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1.0 Introduction

1.1 Objective

This report presents the results of criticality analyses for the Beaver Valley Unit 2 spent fuel pool racks
with credit for bumup, integral fuel burnable absorber (IFBA), 241Pu decay and soluble boron, where
apphcable The prlmary ob_]ectxv&s of this report are as follows:

1 To determine the fuel assembly burnup versus 1nitial enrichment hmlts required for safe storage
of fuel assemblies in the “All-Cell,” “I-out-of-4 5.0 w/o at 15,000 MWD/MTU,” and “I-out-of-4
3.85w/o Fresh with IFBA” storage configurations.

2, To determine the bumup versus initial enrichment limits required for safe storage of fuel
assemblies in the “3x3” conﬁguratlon with credit for 5, 10, 15, and 20 years of >*'Pu decay.
3. To determine the number of IFBA pins versus initial enrlchment limits required for safe storage

of fuel assemblies in the “l-out-of-4 3.85 w/o Fresh with IFBA” storage confi guratlon These
limits will be derived based on 1.5X boron loading levels [
4. To demonstrate that fuel rod storage canisters (FRSCs) containing fuel rods w1th a maximum
enrichment of 5.0 w/o 2**U may be safely stored in any storage configuration. -
To determine the assembly loading requirements at the interface between storage configurations.
To determine the amount of soluble boron required to maintain kg less than or equal to 0.95 in
the spent fuel pools, including all biases and uncertainties, assuming the most limiting plausible
reactivity accident.

o

The methodology used in this analysis for soluble boron credit is analogous to that of Reference 1 and
employs analysis criteria consistent with those cited in the Safety Evaluation by the Office of Nuclear
Reactor Regulation, Reference 2. Reference 1 was reviewed and approved by the U.S. Nuclear
Regulatory Commission (NRC). [ _

] a, C.

The :ma]ysxs/evaluatlons done to support this report comply with 10 CFR Part 50, Appendix B
requirements and Westinghouse’s Quahty Management System program which has been rev1ewed and
approved by the NRC.

1.2 Des'ign Criteria ;

The design criteria are consistent with General Design Criterion (GDC) 62, Reference 4, and NRC
guidance given in Reference 5. Section 1.3 describes the analysis methods mcludmg a dmcnptlon of the
computer codes used to perform the crmcahty safety analysns A brief summary of the analysis approach
and cnterla follows

1. Determine the fresh and spent fuel storage configurations using no soluble boron conditions such
that the 95/95 upper tolerance limit value of k.g, including applicable biases and uncertainties, is
less than 0.995. This is accomplished with infinite arrays of either fresh or spent fuel assembly

Page 10f 116




WCAP-16518-NP, Rev. 1

configurations. Note that the actual NRC k.4 limit for this condrtron is unity. Therefore an
additional margin of 0.005 Ak g units is included in the analysis results.

2. Determine the amount (ppm) of soluble boron necessary to reduce the k. value of all storage
configurations by at least 0.05 Ak units. |

1*° As an example, storage configurations which

" contain depleted fuel assemblres (and represented ‘by’ depleted isotopics) are less reactivity-

sénsitive to changes in soluble boron concentration than:a fuel assembly represented by zero
burnup and relatively low initial fuel enrichment.

3. - Determine the amount of soluble boron necessary to compensate for 5% of the maximum bumup

credited in any storage configuration. In addition, determine the amount of soluble boron

" necessary to account for a reactrvrty depletion uncextamty of 1.0% Ak.g per 30,000 MWD/MTU

' of credited fuel bumup This is accomplished by multxplymg this derivative by the maximum

* bumnup credited in any storage conﬁguratlon and convertmg to soluble boron using the data

“generated'in Step 2.
4, *'Determine the largest i incréase in reactrvrty caused by postulated acmdents and the correspondmg
R amount of soluble boron needed to oﬂ’set this reactrvrty increase.”

‘ .An alternatrve form of exprcssmg the soluble boron requrrements is given 1n Reference2 The final
soluble boron credrt (SBC) requlrement is determmed from the fo]lowmg summatron

: . SBC,OTAL = SBC'”,” + SBCRE + SBCPA
Where,
. SBC om = total soluble boron credrt requxrement (ppm)
SB Cqs/s»s .= soluble boron requrrement for 95/95 kegrless than or equal to 0. 95 (ppm)
SB CRE . = soluble boron required to account for burnup and reactivity uncertarntres (ppm)

SBC,, = soluble boron required to offset accident conditions (ppm)

For purposes of the analyses, minimum burnup limits established for fuel assemblies to be stored in the
storage conﬁguratrons racks include bumup credit established in a manner that takes into account
approximations to the operating history of the fuel assemblres [

]1*¢. Also, the axial reactivity effects associated with the “cut- bac <’ of the IFBA at both ends of ‘
the fuel assembly were included in this analysis. ‘ '

13 'Design Approach'
"The soluble boron credrt methodology provrdes addrtronal reactivity margm in the spent “fuel storage

analyses which may then be used to implement added flexibility in storage criteria and to eliminate the
need to credit any of the degraded Boraflex.

"Page 2 of 116
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The square storage cell pitch modeled for fuel assembly storage configurations is 10.4375 inches. No
credit is taken for Boraflex in any of the storage configurations.

The fuel assembly type used for all the analyses is the Westinghouse 17x17 Standard design. The most
reactive spent fuel pool temperature (with full moderator density of 1 g/cc) is used for each fuel assembly
storage configuration such that the analysis results are valid over the nominal spent fuel temperature
range (50° to 185°F) (Reference 6).

The reactivity characteristics of the storage racks were evaluated using infinite lattice analyses; this
environment was used in the evaluation of the burnup limits versus initial enrichment as well as the
evaluation of physical tolerances and uncertainties. [

] a, C.
1.4 Methodology

This section describes the methodology used to assure the criticality safety of the Beaver Valley Unit 2
spent fuel pool and to define limits placed on fresh and depleted fuel assembly storage configurations.
The analysis methodology employs: - (1) SCALE-PC, a personal computer version of the SCALE-4.4a
code system, as documented in Reference 7 with the updated SCALE-4.4a version ,of the 44 group
Evaluated Nuclear Data File, Version 5 (ENDF/B-V) neutron cross section library, and (2) the
two-dimensional Discrete Integral Transport (DIT) code (Reference 8) with an Evaluated Nuclear Data
File, Version 6 (ENDF/B-VI) neutron cross section library.

'SCALE-PC was used for calculations involving infinite arrays for all the storage configurations in the
spent fuel pool. [
] a, C.

SCALE-PC, used in both the benchmarking and the fuel assembly storage configurations, includes the
,control module CSAS25 and the following ﬁmctlonal modules: BONAML, NITAWL-I], and KENO V..
All referencas to KENO in this report refer to the I\ENO V.amodule.

The DIT code is used for 51mu]at10n of m-reactor fuel assembly depletlon Thc followmg sections
describe the apphcatlon of these codes in more detail.

141 SCALE-PC-

The SCALE system was cievelbped for‘the': NRC to satisfy the hced ‘f(‘).r a standardized method of analysis
for evaluation of nuclear fuel facilities and shipping package designs. SCALE-PC is a version of the
SCALE code system that runs on personal computers.

‘Page 3of 116
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1.42 Validation ofSCALE—PC

Valrdatron of SCALE—PC for purposes of fuel storage rack analyses is based on the analysrs of selected
cntrcal expenments from two experimental programs: ‘the Babcock & Wilcox B&W) expenments in
support of Close Prox1m1ty Storage of Power Reactor Fuel (Reference 10) and the Pacific’ Northwest
. Laboratory (PNL) Program in support of the design of Fuel Shipping and Storage Conﬁguratrons
References 11 and 12, as well as several of the relevant thermal experlment evaluations in Reference 13
were found to be useful in updatmg pertment expernnental data’ for the PNL expenments

The validation of SCALE-PC was limited to the 44-group libraryprovided with the SCALE-PC version
4.4a package. The 238-group library, which is utilized for the off-nominal temperature cases, was further
validated by comparing the results from identical cases performed with the 44-group' library and
confirming that the results agreed within the statistical uncertainty.

Nineteen experimental conﬁguratrons were selected from the B&W. experimental program; these
consisted of the following experrmental cores: Core X, the seven measured configurations of Core X,
Cores XII through XXI, and Core XIIIA. These analyses used measured critical data, rather than the
‘extrapolated configurations to a fixed critical water height reported in Reference 10, to avoid mtroducmg :
possrble biases or added uncertainties associated with the extmpolatlon techniques. “In addrtron to the
active fuel region of the core, the full environment of the latter region, mcludmg thc dry fuel above the
critical water herght was represented explicitly in the analyses ' h

The B&W group of experimental configurations used variable spacing between individual rod clusters in
the nominal 3x3 array. In addition, the effects of placing ‘either $S-304 or Borated Aluminum (B/Al)
plates of different boron contents in the water channels between rod clusters were measured. Table 1-1
summarizes the results of these analyses performed with both the 44-group and 238-group libraries.

Eleven expenmental configurations were selected from the PNL expenmental program. These
'experrments included unpoisoned uniform arrays’of fuel - pins and 2x2 arrays of rod clusters with’ and
without interposed SS-304 or B/Al plates of different blackness As in the case of the B&W experxments
the full environment of the active fuel region was represented explicitly. Table 1-2 summanzes the
* results of these analyses performed with both the 44-group and 238-group lrbranes ' ‘

The approach used for the determination of the mean calculational bias and the mean calculational
variance is based on Criterion 2 of Reference 15. For a given KENO-calculated value of kg and
associated one sigma uncertainty, the magnitude of kosss is computed by the equation below. By this
definition, there is a.95 percent confidence level that in 95 percent of similar analyses the valrdated
- calculational model will yreld a multiplication factor less than k95/95
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2 2 /2
Kostos = Kieno + DRipiae +M o505 (Gm +O'KENO)

bias

Where,
k

Akye  is the mean calculational method bias,

My,0s is the 95/95 multiplier appropriate to the degrees of freedom for the number of
validation analyses, and is obtained from the tables of Reference 16,

is the mean calculational method variance deduced from the validation analyses,

is the KENO-calculated multiplication factor,

keno

o}

NNEN

Ogeno  is the square of the KENO standard deviation.

The equation for the mean calculational methods bias is as follows:

bzaS" Z(l k)

Where,

k, is the i value of the multiplication factor for the validation lattices of interest.

The equation for the mean calculational variance of the relevant validating multiplication factors is as

follows:

S

ol = ~o?

m 1 ave

(n-—l)Z—

lo-,'

where k. is given by the following etjuzifi()n:

', is given by the following equation:
GVE

G, is the number of generations.

For purposes of this bias evaluation, the data points of Table 1-1 and Table 1-2 are pooled into a single
group from the 44-group library calculations. With this approach, the mean calculational methods bias,
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Aksias, and the mean calculational variance, 'cmz, calculated by the equations given above, were determined
to be [ ] ¢, respectively. The magnitude of Mysps is obtained from Reference 16
for the total number of pooled data points, 30

_The magnitude of kosps is given by:the following equation for SCALE 4.4a KENO, analyses employing
‘the 44-group ENDF/B-V ‘neutron cross’ section llbrary and for analyses ‘where these experiments :are a
suitable basis. for assessmg the methods blas and calculatlonal vanance T e

. : 1 . ae "

Based on the above analyses, the mean' calculational bias, the mean calcﬁlqtional variance, f_and the 95/95
confidence level multiplier for the 44-group lxbrary were deduced as [ ] *‘and 2.22,
respectively. -

1.43 Application to Fuel Storage Pool Calculations

As noted above, the CSAS25 control module was used to exccute the. functional .modules within
SCALE-PC." The CSASZS control module was used to analyze either infinite arrays of - smgle or multxple
storage cells [ 1*"

Standard material compositions ‘were used in the SCALE-PC analyses consistent with the design input
given in Section 2.0; these data are listed in Table l-'3.' For fresh fuel conditions, the fuel nuclide number
densities were derived within the CSAS25 moduleusing input consistent with the data in Table 1-3. For
bumt fuel representations, the fuel isotopics were derived from the DIT code as described below..

1.4.4 ‘The DIT Code

The DIT code performs a heterogeneous multigroup transport calculation for an.explicit representation of

‘a fuel assembly.. The neutron _tra_ns_pogt equat_ibns are solved in integral form within each pin-cell. The
cells retain full heterogeneity ..tlir'ou_gliout the discrete integral transport .calculations. The multigroup
spectra are coupled between cells through the use of multigroup interface ccurrents. The angular
dependence of the neutron flux is approximated at gcell boundaries by a pair of second:order Legendre
polynomials. Anisotropic scattering within the célls, together with the anisotropic current. coupling
betweeri cells, provide an accurate representation of the flux gradients between dissimilar cells.

The multigroup cross sections are based on the ENDF/B-VI. Cross sections have been collapsed into an
89-group structure that is used in the assembly spectrum calculation. Following the multigroup spectrum
_calculation, the region-wise cross sections within each heterogeneous cell are collapsed-to a few groups
(usually 4 broad groups), for use m the assembly flux calculation. [ .- ' :
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]u,c.

The DIT code and its cross section library are used in the design of initial and reload cores and have been
extensively benchmarked against operating reactor history and test data.

