pool water and gamma radiation.

Samples

are exposed inside sample holders, wvhich can be moved after each

refueling to allow irradiation by fresh spent fuel.

Detailed criticality analyses are performed to demonstrate
spent fuel racks are substantially subcritical (K s¢ <0.95)
credible combinations of the normal and cbaorna! ‘
configurations. The criticality analyses are performed us
Monte Carlo Code, Keno 1V,

a7 .‘tfsy
The Monte Corlo# Code, Keno IV, is a multi-group neutron t
code wutilizing group crosssections which calculates

that the
for all

uel assembly/rack

ing the

ransport

K ¢¢
life-time and generation-time leakage fluxes, and fission dnntitf:‘.

Extencive bench marking calculations are performed on cri

ticality

experiments invelving storage of simulated, fresh pressurized water

reactor fuel assemblies in poison storage cells.

normal «nd abnormal configurations considered in the analys

LJ/17“
TUSGHT ¥ Normals,
: i, Co;:::l ositioning of fuel assemblies vtth§p/§;orcc- cells
of normal nsions at normal temperature,
2. Eccentric positi of adjacent fuel assemblies within the
storage cells, e
3. Variations in cell wall ';lﬁ;ll. storage cell center-to-
center pitch, and poison : tration and thickness, as
permitted by fabrication foleran®sg, and
4, Variation in fg:}/ﬁi}anotor. including. enrichment and fuel
rod pitch. ’
Abnormal /////’/
1. Bulk _pbol temperature wvariations from 32°F to 260°Pwith
furefier reduction in water density to determine the effec
boiling,
”
Amendment 10 9.1-8 May 198%
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The maximum Keo under normal conditions arises from consideration of me-
chanical ang material thickness tolerances resulting from the manufacturing
procass in addition to asymmetric positioning of fuel assemblies within the
storage cells, Studies of asymmetric positioning of fuel assemblies within t.2
storage cells has shown that symmetrically placed fuel assemblies yield con-
servative results in rack Kew . The sheet metal tolerances are consigered along
with constryuction tolerances related to the cell 1D, and cell center-to-center
spacing. For the Region 1 racks this resulted in a ryduction of the nominal
1.106" water gaps to their minimum valves. Thus, the “worst vase” KENO model
of the Region 1 storage racks contains minimum water gaps of 1.007° with
symmetrically placed 1uel assemblies.

Most accident conditions will not result in an increase in Ket of the rack, [x-
amples are tne loss of cooling systems (reactivity decreases with decreasir.
water density) and aropping & fuel assembly on top of the rack (the rack
structure pertinent for criticality is not excessively deformed and the dropped
assembly has more than twelve inches of water separating it from the active
fuel height of s:ored assemblies which precludes interaction),

However, accidents can be postulated which would increase resctivity (Le. or
gropping 8 fuel assembly between the rack and pool wall). For these accident
conditions, the double contingency principle of ANSI N16,1-1878 is applied. This
states that one is not required to assume two uniikely, independent, concurrent
events 10 ensure protection against a criticality accident. Thus, for accident
congitions, the presence of soluble boreon in the storage pool water can bde
assumec as 2 realistic initisl condition since not assuming its presence would
be 2 second unlikely event,

The presence of spproximately 1000 ppm boron in the pool water will decrease
reactivity by about 185 percent K. Thus, for postulzted accidents, should taere
be a reactivity increase, Kew would De less than or equal to 0.985 due 10 the
effect of the dissolved boron,
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torage cells at minimum center-to-center npcctnq nW
r ic vibration/displacement, P
’oﬁ’ﬂ_,__,,ﬂ_

3. Fuel handli in which a fuel assembly is placed
" adgecent To o fully losds

Amendment 10 9.1-6a May 1988
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#._ Fuel handling incident in which a fuel assembly is dr
"Ri{g!Ll height of 2 feet above the top of the rac

$. Fuel ‘Findlégg‘ incident in whi 1 assembly is lying
across the ,gf the rack

All analyses are \¢4{9-1nq the fuel stored to be non-
irradiated wi wveight percent earichment in a pure water

envir An additional analysis is performed to determine the
M,,srtfigfzzzy effects of missing poison plt?i‘\\\\

The high density spent fuel storage racks have been designed to meet
the requirements for Seismic Category I  structures. Detailed
structural and seismic analyses of the storage racks have been
performed to verify the adequacy of the design to withstand the
loadings encountered during normal operation, OBE, and SSE.

As described in Sections 9.1.4 and 9.1.5, the moveable platform with
hoists is the only crane operating over the spent fuel and 1is
described in Section 9.1.4. The spent fuel cask trolley 1is
described in Section 9.1.5, along with a description of the paths of
travel and interlocks to preclude the dropping of heavy objects on
stored spent fuel,

Cooling of spent fuel stored in the spent fuel storage racks is
accomplished by the safety-related Seismic Category I fuel pool
cuoling system described in Section 9.1.3. The adequacy of natuval
circulation flow to cool the spent fuel assemblies was established by
a thermal  hydraulic analysis, which concluded that natural
circulation in the spent fuel pool is adeguate to prevent local
boiling.

The design of the spent fuel racks is such that it is not possible to
insert a spent fuel element in other than a design location, for
example, between storage locations or between racks,

Damage to the spent fuel assemblies and the spent fuel racks by
excessive uplift forces exerted by the spent fuel hoist during fuel
handling are prevented by the hoist's load cell,

All materials used in construction are compatible with the spent fuel
pool environment. All materials are corrosion resistant stainless
steel, with the exceptions >f the neutron absorbing material, gate
seals, and fuel pool lights, and will not contaminste the fuel
assemblies or pool environment.

Amendment 3 9.1+ Qctober 1983
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