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License Amendmenf Request Number 247: Spent Fuel Pool Storage Criticality Control

Pursuant to 10 CFR 50.90, the Nuclear Management Company, LLC (NMC) proposes
to revise the Point Beach Nuclear Plant (PBNP) Unit 1 and 2 licensing basis to reflect a
revision to the spent fuel pool (SFP) criticality analysis methodology. The revised
criticality analysis determined acceptable fuel storage configurations in the spent fuel
pool storage racks with credit for fuel burnup, integral fuel burnable absorber (IFBA)
pins, Plutonium-241 decay, and soluble boron, where applicable. Associated changes
are proposed to Technical Specifications (TS) 3.7.12, “Spent Fuel Pool Storage,”

and 4.3.1, “Criticality,” to reflect the resuilts of the new criticality analysis.

Enclosure 1 provides a description and analysis of the proposed changes and includes
the technical evaluation and associated no significant hazards and environmental
considerations. Enclosure 2 provides the existing TS pages marked up to indicate the
proposed changes. Enclosure 3 provides the revised (clean) TS pages. Enclosure 4
provides draft proposed TS Bases changes, for information. Enclosure 5 provides a
copy of the boron dilution analysis performed in support of this amendment request.
Enclosure 6 provides a non-proprietary version of the criticality analysis with soluble
boron credit performed for the PBNP Units 1 and 2, by the Westinghouse Electric
Corporation. Enclosure 7 provides a proprietary version of the criticality analysis (and
associated affidavit).

As Enclosure 7 contains information proprietary to Westinghouse Electric Company
LLC, it is supported by an affidavit signed by Westinghouse, the owner of the
information. The affidavit 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 Section 2.390 of the Commission’s
regulations.
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Enclosure 7 of this document contains proprietary information. Upon removal of enclosure 7, this document is decontrolled.
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- Accordingly, it is respectfully requested that the information Whic_'h' is proprietary to
Westinghouse be withheld from public disclosure in accordance with
10 CFR Section 2.390 of the Commission’s regulations.

Correspondence with respect to the copyright or proprietary aspects of the items listed
above or the supporting Westinghouse Affidavit should reference CAW-06-2108 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. -

NMC currently holds an exemption for the PBNP units from the requirements of

10 CFR 70.24. Upon approval of this license amendment request to credit soluble
boron and fuel storage patterns in lieu of Boraflex® the criticality licensing baS|s for
PBNP Units 1 and 2 will be 10 CFR 50.68.

NMC requests approval of the proposed license amendment by December 20, 2007.
While this license amendment request is neither exigent nor emergency, a prompt
review is requested to resolve a TS non-conformance regarding the storage of several
spent fuel assemblies as described herein. Once approved the license amendment will
be implemented within 90 days. .

- Summary of Commitments '

The plant-specific criticality analysis does not credit the Boraflex® neutron absorbing
material in the fuel storage racks. Consequently, the associated commitments to
maintain a Boraflex® surveillance and aging management program and perform
“blackness” testing in response to Generic Letter 96-04 and license renewal are no
longer necessary and will be cancelled

Approval of this license amendment and adoption of 10 CFR 50.68 as the criticality
licensing basis will result in the cancellation of the 10 CFR 70.24 exemption. As
required by 10 CFR 50.68(b)(8) NMC is making the following commitment for the PBNP
Units 1 and 2: _

Following approval of this amendment the PBNP Unit 1 and 2, Final Safety
Analysis Report will be revised no later than the next update required under
10 CFR 50.71(e) to reflect the adoption of 10 CFR 50.68(b).

In accordance with 10 CFR 50.91, a copy of this amendment application, with the
non-proprietary enclosures, is being provided to the designated Wisconsin Official.
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. V.I declare under penalty of perjury that the foregoing is true and correct
Executed on December 21, 2006. :

y

Dennis L. Koehl
Site Vice-President, Point Beach Nuclear Plant
Nuclear Management Company, LLC

Enclosures: 1) - Description and Analysis of Change' |

2) - Proposed Technical Specification Changes

3) - Revised Technical Specification Pages

4) - Proposed Technical Specification Bases

5) - Boron Dilution Analysis

6) - Westinghouse PBNP criticality anaIySIs (Non proprletary)

7) - Westinghouse PBNP criticality analysis (Proprietary)

cc:  Administrator, Region lll, USNRC (w/o Enclosure 6)
- Project Manager, Point Beach Nuclear Plant, USNRC
Resident Inspector, Point Beach Nuclear Plant, USNRC (w/o Enclosure 6)
Publlc Service: Commission of Wisconsin (w/o Enclosure 6)
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1.0

ENCLOSURE 1
DESCRIPTION AND ANALYSIS OF CHANGE

' LICENSE AMENDMENT REQUEST NUMBER 247
. SPENT FUEL POOL STORAGE CRITICALITY CONTROL

SUMMARY

Pursuant to 10 CFR 50.90, the Nuclear Management Company, LLC (NMC)
proposes to revise the Point Beach Nuclear Plant (PBNP) Unit 1 and 2 licensing
bases to reflect the application of the Westinghouse Electric Corporation
(Westinghouse) methodology described in WCAP-14416, “Westinghouse Spent
Fuel Rack Criticality Analysis Methodology,” (Reference 1)er the criticality
analysis of the spent fuel pool. Westinghouse performed a plant-specific
analysis entitled, “Point Beach Units 1 and 2 Spent Fuel Pool Criticality Analysis,”
WCAP-16541 (Reference 2). The criticality analysis determined acceptable fuel
storage configurations in the spent fuel pool (SFP) storage racks with credit for
fuel burnup, integral fuel burnable absorber (IFBA) pins, Plutonium-241 (Pu-241)
decay, and soluble boron, where applicable. The results provide the basis for the -
necessary changes to the Technical Specifications (TS) for each unit. Changes
to the following specifications (and/or associated bases) are proposed to conform
to the results of the new criticality analySIS

e Specification 3.7. 11 - Fuel Storage Pool Boron Concentration (Bases)
e Specification 3.7.12 - Spent Fuel Pool Storage
e Specification 4.3.1 - Criticality

The Technical Analysis portion of this letter (Section 6.0) describes the spent fuel
rack criticality analysis methodology and boron dilution evaluation and prowdes

- the basis for the acceptablllty of the proposed TS changes

The criticality analysis for PBNP Units 1 and 2 determlned:

1. Fuel assembly burnup versus initial enrichment limits for safe storage in the
following fuel storage configurations:

¢ All-Cell,

e 1-out-of-4 for 5.0 weight-percent Uranium-235 (U-235) fresh fuel with
no IFBA, and

¢ 1-out-of-4 for 4.0 weight-percent (w/o) U-235 fresh fuel with IFBA fuel
storage configurations;

with credit taken for 5, 10, 15, and 20 years of Pu-241 decay.
2. The number of IFBA pins versus initial enrichment limits required for safe

storage in the ‘1-out-of-4 for 4.0 w/o U-235 fresh fuel with IFBA’ storage
configuration.
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ENCLOSURE 1

3. The fuel assembly loading reqwrements at the interfaces between fuel
storage conflguratlons

4. The.amount of soluble boron reqU|red to maintain the effective multiplication
factor (Kesr) less than or equal to 0.95 in the SFP, including all biases and -
uncertainties, assummg the most limiting plausible reactivity accndent

The boron dilution analysns for PBNP Unlts 1 and 2 determined that 10 hours
“would be required to dilute the SFP from the minimum allowed TS boron
concentration of 2,100 parts-per-million,” (ppm) in Specification 3.7.11, “Fuel
Storage Pool Boron Concentration,” to the criticality analys_isidetermined
minimum concentration of 805 ppm. This time duration demonstrates that
sufficient time is available for operators to.recognize and terminate an
inadvertent dilution event.