For the purpose of spent fuel pool criticality analysis calculations, the DIT code is used to generate the
detailed fuel isotopic concentrations as a function of fuel burnup and ‘initial feed enrichment. Each
complete set of fuel isotopics is reduced to a smaller set of burnt fuel isotopics at specified time points
“after discharge. [ '

15 Assum ptions

o The Westinghouse 17x17 Standard fuel was modeled as the design basis fuel assembly to
conservatively represent all fuel assemblies residing in all the storage configurations. The model
bounds W&ctinghouse fuel products with a 0.3740-inch fuel pin, such as the Westinghouse
Standard design, the V5H product, as well as the Robust Fuel Assembly (RFA) and RFA-2
products.

. Fresh fuel assemblies were conservatively modeled with a UO, ‘density of 10.686 g,/cm3 97.5%

of theoretical density). This translates into a pellet density equal 98.6% of theoretical density
with a 1.1% dishing (void) fraction. ’
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All fuel assemblies, fresh and depleted, were conservatively modeled as containing solid right
cylindrical pellets and uniformly enriched over the entire length of the fuel stack height. This
conservative assumption bounds fuel aSéemb]y designs that incorporate lower enrichment blanket
or annular pellets. '

All of the Boraflex poison material residing in the storage racks was conservatively omitted for
this analysis. .

In addltlon the IFBA pins were ‘modeled as annular cylmders 120 inches in length and centered

about the mndplane of the actlve ﬁxel Theérefore, the IFBA coating is modeled with a 12-mch
cut-back” on the total length of the fuel (blanket and non-IFBA sectlon) Also, [

~ 1*° on the 1.5X IFBA loading [ . 1*®is assumed to cover manufacturing

‘ unceﬂamty and tolerancm ‘ ' o o R

‘ The demgn basm 11m1t for 1\¢ﬂ' at the Zero soluble boron condmon was conservatrvely reduced
from 1.0 to 0.995 for this analysis.
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L . _Table1-1 o |
Calculational Restilts for Cores X Through XXI of the B&W
Close Proximity Experiments a,c

! Entry indicates metal separating unit assemblies.
2 Entry indicates spacing between unit assemblies in units of fuel rod pitch.
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Table 1-2
Calculational Results for Selected Expenmental PNL Lattlccs,
Fuel Shipping and Storage Configurations
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Standard Material Compositions Used in Criticality Analysis
of the Beaver Valley Unit 2 Spent Fuel Storage Racks

Material Element Weight Fraction
p—— Zr 0.9824
ircaloy’,
S 0.0145
Density = 6.578 g/cm® rn 0.0021
@293.15K ° :
Cr 0.0010

Water

SCALE Standard Composition Library
Density = 1.0 g/em® @ 293.15K

Stainless Steel

SCALE Standard Composition Library
Density = 7.94 g/em® @ 293.15K

Fraction of Theoretical Density = 0.975

Fresh UO, Enrichment = 5.0 w/o U @ 293.15K
SCALE Standard Composition Library
Regular Concrete Density = 2.3 g/em® @ 293.15 K
‘ Isotopics
Element or Isotope (atoms/barn/cm?)
IFBA (ZrB;) [ 1* [ 1=
15X [ [ ] a,c [ ] a,c
b [ 1™ [ 1™
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Beaver Valley Unit 2 also uses ZIRLO™ cladding; however, the fuel rod, gnide tube, and instrumentation tube claddings are
modeled with Zircaloy in this analysis. This is conservative with respect to the Westinghouse ZIRLO™ product, which is a
zirconium alloy containing additional elements including niobium. Niobium has a small absorption cross section, which
causes more neutron capture in the cladding regions resulting in a lower reactivity. Therefore, this analysis is conservative
with respect to fuel assemblies containing ZIRLO™ cladding in fuel rods, guide tubes, and the instrumentation tube.
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2.0 Design Input

This section provides a brief description of the Beaver Valley Unit 2 spent fuel storage racks with the
objective of establishing a basis for the analytical models used in the criticality analyses described in
Section 3.0.

21 Design Input from FENOC

Design data related to the Beaver Valley. Unit 2 that were required to develop the KENO models were
obtained from Reference 6. Drawing 80E7670 (Reference 17) was used to develop the KENO model for
the entire spent fuel pool.

22 Spent Fuel Pool Storage Configuration Description

Beaver Valley Unit 2 pool has an inside dimension of 473.5 inches in the west to east direction and
263.5 inches in the north to south direction at the east side, and 353.5 inches at the west side. Seventeen
rack modules, each with 64 (8x8) cell locations occupy the spent fuel pool. Rack modules measure
4223125 inches in the west to east direction at the north side, and 168.25 inches at the south side,
252.9375 inches in the north-to-south direction at the east side, and 337.625 inches at the west side of the
pool. Rack modules are separated from each other by a 1.125 inch gap. Rack modules are located
6.5 inches from the north wall and 9.375 inches from the south wall, 36.4375 inches from the west wall,
and 14.75 inches from the east wall of the spent fuel pool. They are also located 4.0624 inches from the
transfer canal wall on the south side.

Figure 2-1 shows the spent fuel pool and the storage rack modules. Table 2-1 summarizes the overall
geometry data for the Beaver Valley Unit 2 spent fuel pool.

2.3 Individual Storage Cell Descriptions

Beaver Valley Unit 2 spent fuel pool storage cells are centered on a pitch of 10.4375 = 0.0278 inches.
Each storage cell consists of an inner stainless steel canister, which has a nominal inside dimension of
8.9375 + 0.0469 inches and 1s 0.090 + 0.010-inches thick. Each Boraflex poison panel is held in place
and is centered on the surface of the stainless steel canister by an outer stainless steel sheathing panel.
The sheathing contacts the outside face of the Boraflex poison panel. The sheathing surfaces of two
adjacent storage cells are sepafated only by pool water. The dimensions of the Boraflex poison panel are
7.5 + 0.0625 inches in width by 0.078 inch in thickness. The sheathing panels are included as
0.0293 + 0.005 inch in thickness and are located at the outside surface of the nominal Boraflex poison
panel position. Note that no credit is taken for the presence of the neutron absorbmg, Boraflex material in
the analysis. Table 2-2 and Figure 2-2 summarize the storage cell dimensions used for the Beaver Valley

Unit 2 analyses.
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2.4  Fuel Rod Storage Canister Desct;iptfoh"'f v

Figure 2-3 shows the “IFE” desngn (Reference 18) fuel rod ‘storage canister (FRSC) The FRSC is
A’des:gned to ‘accommodaté individual spent- and/or fresh’ fuel rods in a fixed amray. The homiinal
dimensions are depicted on Figure 2-3. Fifty-two tubes are stored in the IFE canister, 48 of them are of
Type 1 and four are of Type 2. The tubes are centered on a pitch of 0.9374 inches. Type 1 tubes have an
outer diameter of 0.625 inches with a wall thickness of 0.035 inches, and Type 2 tubes have an outer
diameter of 0.75 inches with a wall thickness of 0.049 inches. Penpheral tubes are centered at half-pltch
‘dlstance from the camster walls Camster wall thlckness is O 593 inches. ‘
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Table 2-1
Spent Fuel Pool Dimensions
.(All dimensions in inches)
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Parameter Value

Pool Length 473.5

Pool Width 353.5
Wall Thickness 24
Reflector 24
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‘Table 2-2
" Storage Cell Description
(All dimensions in inches)

" Parameter v .Dimension =
CellPitch - - | 10.4375+0.0278
-~ - |CellID - : 8.9375 £0.0469
Cell Wall Thickness 0.090 + 0.010
Cell Wall Material -8S-304 -
Boraflex! Width - 7.5+0.0625
Total Gap 0.078
Wrapper Thickness 0.0293 + 0.005
Wrapper Material SS-304

' Boraflex is replaced with water in Region 2 racks.
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a,c

Figure 2-1
Beaver Valley Unit 2 Spent Fuel Pool Showing Storage Rack Modules
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0.090" Cell Wall 10.4375"
0.068" Boraflex
0.078" Gap + Boraflex
0.029" Wrapper

Figure 2-2
Beaver Valley Unit 2 Storage Cell
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0.625” OD

0.035" thickness

0.75” OD
/ 0.049” thickness

) -
NN
N/ ANTANTAND,
OO
OO eHY
U DO AL
A\ NN AN AN A ANY,
L OO
\NAY AN AN ANT AN AN AN/
NN LD
OO OY
1A
G\ZASZANTANIANTANIRNIAND
LD L)L)
/A5 AN ANY ANIANY,
NN NN AW 7N
SVANYAND )
y, \_
R “ >

A

8.125”

A 4

Figure 2-3
“IFE” Fuel Rod Storage Canister
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3.0 Analysis

3.1 KENO Models for the Spent Fuel Pool Storage Configurations

The Beaver Valley Unit 2 spent fuel storage racks employ four different fuel assembly storage
configurations: “All-Cell,” “3x3,” “l-out-of-4 5 w/o at 15,000 MWD/MTU,” and *“l-out-of-4 3.85 w/o
Fresh with IFBA.” KENO models of these storage configurations are provided in the following sections.

[ 1

The fuel assembly modeled by KENO represents the Westinghouse standard 17x17 design. Note that the
enrichment of fresh fuel pellets is up to 5.0 w/o Z*U and the UO, density is 97.5% of theoretical density.
The fuel pellets in a fuel rod are modeled as a fully enriched right solid cylinder that is 144 inches tall.
This assumption conservatively bounds fuel rod designs that incorporate annular and or lower enrichment
fuel pellets such as those used for axial blankets.

Each of the storage cell locations is modeled in KENO as a square cell with a pitch of 10.4375 inches.
The stainless steel canister, which cbntrol§ the fuel 5ssembly position within the array, is modeled with an
inside dimension of 8.9375 inches and is 0.090-inches thick. (Dimensions are taken from Table 2-2.)
The Boraflex poison panels are modeled centered on the surface of the stainless steel canisters by an outer
stainless steel sheathing panel. The sheathing surfaces of two adjacent storage cells are separated by pool
water. The dimensions of the Boraflex poison panel are 7.5 inch in width by 0.078 inch in thickness. The
sheathing panels are included as 0.0293 inch in thickness and are located at the outside surface of the
nominal Boraflex poison panel position. The active fuel, storage rack box and sheathing heights are
modeled in KENO as 144 inches tall. The geometry of the Boraflex poison is represented as water in the
KENO model, thus no credit is taken for the presence of the neutron absorbing, Boraflex material.

Reflective boundary conditions are applied to the X and Y surfaces of either 2x2 or 3x3 array, thus
simulating an infinitely repeating array. A 2-foot water reflector is modeled above and below the storage

cell geometry. The pool water is simulated to be full density (1 g/em®) at room temperature (20 °C). The
top and bottom surfaces of the water reflector have reflected boundary conditions.

3.1.1 -KENO Model for the “All-Cell” Storage Configuration

An “All-Cell” storage configuration is modeled in KENO as a repeating 2x2 array of storage cells that
contain depleted fuel assemblies as shown below. :
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Depleted | Depleted
{:: Fuel. [ Fuel .

Depleted | Depleted. | ..
'|. Fuel .Fuel

A KENO-produced plot of an “All-Cell” storage configuration is shown in Figure 3-1.
3.1.2 KENO Model for the “3x3” Storage Con_figur:ﬁion
-The “3x3” storage conﬁguratidn.is modeled in KENO as a rep@eating 3x3 array with eight storage cell

locations containing a ring of depleted fuel assemblies that surround a 5.0 w/o B3U fresh fuel assembly, as
shown below. SN S

‘-DepAle‘téd ‘De}')lét'e_d ‘Dép]e:t{ecflv

Fuel " Fuel * Fuel
Depleted - 51';.0 w}/lo Depleted
Fuel res Fuel
Fuel

..Depleted Depleted Depieted
Fuel ~Fuel [ Fuel

Note ‘that #'Pu decay credit (up' to 20 years) is assumed for this storage configuration. A KENO-
produced plot of a single “3x3” storage configuration is shown in Figure 3-2.

3.1.3 KENO Model for the “l-out-of-4 5.0 w/o at 15,000 MWD/MTU” Storage
Configuration :

The “l1-out-of-4 5.0 w/o at 15,000 MWD/MTU” storage configuration is modeled in KENO as a :epeaﬁng
2x2 array with a 5.0 w/o initial enrichment fuel assembly at 15,000 MWD/MTU occupying a storage cell
location and depleted fuel assemblies occupying the remaining locations. - '

5.0 w/o at

15,000 D;P;C;Cd '
MWD/MTU ¢

Depleted Depleted
Fuel Fuel
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A KENO-produced plot of a single “l-out-of-4 5.0 w/o at 15,000 MWD/MTU” storage configuration is
shown in Figure 3-3.

3.1.4 KENO Model for the “1-out-of-4 3.85 w/o Fresh with IFBA” Storage Configuration

The “1-out-of-4 3.85 w/o Fresh with IFBA” storage configuration is modeled in KENO as a repeating 2x2
array with a fresh 3.85 w/o ®°U fuel assembly occupying a storage cell location and depleted fuel
assemblies occupying the remaining locations. Note that the fresh fuel assembly with enrichments greater
than 3.85 w/o contains IFBA rods.

3.85 w/o | Depleted
. Fresh Fuel

Depleted | Depleted
Fuel Fuel

A KENO-produced plot of a single “l-out-of-4 3.85 w/o Fresh with IFBA” storage configuration is
shown in Figure 3-4. IFBA rods were modeled for this configuration using the layouts from Figure 3-5.
A 15X B poison loading [ + = - ] ® € was considered for the analyses. Also note that a
12-inch IFBA cutback was assumed on both top and bottom sections of the active fuel length.

3.1.5 KENO Model for the Fuel Rod Storage Canister with 5.0 w/o 2°U Fuel -

The Fuel Rod Storage Canister (FRSC) is modeled as a stainless steel box containing a fixed array of 52
stainless-steel tubes. Each tube contains a fresh 5.0 w/o U fuel pm The tubes are modeled in KENO
according to the des:gn as dcscnbed in Section 2.3.

The fuel pins, the stainless stee] tubes and FRSC are modeled in KENO as l44-mches tall. The FRSC is
inserted in a storage conﬁguratlon by replacing one of the assemblies in that configuratlon '

Flgure 3 6 shows, as an example an FRSC in an “All-Cell” configuratlon Penodlc boundary condmons
are applied to the X and Y surfaces of the 2x2 _array, thus simulating an mﬁnxtely repeating array. A
2-foot water reflector is modeled above and below the storage cell geometry. The pool water is simulated
to be full density (1' g/cm®) at room temperature (20 °C) The top and bottom surfaces of the water
reflector have reflected boundary conditions. Lo : :

The fuel rods in FRSC. are modeled by KENO as the }Vestiﬁghoﬁse standard 17x17 design with no
burnable absorber. The UQ, density is 97.5% of theoretical density for the fresh fuel. Note that the fuel
pellets in the fuel rods are modeled as a solid cylinder that is 144 inches tall. This assumption
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conservatively bounds fuel rod designs that incorporate annular and or lower ennchment fuel pellets such
as those used for axial blankets. ‘ ‘

3.1.6 ‘KENO Model for Entire Spent Fuel Pool -~~~

‘The Beaver Valley Unit 2 spént fuel pool is modeled in KENO as a rectangular ‘water cell that is

:473.5-inches long’ and 353.5-inches wide on the long side. Seventéen storage rack modules (8x8 cell

array) along with an empty réfueling transfer canal surrounded by 2-feet thick concrete walls occupy the
~ pool. Storage rack modules span a region that is 422.3125 inches in the west to east direction at the north
side and 168.25 inches at the south side, 252.9375 inches in the north-to-south direction at the east side,
and 337.625 inches at the west side of the pool. The floor and walls of the spent fuel pool are modeled by
surrounding the rectangular water cell with two feet of concrete on the bottom and sides. A 1.125-inch
intra module water gap was modeled. ' The pool dimensions are shown in Table 2-1. The pool water was
modeled at room temperature conditions, 20 °C and full densﬁy (1.0 g/em®). Figure 3-7 shows a KENO-
produced plot of the spent fuel pool. ‘

3.2 . :Design Basis Fuel Assembly

Figure 3-8 shows the Westinghouse standard 17x17 fuel assembly with the standard assembly parameters
given in Table 3-1. The Westinghouse standard fuel assembly design was modeled as the design basis
fuel assembly to represent fresh and depleted fuel assemblies residing in all of the fuel assembly storage
configurations. ’

The design basis fuel assemblies are modeled with the fresh fuel pellets as a solid right cylinder with a
U0, density of 10.686 g/cm® (97.5% of theoretical density). No credit is taken for the nominal 1.1 void
fraction percentage that is associated with dishing or chamfering. -In addition, no credit is taken for any
natural or reduced enrichment pellets, even for the blanketed assemblies. This assumption results in
conservative calculations of reactivity for all fuel assemblies stored in the racks. No credlt 1s taken for
any spacer gnds or sleeves

Figure 3-5 shows the IFBA patterns for [ 1> IFBA rods in the Westinghouse Standard 17x17
fuel assembly used in this analysis.’ A 12-inch IFBA cutback is’ apphed to the top :md bottom sectlons of
" “the active fuel length Note that l°B loadmg is modeled as 1 5X [ ' : '

.. ] a, C.
3.3 © Modeling of Axial Burnup Distributions
A key aspect of the burnup credit methodology used in ‘this analysis is the inclusion of an axial burnup

proﬁle correlated with feed enrichment and dlscharge bumup of the depleted fuel assemblies. This effect
is important in the analysis of- the' spent fuel pool characlenstxcs since the majority of spent’ fuel
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assemblies stored in the pool have a discharge burnup well beyond the limit for which the assumption of a
uniform axial burnup shape is conservative. Therefore, it is necessary to represent the bumt fuel
assembly with a representative axial burnup profile.

=

]ﬂ, t.

Input to this analysis is based r)_n the limitirrg axial burnup profile data provided in the Department of
Energy (DOE) Topical Report, as docurﬁented in Reference 20. The burnup proﬁle in the DOE Topical
Report is based on a database of 3,169 axia]-bumup' profiles for Pressurized Water Reactor (PWR) fuel
assemblies compiled by Yan-keeAtomicd.'_ This profile is derived from the burnups calculated by utilities
or vendors based on core-follow calculations and in-core measurement data. |

']f'"-

The DIT code was used to generate the isotopic concentrations for each segment of the axial burnup
proﬁle Table 3-2 lrsts the fuel and moderator temperatures used in the spectral calculations for the fuel
assembly average bumup model and each node of the [ : o ] * € axial bumup models. The fuel
temperatures for each axral zone are calculated based on a representatlve fuel temperature ‘correlation
whrle the moderator temperatures are based on a ]mear re]atronshlp with ax1a1 position. These node
dependent moderator and fuel temperature data and power profile data were used i in DIT to deplete the
fuel to the desired burnup for each initial enrichment and each axial zone.
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N ]n,c; -

The values of assembly average burnups versus feed enrichment for which depleted fuel assemblies were
simulated are presented in Table 3-3. ‘ '

1™* The ke and the 1sotop1c number densities were then extracted for the KENO model
development at these assembly conditions.

3.3.1 Impact of Beaver V all‘ey Unit 2 Power Ratings on the Spent F uel Pool Criticality

. The Beaver Valley Power Station Unit 2 orxgmally operated at 2652 MWy, and it currently operates at

'2689 MWy, Studies for an extended power uprate . 4%) were in progress at the time thxs report was
Jissued. The uprated power prq;ects an average assembly power of 18. 47 MW The isotopics generated ,
“for this analysrs were based on a 19.96 M\V/assembly average power Wthh conservatrvely covers the
orlgmal and the uprated power levels and any other power level 1n~between

Another aspect of the power uprate impact on the spent fuel pool criticality is the 3-D reactivity effect
dominated by the difference between the average fuel burnup and burnup at the top section of the fuel.
As mentioned in the previous section, this difference is mostly driven by the difference between the
average fuel/moderator temperature ‘and temperature at the top region of the fuel. As long as this
temperature difference between the bottorn and top regions of the core is represented end-effects” can
be adequately captured. The current core average coolant and outlet temperatures are 580.3 °F and
615.1F, respectxvely With the planned power uprate ‘'the core average temperature is expected to be in
the range of 570.6 °F - 584.6 °F, and the outlet temperature between 608.6 °F 621 4 °F. From Tab]e 3-2,
the temperatures used in'the current analysrs to generate the 1sotopxcs are very sumlar to the orlgmal and
the uprated values; therefore 1t is concluded that the ana1y51s results will be valid for both the current and
uprated power ratings.
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34 Tolerance / Uncertainty Calculations

Using the input described above, analytical models were developed to perform the quantitative
evaluations necessary to demonstrate that the effective multiplication factor for the spent fuel pool is less
than 0.995 with zero soluble boron present in the pool water. Applicable biases factored into this
evaluation are: 1) the methodology bias deduced from the validation .analyses of pertinent critical
experiments, and 2) any reactivity bias, relative to the reference analysis conditions, associated with
operation of the spent fuel pool over a temperature range of 50 °F to 185 °F. Note that cases for nominal
conditions were run with a full moderator density (1 g/cc), which actually corresponds to 40 °F, which is
less than the normal operating range and more conservative.

A second allowance is based on a 95/95 confidence level assessment of tolerances and uncertainties. The
following are included in the summation of variances:

The 95/95 confidence level methods variance,

The 95/95 confidence level calculational uncertainty,

Fuel rod manufacturing tolerance,

Storage rack fabrication tolerances,

Tolerance due to positioning the fuel assembly in the storage cell,
Burnup and IFBA manufacturing uncertainty. -

Thoe o o

Items a. and b. are based on the calculational methods validation analyses described in subsection 1.4.2.
For item c., the fuel rod rrlanufacturing tolerance for the reference design fuel assembly is assumed to
consist of an increase in fuel enrichment of 0.05w/0 ®°U. An increase in UO, density is not assumed
since all calculations are performed using 97.5% of theoretical density, which is the highest credible
density for PWR fuel. The individual contributions of each change are combined by taking the square
root of the sum of the squares' of each component.

For item d., the followmg uncertamty components were evaluated. The inner stainless steel canister ID
was decreased from 8. 9375 mches to 8.8906 inches and the thlckness of the camster was decreased from
0.090 inches to 0.080 mches The storage cell prtch was decreased from 10. 4375 mches to
10.4097 inches. The wrapper thrckness was decreased from 0. 0293 mches to 0. 0243 inches. o

In the case of the tolerance due to positioning of the fuel assembly in the storage cells (item ¢.), all
nommal calculatrons were carned out wrth fuel assemblles conservatively: oentered in the storage cells.
Cases were run to mvestrgate the effect of oﬂ'-center posrtlon of the fuel assemblres for each of the fuel
assembly storage conﬁguratlons These cases posmoned the ‘assemblies as close as possrble in four
adjacent storage cells. In the case of the “3x3” storage conﬁguratron, all the penpheral assemblies were
positioned as close as possrble to the central fresh fuel assembly.
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For item f, a |

]a,c_~, .

‘Table3-4 through Table 3-7 provrde a summary of the KENO results used in the calcu]atron of brases and
"uncertamtres for the fuel assembly storage configuratrons ’, »

3.5  No Soluble Boron 95/95 Kerr Calculational Results - -

The following subsections present the KENO-calculated multrphcatron factors for the Beaver Valley
“Unit 2 spent fuel pool storage configurations. - g : E e

The KENO calculations reported in this section were performed at 68 °F, with maximum water density of
1.0 g/em®, to maximize the array reactivity, and with an axially distributed burrrup proﬁle The relative
axial bumnup profile used for these calculatrons is discussed in Section 3. 3. The resultmg L«r data were
then used to determine the burnup versus mmal enrichment lrrmts for a t'rrget Ker value at zero soluble
boron. The target value of k. was selected to be less than 0.995 by an amount sufficient to cover the
magnitude of the analytical biases and uncertainties in these analyses. '

- The fuel assembly modeled in these analyses i$ the Westinghouse Standard 17x17 fuel »'asserrrbly design:
3;5.1 ' “All-Cell” Storagé Conﬁgumtion

As described in subsection 3.1. 1, the “All-Cell” storage conf guratron consists of a repeatmg 2x2 array of
storage cells that contain depleted fuel assemblies.

' The kg values were calculated for an mﬁmte array of “All- Cell” storage ‘confi guratrons over a range of
“initial enrrchment values up t0'5.0 wlo 235U and assembly average bumups up ‘to 35,000 MWD/MTU.

"From Table 3- 4, the sum of the biases and uncertamtres is 0. 03043 Ak,gunrts Therefore the target Kegr
value for the “All-Cell” storage configuration is 0.96457 (0.995-0.03043).

'Table3 8 lrsts the kenr values for the “All Cell” storage conﬁguratlon vexsus mrtral enrrchment and
average bumups The first entry in Table 3-8 lrsts the mrtral enrrchment for no bumup Based on the
target kegr value the fresh enrrchment for no bumup is 1. 856 w/o U, The derived bumup limits, for
enrichments greater than 1. 856 wlo 2”U are based on the keg values for 3.0, 4.0, and 5.0 w/o 23’U For

each of these three enrrchments KENO calculatrons were performed at three assembly average bumup
values with an axially distributed bumnup prof le. A second degree fit of the burnup versus ke data was
then used to determine the burnup required to meet the target kg value of 0.96457. The resulting burnup
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versus initial enrichment storage limits are provided in Table 3-9. The limiting burnups as a function of
initial enrichment was fitted to a third degree polynomial. This polynomial is given below Table 3-9 and
will be used to determine the burnup as a function of initial enrichment of “All-Cell” configuration. The
data in Table 3-9 are plotted in Figure 4-11.

3.52 “3x3” Storage Configuration

As described in subsection 3.1.2, the “3x3” storage configuration is modclcd in KENO as a vrepeating 3x3
array, with a 5.0 w/o fresh fuel assembly occupying the central storage cell location and depleted fuel
assemblies occupying the remaining eight locations.