Currently, soluble boron in the SFP is not credited to maintain Kes less than or
equal to 0.95. The Boraflex® neutron absorber panels in the high-density fuel

‘storage racks are presently credited in the criticality analyses to maintain
subcritical conditions and the PBNP . units hold an exemption from the

~ requirements of 10 CFR 70.24, “Criticality Accident Requirements”

(Reference 3). Upon approval of this license amendment request (LAR) the

~ criticality licensing basis for the PBNP units will become 10 CFR 50.68,
“Criticality Accident Requirements,” and the 10 CFR 70.24 exemption will be
superceded. Section 7.2 of this enclosure provides a discussion of how the

“PBNP intends to comply with the requirements of 10 CFR 50.68.

‘The PBNP Units 1 and 2 maintain a surveillance program to detect and monitor

Boraflex® degradation in accordance with Generic Letter 96-04, “Boraflex -
-Degradation in Spent Fuel Pool Storage Racks,” (Reference 4). The new
plant-specific criticality analysis documented in WCAP-16541 for the PBNP units
does not credit the Boraflex® in the fuel storage racks obviating “blackness” '
~ testing and associated commitments in response to Generic Letter 96-04 and
license renewal (Reference 28) as they are no longer necessary, as
demonstrated by the results of the analysis. See Section 7.5 for additional detail
for a list of commitments.

Additionally, with approval of this LAR, the associated TS changes will resolve an
_ issue reported in Licensee Event Report (LER) 266/301/2006-002-00, “Fuel
-Assemblies in Spent Fuel Pool do not Meet Technical Specification
Requirements,” (Reference 5) concerning storage of twelve (12) spent fuel
assemblies that met prior TS criticality requirements for spent fuel assemblies,
but exceed the presently specified TS initial fuel enrichment limit of

4.60 weight-percent U-235 with no IFBA pins.
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ENCLOSURE 1

- BACKGROUND

Approval of this LAR will kesolve potential future issues with Boraflex®
degradation and a current non-compliance with the PBNP TS concermng storage
of 12 spent fuel assemblles in the SFP

: Resolutnon of Boraflex® Deqradatlon

Boraflex® is a silicone-based polymer material containing boron-10 in the form of
small particles. of boron carbide as the neutron absorber. As discussed in '
Generic Letter 96-04, Boraflex® has degraded under the SFP environment in
light-water reactors. Boraflex® is presently credited in the PBNP Unit 1 and 2
criticality analysis to ensure the subcriticality of the SFP. This LAR proposes to
eliminate reliance on Boraflex® by revising the fuel storage related specifications
and design features sections of the TS to reflect the results of the plant-specific
criticality analysis (WCAP-16541) to maintain subcriticality in the fuel storage
racks. The Boraflex® will be replaced by a combination of soluble boron and
administrative controls requiring that the fuel (or pins) stored in the cells meet the
requirements of the TS enforcing storage configurations, initial enrichment,
burnup, IFBAs, P-241 decay, and soluble boron requirements of the criticality
analysis to preclude criticality. No changes were determined necessary to the
SFP boron concentration. '

This L‘AR does not change or modify the fuel, fuel handling processes, spent fuel
racks, number of fuel assemblies that may be stored in the SFP, decay heat
generation rate, or the spent fuel pool cooling and cleanup system. The
Boraflex® panels may be removed in the future but presently will remain in place.
However, for the purposes of the licensing basis criticality analyses, it was
assumed that no Boraflex® was present in the racks for reactivity control.

Resolution of LER 26_6/301/2006-002-00

On June 26, 2006 (Reference 5), it was discovered that 12 spent fuel assemblies
stored in the SFP did not meet the current requirements of Specification 3.7.12.
The current criticality analysis (approved on September 4, 1997) requires fuel
assemblies with an initial U-235 enrichment greater than 4.60 w/o to have an
acceptable number of IFBA rods based on Figure 3.7.12-1. The 12 assemblies
had a nominal initial enrichment of 4.70 w/o and no |IFBA rods (meeting the prior
TS requirement of 4.75 w/o initial enrichment and |FBA rods were not required).
The current criticality analysis, and the TS, formerly included an alternate
analysis methodology to accommodate these 12 assemblies. The alternate
criticality analysis methodology allowed assemblies with an initial enrichment
greater than 4.60 w/o to be stored if they had a k-infinity (ki) less than a
specified value. On February 26, 1999, Westinghouse issued Nuclear Safety
Advisory Letter (NSAL) 99-003 (Reference 6) which stated they were abandoning
the kins methodology because it could lead to IFBA requirements lower than those
required by the IFBA enrichment curve. PBNP LAR 214, approved by the NRC
on March 20, 2000, removed the kins methodology from the TS without
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ENCLOSURE 1

. recognizing the affect on the criticality provisions for storage of the
. 12 assemblies. When this LAR is approved the revised criticality analysis and

proposed TS changes will restore compliance with the criticality analysis

licensing basis and remedy this condition. -

'LICENSING BASIS

The current NRC regulatory requirements for maintaining subcritical conditions in
SFPs are provided in 10 CFR 50.68, “Criticality Accident Requirements.” Each
holder of an operating license is required to either comply with 10 CFR 70.24,
“Criticality Accident Requirements,” to maintain a monitoring system capable of
detecting a criticality event or comply with the 10 CFR 50.68 requirements to
prevent a criticality event (or obtain an exemption to the regulation). NMC
currently holds an exemption from the requirements of 10 CFR 70.24

(Reference 3) for PBNP. The cover letter to the exemption summarizes the
pertinent parts of the exemption and states in-part: '

Based upon the information provided, there is reasonable assurance that
irradiated and unirradiated fuel will remain subcritical during fuel handling and
storage; furthermore, you maintain radiation monitors in accordance with
PBNP’s General Design Criterion 18 which is analogous to 10 CFR Part 50,
Appendix A, Criterion 63. The low probability of a criticality together with your -
adherence to PBNP’s General Design Criterion 18 constitute good cause for
granting an exemption from 10 CFR 70.24.

The spent fuel rack criticality analysis methodology applied to the criticality
analyses discussed herein invokes the requirements of 10 CFR 50.68. Approval
of this license amendment request as discussed in NRC Regulatory Issue
Summary 2005-05 (Reference 7) will invalidate the existing 10 CFR 70.24
exemption. The pertinent 10 CFR 50.68 regulatory requirements are: ’

10 CFR 50.68(b)(1) states:

Plant procedures shall prohibit the: handling and storage at any one time of
more fuel assemblies than have been determined to be safely subcritical
under the most adverse moderation conditions feasible by unborated water.