The kegvalues were calculated for an infinite array of “3x3” storage configurations over a range of initial
enrichment values up to 5.0 w/o 2*U and average bumups up to 65,000 MWD/MTU. From Table 3-5,
the sum of the biases and uncertainties is 0.02423 Ak units. Therefore, the target k. value for the “3x3”
storage configuration is 0.97077 (0.995-0.02423). ’

Table 3-10 lists the keg values for the “3x3” storage configuration versus initial enrichment and average
burnups with an axially distributed burnup profile (for 0, 5, 10, 15, and 20 years of decay time). The first

“entry in Table 3-10 lists the initial enrichment for no burmup. Based on the target k.g value, the fresh
enrichment for no burnup is 1.194 w/o **U. The derived burnup limits, for enrichments greater than
1.194 w/o 33U, are based on the ke values for 3.0, 4.0, and 5.0 w/o B5U. For each of these three
enrichments,'KENO calculations were performed at three average burnup values for an axially distributed
burnup profile. A second degree fit of the burnup versus k. data was then used to determine the burnup
required to meet the target Kegr value of 0.97077. The resulting burnup versus initial enrichment storage
limits for 0, 5, 10, 15, and 20 years of decay time are provided in Table 3-11. The limiting burnups as a
function of initial enrichment were fitted to a third degree polynomial for each of the decay period. These
polynomials are given below Table 3-11 and will be used to determine the burmnup as a function of initial
enrichment for the “3x3” storage configuration. The data contained in Table 3-11 are plotted in
Figure 4-12.

3.53 “l-out-of-4 5.0 w/o at 15,000 MWD/MTU? Storage Configuration

As described in subsection 3.1.3, the “l-out-of-4 5.0 w/o at 15,000 MWD/MTU?” storage configuration
consists of a repeating 2x2- array, with a fuel assembly at 5.0 .w/o initial enrichment and
15,000 MWD/MTU in a storage cell location and depleted fuel assemblies in the remaining locations.
-The kegvzilueé were cafculated fof 5n inﬁnité array of %‘l-out-of-4 5;0 w/d at 15,000 MWD/MTU” storage

configurations over a range of initial enrichment values up to 5.0 w/o 2°U and average burnups up to
45,000 MWD/MTU. From Table 3-6, the sum of the biases and uncertainties is 0.02758. Therefore, the
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ftarget k.g value for the “l—out-of 4 5 0 w/o at 15 000 MWD/MI'U” storage conﬁguratlon is 0 96742
(0.995- 0 02758) o

Table 3-12 lists the ke values for the “l1-out-of-4 5.0 w/o at 15,000 MWD/MTU” storage configuration
versus initial enrichment and average burnups with an axially drstrrbuted burnup profile. The first entry
in Table 3-12 lists the initial enrichment for no bumup Based on the target kg value, the mterpolated
enrichment for no bumup is 1.569 w/o #3U. The derived burnup limits, for enrichments greater than
1.569 w/o U, are based on the ky; values for 3.0, 4.0, and 5.0 w/o mU "For each of these three
“enrichments, KENO calculations were performed at three assembly average bumup values for an axially
distributed burnup profile. A second degree fit of the burnup versus kg data was then used to determine
the bumnup requxred to meet the target kg value of 0.96742. The resulting burnup versus initial
enrichment storage limits are provrded in Table3 13. * The limiting bumups as a function of initial
“enrichment were fitted to a third degree polynomlal This polynomial is given below Table 3-13 and w1ll
be used to” determine the bumup as a function of initial enrichment for the “l-out-of 450 wlo- ‘at
15,000 MWD/MTU? storage configuration. The data in Table 3-13 are plotted in Figure 4-13:

3.5.4' “l-out-df-4 3.85 w/o'Fresh with IFBA’f‘Stomgc Conﬁgur:ition S

As”described in subsectron 3.1.4, the “l-out-of-4 3.85 w/o Fresh with IFBA” storage configuratlon
consists of a repeatmg 22 array, with 4 3.85 w/o 2°U Fresh fuel assembly in a storage cell location and
depleted fuel assemblies in the remaining locations. For the “l-out-of-4 3.85 w/o Fresh with IFBA”
storage configuration, ‘burnup limits have been evaluated for the depleted fuel assemblies and IFBA
‘requirements have been determined for the fresh fuel assembly with enrichments greater than 3.85 w/o

235
"3.5.4._1 Burnup Requirements of the Depleted Fuel Assemblies

The k.g values were calculated for an infinite array of “l-out-of-4 3.85 w/o Fresh with IFBA” storage
configurations over a range of initial enrichment values up to 5.0 w/o *’U and average burnups up to
65,000 MWD/MTU. From Table 3-7, the sum of the biases and uncertainties is 0.02217. Therefore, the
target kg value for the “l-out-of-4 3.85 w/o Fresh with IFBA”" storage conﬁguratron is 0.97283
(0.995 0.02217).

:‘Table 3-14 lists the kervalues for the “l-out-of-4 3.85w/o Fresh with IFBA” storage conﬂguratron versus
bmrtxa] enrxchment and average bumups with ‘an axially distributed burnup profile. The first entry in
Table 3-14 lists the initial enrichment for no burnup. Based on the target k. value, the mterpolated
~enrichment for no burnup is' 1.279 w/o 2*U." The derived bumup limits, for enrichments greater than
1.279 wio #%U, are ‘based on the k. values for 3.0, 4.0, and 5.0 w/o B°U. For each of these three
. énrichments, KENO calculations were performed at three assembly average burnup values for an axially
distributed burnup profile. A second degree fit of the bumup versus ks data was then used to determine
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the burnup required to meet the target k. value of 0.97283. The resulting burmup versus initial
enrichment storage limits are provided in Table 3-15. The limiting bumups as a function of initial
enrichment were fitted to a third degree polynomial. This polynomial is given below Table 3-15 and will
be used to determine the burnup as a function of initial enrichment for the “l-out-of-4 3.85 w/o Fresh
with IFBA” storage configuraiion. The data in Table 3-15 are plotted in Figure 4-14.

3542 IFBA Requirements for the Fresh Fuel Assembly

Table 3-16 to Table 3-18 list the kg values versus the number of IFBA pins contained in the fresh fuel
assembly with 4.0 w/o, 4.5 w/o and 5.0 w/o U enrichments, respectively. For each fresh fuel
enrichment and number of IFBA pins, kg was evaluated for different bumups of the depleted fuel
assemblies with an initial enrichment of 5.0 w/o *°U. .

] ne

From these tables, fuel assembly burnup versus ke data was fitted to a second degree polynomial using
the target ke value of 0.97283. Note that this was the target keg value used to determine the burnup
requirements for the depleted fuel asseniblies. The resulting polynomials were then used to determine the
required number of IFBA pins to meet the fuel assembly burnup requirement of 52,205 MWD/MTU with
5.0 w/o initial enrichment. Note that using the burnup requirement for the 5.0 w/o **U initial enrichment
resulted in the most conservative number of IFBA pins.

Table 3-19 contains the required number of IFBA pins versus initial enrichment for the fresh fuel
assemblies with enrichments greater than 3.85 w/o. The required number of IFBA pins as a function of
initial enrichment was fitted to a third degree polynomial. This polynomial is given below Table 3-19 and
will be used to determine the number of IFBA pins as a function of initial enrichment for the *“I-out-of-4
3.85 w/o Fresh with IFBA” storage configuration. The data in Table 3-19 are plotted in Flgure 4-15.
[ ] ™. Also note that any
IFBA length 120 inches or greater is acceptable.

3543 Early Dischixrée l’\;equire‘ni:ents for IFBA Fuc)

Analy51s have shown that reactxvnty at any pomt in the bumup lnstory of a 17x17 Standard fucl assemb]y
with 5.0 w/o enrichment and [ ]1* IFBA pins is less than the BOC reactmty Therefore, in the
case of an early discharge part way through a cycle, the discharged fuel assembly with IFBA can be
stored in the “l-out-of-4 3.85 w/o Fresh with IFBA” storage conﬁguratlon prov1dcd that xt meets the
storage requlrements of that conﬁguratlon
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355 Tnterface Requirc'ments -

'Table 3-20 shows the entire spent fuel pool ke results for the mterface conﬁguratlons in the Beaver
. Valley Unit 2 storage facks. " These interface confi guratrons result in' KENO-calculated multlphcatron
factors that are less than the maximum of the infinite array multiplication factors for the involved storage |
configurations. As an example, the first analyzed interface involves the “3x3” conﬁguratron surrounded
_ by the “All-Cell” storage configuration. From Table 3-8, the infinite array kegr value for the “All-Cell”
, storage conﬁguratron is 0.96455 and from Table 3-10, the infinite array k,g value for the “3x3” storage
Confi guratron is 097072 The maximum of these two values is 0.97072 From Table 3-20 ‘the
‘multiplication factor for the interface confi iguration was then compared to thls maxrmum value to venfy,
that the interface meets the storage requrrements ‘ L o o

The KENO models constructed to analyze the interface effects follow the description of the entire spent
fuel pool from subsection 3.1. 6. The assembly loadmg requlrements at the interface between drﬁ'erent
* storage configurations are provrded in Table 3-21: As seen from this table and the Table 3-20 results, it is »
required that for storage configurations involving hrgh and low reactrvrty assemblies (ie., 1-out-of 4
"conﬁguratlons), the assemblies with lower reactivity must be placed at the interface. These interface .
‘requirements are depicted in Figure 4-5 to Frgure 4-10 Note that it is acceptable to leave a storage cell

empty.

3.5.6 Bumup Requircments for Inter'mediate Decay'Tbime POints

For the “3x3” storage configuration that credits 241Pu decay, burnup requxrements for 1ntermed1ate decay
t1me pomts should be determmed usmg at least a second order polynomral '

3.5.7 Empty Cells

For all configurations at Beaver Valley Unit 2, an empty. cell is perrmtted in any location of the spent fuel

~ pool to replace an assembly since the water cell will not cause any increase in reactrv1ty in the spent fuel
_pool. Non-fissile material and debris canisters may be stored in empty cells of All-Cell storage
‘ conﬁguratlon provrded that the camster does not contam fi ssrle materrals ’ '

_' 3,5.8._ , ‘-Non_-I"‘is_si_le Equipnrent .

. Non fissile equipment, such as UT cleaning equipment is permitted on top of ‘tl're fuel storage racks, as
these equipments will not cause any increase in reactivity in the spent fuel pool.
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3.5.9 Fuel Rod Storage Canister with 5.0 w/o 25U Fuel

As described in subsection 3.1.5, the FRSC contains a fixed array of 52 fresh 5.0 w/o °U fuel rods in
stainless steel tubes.

Table 3-22 lists the ke values for the storage configurations with one of the depleted fuel assemblies
replaced with an FRSC containing fresh 5.0 w/o B5U fuel rods. The calculations were performed at
68 °F, with maximum water densny of 1.0 g/em’ to maximize the array reactivity. As seen from
Table 3-22, the resulting ke values were less than the nominal keg values of the storage conﬁguratlons
Therefore, FRSCs filled with fresh fuel rods with 2 maximum enrichment of 5.0 w/o ?*U and no burnable

absorbers can be stored in any storage configuration.
3.6 Soluble Boron

The NRC Safety Evaluation Report (SER) for Wmtinghouée report WCAP-14416-P is given in
Reference 2. Page 9 of the enclosure to Reference 2 defines the total soluble boron requirement as the
sum of three quantities:

SBC o0 = SBCls1es +SBCrp +SBCp,

where,

SBC ppra;  is the total soluble boron credit requirement '(ppm)‘,

SBC,;,ss is the soluble boron requirement for 95/95 ke less than or equal to 0.95 (ppm),
SBC '
SBC

wz 1s the soluble boron required to account for burnup and reactivity uncertainties (ppm),

s is the soluble boron required to offset accident conditions (ppm).

Each of these terms is discussed in the following subsections.
3.6.1 Soluble Boron chulrcment to M'untam ken Less Than or Equal to 095

Table 3-23 contains the I\ENO-calculated L.gfvalues for the spent fuel pool from 0 to 600 ppm of soluble
boron, in increments of 200 ppm. These KENO models assume that the pool is filled with the “3x3”
storage configuration containing depleted fuel at 55,000 MWD/MTU with 5.0 w/o 33U initial enrichment.
The initial enrichment and burnup chosen to represcnt the storage configuration was ‘based on minimizing
the soluble boron worth. The soluble boron worth decreases as bumup increases. The  reactivity worth,
Ak.g of the soluble boron was determined by subtractmg the kg value, for a ngen soluble boron
concentrahon from the kdr value for zero soluble boron.  The soluble boron concentration and reactivity
worth data was then fitted to a_third degree polynomnal which is shown on the bottom of Table 3-23.
This polynomnal was then used to determine the amount of soluble boron required to reduce kg by 0.05

Ak.g units, which is 291.7 ppm.
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3.62 Soluble Boron Requirement for Reactivity Uncertainties |

“The soluble boron credit, -in units of ppm, required for reactivity uncertainties was determined by
converting the uncertainty in fuel assembly reactivity and the uncertainty in absolute fuel burnup values
to a soluble boron concentratxon, in units of ppm, necessary to compensate for these two uncertainties.
The first term, uncertamty in fuel’ ‘assembly reactrvrty, is calculated by employing a depletion reactxvxty
'uncertamty of 0.010° Ak units per 30,000 MWD/MTU of bumup (obtained from Reference 2) and
'multrplymg by the maximum amount of bumup credited in a storage configuration. For this analysrs, the
maximum ‘amount of “burnup- credited is 56,000 MWD/MTU for the “3x3” storage conﬁguratron
Therefore, the depletron reactrvrty uncertamty is 0. 018667 Akeg

The uncertainty in absolute fuel burnup values is 'conservatively‘ calculated as 5% of the maximum fuel
burnup credited in a storage configuration analysis. The maximum fuel burnup oreaited in the various
storage conf igurations, the 5% uncertamty in these bumup values and the correspondmg reactivity values
are grven in Table 3-24

The maximum reactivity change associated with a 5% change in burnup is 0. 00877 Ak.g units and occurs |
for the “All-Cell” storage configuration. '

The total of the uncertainties in fuel assembly reactivity and bumup effects is' 0.027437 Akyr. By
applying the polynomial at the bottom of Table 3-23, the soluble boron concentratron (ppm) necessary to
compensate for thrs reactrvrty is found to be of 150 1 ppm

3.6.3 Soluble Boron Required to Mitigate'Accidents

The soluble boron concentration, in units of ppm, to mitigate accidents is determined by first surveying
all possible events that increase the k.g value of the spent fuel pool. The accident event which produced
the largest increase in spent ‘fuel pool ker value is:used to determine the ‘required soluble -boron
concentration necessary to mrtrgate this and all less severe accident events. The list of accident cases
considered includes: ' ‘ ' :

Dropped fresh fuel assembly on top of the storage racks " :
Misloaded fresh fuel assembly into an incorrect storage racl\ location, or outsrde the racks
Intramodule water gap reduction due to seismic event, .

Spent fuel pool temperature greater than 185°F

Several fuel mishandling events were simulated usmg the KENO model to assess the possible increase in
- the L,g value of the spent fuel pool. The fuel mishandling events all assumed that a fresh Westmghouse
- standard 17x17 fuel assembly enriched to 5.0 wio 2°U (and no burnable porsons) was ‘misloaded into a
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storage rack or between the racks and the walls of the spent fuel pool. These cases were simulated with
the KENO model | . 1%

It is possible to drop a fresh fuel assembly on top of the spent fuel pool storage racks. In this case the
physical separation between the fuel assemblies in the spent fuel pool storage racks and the assembly
lying on top of the racks is sufficient to neutronically decouple the accident. In other words, dropping the
fresh fuel assembly on top of the storage racks does not produce a positive reactivity increase. Note that
the design of the spent fuel racks and fuel handling equipment is such that it precludes the insertion of a
fuel assembly between the rack modules.

For the accident of a misloaded fresh fuel assembly, two scenarios were analyzed:

. A depleted fuel assembly was feplaced Vﬁth a fresh fuel assembly in a storage configuration;
o A fresh fuel assembly was placed between the racks and the spent fuel pool wall, face
adjacent to either a depleted fuel or fresh fuel assembly of a storage configuration.

The kg values for the accident scenarios described above are summarized in Table 3-25. Note that the
nominal cases were developed by filling up the pool with one of the storage configurations and then the
accident scenarios, as described above, were applied. This process was repeated for all the storage
configurations. Note also that both the nominal cases and the accident scenarios were simulated at zero
ppm boron. As seen in Table 3-25, the accident event that produced the largest increase in the spent fuel
pool kg value is the misloaded fresh fuel assembly (5.0 w/o ®°U enrichment) in an incorrect storage rack
location (for the “l-out-of-4 5.0 w/o at 15,000 MWD/MTU” configuration). As seen in Table 3-26, the
required soluble boron concentration necessary to mitigate this and all less severe accident events was
then calculated as 382.3 ppm using the Table 3-23 equation.

3.6.4 Total Soluble Boron Requirement
Soluble boron in the spent fuel pool coolant is used in this criticality safety analysis to offset the reactivity
allowances for calculational uncertainties in modeling, storage rack fabrication tolerances, fuel assembly

design tolerances, and postulated accidents. '

The magnitude of each soluble boron requirement is as follows:

SBCys0s = 291.7ppm
SBC,; = 150.1 ppm
SBC,, = 382.3 ppm
SBCropsy = 824.1ppm
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‘Therefore, without consxdermg an accldent, the soluble boron (w1th 19.9% B abundance) necessary to
maintain kg less than or equal to 0.95 (including all biases and uncertainties) is: :

‘ SBcg,,gs + SBCpp = 291'.7 pp‘m’+ 150.1 ppm = 441.8 ppm.
, The soluble boron concentratlon requlred for a 10B atom percent equal to 19 6 (expected lowest pool value
credxtmg l(’B depletlon) is 448.6 ppm.

A total of 824 1 ppm of soluble boron (with 19.9% 1°B abundance) is reqoifed to maintain L,g less than or

equal to 0.95 (mcludmg all biases and uncertamtles) and assuming the most llmltmg single accident. The

soluble boron concentration requlred for a °B atom percent equal to 196 (expected lowest pool value

crediting. B depletion) is 836.7 ppm. The recommended mmlmum boron level is 836 7 ppm and is
_suff c1ent to accommodate all the dmlgn requ1rements o
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Table 3-1

Fuel Assembly Data Used in Criticality Analysis
of the Beaver Valley Unit 2 Spent Fuel Storage Racks a,c
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Y Table 32 .
Relative Power and Fuel/ Moderator Températures
forthe Averageand [ .. ...~ . -]*°
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Burnup and Initial Enrichment Combinations Used to
Determine the Isotopic Number Densities

3.0 w/o 2°U 4.0 w/o 25U 5.0 w/o U

(MWD/MTU) | MWD/MTU) | (MWD/MTU)

0 0 0 7
5,000 5,000 - .. 5,000
15,000 15,000 15,000
25,000 25,000 25,000
35,000 35,000 35,000
45,000 45,000 45,000
55,000 55,000 55,000
65,000 65,000 65,000
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. Table34

KerrVal ues f orthe Tolerance/Un cert:.xih:ty Cases for the
““All-Cell” Storage Configuration

.
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o ~_Table3S
Ken Valués for the Tolerance/Uncertainty Cases for the
“3x3” Storage Configuration
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: T'lble 3-6
Ken Vqlues for the To]crance/Uncertamty Cases for the
“1-out-of-4 5.0 w/o‘at 15,000 M\VD/MTU” Stomge Configuratlon
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_ _ ~ Table 3-7 _ A
Ker_r_ Values for the Tolcrzi_née/Unccl'tainty Cases for the
“1-out-of-4 3.85 w/o Fresh with IFBA” Storage Configuration
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Ke" Vqlues versus Initial Enrichment and Assembly Burnup
- for the “All-Cell” Storage Configuration

Initial Enrichment

Assembly Burnup
_(who 2U) MWD/MTU) Kenr Value
1.856 0 0.96455 +0.00034
3.000 5,000 1.03844 % 0.00034
3.000 15,000 0.94970 + 0.00034
3.000 25,000 | 0.88372 £0.00035 -
4.000 15,000 1 1.02947 £0.00035 -
4.000 25,000 0.95716 + 0.00036
4.000 35,000 0.90355 * 0.00033
5.000 25,000 1.01616 * 0.00035
5.000 35,000 0.96161 + 0.00035
5.000 45,000 0.91593 + 0.00035
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Table 3-9
Fuel Assembly Burnup versus Initial Enrichment for the
“All-Cell” Storage Configuration '

Initial Enrichment Limiting Burnup
(w/o 23U) (MWD/MTU)
1.856 0
3.000 13,049
4.000 23,792
5.000 34,404

WCAP-16518-NP, Rev. 1

Note that the assembly burnup as a function of initial enrichment is described by the following

polynomial:

~ Assembly Burnup = 78.116¢> - 1002.647¢* + 14871.032¢ — 24649.599

Paged47 of 116




Kerr Values versus Iniitial Enrichment and Assembly Burnup for the

Table 3-10
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'“3x3” Storage Configuration (for 0 to 20 Years Decay)

" kgrValue ~ =

Initial Burnup
E('::;;l;';smlbm %‘g/ 0 year deéay ‘' 5years decay _ 10 years dewy 15 years decay 20 years decay

-~ 1.194 : 0 0.97072+ 0.00050 | 0.97072 +0.00050 { 0.97072+0.00050 { 0.97072+0.00050 { 0.97072+ 0.00050
3.000 25,000 0.98572 4+ 0.00049 .| 0.98062 + 0.00048 | 0.97797+ 0.00051 0.97579 £0.00052 | 0.97409 £ 0.00053
3.000 35,000 0.96635 + 0.00051" | 0.96177 + 0.00054 | 0.95771 + 0.00052 0.95553 £ 0.00056 | 095317+ 0.00053
3.000 45,000 0.95431 + 0.00056 .| 0.94989 + 0.00053 | 0.94676+ 0.00051 0.94452 £ 0.00050 | 0.94190+ 0.00048
4.000 35,000 0.99069 + 0.00050 | 0.98428 + 0.00046 | 0.98005 + 0.00051 097738 £ 0.00050 | 0.97571+ 0.00054
4.000 45,000 0.97052 + 0.00052 |.0.96503 + 0.00053 | 0.96127+ 0.00052 0.95903 £0.00050 ' { 0.95681 + 0.00053
4.000 * 55,000 0.95653 + 0.00056 | 0.95437 4+ 0.00052 | 0.94881+ 0.00051 | 0.94772 4 0.00049 | 0.94535+ 0.00051
5.000 45,000 0.99128 £ 0.00049 | 0.98460 +0.00051 | 0.98110+0.00046 | 0.97734+0.00051 | -0.97586 + 0.00054
5.000 55,000 0.97195+ 0.00048 | 0.96694 + 0.00055 | 0.96384 + 0.00054 0.96059 +0.00049 0.95828 + 0.00052
5.000 65,000 0.95932 + 0.00047 | 0.95482 + 0.00051 | - 0.95137 4+ 0.00053 0.949 01 £0.00052 . -| .0.94757 + 0.00050
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Table 3-11
Fuel Assembly Burnup versus Initial Enrichment for the
. “3x3” Storage Configuration

Initial Limiting Burnup (MWD/MTU)
Enrichment _ 4 .

(w/o 2°U) | Oyrdecay | Syrdecay | 10yrdecay | 15yr decay | 20 yr decay
1.194 0 0 0 0 0
3.000 32,060 29,330 27,291 26,465 . 25,845
4.000 44,847 40,936 39,182 37,717 36,835
5.000 55,821 52,374 - 50,452 48,296 47,077

Note that the assembly bumups as a function of initial enrichment for each decay period are
described by the followmg polynomlals

Assembly Burnup (0 yr dcc'ly) 226.346 e —3622.515 e +29770.012 ¢ — 30759.089
Assembly Burnup (5 yr decay) = 411.594 ¢’ —5022.911 ¢+ 31537.071 ¢ — 31188.090
Assembly Burnup (10 yr decay) =219.829 e —2948.038 ¢®+ 24392.920 e — 25290.545
Assembly Burnup (15 yr decay) = 229.788 c —3094.064 e2+ 24408.298 e —25117.773
Assembly Burnup (20 yr decay) =212.385 ¢®—2922.606 ¢*+ 23590.057 ¢ — 24355.76
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T'lble 3- 12
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Kerr V‘llues Versus Imtml Ennchment and Assemb]y Bumup for the
“1 out-of-4 5.0 w/o at 15,000 MWD/MTU” Storage Conﬁgumtlon '

Imtlal Enrichment : Assembly Burnup - R

Qlo 250y (MWD/MTU) Kegr Value
1.569 - . 0 "'+ 10.96707+0.00037

--3.000 - - 5,000 1.04895 + 0.00033 :
3.000 - ~ 15,000 0.99002 + 0.00037 * - -
3.000 - 725,000 0.94866 + 0.00035
4.000 15,000 1.04387 + 0.00036 " .
4.000 25,000 0.99320 + 0.00035
4000~ " 35,000 0.95745 + 0.00036
5.000 25,000 1.03256 + 0.00032

- 5.000 . 35,000 . +| 0.99322 + 0.00034 L

-~ 5.000 .- 45,000 0.96386 + 0.00035
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Table 3-13
Fuel Assembly Burnup versus Initial Enrichment for the

Initial Enrichment Limiting Burnup
(/o P*U) (MWD/MTU)
1.569 0
3.000 20,160
4.000 31,967
5.000 43,673

WCAP-16518-NP, Rev. 1

“l1-out-of-4 5.0 w/o at 15,000 MWD/MTU” Storage Configuration

Note that the assembly bumixp as a function of initial enrichment is described by the following

polynomial:

Assembly Burnup = 259.098¢” — 3159.653¢” + 24337.852¢ — 31412.160
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Tab]e 3-14
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Ko Values versus Imtlal Enrichment and Assembly Bumup for the
“l-out of-4 3.85 w/o Fresh with IFBA” Storage Configuration

Initial Enrlchment Assem bly Burnu P

(vl 2U) _ (MWD/MTU): Kerr Value
1.279 0. - 0.97254 + 0.00046
3.000 25,000 0.98370 + 0.00039
3.000 35,000 0.95662 + 0.00044
3.000 45,000 . 0.93919 + 0.00045
4.000 - 35,000 0.98826 + 0.00045

~4.000 45,000 ~0.96249 +°0.00045 * -
4.000 55,000 - 0.94402 + 0.00042 -~
5.000 45,000 0.99117 + 0.00041
5.000 55,000 . - 0.96686 + 0.00043
5.000 65,000 0.94846 + 0.00047
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-Table 3-15 '
Fuel Assembly Burnup versus Initial Enrichment for the
“1-out-of-4 3.85 w/o Fresh with IFBA” Storage Configuration

Initial Enrichment Limiting Burnup
(w/o ®°U) MWD/MTU)
1.279 0 .
3.000 28,205
4.000 40,434