10 CFR 50.68(b)(4) states:

If credit is taken for soluble boron, the k-effective of the spent fuel storage
racks loaded with fuel of the maximum fuel assembly reactivity must not
exceed 0.95, at a 95 percent probability, 95 percent confidence level, if
flooded with borated water, and the k-effective must remain below 1.0
(subcritical), at a 95 percent probability, 95 percent confidence level, if
flooded with unborated water.
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10 CFR 50.68(0)(7) states:

" The maximum nomlnal U-235 enrrchment of the fresh fuel assemblles is
I|m|ted to frve (5.0) percent by welght

| Following approval of this proposed LAR, NMC will follow the reqwrements of

10 CFR 50.68 for PBNP with respect to the prevention of an inadvertent criticality
event in the SFP. A discussion of how PBNP intends to comply with the
requirements of 10 CFR 50.68 is provided in Section 7.2 of this enclosure. A
discussion with respect to other pertinent NRC regulatory. requwements and

‘guidance is provided in Section 7.3 of this enclosure.

PROPOSED CHANGES

A description of the proposed cha’ngee to th’e TS (and‘as'socia_ted TS Bases) is

~ provided below. Mark-ups of the proposed TS wording and figures being

4.1

4.2

added/removed are provided in Enclosure 2. Re-typed versions of the proposed
TS wording and figure changes are provided in Enclosure 3. Draft proposed
changes to the associated TS Bases are provided (for rnformatlon only)in

- Enclosure 4.

TS 3.7.11 — Fuel Storage Pool Boron Concentration

To mitigate postulated criticality related accidents, boron is dissolved in the SFP
water and controlled by Limiting Condition for Operation (LCO) 3.7.11, “Fuel
Storage Pool Boron Concentration.” The specified concentration of 2100 ppm
provides significant margin to the concentration of 805 ppm assumed in the
postulated limiting criticality accident event and boron dilution scenarios
evaluated. This concentration is the minimum required concentratron for fuel
assembly storage and movement within SFP.

Surveillance Requirement (SR) 3.7.11.1 requires verification of the boron
concentration every 7 days, consistent with SR 3.7.16.1, in NUREG-1431,
“Standard Technical Specifications, Westinghouse Plants” (Reference 8). No
changes are proposed to Specification 3.7.11 or the dissolved boron

~ concentration specified therein. However, the Bases for Specification 3.7. 11 are

proposed to be revised to reflect the results of the new criticality analysis.
TS 3.7.12 - Spent Fuel Pool Storage

The present TS 3.7.12, “Spent Fuel Pool Storage,” defines acceptable conditions
for fuel storage in the SFP based on fuel assembly initial enrichments of

< 4.6 w/o U-235 without IFBA, or for the combinations of initial enrichment and
number of IFBA rods specified in current Figure 3.7.12-1.

Based on the results of the new criticality analysis, NMC proposes to revise
LCO 3.7.12 to re-define the conditions for fuel storage as a function of initial fuel
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"ENCLOSURE 1

assembly enrichment, burnup, and decay time. This will allow any fuel assembly
meeting the required conditions to be stored at any storage location (cell) within
the SFP. This configuration is referred to as the All-Cell configuration and is the
least restrictive storage conﬂguratlon for the PBNP SFP. The following changes
are proposed

Revise LCO 3.7.12 to remove LCO 3.7.12.a, which specifies a maximum
fuel assembly initial enrichment of < 4.60 w/o U-235 for fuel without '
IFBA. -

Revise LCO 3.7.12 to remove LCO 3.7.12.b which refers to
Figure 3.7.12-1 to specify the acceptable number of, and poison material
loadings, of the IFBA pins as a function of fuel assembly enrichment.

Revise the text of LCO 3.7.12 and replace existing Figure 3.7.12-1 with a
new figure that defines the acceptable range for fuel storage in the
All-Cell configuration as a function of initial fuel assembly enrichment,
burnup and decay time.

- Revise the text of LCO 3.7.12 to indicate that fuel must meet the

conditions specified in Figure 3.7.12-1 or meet the storage
configurations specified in Specification 4.3.1.1 by addlng a reference to
Specification 4. 3 1.1.

Existing Figure 3.7.12-1 and the present LCO 3.7.12 wording (restated below),

LCO 3.7.12  Fuel assembly storage in the spent fuel pool shall be as

(Old)

follows:
a. Fuel assembly initial enrichmenif S-4.6% w/o U-235; or
b. Fuel assembly contains Integfal Fuel Burnable Absorber

(IFBA) rods within the ‘acceptable range of
Figure 3.7.12-1.

will be replaced by a new Figure 3.7.12-1 and revised LCO 3 7.12 wording as
stated below.

LCO 3.7.12  The combination of initial enrichment, burnup and decay time
(New) of each fuel assembly stored in the spent fuel pool shall be

within the Acceptable range of Figure 3.7.12-1 or in
accordance with Specification 4.3.1.1.

The Bases for Specification 3.7.12 are proposed to be revised to reflect the
results of the new criticality analysis (see Enclosure 4).
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43 TS 4.3.1 Criticality |

TS 4.3, “Fuel Storage,” provides the criteria for PBNP fuel storage. TS 4.3.1.1
specifies design-features providing criticality control for the SFP fuel storage
racks. ‘Based on the new criticality analysis, NMC proposes to revise
Specification 4.3.1.1 to credit soluble boron in the SFP for fuel storage in
“accordance with 10 CFR 50.68(b)(4). Specification 4.3.1.1 will now define more
restrictive new and spent fuel storage configurations in the SFP allowing storage
based upon a combination of burnup, initial enrichment, Pu-241 decay time,
number of IFBA pins and poison material loading, in conjunction with specifying
the fuel loading requirements at the interfaces between various storage
configurations. This will allow any fuel assembly meeting the required conditions
to be stored in the All-Cell, 1-out-of-4 for 5.0 w/o U-235 fresh fuel with no IFBA,
or 1-out-of-4 for 4.0 w/o U-235 fresh fuel with IFBA storage configurations. The
following changes are proposed to Specrfrcatron 4.3.1 (rtems are renumbered as
indicated below): :

"« Replace Specification 4.3.1.1.a with a statement indicating that fuel
' assemblies may have a maximum U-235 enrichment of
5.0 welght—percent

. Revise Specification 4.3.1.1.b to increase the maximum Keg
from < 0.95 to < 1.0 for when the SFP is fully flooded with unborated
water in accordance with 10 CFR 50.68(b)(4). ‘

¢  Add Specification 4.3.1.1.c to specrfy the allowable kex as < 0.95 when
the SFP is fully flooded with borated water to the required accident
~ concentration in accordance with 10 CFR 50.68(b)(4).

e  Renumber existing Specificaticn 4.3.1.1.c as Specification 4.3.1.1.d.

e Add a new Specification 4.3.1.1.e stating that new or spent fuel |
assemblies with a combination of discharge burnup, initial enrichment
and decay time that is within in the “Acceptable” range of new
Figure 3.7.12-1 may be allowed unrestricted storage in the fuel storage
racks. -

e Add a new Specification 4.3.1.1.f stating that new or spent fuel
assemblies with a combination of discharge burnup, initial enrichment
and decay time that is in the “Unacceptable” range of new
Figure 3.7.12-1 will be stored in compliance with the additional
requirements specified in new Figures 4.3.1-1 through 4.3.1-8.
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ENCLOSURE 1

e  Add the following figures to Specification_ 4.3.:1':

Figure
4.3.1-1

43.1-2

4313
4.3.1-4

4.3.1-5
4.3.1-6

4.3.1-7

43.1-8

Descngtlo :
1-Out-of-4 for 5 w/o with no IFBA Storage Conflguratlon

~ 1-Out-of-4 for 4 w/o with IFBA Storage Configuration. -

1-Out-of-4 for 5 w/o with no IFBA / ‘fA_I‘I Cell Inteﬁace.
‘I-Out—bf—4 for 4 w/o with IFBA / “All Cell” Interface.’
1-Out-of-4 for 4 w/o with IFBA / 1 Out of-4 for'5 W/ob with no IFBA.