5.000 52,205

Note that the assembly burnup as a function of initial enrichment is described by the following
polynomial: '

Assembly Bumup =349.431 e’ — 4422.547¢* + 30258.629¢ — 32203.081
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‘Table 3—16
I\err Values versus Numbcr of IFBA Pins (1 SX) Contained i in the 4 0w/o 25U
Fresh Fuel of the “1 out of-43.85w/o T Fresh with IFBA” Stora ge’ Conﬁguratlon

Enrlchment of . : Bu_rnup of' o ' Number;of S ‘ ]
Fresh Fuel Depleted Fuel - IFBAPins i Kerr
(wloPU) (MWD/MTU) I s N L :
4.000 '. 35,000 . ' 1.02511 0.00038 -
4.000 .. 35000 : I - 101446 + 0.00038
4.000’ 35,000 ~ - .| 100618 0.00036
4.000 35,000 1.00193 4+ 0.00038
40000 - | 0 45000 0 | f | 0.99455+0.00040
4.000 45,000 e :0.98392 + 0.00043
4.000 45,000 : . 0,97705 + 0.00038
4.000 45,000 e ©0.97226 + 0.00038
4.000 - 55,000 : 0.97187 + 0.00044
4.000 55,000 | 10.96034 + 0.00042
4.000 55,000 , 0.95267 + 0.00041
4.000 55,000 0.94885 3+ 0.00040
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o - Table317 |
‘Kerr Values versus Number of IFBA Pins (1.5X) Contained in the 4.5 w/o 25y
Fresh Fuel of the “1-out-of-4 3.85w/o Fresh with IFBA” Storage Configuration

Enrichment of Burnup of Number.of-
Fresh Fuel Depleted Fuel IFBA Pins - Kerr
(wh BU) (MWD/MTU) - 4 ac
4500 45,000 1.00810 + 0.00042
- 4.500 - ‘ 45,000 0.99671 + 0.00043
4.500 - 45,000 ~0.98912 + 0.00040
4.500° 45,000 . ~0.98356 + 0.00043
4.500 55,000 0.98458 + 0.00040
4.500 - 55,000 0.97518 + 0.00044
- . 4.500 - 55,000 : 0.96609 + 0.00044
4,500 . 55,000 ' 0.96077 + 0.00043
4500 . 65,000 0.96790 + 0.00046
4.500 . 65,000 0.95549 + 0.00048
4.500 65,000 - 0.94866 + 0.00044
4.500 65,000 0.94203 + 0.00042
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Table 3-18 ~
I\m ‘Valués versus Nuimber of IFBA Pins (1 5}&) Contamed in the 5.0 w/o 23‘5U
Fresh Fuel of the “1-out-of-4 3.85 w/o Fresh with IFBA” St_om_ ge ‘Configuration

Enrichment of the Burnup'of't'h‘e ~ Numberof O
Fresh Fuel Depleted Fuel - - IFBAPins . Rer ™
(v/o”slj) (MW”DIMTQ) .~ ' =ac L

5000 0 45,000 : 1 | 1.01949+0.00042
5000 - 45,000 ' ' o] 10:99930 4 0.00038
5.000 45,000 ‘ L ~0.99334+0.00045
5.000 - 45,000 : ' E i0.98843+ 0.00041
'5.000 - - 55,000 B o :0.99669 + 0.00044
5.000 55,000 : 10 10.97697 + 0.00048 -
Y- 5000 . 55,000 : V 0.97237 + 0.00041
5,000 . "~ 55,000 : ' e - 0.96692 + 0.00045
- 5,000 - 65,000 - -:0.98055 +0.00047
- 5.000 - . 65,000 2 ’ ; . 10.96088 + 0.00047
5.000 - 65,000 . : 1 " 0.95341 % 0.00045
5000 . 65,000 : : ) 0.94989 + 0.00047
: — —] :
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Table 3-19
Required Number of IFBAs versus Initial Enrichment for the Fresh Fuel Assembly
in the “1-out-of-4 3.85 w/o Fresh with IFBA” Storage Configuration

Initial Enrichment
(w/o 2°U) Number of IFBAs
3.850 0
4.000 7
4.500 30
5.000 63

Required Number of IFBA pins as a function of enrichment is given by the following
polynomials:

Number of IFBA Pins = 15.444¢” — 187.380¢” + 800.538¢ — 1185.967
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Table 3-20
Entire Spent Fuel Pool ker Results for the Interface Configurations

‘ I 1-out-0f-4 5.0 w/o: 1-out-of-4 3.85.w/o Fresh
All-Cell 33 at'15,000 MWD/MTU with IFBA
Mak’. Infinite K Max. Infinite K Max. Infinite X Max. Infinite.
Array Koy ofr Array Ky off Array Ky ot fray k
TR = e - o1
3x3 0.96996 0.97072

1-out-of-4 5.0‘W/_0

isotoNtOny | 096691 | 096707 | 097028 | 097072
Lout-oFd385wioFresh | 96508 | 097254 | 097026 | 097254 | 096643 | 097254
with IJFBA _
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.Table 3-21

Assembly Loading Requirements at the Interface between Different
' - Storage Configurations

Configuration

Assembly that Must be Loaded at the Interface
with Another Configuration’

“All-Cell”

Any

S‘3x3 ”

Only Depleted Fuel Assemblies

“1-out-of-4 5.0 w/o at 15,000 MWD/MTU”

Only Depleted Fuel Assemblies

Only Depleted Fuel Assemblies

“J-out-of-4 3.85 w/o Fresh with IFBA”

Instructions:

1. Identify which storage configurations will be interfaced.
2. Look up the assembly loading requirements for both storage configurations.

' Anempty storage location is always permitted.
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... _Table322" - - |
Kerr Values for the Fuel Rod Storage Canister with 5.0 w/o 233U Fresh Fuel
in Beaver Valley Unit Spent Fuel Pool Storage Configurations

Configuration in which = o Coe T
" FRSCis Inserted Kerr with FRSC K.ir without FRSC
|Al-Cell N 0.90648 + 0.00035 . 0.96455 + 0.00034
3x3 ‘ L ] 0.96845+0.00052: | . 0.97072+ 0.0005
1-out-of-4 with 5.0 w/o at 15,000 MWD/MTU -| - 0.93287+0.00042 - | - 0.96707 + 0.00037

1-out-of-4 with 3.85 w/o Fresh with IFBA 0.95595 + 0.00043 - 0.97254 + 0.00046
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Table 3-23
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Kerr Values as a Function of Soluble Boron Concentration for the Spent Fuel Pool
with Depleted Fuel Assemblies in 3x3 Storage Configuration

ke

Configuration 0 ppm . 200 ppm 400 ppm 600 ppm
Depleted Fuel :
(5.0 w/o, 55,000 0.97102 £ 0.00032 | 0.93533 + 0.00031 | 0.90529+ 0.00032 | 0.87873 + 0.00030
MWD/MTU) -

Note that the following polynomial describes an amount of boron as a function of Ak for the
entire spent fuel pool:

ppm = -6747.975Aker” + 16719.356 Aken® + 5015.692Akqy
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. ‘Table 3-24 , | .
‘Summary of Burnup Reactivity Uncertainties for the Storage Configurations

- Maximum

: i : ~ Burnup . | 5% Burnup | .

4 Configuration = _(MWD/MTU) .| Uncertainty | . - Akgy
All-Cell _ : 35,000 1,750 0.00877 - - -
B < e -~ 56,000 - | 2800 ~0.00429
1-out-of-4 5.0 w/o : : - : ;
at 15,000 MWD/MTU 44’000’. 2’20(.) 0.00558 .

| 1-out-of-43.85wowithIFBA | = 53,000 | 2650 “:|°" '0.00597
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Table 3-25
Kerr Values for Various Accident Scenarios in the Spent Fuel Pool

WCAP-16518-NP, Rev. 1

1-out-of-4 5.0 w/o | 1-out-of-4 3.85w/o
All-Cell 3x3 at 15,000 Fresh with IFBA
. MWD/MTU
_ Accident Scenarios Kerr Ak Kerr Akar Kerr Ak Ker Ak
Misloaded fresh fuel -
. 1.0108 £ 1 | 1.02498 + 2 | 1.00947 + 3 | 102193 & 1
assembly into burpup‘ 0.00030 0.05505 0.00031 0.05620 0.00030 0.04323 0.00055 0.06323
storage rack location
Misloaded fresh fuel
assembly between 0.95722 ¢ 0.99688 + 0.96149 + 0.99754 +
storage racks and pool . | 0.00023 | %0147 1000040~ | 092810 | gogoaa” | 009270 | o027 | 003130
wall
Intramodule water gap -
. o, 0.96266 = 0.97039 = 0.96493 + 0.97216 +
;(;l:;tm.l due t? ss:xsmlc | 0.00021 0.00691 0.00032 0.00161 0.00023 0.00623 0.00025 0.00592
Spent fuel pool temperature | 0.97852 + 0.9289 + 0.97399 + 0.96164 +
areater than 185°F | 0.00022 | %92603 | g'o0027 | “0:03673 | goo021 | 00183 {0023 | TO-00116

I

Based on the nominal kg value of 0.95575 for a pool filled with “All-Cell” storage configuration
Based on the nominal k. value of 0.96878 for a pool filled with “3x3” storage configuration
Based on the nominal kg value of 0.95870 for a pool filled with “1-out-of-4 5.0 w/o at 15,000 MWD/MTU?” storage configuration
Based on the nominal k. value of 0.96624 for a pool filled with “1-out-of-4 3.85 with IFBA” storage configuration
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. ‘ S " Table 3-26 N _
.~ Soluble Boron required to Mitigate Various Accidents in the Spent Fuel Pool
i 1-out-of-4 5.0 w/o at | 1-out-of-4 3.85 w/o
All-Cell 33 15,000 MWD/MTU | Fresh with IFBA
Accident Scenarios [ppm] [ppm] [ppm] [ppm]

Misloaded fresh fuel
assembly into burnup storage 325.7 333.5 382.3 247.5
rack location
Misloaded fresh fuel
assembly between storage 7.4 154.0 14.1 173.2
racks and pool wall
Intramodule water gap reduction
due to seismic event 33.5 , 8.1 - 319 30.3
Spent fuel pool temperature o '
greater than 185 °F 141.8 - - 1009 -
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I

Storage Configuration

Figure 3-1

KENO Output Plot for the “All-Cell”

L ¢
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i 33!!;3?9.234!§3J
i

i
i

|

Figure 3-2
KENO Output Plot for the “3x3” Storage Configuration

CO2

Page 69 of 116




WCAP-16518-NP, Rev. 1

This page intentionally left blank.

Page 70 of 116



WCAP-16518-NP, Rev. 1

Figure 3-3
KENO Output Plot for the “1-out-of-4 5.0 w/o at 15,000 MWD/MTU”
Storage Configuration
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Figure 3-4
KENO Output Plot for the “1-out-of-4 3.85 w/o Fresh with IFBA”
Storage Configuration
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_ ~ Figure3-5 o
IFBA Patterns Assumed for the BVPS Unit 2 Criticality Analysis
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Figure 3-6
KENO Output Plot for the Fuel Rod Storage Canister in the “All-Cell”
Storage Configuration
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Figure 3-7
KENO Output Plot for the Spent Fuel Pool Loaded with the
“1-out-of 4 3.85 w/o Fresh with IFBA” Storage Configurations
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a,c

o Figure 3-8 ,
Westinghouse Standard 17x17 Fuel Assembly Dimensions
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_ Figure 3-9
Sketch of Axial Zones Used in Fuel Assembly: Four-Zone Model
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4.0  Summary of Results

The following sections contain the criticality analysis results for the Beaver Valley Unit 2 spent
fuel pools with soluble boron credit.

4.1 Allowable Storage Configurations
4.1.1 “All-Cell” Storage Configuration

Figure 4-1 displays the allowable storage configurations for the. “All-Cell” storage. The
“All-Cell” storage rack will be employed to store depleted fuel assemblies which meet the
requirements of Table 4-1 and Figure 4-11.

4.1.2 *“3x3” Storage Configuration

Figure 4-2 displays the allowable storage configurations for the “3x3” storage. The “3x3”Region
storage rack will be employed to store fresh fuel assemblies with enrichments up to 5.0 w/o 2°U
and depleted fuel assemblies which meet the requirements of Table 4-2 and Figure 4-12.

4.1.3 *“l-out-of-4 5.0 w/o at 15,000 MWD/MTU” Storage Configuration

Figure 4-3 displays the allowable storage configurations for the “l-out-of-4 5.0 w/o at
15,000 MWD/MTU?” storage. The “l-out-of-4 5.0 w/o at 15,000 MWD/MTU?” storage rack will
be employed to store assemblies with burnups consistent with once cycle of operation and initial
enrichment equal to 5.0 w/o #°U and depleted fuel assemblies which meet the requirements of
Table 4-3 and Figure 4-13.