Spent Fuel Assembly Burnup Requirements for 1 Out—of-4 for 5 0
w/o with no [FBA.

Spent Fuel Assembly Burnup Reqmrements for 1-Out- of 4 for 4.0

- w/o with IFBA.

Fresh Fue! IFBA Requirements..

Following the proposed changes to add new Figures4.3.1-1 thrbugh 4.3.1-8,
Specification 4.3.1 will be revised to read (changes underlined below):

4.3.1  Crificality (Old)

4.3.1.1 The spent fuel storage racks are des:gned and shall be

- maintained with:

a. Fuel assemblies meet/ng'at least one of the followmg
storage limits may be stored in the spent fuel storage
racks:

1. Fuel assemblies with an enrichment =£4.6% weight
percent U-235; or

2.  Fuel assemblies which contains Integral Fuel
Burnable Absorber (IFBA) pins in the “acceptable
range” of Figure 3.7.12-1.

b. kex < 0.95 if fully flooded with unborated water, which
includes an allowance for uncertainties as described in
Section 9.4 of the FSAR;

¢. A nominal 9.825 inch center to center distance between
fuel assemblies placed in the fuel storage racks;
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o,
431 Criticality

4.3.1.1 The spent fuel storage racks are des:gned and shall be
ma/nta/ned W/th

a. Fuel assemb//es hav:ng a max1mum U-235 enr/chment
of 5.0 weight percent;

b.  kex < 1.0 if fully flooded with unbofatéd water, which
includes an allowance for uncertainties as described in
Reference 1;

C. Ko< 0.95if fully flooded with water borated to 805 ppm,
which includes an allowance for uncertainties as
descnbed in Reference 1;

‘d. A nominal 9.825 inch center to center distance between
fuel assemblies placed in the fuel storage racks;

“e. New or spent fuel assemblies with a combination of
discharge burnup, initial enrichment and decay time in
the “Acceptable” range of Figure 3.7.12-1 may be
allowed unrestricted storage II‘I the fuel storage racks
and

f.  New or spent fuel assemblies with a combination of
discharge burnup, initial enrichment and decay time in
the “Unacceptable” range of Figure 3.7.12-1 will be
stored in compliance Wlth Figures 4.3.1-1 through
4.3.1-8.

Thvere are no bases associated with the Section 4.0 specifications; therefore,
there are no TS Bases changes for the above.

DESCRIPTION OF THE SFP AND FUEL STORAGE CELLS

PBNP has a single SFP divided into north and south halves connected through a
divider wall. For analysis purposes the SFP was treated as two separate pools.
Each pool has inside dimensions of approximately 220 inches by 408 inches.
Figure 2-1 in Section 2.2 of the criticality analysis report depicts the locations of
the fuel storage racks in the SFP. Table 2-1 summarizes the overall geometry
data for the SFP.

Fuel storage cell dimensions are summarized in Table 2-2 and Figure 2-2 of the

criticality analysis report. For analysis purposes the Boraflex® neutron absorbing
material (poison) was assumed not to exist. The geometry of the Boraflex® was
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represented as water in the KENO model, thus no credit was taken for the
presence of this neutron-absorbing material in the criticality analysis. A failed
fuel rod storage basket desighed to accommodate individual spent and/or fresh
fuel pins in a 7x7 array was conservatrvely modeled in the crltlcallty analysns

TECHNICAL ANALYSIS

On July 28, 1995, as supplemented on October 23, 1996, the Westlnghouse

Owners Group (WOG) submitted licensing topical report WCAP-14416-P-A,
“Westinghouse Spent Fuel Rack Criticality Analysis Methodology,” (Reference 1)
providing the methodology for, calculating the ker of spent fuel storage racks in
which no credit was taken for soluble boron except under accident conditions.
The report also presented a new procedure allowing partial credit for soluble
boron in the SFP water when performing storage rack criticality analysis.
Approval was documented in an NRC Safety Evaluation lssued for the
methodology (Reference 9).

General Design Criterion (GDC) 62, “Preventlon of criticality in fuel storage and
handling,” in Appendix A to 10 CFR 50 (Reference 10) states:

Criticality in the fuel storage and handling system shall be prevented 'by _
physical systems or processes, preferably by use of geometrically safe
configurations.

‘The NRC established a 5-percent subcriticality margin (spent fuel pool

multiplication factor keg less than 0.95) to comply with GDC 62 as recommended
by ANS-57.2, “Design Requirements for Light Water Reactor Spent Fuel Storage
Facilities at Nuclear Power Plants,” (Reference 11) and the guidance.in a letter
entitled, “OT Position for Review and Acceptance of Spent Fuel Storage and
Handling Applications,” (Reference 12). In accordance with this guidance, all of

~ the applicable biases and uncertainties should be combined with kes to provide a

one-sided, upper tolerance limit on ke such that the true value will be less than
the calculated value with a 95-percent probability at a 95-percent confidence
level. '

The new procedure in WCAP-14416 allowed credit for soluble boron in the SFP
to offset these uncertainties to maintain kes less than 0.95. However, the spent
fuel rack ke calculation was required in accordance with 10 CFR 50.68(b)(4) to
remain less than 1.0 (subcritical) when flooded with unborated water with a
95-percent probability at a 95-percent confidence level. Implementation of the
proposed changes in the required fuel storage configurations and the associated

fuel assembly reactivity requirements will contlnue to satisfy the requirements of
GDC 62.
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Specifically, the revised design basis for preventing criticality in the PBNP Unit 1
and 2 SFP in accordance with 10 CFR 50.68(b)(4) will be:

1. the ke Of the fuel rack array.shall be < 1.0 in’un'b‘o'rvat.ed water, with a 95
.- percent probability at a 95 percent confldence level, rncludmg uncertalntles :
and o _

2. the keff of the fuel rack array shall be < 0. 95 in the pool contalmng borated
water, with a 95 percent probablllty at a95 percent confidence level,
mcludrng uncertainties.

Westlnghouse lssued in 2000, NSAL 2005-15, “Axial Burnup Shape Reactivity
Bias,” (Reference 13) to advise clients that the methodology in WCAP-14416
could be non-conservative with respect to the axial reactivity bias used to
account for three-dimensional (3D) burnup effects in the two-dimensional (2D)
model. The NRC in a letter to Westinghouse dated July 27, 2001 '
(Reference 14) stated the followmg

Although this approach may lead to sufficient margin to account for the
identified non-conservatism(s) on a plant specific basis, it departs from the
Westinghouse methodology approved in WCAP-14416-NP-A. Therefore,
the staff concludes that the methodology of WCAP-14416 can no longer be
relied upon as an “approved methodology” by the NRC staff or the

~ licensees. For future licensing actions, licensees will need to submit
plant-specific criticality calculations for spent fuel pool configurations that
include technically supported margins. ..