4.1.4 “l1-out-of-4 3.85 w/o Fresh with IFBA” Storage Configuration

Figure 4-4 displays the allowable storage conﬁgurations for the “l-out-of-4 3. 85'w/o Fresh with
IFBA” storage. The “I- out-of-4 3.85 w/o Fresh with IFBA” storage rack will be employed to
store fresh fuel assembhes ‘with enrichments up to 3. 85 w/o 2°U and depleted fuel assemblies
. which meet the requrrements of Table 4-4 and Figure 4-14. The fresh fuel assemblies with
enrichments greater than 3.85 w/o 2°U and up to 5.0 w/o. 235U shall meet the requirements of
Table 4-5 and Figure 4-15. - [ , :
1% Also note that any IFBA length 120 mches or greater is acceptab]e
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42 Interface Requircnients in Spehf’Fuel Pool Storage Racks

Fuel storage patterns used at the interface of storage conﬁguratlons shall comply with the
assembly loading requirements provided in Table 4-6 and Figure 4-5 to Flgure 4-10. Note that it
is acceptable to leave a storage cell empty.

43 Empty Cells -

For all configurations at Beaver Valley Unit 2, an empty cell is permitted in any location of the
“spent fuel -pool to replace an assembly since the water cell will not cause any increase in
reactivity in the spent fuel pool. Non-fissile material and debtis canisters may be stored in empty
cells of “Ali-Cell” storage configuration provided that the camster does not contam fissile

A

materlals
‘44 - Non-Fissile Equipment -~

Non fissile equipment, such as UT cleaning equipment is permitted on top of the fuel siorzige
racks, as these equipments will not cause any increase in reactivity in the spent fuel pool.

4.5 Fuel Rod Storage Canisters

Fuel rod storage canisters, filled with fuel rods with a'maximum enrichment equal to 5.0 w/o
35U with no burnable absorbers, can be stored in any storage configuration.

4.6 Total Soluble Boron Requirement

The soluble boron (with 19.9% '°B abundance) necessary to maintain kegr less than or equal to
0.95 (mcludmg all biases and uncertamtles) is 441.8 ppm. The soluble boron concentration
‘required for a '°B- atom’ percent equal to 19.6 (expected lowest pool value crediting '°B
“depletion) is 448.6 ppm: A total of 824.1 ppm of soluble boron (wnh 19.9% '°B abundance) is

required to maintain kegr léss than or equal t0 0.95 (mcludmg all biases and uncenamtles) and
' assuming the most limiting smgle accident. The soluble boron concentration required for a 108
-atom percent equal to '19.6 (expected lowest pool value crediting 1°B- depletlon) 1s 836.7 ppm
The recommended minimum boron level is 836 7 ppm and is sufﬁcxent to accommodate all the
- design requirements. ' ’ o
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Table 4-1

“All-Cell” Storage Configuration

Initial Enrichment

Limiting Burnup

(w/o 2°U) (MWD/MTU)
1.856 0
3.000 13,049
4.000 23,792
5.000 34,404

WCAP-16518-NP, Rev. 1

Fuel Assembly Burnup versus Initial Enrichment for the

Note that the assembly burnup as a function of initial enrichment is described by the following
polynomial:

Assembly Burnup = 78.1 16¢” - 1002.647¢* + 14871.032¢ — 24649.599
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Table 4-2 :
“Fuel Asscmbly Bumup versus Initial Ennchment for the
- “3x3” Storage Configumtlon

WCAP-16518-NP, Rev. 1

Initial leltmg Burnup (M\VD/MI'U)
Enrichment S -
(w/o 2°U) | 0yr decay 5yr degy 10 yr decay | 15yr decay | 20 yr decay
1.194 L0 - 0 0] 0 0
3.000 | 32,060 | 29,330 27,291 - 26,465 25,845
~ 4.000 - 44,847 | 40,936 39,182 ¢} - 37,717 36,835
5.000 55 821 : 52,374 g 50 452 48 296 47 077

Note that the assembly bumups as a functlon of initial enrlchment for each decay period are
described by the followmg polynomlals L

Assembly Burnup (0 yr decay) =226.346 e - 3622 515 e +29770.012 e — 30759. 089
~ Assembly Burnup (5 yr decay) = 411.594 ¢ —5022.911 ¢ + 31537.071 ¢ —-31188.090
Assembly Burnup (10 yr decay) =219.829 e —2948.038 e +24392.920 e —25290.545
Assembly Burnup (15 yr decay) = 229.788 ¢—3094.064 e 24 24408.298 ¢ — 25117.773
Assembly Burnup (20 yr decay) = 212.385 €3 —2922.606 ¢®+ 23590.057 ¢ — 24355.76
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Table 4-3
Fuel Assembly Burnup versus Initial Enrichment for the
“1-out-of-4 5.0 w/o at 15,000 MWD/MTU” Storage Configuration

Initial Enrichment Limiting Burnup
(w/o 2°0) (MWD/MTU)
1.569 0
3.000 20,160
4.000 31,967
5.000 43,673

Note that the assembly burnup as a function of initial enrichment is described by the following
polynomial:

Assembly Burnup = 259.098¢> — 3159.653¢% + 24337.852¢ —31412.160
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« .. Tabled-4 P
Fuel Assembly Burnup versus Initial Enrichment for the
“1-out-of-4 3.85 w/o Fresh with IFBA” Storage Configuration

Initial Enrichment ~ Limiting Burnup

WeZU). | .. (MWDMTU)
1.279 0 ]

- 3.000 28,205
:4.000 40,434

5.000 1 - 52,205

Note that the assembly bunup as a function of initial énrichment is described by the following
polynomial: ' . ]

Assembly Burnup = 349.431¢® - 4422.547¢* + 30258.629¢ — 32203.081 -~ B
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Table 4-5
Number of IFBAs versus Initial Enrichment for the “1-out-of-4

3.85 w/o Fresh with IFBA” Storage Configuration

Initial Enrichment
(w/o 23U) Number of IFBAs
3.850 0
4.000 7
4.500 30
5.000 63

WCAP-16518-NP, Rev. 1

Required Number of IFBA pins as a function of enrichment is given by the following

polynomials:

Number of IFBA Pins = 15.444¢” — 187.380¢” + 800.538¢ — 1185.967
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Table 4-6
Assembly Loadmg Requirements at the Interface between Different
Storage Configurations’

. Assembly that Must be Loaded at the Interface
Configuration " & .. with Another Configuration®
“All-Cell” . : Any .
“3x3” . ' ‘ ' Only Depleted Fuel Assemblies
*1-out-of-4 5.0 w/o at 15,000 MWD/MTU .| Only Depleted Fuel Assemblies -
“l-out-of-4 3.85 w/o Fresh with IFBA” | Only Depleted Fuel Assemblies

Instructions:
1. Identify which storage conﬁguratlons will be interfaced. L
2. Look up the assembly loading requirements for both storage configurations. '

' Anempty Storage location is always permitted.
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1.856 w/o

1.856 w/o

1.856 w/o

1.856 w/o

The depleted fuel assemblies shall meet

the requirements of Figure 4-11.

Figure 4-1

WCAP-16518-NP, Rev. 1

Allowable Fuel Assemblies in the “All-Cell” Storage Configuration
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1.194 wo 1194 wo 1.194 wo
1.194 wlo 5.0 w/o Fresh 1.194 w/o
1.194 w/o 1.194 w/o 1.194 w/o

The depleted fuel assemblies shall meet the requirements of

Figure 4-12.

Allowable Fuel Assemb

Figure 4-2

lies in the “3x3” Storage Configuration
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1.569 w/o

5.0 w/o at 15,000
MWD/MTU

1.569 wlo

1.569 w/o

The depleted fuel assemblies shall meet

the requirements of Figure 4-13.

. Figure 4-3
Allowable Fuel Assemblies in the “1-out-of-4 5.0 w/o at 15,000 MWD/MTU”
" Storage Configuration
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3.185 \\l'/o Fresh

1279 wlo with IFBA
1.279 w/o ' 1.279 w/o

" The depleted fuel assemblies shall meet
the requlrements of Flgure 4-14.

The fresh fuel assemblies shall meet the
requirements of Figure 4-15.

Figure 4-4 :
*‘Allowable Fuel Assembly Categories in the “1-out-of-4 3.85 w/o Fresh .
with IFBA” Storage Confi guratlon
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H1

1-out-of-4 5 w/lo at 15,000 MWD/MTU
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A A A A A A A
A A A A A A A
A A A A A A A
>
L1 L1 L1 L1 A A A 5
' ) (R
H1 L1 H1 L1 A A A
L1 | L1 | L1 L1 A A A
H1 L1 H1 L1 | A A A

: Fuel Assembly with 1.856 w/o initial enrichment in the

“All-Cell” Configuration

: Fuel Assembly with 1.569 w/o initial enrichment in the

“1-out-of 4 5.0 w/o at 15,000 MWD/MTU” Configuration

: Fuel Assembly with 5.0 w/o initial enrichment at 15,000 MWD/MTU in the
“l-out-of 4 5.0 w/o at 15,000 MWD/MTU” Configuration

~ Figure 4-5
Allowable Interface between “All-Cell” and “1-out-of-4 5.0 w/o at
15,000 MWD/MT U” Storage Configurations
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A A A Al A A A A
A A A ‘A A A A A
A A A A | A A A A
2 | 12 |12 | 122 | 2] a A
V‘ . ' ' e ‘ . | ,’ . ', | ., 2
21 L2 B2 | o2 | 12 E2 | L2 | A A |4
2 | 2 |2 | i || a|l A
12 | 2 | 2 | L2 ‘L2 | 2 | A A
L2 | H2 L2 L2 .f H2 | 12 ] A A
2 | 2 | 12 |2 | | 2] A A
A - Fuel Assembly with 1.856 w/o initial enrichment in the
“All-Cell” Configuration
L2 : Fuel Assembly with 1.194 w/o initial enrlchment in the
“3x3” Configuration
H2

: Fuel Assembly with 5.0 w/o fresh ennchment in the

- “3x3” Configuration

Figure 4-6

Allowable Interface between “All-Cell” and “3x3” Storage Configurations
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A A A A A A A
<
g A A A A A A A
=
B A A A A A A A
: =
£ L3 L3 L3 L3 A | A A A
= )
0 =
x
] H3 | L3 | H3 | L3 A A A
oL
7 :
g L3 L3 L3 L3 A A A
H3 L3 H3 | L3 A A A
A : Fuel Assembly with 1.856 w/o initial enrichment in the
“All-Cell” Configuration
L3  :Fuel Assembly with 1.279 w/o initial enrichment in the

. “l-out-of 4 3.85 w/o Fresh with IFBA” Configuration
H3 : Fuel Assembly with 3.85 w/o Fresh in the
“I-out-of 4 3.85 w/o Fresh with IFBA” Configuration

Figure 4-7
Allowable Interface between “All-Cell” and “1-out-of-4 3.85 w/o Fresh
- with IFBA” Stomge Configuratlons _
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H1
L3

H3
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OLIVAMIN 000°ST 18 /A § p-jo-tno-T

S I I 95 RS NS 5 R S 9 I 3 T S S IS & I
P — T ‘ -
=B L1 | Hl | L1 | HI L1 HI | L1
I B ST ES ST I ST A S 1NN I S I S ST NS S ¥
b |
£ L3 |-L3 | L3 | 13-} L1-| H1 .| L1
@ - : |
< "H3 L3 | H3 | 13 L1 | ‘Ll L1
g L3 L3 L3 .| L3 L1 Hi L1
H3 { L3 | B3 13 | L1 | L1} L1

: Fuel Assembly with 1.569 w/o initial enrichment inthe * K
“l-out-of 4'5.0 w/o at 15,000 MWD/MTU” Conﬁguranon :
: Fuel Assembly with 5.0 w/o initial enrichment at 15,000 MWD/MTU jn the

“l-out-of 4 5.0 w/o at 15,000 MWD/MTU” Conﬁguratlon
: Fuel Assembly with 1.279 w/o initial enrichment in the
“1-out-of 4 3.85 w/o Fresh with IFBA” Configuration

: Fuel Assembly with 3.85 w/o Fresh in the

“1-out-of 4 3.85 w/o Fresh with IFBA” Configuration

“'Fi igure 4-8 '

Allowable Interface betwcen “1-out-of-4 5.0 wlo at 15,000 MWD/MTU”
and “1-out-of-4 3.85 w/o Fresh with IFBA” Storage Configurations
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LN/ 000°ST 18 0/M G $-J0-3no-|

L1 L1 L1 L1 L1 L1 L1 L1 L1
L1 H1 L1 H1 L1 H1 L1 | HI1 L1
L1 L1 L1 L1 L1 L1 L1 L1 L1
L2 L2 L2 L2 L2 L2 L1 H1 L1
L2 H2 L2 L2 H2 L2 L1 L1 L1
12 12 12 L2 L2 L2 L1 H1 L1
L2 L2 L2 L2 L2 L2 L1 L1 L1
L2 H2 L2 L2 H2 L2 L1 H1 L1
L2 L2 L2 L2 L2 L2 L1 L1 L1
L1 : Fuel Assembly with 1.569 w/o initial enrichment in the
“l-out-of 4 5.0 w/o at 15,000 MWD/MTU” Configuration
H1 : Fuel Assembly with 5.0 w/o initial enrichment at 15,000 MWD/MTU in the
“1-out-of 4 5.0 w/o at 15,000 MWD/MTU” Configuration -
L2 : Fuel Assembly with 1.194 w/o initial enrichment inthe .
“3x3” Configuration
H2  :Fuel Assembly with 5.0 w/o fresh ennchment in 1he

“3x3” Configuration

Flgure 4-9

Allowable Interf'lce between “1 -out-of-4 5. O;v/o at 15 000 M\VD/MTU”

and “3x3” Storage Conﬁgumtlons
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3 | 13 | 13} 3| 3| i3 | i3 | 13 | L3