Westinghouse has performed a new criticality analysis for the PBNP to eliminate
reliance on Boraflex® in the fuel storage racks. The revised criticality analysis is

. based on the original methodology presented in WCAP-14416, but the 2D-to0-3D

axial burnup biasing methodology was not used. Instead, the 3D axial burnup
distribution effects were explicitly modeled. The methodology used for the new
PBNP criticality analysis is analogous to that for several recent analyses that
have been reviewed and approved by the NRC. See Section 7.4 for some of the
appllcable precedents.

This LAR does not propose any physical changes to the SFP fueI storage racks
or other plant systems which may have an impact on storage of fuel in the SFP.
The proposed changes to the TS in this LAR lmplement the results of the revised
analysis.

Methodology Summary
The Westinghouse plant-specific criticality analysis for PBNP determined the
acceptable fuel storage conditions for the SFP fuel storage racks with credit for

burnup, IFBA pins, Pu-241 decay and soluble boron, where applicable. Once the
greatest reactivity caused by the limiting single postulated accident is determined
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~ the cor'responding amount of soluble boron needed to mitigate is compared
against the TS soluble boron limit. The methodology involved determining the: -

Acceptable fresh and spent fuel storage configurations with no SOIUbIe |

~ boron in the pool such that the 95/95 upper tolerance limit value of ke,

including appllcable biases and uncertalntles was Iess than 0.995.

" The actual NRC keg- I|m|t in accordance with 10 CFR 50. 68(b)(4) is unity.

An additional margin of 0.005 Ak units was included for conservatism.

‘Amount of soluble boron’l (in ppm) necessary to reduce the‘keﬁ of all fuel

storage configurations by at least 0.05 Akeg units and to compensate for
5 percent of the maximum burnup credited in any storage configuration.

Largest increase in reactivity caused by postulated accidents and the
amount of soluble boron needed to offset this reactivity increase.

Fuel assembly burnup versus initial enrichment limits, cteditihg Pu-241
decay, required for storage of assemblies for each storage configuration.

Number of IFBA pins versus initial enrichment limits required for'storage of
assemblies in the 1-out-of-4 for 4.0 w/o U 235 fresh fuel with IFBA
configuration.

Fuel assembly loading requwements at the interface between the different

“fuel storage configurations. -

6.2 Analytical Criteria, Modeling Approaches and Assumptions

As described in Sections 1.3 and 1.5 of the criticality analysis report, the -
Westinghouse soluble boron credit methodology provides reactivity margin in
SFP criticality analysis that may be applied for added flexibility in fuel storage.
This allows the Boraflex® in the fuel storage racks to not be credited as a
neutron absorber for any of the fuel storage configurations. Following are
selected assumptions made in the criticality analysis:

The following Westinghouse fuel types were conservatively modeled to
represent the fuel assemblies residing in the storage configurations:

e 14 x 14 Standard fuel represented depleted fuel assemblies
¢ 14 x 14 Optimized Fuel Assemblies (OFA) represented fresh fuel

Westinghouse standard fuel is bounding even though V422+ fuel is the
present design for the PBNP. This is due to standard fuel being longer than
V422+ fuel and use of Zirc-4 as the cladding material (for the standard fuel)
which is less absorbent than the Zirlo used in the V422+ fuel design.
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° En'rlc':hment‘of't‘he fresh fuel pellets was assumed to be up to 5.0 w/o U-235.
-Fresh fuel was conservatively modeled with a UO, density of 10. 686 g/cc
(97.5 percent of theoretical density). .

o Fuel assemblies (fresh and depleted) were modeled as containing
"~ right-solid cylindrical pellets uniformly enriched over the entire length of the
fuel stack height. This assumption bounds assembly designs incorporating
annular or lower enrichment fuel pellets such as those used for axial or -
- lower enrichment fuel pellets such as those used for axial blankets.

e  The Boraflex® in the fuel storage racks was conservatively omitted and . | .
replaced by water in the analysis. The stainless steel material encasing the
~ Boraflex®, however, was modeled. '

) Modehng of the IFBA pins in the analysis is proprletary (see proprletary
versnon of crltlcallty analysis report).

) The design basis limit ke for the zero soluble boron condition was
conservatively reduced from 1.0 to 0.995 for the analysis.

. The most reactive SFP temperature (full moderator density of 1 g/cc) was
used for each fuel storage configuration such that the analysis results are
valid over the nominal spent fuel temperature range (50 to 180°F).

e Infinite |attice analyses were used to evaluate the fuel ~storage racks
' reactivity characteristics. This approach was applied to evaluate burnup
limits versus initial enrichment and physical tolerances and uncertainties.

e Atwo (2) foot thick water reflector was modeled above and below the
storage cell geometry. The pool water was simulated to be full density
- (1 g/cc) at room temperature (68°F) conditions. The top and bottom
surfaces of the water reflector had reflected boundary conditions.

Section 5 of this enclosure summarizes the deSign of the SFP and fuel storage
rack cells (see Sections 2.2 and 2.3 of the criticality analysis report).

Fuel storage configurations were modeled in KENO as a repeating 2 x 2 arrays
of storage cells. For the All-Cell storage configuration all four cells in the .

2 x 2 array contained depleted standard fuel assemblies. For the ‘1-out-of-4

5.0 w/o U-235 fresh fuel with no IFBA’ storage configuration one of the four
depleted standard fuel assemblies in the array was replaced with a fresh 5.0 w/o
U-235 OFA fuel assembly. For the “1-out-of-4 4.0 w/o U-235 fresh fuel with IFBA'’
storage configuration one of the four depleted standard fuel assemblies in the
array was replaced with a fresh 4.0 w/o U-235 OFA fuel assembly. Fresh OFA
fuel assemblies with enrichments greater than 4.0 w/o U-235 contain [FBA pins.
Depictions of the three proposed fuel storage configurations are provided by
Figures 3-1, 3-2, and 3-3 in the criticality analysis report.
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6.3 Computer Codes

Thns section describes the analysis methodology used to assure the criticality

safety of the SFP and to define the limits to be placed on fresh and spent

(depleted) fuel assembly storage configurations. The criticality analyses ,

employed the SCALE-PC and the Discrete Integral Transport computer.codes.

SCALE-PC was used for the calculations involving infinite arrays for all storage

configurations in the SFP. The two-dimensional Discrete Integral Transport code
~was used for simulation of in- -reactor fuel assembly depletion.

SCALE- PC

The SCALE computer code (Reference 15) was developed for the NRC to satlsfy
- the need for a standardized method of analysis for evaluation of nuclear fuel

facilities and shipping package designs. SCALE-PC includes the KENO V.a
code, a three-dimensional Monte Carlo criticality code. SCALE-PC is a personal
computer version of the SCALE-4.4a code system which includes the updated

' SCALE-4 4a version of the 44-group Evaluated Nuclear Data File, Version 5
(ENDF/B-V) neutron cross section library. SCALE-PC was used both for
benchmarking and for the calculations involving infinite arrays for storage
configurations in the SFP. The issues with the KENO code described in NRC
Information Notices 91-26, 2005-13 and 2005-31 (References 16, 17 and 18

‘respectively) are not applicable for the reasons discussed in Section 7.3 of this
enclosure.

Validation of SCALE-PC

As discussed in Section 1.4.2 of the criticality analysis report, validation of the
SCALE-PC computer code for fuel storage rack analyses was based on analysis
of selected critical experiments from two experimental programs: the Babcock
and Wilcox (B&W) experiments in support of Close Proximity Storage of Power
Reactor Fuel (Reference 19) and the Pacific Northwest Laboratory (PNL)
Program in support of the design of Fuel Shipping and Storage Configurations.
Nineteen experimental configurations from the B&W and eleven configurations
from the PNL experimental programs were selected. For both the B&W and PNL
experiments, the full environment of the active fuel region was represented
explicitly. Tables 1-1 and 1-2 of Reference 2 summarize the results of these
analyses performed with both the 44-group and 238-group libraries. The NRC
has previously accepted the use of this data for benchmarking the KENO V.a
code under storage conditions similar to those proposed in this amendment
request (see Section 7.4).

Determination of the mean calculational bias and variance is described in detail
in Section 1.4.2 of the criticality analysis report. The magnitude of kes/gs is
computed for a given KENO-calculated value of ke (and associated one sigma
uncertainty) by the equation below. This approach provides a 95 percent
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confidence level that in 95 percent of srmrlar analyses the valrdated calculatronal "
model wrll yield a multiplication factor less than of k95/95 :

. _ . 1/2
k95/95 = Kkeno + AKpias + Mgs/gs (Om + Okeno )

where,

Kkeno is the KENO-calculated muI‘tipIication factor
AKgias is the mean calculational method bias

Mgs/gs i is the 95/95 multiplier appropriate to the degrees of freedom for the
number of validation analyses

om is the mean calculational method variance deduced from the valrdatron
analyses :

| Okeno” is the square of the KENO standard deviation
Determination of the mean calculational methods bias, the mean calculational -
variance, and the 95/95 confidence level multiplier were determined as described

in detail in Section 1.4.2 of the criticality analysis report

Drscrete Integral Transport Code

The Drscrete Integral Transport (DIT) code (Reference 20) performs a
heterogeneous multigroup transport calculation for an explicit representation of a
fuel assembly. The DIT code is used for simulation of in-reactor fuel assembly
depletion. The multrgroup cross sections utilized in DIT are based on the

ENDF/B Vi neutron cross sectron library.

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 SFP criticality analysis calculations, the
DIT code was used to generate the detailed fuel isotopic concentrations as a
function of fuel burnup and initial feed enrichment.

Modeling of Axial Burnup Distributions |

- A key aspect of the burnup credit methodology was the inclusion of an axial

burnup profile correlated with the feed enrichment and discharge burnup of the
depleted fuel assemblies. This effect is important since the majority of spent fuel
assemblies stored in the SFP have a discharge burnup well beyond that for
which the assumption of a uniform axial burnup shape is conservative.

Burnt fuel assemblies were divided up into multiple axial zones and represented
with a limiting axial burnup profile in the analysis. The DIT computer code’
generated isotopic concentrations for each segment of the axial burnup profile.
Fuel temperatures for each axial zone were calculated based on a representative
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fuel temperature correlation while the moderator temperatures were based ona -
linear relationship with axial position. This moderator, fuel temperature, and
power profile data were used in the DIT code to deplete the fuel to the desired
burnup for each initial enrichment and axial zone.

'Tol_erance I'Uncertamty Calculations

- Analytical models were developed to perform evaluations to demonstrate that the

ket Of the SFP will be less than 0.995 with zero soluble boron present in the pool
water.  Applicable biases factored into the evaluation included: 1) 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 SFP over a temperature range of 50° to 180°F. Cases for
nominal conditions were performed assuming full moderator density (1 g/cc),
correspondlng to 40°F, which is less than the normal SFP temperature range and
more conservative. A 95 /95 confidence level assessment of the various
tolerances and uncertainties was performed which included:

Confidehce level calculational uncertainties and methods variance:
Described in Subsection 1.4.2 of the criticality analysis report.

Fuel pin manufacturing tolerance: Was assumed to consist of an increase
in fuel enrichment of 0.05 w/o U-235. An increase in UO, density was not
assumed since the calculations used 97.5 percent of theoretical density
(highest credible density for PWR fuel). Individual contributions were
combined by taking the square root of the sum of the squares of each
component.

Storage rack fabrication tolerances: The inner stainless steel canister inside
dimension was increased, the thickness of the canister was decreased, and
the storage cell pitch was decreased; as described in Section 3.4 of the
criticality analysis to determine the effects on reactivity.

Tolerance due to positioning the fuel assembly in the storage cell: Nominal
and off-center positioning cases were performed for each fuel assembly
storage configuration as described in Section 3.4 of the criticality analysis.

Burnup and IFBA manufacturing uncertainty: The uncertainty for the
storage configurations and the manufacturing tolerance and caiculational
uncertainties associated with the IFBA pins B-10 poison loading
(proprietary) were determined.

Tables 3-4 through 3-6 in the criticality analysis report provide a tabular summary
of the KENO computer code results used in the calculation of the biases and
uncertainties for the fuel assembly storage configurations.
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6.6 No Soluble Boron 95/95 Kett Calculational Resuits

Burnup versus initial ennchment limits for a target Kef value at zero soluble boron
were determined for each of the following fuel storage configurations.!” and for
the lnterfaces between fuel storage conflguratlons :

o All- CeII
o 1-out-of-4 for 5.0 w/o U-235 fresh fuel with no IFBA .
- o 1-out-of-4 for 4.0 w/o U-235 fresh fuel with IFBA fuel storage;

For each storage configuration, the ke values over a range of initial enrichments
and assembly average burnups, with an axially distributed burnup profile, were
determined. The sum of the biases and uncertainties was determined for each
configuration and subtracted from the design basis limit k¢ (reduced from 1.0-to
0.995 to cover analytical biases and uncertainties) for the zero soluble boron
condition to arnve at the target keff value.

Range of Aesembly

Storage Initial Average Sﬂm of Biases /- Target
\ . , . ncertainties
Configurations' . Enrichment Burnups (Ak.y Units) | - Kess
(w/o U-235) | (MWD/MTU) off "
AllRCell Upto5.0 | Up to 45,000 0.02492 - | 0.97008
1 1-out-of-4 5.0 w/o U-235 : e
fresh fuel with no IFBA Upto 5.0 Upto 55,000 . 0.01909 0.97591
1-out-of-4 4.0 w/o U-235 | = a
fresh fuel with IFBA Up to-5;Q Up to 55,00Q 0.02079 0.97421

Based on the target ket value, the interpolated enrichment for no burnup was -
determined. The derived burnup limits, for enrichments greater than the target
ket Value, were based on the ke values for 3.0, 4.0, and 5.0 w/o U-235. For each
of these enrichments KENO calculations were performed at several assembly
average burnup values for an axially distributed burnup profile. A second degree

- fit of burnup versus Kes data was used to determine the burnup required to meet
the target kess value.