13 | H3 | 13 H3 L3 | u3 L3 | H3 L3

i3 |. i3 13 13 is | L3 13 13 | 13

2 | 2| 2| 2| 2| | | 8B

12 | 12 | 2 | 12 | H2 | L2 L3 | L3 | L3
L2 12 | L2 | L2 L2 L2 L3 H3 L3
12 | 12 | L2 | 12 | 12 | L2 | L3 | 13 | L3
L2 H2 L2 L2 H2 L2 | L3 H3 | L3.
2 | 2 | 12} 12| 2| 2|13 3| L3
L2 : Fuel Assembly with 1.194 w/o initial ennchment inthe ~
“3x3” Configuration
H2 : Fuel Assembly with 5.0 w/o fresh enrxchment in the
“3x3” Configuration '
L3 : Fuel Assembly with 1.279 w/o initial enrichmerit in the
“I-out-of 4 3.85 w/o Fresh with IFBA” Conﬁguratlon
H3 : Fuel Assembly with 3.85 w/o Fresh in'the

+ “l-out-of 4 3.85 w/o Fresh with IFBA” Configuration

Figure 4-10
Allow able Interface between “1-out- of-43.85w/o F resh w1th IFBA”
e 'md “3x3” Stomge Conf gumtlons :
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40,000

35,000

30,000 JACCEPTABLE Y

[ ]
[3,]

8
S

20,000 7

y Bumup (MWDMTU)
\\‘

Fuel Assembl
~

15,000 1 /
/

10,000 r/

5,000

/
Y

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Initial U-235 Enrichment (nominal w/o)

7 Figure 4-11 ' _
Fuel Assembly Burnup versus Initial Enrichment for the “All Cell”
Storage Configuration
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/ / 1)
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45,000 lACCEPTABLE[ i/
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A /1A
// I/
7 V
40,000 7 -
/ /]
A1 14 1, A
: : - 1A TX A4/
' ' A1V Y1AA/ '
X A —B—0yr
~
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30,000 /‘ A —A—10yr
A yr
/ L —e—15yr
A {UNACCEPTABLE | —e—20yr
Y 1/1/
5
25,000 ViV.97/4
B j, / /V
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/ '/)//
20,000 : V/
4 //
/ N
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15,000 /
/Y,
A/,
'/
10,000 7
7
/4
5,000
/
0 oL 1
0.50 1.00 1.50 200 "2.50 300 . 350 -4.00 4.50 500

lnitiél U-235 Enrichment (nominal w/o)
. - Figure 4-12 ,
Fuel Assembly Burnup versus Initial Enrichment for the “3x3”
' - Storage Configuration
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Fuel Assembly Bumup (MWD/MTU)
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50,000

45,000

40,000

[ACCEPTABLE] /

35,000 y

30,000 /

25,000

20,000

15,000

10,000 A

5,000

05 100 150 200 250 300 350 400 450 500
' ' Initial U-235 Envichment (nominal w/o)

. ‘ Figure 4-13 _ o '
Fuel Assembly Burnup versus Initial Enrichment for the “1-out-of-4 5.0 w/o
at 15,000 MWD/MTU” Storage Configuration
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Fuel Assembly Bumup (MWDMTU)

65,000

50,000 - _
' - /

45,000
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[ACCEPTABLE | /
40,000 4 /’

35,000
/

30,000 ! ‘

25,000 [UNACCEPTABLE]

20,000
ol 7

0
15,000 Vi

10,000 A

5,000 4 ‘

-0.50 1.00 1.50 200 '2.50 -3.00 3.50 4.00 4.50 5.00
Initial U-235 Enrichment {nominal w/o)

4 . Figure 4-14 . _
Fuel Assembly Burnup versus Initial Enrichment for the “1-out-of-4 3.85 w/o
Fresh with IFBA” Storage Configuration
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Number of IFBA Pins

WCAP-16518-NP, Rev. 1
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[ACCEPTABLE] /
i S |
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30
/
/,

20 /

/ [UNACCEPTABLE

10 - /

0
300 320 340 360 380 400 420 440 460 480 500

Initial U-235 Enrichment (nominal w/o)
. \ Figure 4-15 . ' )
IFBA Requirements for the Fresh Fuel Assembly with Enrichments Greater than
3.85 w/o *5U in the “1-out-of-4 3.85 w/o with IFBA” Storage Configuration
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5.0 Computer Codes Used In Calculation

Table 5-1
Summary of Computer Codes Used in Beaver Valley Unit 2
Spent Fuel Pool Criticality Calculations

Verified and Configured Basis (or reference) that Outstanding Issues
Code Code (Yes/No) or Configuration supports use of code in (Yes/No). If Yes, how
No. | Code Name | Version Control Reference current calculation acceptable?
1 |SCALE-PC 4.4a | SeeFootnote! See Footnote! See Note

Note: There is a recent notification of an error in SCALE associated with the HOLE function. The error
is documented in the SCALE notebook, titled “Error in KENO V.a for cylindrical holes with shared
boundaries,” and dated March 22", 2005. In the standard spent fuel pool analysis, none of the input files
involve cylindrical holes with shared boundaries; therefore, the analysis is not affected from this code
error.

Validation and benchmarking of the SCALE-PC Code package version 4.4a installation was performed as described in
subsection 1.4.2. Verification of SCALE-PC Version 4.4a was achieved by ninning the sample test problems provided in
the software package. The output and the listing of differences between the PC installation’s results and the reference
outputs were previously documented internally. Only differences in the outputs are due to time/date information and the
header lines. .
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west i ngh 0 use | Westinghouse Electric Company
Nuclear Services

P.0.Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4419

Document Control Desk Directfax: (412) 374-4011

Washington, DC 20555-0001 e-mail: maurerbf@westinghouse.com

Ourref: CAW-06-2142

May 15, 2006

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: WCAP-16518-P Rev. 1 "Beaver Valley Unit 2 Spent Fuel Pool Criticality Analysis," May 2006
(Proprietary)

The proprietary information for which withholding is being requested in the above-referenced report is
further identified in Affidavit CAW-06-2142 signed by the owner of the proprietary information,
Westinghouse Electric Company LLC. The affidavit, which accompanies this letter, sets forth the basis
on which the information may be withheld from public disclosure by the Commission and addresses with
specificity the considerations listed in paragraph (b)(4) of 10 CFR Section 2.390 of the Commission’s
regulations.

Accordingly, this letter authorizes the utilization of the accompanying affidavit by First Energy Nuclear
Operating Company.

Correspondence with respect to the proprietary aspects of the application for withholding or the
Westinghouse affidavit should reference this letter, CAW-06-2142 and should be addressed to

B. F. Maurer, Acting Manager, Regulatory Compliance and Plant Licensing, Westinghouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly yours,

B. a rer, Acting Manager

Regulatory Compliance and Plant Licensing
Enclosures

cc: T. Colburn/NRR
F. M. AkstulewiczZNRR
G. S. Shukla/NRR

A BNFL Group company



CAW-06-2142

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:
ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared B. F. Maurer, who, being by me duly
sworn according to law, deposes and says that he is authorized to execute this Affidavit on behalf of
Westinghouse Electric Company LLC (Westinghouse), and that the averments of fact set forth in this

Affidavit are true and correct to the best of his knowledge, information, and belief:

AN —

B. F. Maurer, Acting Manager

Regulatory Compliance and Plant Licensing

Sworn to and subscribecl{

before me this [\5— 7 day
of 7/3&—4/ , 2006
Notary Public
Notarial Seal

Sharon L. Fiori, Notary Public
Monroeville Boro, Allegheny County
My Commission Expires January 29, 2007
Member, Pennsytvania Association Of Notaries
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I am Acting Manager, Regulatory Compliance and Plant Licensing, in Nuclear Services,
Westinghouse Electric Company LLC (Westinghouse), and as such, I have been specifically
delegated the function of reviewing the proprietary information sought to be withheld from public
disclosure in connection with nuclear power plant licensing and rule making proceedings, and am
authorized to apply for its withholding on behalf of Westinghouse.

I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the
Commission's regulations and in conjunction with the Westinghouse application for withholding
accompanying this Affidavit.

I have personal knowledge of the criteria and procedures utilized by Westinghouse in designating
information as a trade secret, privileged or as confidential commercial or financial information.

Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations,
the following is furnished for consideration by the Commission in determining whether the
information sought to be withheld from public disclosure should be withheld.

@) The information sought to be withheld from public disclosure is owned and has been held
in confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not
customarily disclosed to the public. Westinghouse has a rational basis for determining
the types of information customarily held in confidence by it and, in that connection,
utilizes a system to determine when and whether to hold certain types of information in
confidence. The application of that system and the substance of that system constitutes
Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several
types, the release of which might result in the loss of an existing or potential competitive
advantage, as follows:

() The information reveals the distinguishing aspects of a process (or component,
structure, tool, method, etc.) where prevention of its use by any of
Westinghouse's competitors without license from Westinghouse constitutes a
competitive economic advantage over other companies.

® It consists of supporting data, including test data, relative to a process (or
component, structure, tool, method, etc.), the application of which data secures a
competitive economic advantage, e.g., by optimization or improved
marketability.

(¢)  Its use by a competitor would reduce his expenditure of resources or improve his
‘competitive position in the design, manufacture, shipment, installation, assurance
of quality, or licensing a similar product.
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d It reveals cost or price information, production capacities, budget levels, or
commercial strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded
development plans and programs of potential commercial value to Westinghouse.

® It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the

following;:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

(®)

©

@

(©

®

advantage over its competitors. It is, therefore, withheld from disclosure to
protect the Westinghouse competitive position.

It is information that is marketable in many ways. The extent to which such
information is available to competitors diminishes the Westinghouse ability to
sell products and services involving the use of the information.

Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.

Each component of proprietary information pertinent to a particular competitive
advantage is potentially as valuable as the total competitive advantage. If
competitors acquire components of proprietary information, any one component
may be the key to the entire puzzle, thereby depriving Westinghouse of a
competitive advantage.

Unrestricted disclosure would jeopardize the position of prominence of
Westinghouse in the world market, and thereby give a market advantage to the
competition of those countries. :

The Westinghouse capacity to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a
competitive advantage.

The information is being transmitted to the Commission in confidence and, under the

 provisions of 10 CFR Section 2.390, it is to be received in confidence by the

Commission.

The information sought to be protected is not available in public sources or available
information has not been previously employed in the same original manner or method to
the best of our knowledge and belief.
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The proprietary information sought to be withheld in this submittal is that which is
appropriately marked in WCAP-16518-P Rev. 1, "Beaver Valley Unit 2 Spent Fuel Pool
Criticality Analysis," May 2006 (Proprietary), for review and approval, being transmitted
by the First Energy Nuclear Operating Company letter and Application for Withholding
Proprietary Information from Public Disclosure, to the Document Control Desk. The
proprictary information as submitted by Westinghouse for Beaver Valley Power Station
Unit 2 is for review and approval.

This information is part of that which will enable Westinghouse to:

(2 Provide technical information in support of spent fuel pool and in-containment
storage rack criticality analysis licensing.

b) Assist customer to obtain license change.
Further this information has substantial commercial value as follows:

(@ Westinghouse can use this information to further enhance their licensing position
with their competitors.

(b) The information requested to be withheld reveals the distinguishing aspects of a
methodology which was developed by Westinghouse.

Public disclosure of this proprietary information is likely to cause substantial harm to the
competitive position of Westinghouse because it would enhance the ability of
competitors to provide similar analyses and licensing defense services for commercial
power reactors without commensurate expenses. Also, public disclosure of the
information would enable others to use the information to meet NRC requirements for
licensing documentation without purchasing the right to use the information.

The devélopment of the technology described in part by the information is the result of
applying the results of many years of experience in an intensive Westinghouse effort and
the expenditure of a considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical
programs would have to be performed and a significant manpower effort, having the

requisite talent and experience, would have to be expended.

Further the deponent sayeth not.
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Proprictary Information Notice

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC
in connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the
protection of proprietary information so submitted to the NRC, the information which is proprietary in the
proprietary versions is contained within brackets, and where the proprietary information has been deleted
in the non-proprietary versions, only the brackets remain (the information that was contained within the
brackets in the proprietary versions having been deleted). The justification for claiming the information
so designated as proprietary is indicated in both versions by means of lower case letters (a) through (f)
located as a superscript immediately following the brackets enclosing each item of information being
identified as proprietary or in the margin opposite such information. These lower case letters refer to the
types of information Westinghouse customarily holds in confidence identified in Sections (4)(ii)(a)
through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

Copyright Notice

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to
make the number of copies of the information contained in these reports which are necessary for its
internal use in connection with generic and plant-specific reviews and approvals as well as the issuance,
denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a license,

permit, order, or regulation subject to the requirements of 10 CFR 2.390 regarding restrictions on public
disclosure to the extent such information has been identified as proprietary by Westinghouse, copyright

protection notwithstanding. With respect to the non-proprietary versions of these reports, the NRC is
permitted to make the number of copies beyond those necessary for its internal use which are necessary in
order to have one copy available for public viewing in the appropriate docket files in the public document
room in Washington, DC and in local public document rooms as may be required by NRC regulations if
the number of copies submitted is insufficient for this purpose. Copies made by the NRC must include
the copyright notice in all instances and the proprietary notice if the original was identified as proprietary.