Resulting burnup versus initial enrichment storage limits for 0, 5, 10, 15, and

20 years of decay time were determined. Limiting burnups as a function of initial

enrichment were fitted to a third degree polynomial for each decay period. These
polynomials were used to determine the burnup as a function of initial enrichment
for each fuel storage configuration.. '

For fuel designs containing IFBAs, for each fresh fuel enrichment and number of
IFBA pins, ke Was evaluated for different burnups of the depleted fuel
assemblies with an initial enrichment of 5.0 w/o U-235. A second degree fit of

- burnup versus keg data was performed using the target kes value which was the

Requirements were also determined for storage of fuel pins in the Failed Fuel Rod
Storage Basket and within the guide tubes in the All-Cell storage configuration.
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same as that used to determine the burnup requirements for the depleted fuel
assemblies for that configuration. Accordingly, the required number of IFBA pins
as a function of initial enrichment was fitted to a second degree polynomial,
which was used to determine the number of IFBA pins as a function of initial
enrichment for this, the ‘1-out-of-4 4.0 w/o U 235 fresh fuel with IFBA' fuel
storage conflguratlon ’

'Interface Requirements between Fuel Storage Configurations: KENO computer

models were constructed to analyze fuel assembly loading requirements at the
interfaces between different configurations. For storage configurations involving
high and low reactivity assemblies, i.e. for 1-out-of-4 configurations, the
assemblies with the lower reactivity must be placed at the interface. Interface
requirements are depicted in the TS figures. It is acceptable to leave a storage
cell in a fuel rack empty.

Burnup Requirements for Intermediate Decay Time Points: At least a second
order polynomial is used to determine burnup requirements for intermediate
decay time points for those storage configurations crediting Pu-241 decay.

Empty Cells: An empty cell is permitted in any location for all storage
- configurations since the water filled cell decouples the neutronic interaction

between the spent fuel assemblies in the pool-and, therefore, not cause any
increase in reactivity. Non-fissile material and debris canisters may be stored in
empty cells of All-Cell storage conflguratlon provided that the canister does not
contain fissile materials.

Soluble Boron .

In an enclosure to the safety evaluation for WCAP-14416 (Reference 9) the total |
soluble boron requirement was defined as the sum of three quantities: '

SBCrotaL = SBCgsigs + SBCre + SBCpa

. The soluble boron réquired to maintain keg less than or équal to 0.95, account for

burnup and reactivity uncertainties, and mitigate various accidents is summarized

below.

Soluble Boron Credit for 95/95 kes Less Than or Equal to 0.95 (SBCos/95)

The initial enrichment and burnup were chosen to represent the storage
configuration based on minimizing the soluble boron worth. Soluble boron worth
decreases with increasing burnup. The KENO model assumed the SFP was
filled with the All-Cell configuration containing depleted fuel at 45,000 MWD/MTU
with 5.0 w/o U-235 initial enrichment. SFP kex values were calculated for soluble
boron in increments. The soluble boron required to reduce ke by 0.05 Akeg units
was determined to be 270.6 ppm.
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Soluble Boron Credit to Account for Burnup and React‘ivitv Uncertainties (SBCrge) -

Fuel assembly reactivity uncertainty was calculated by employing a depletion
reactivity uncertainty and multiplying by the maximum burnup credited for a
storage configuration. The maximum burnup was 47,000 MWD/MTU. for the .
*1-out-of-4 5.0 w/o fresh fuel with no IFBA’ storage conﬂguratlon resultlng ina
depletlon reac’uvnty uncertainty of 0.015667 Akef. '

~ Fuel burnup uncertalnty was conservatnvely calculated as 5 percent of the -
maximum fuel burnup credited in a storage configuration analysis. The
maximum reactivity change associated with a 5 percent change in burnup was
0.007143 Akes units for the All-Cell storage configuration.

The soluble boron credit required for uncertainties in reactivity and b'urnup effects.
was determined to be 0.022810 Akessto the correspondlng soluble boron
concentration of 118.9 ppm. v

Soluble Boron Credit Required to Offset Most Limiting Sinqle A'c'civdent (SBCpa)

The soluble boron concentration required to mitigate accidents was determined
by identifying possible accidents or conditions that could increase the ke of the
SFP and determining that which produced the largest increase (maximize the
required concentration). The accidents / conditions considered included:

Dropping a fresh fuel assembly on top of the fuel storage racks,

Misloading a fresh assembly into an incorrect fuel storage rack location,

Placing a fresh assembly into a location outside the fuel storage racks
A SFP temperature greater than 180°F.

Fuel mishandling events were simulated with the KENO model to assess the ke
increase in the SFP. A fresh Westinghouse 14 x 14 OFA fuel assembly enriched
1o 5.0 w/o U-235 (with no burnable poisons) was assumed misloaded into a fuel
_storage rack cell or lowered into the cask area between the storage racks.
These accidents / conditions are discussed below.

Fresh fuel assembly dropped on top of the fuel storage racks

The physical separation between fuel assemblies in the fuel storage racks
and a dropped fuel assembly lying on top of the racks, is sufficient to
neutronically decouple the accident, i.e., it does not result in a positive
reactivity increase.

The design of the fuel storage ra'ck modules and fuel handling equipment in

the SFP is such that it precludes the insertion of a fuel assembly between
the fuel storage rack modules.
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Mlsloédlnq a fresh fuel 'assembl\'/ into an incorrect fuel storage rack location,

location outside the fuel storaqe racks -or SFP temperature greater than the

operatlnq range

Cool-down events produce less positive reactivity.change compared to
heat-up events. Therefore, heat-up events were evaluated. Nominal cases
were developed by filling up the SFP with one of the fuel storage
configurations and then the accident scenarios, described above, were
applied. This was repeated for each storage configuration. Both nominal
cases and accident scé»n'arios were.simulated assuming zero ppm boron
using depleted fuel isotopics in the SFP. The results are shown below.

_ | AlCell 1-out-of-4 5.0wlo | 1-out-of-4 4.0 w/o
. Accident Scenarios (bpm) Fresh with no Fresh with IFBA

_ ' IFBA (ppm) (Ppm)
Misloaded fresh fuel :
assembly into burnup fuel | 402.9 306.0 365.4
storage rack location. '
Misloaded fresh fuel
assembly in the cask area 10 17 1 .
between fuel storage ' :
racks
SFP temperature greater : _ :
than normal operating 125.8 - 46.0
range (240°F) : ‘

The accident / condition that produced the largest increase in the SFP ke
was the misloading of a fresh 5.0 w/o U-235 enrichment fuel assembly in an
incorrect storage rack location in the ‘All-Cell’ configuration with the
configuration containing depleted fuel assemblies with a 5.0 w/o U-235
initial enrichment at a burnup of 45,000 MWD/MTU. The required soluble
boron concentration necessary to mitigate this accident (and therefore all
other less severe accidents) was determined to be 402.9 ppm.

Total Soluble Boron Requirement (SBCrota)
The total éoluble boron required is summation of the foI}Iowing factors:
SBCroraL = SBCgsigs + SBCre + SBCpa
=270.6 ppm +118.9 ppm + 402‘.9 ppm= 792.4 ppm |
The soluble boron credit (SBCrotaL) determined assuming a Boron-10
concentration of 19.9 atom percent was 792.4 ppm. A more conservative total

soluble boron credit assuming a Boron-10 concentration of 19.6 atom percent
(expected lowest value crediting depletion) was 804.5 (rounded up to 805) ppm.
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A soluble boron concentration of 805 ppm assures that the ke is less than or |
equal to 0.95 accounting for burnup and reactivity depletion uncertainties and
including the most limiting postulated single accident. -‘For an occurrence of the
postulated accident conditions, the double contingency principle discussed in
ANSI/ANS-57.2 and an April 1978 NRC letter (References 11 and 12,
respectively) can be applied. The double contingency principle states that the
criticality analyses are not required to assume two unlikely, independent, |
concurrent events to ensure protection against a criticality accident. Thus, for the
postulated accident conditions, the presence of the soluble boron in the SFP can
be assumed as a realistic initial condition, since not assuming its presence would
be a second unlikely event. ‘ o

Specification 3.7.11, “Fuel Storage Pool Boron Concentration,” requires the SFP
boron concentration to be maintained greater than or equal to 2100 ppm -
whenever fuel is stored in the SFP and requires verification of the concentration
every 7 days, consistent with NUREG-1431, “Standard Technical Specifications,
Westinghouse Plants,” and the NRC safety evaluation for WCAP-14416.
Therefore, margin is maintained to the SFP boron concentration of 805 ppm
determined in the PBNP plant-specific criticality analysis (WCAP-16541) as that
required to maintain kes less than 0.95 in the event of the most limiting postulated
single accident (including uncertainties). This margin provides sufficient time to
detect and mitigate a dilution event before the spent fuel rack criticality analysis
of ke < 0.95 would be exceeded (if an event were to occur). - '

Spent Fuel Pool Dilution Analysis

The NRC approved the Westinghouse soluble boron credit methodology
described in WCAP-14416 with a requirement that all licensees applying this
methodology provide a plant-specific boron dilution analysis. The NRC safety
evaluation (Reference 9) for the licensing topical report states:

All licensees proposing to use the new method described above for soluble
boron credit should identify potential events which could dilute the spent fuel
pool soluble boron to the concentration required to maintain the 0.95 ke
limit ...and should quantify the time span of these dilution events to show
that sufficient time is available to enable adequate detection and .
suppression of any dilution event. The effects of incomplete boron mixing,
such as boron stratification, should be considered. This analysis should be
submitted for NRC review and should also be used to justify the surveillance
interval used for verification of the technical specification minimum pool
boron concentration.

A SFP boron dilution analysis to support the new PBNP Units 1 and 2 criticality
analysis is provided in Enclosure 5. The SFP dilution analysis included an
evaluation of the following.

o  Boron Dilution Initiating Events
o Boron Dilution Volumes and Times
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o  Dilution Sources :
o  Spent Fuel Pool Instrumentation
o . - Administrative Procedures

The boron dilution analysis assumed thorough mixing of the non-borated water
postulated to be added with the contents of the SFP. A conservatlvely
determined SFP volume of approximately 236,400 gallons is turned over
‘approximately every 3 hours with one SFP pump running (the normal alignment).
It is unlikely with this cooling flow and convection from the spent fuel decay heat
that thorough mixing would not occur, but if mixing were inadequate, a localized .
pocket of non-borated water could conceivably form. Results of the PBNP
plant-specific criticality analysis (WCAP-16541) demonstrated that the spent fuel
rack keg is less than 1.0 even if the pool were filled with non-borated water. Thus
if a non-borated pocket formed, ket would not exceed 1.0 anywhere in the pool.

The plant-specific PBNP criticality analysis determined the soluble boron
concentration required to maintain the SFP ket < 0.95, including uncertainties
was 805 ppm. Existing Specification 3.7.11 requires a minimum boron ‘
concentration of 2,100 ppm. (No change to Specification 3.7.11 is requested.)

‘Summary of Dilution Events

Based on the evaluation of potential dilution sources in the analysis, the following -
five dilution sources (in order from least to most likely) were determined capable
of providing a significant amount of non-borated water to the SFP. The required .
- dilution volume exceeds the volume of all unborated water sources in the plant
used for normal makeup with the exception of the Demineralized Water System.

Fire Protection (from a hose station)

Monitor Tanks (through demineralizer flushing)

Reactor Makeup Water (RMUW) Storage Tank

Chemical and Volume Control System (CVCS) Holdup Tank
Demineralized (D!) Water -

Fire protection was determined to be the least likely source since it would only be
used as a measure of last resort for a loss of inventory accident and because the
makeup hose is not located in the vicinity of the SFP. The monitor tanks were
the next least likely source since they are used only for demineralizer flushing
and are not for normal or emergency makeup. The RMUW Storage Tank was
the next least likely source because there is not a direct makeup path to the SFP
(and it is not the preferred source because of the required valve lineup). Dilution
from a CVCS Holdup Tank was the second most likely, but the tanks are
normally borated to some degree and the volume of all three tanks is less than
that required to dilute the SFP from 2,100 to 805 ppm.

The DI Water System was determined to be the most likely source because it ,
has a direct connection to the SFP (is the preferred makeup source) and there is
an unlimited supply from the water treatment plant. Maximum flow is 400 gpm
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with two pumps running. Typically only one pump and demineralizer are in
- service, limiting output to 200 gpm. 4 '

Note the following discussion outlines the SFP overflow scenario. At the
maximum DI flow rate, it would take 249 minutes to fill the SFP to the high level
alarm assuming the SFP level was initially at the low level alarm. [f the fuel
transfer canal were full, as is the normal case, the high level alarm would alert
the control room much sooner. Assuming that the high level alarm were to fail,
the SFP would overflow, spilling onto the refueling floor, resulting in water filling -
the Plant Auxiliary Building sump. If the flow exceeded the capacity of the drains,
it would flow onto the refueling deck and into other parts of the building. The
water would eventually end up in the Waste Holdup Tank (24,000 gallon
approximate capacity) where the high and high-high alarms would act as a
secondary backup to the SFP high level alarm. By procedure, the operator must
inform the water treatment operator prior to filling the SFP. Continued makeup to
the SFP should be noticed by the water treatment operator. In addition, it would
take 10 hours to reach the required dilution volume and routine operator rounds
of the area would identify the overflow of the SFP. '

Spent Fuel Pool Instrumentation

SFP water level and temperature is available and alarms on a common
annunciator in the control room. The alarm actuates on high SFP temperature
(120°F) and high or low SFP level. The temperature and level alarms are
powered from the vital DC power supply. Additional instrumentation is provided
to monitor the pressure and flow of the SFP cleanup system, and pressure, flow
and temperature of the SFP cooling system. Two area radiation monitors are

- available in the SFP area for low range and high range area monitoring.

Administrative Controls

The following administrative controls are in place to control the SFP boron
concentration and water inventory:

1. Procedures to identify and terminate dilution events.

2. Procedures for loss of inventory ordered so borated water sources are used
first.

3. The procedure for makeup allows use of DI water, RMUW, and CVCS
hold-up tank water provided additional requirements for sampling and/or
initial boron concentration are met.

4. Plant personnel perform rounds at the SFP at least once every 8 hours and
records temperature and level (level once per day).

5.  Administrative controls, locked closed valves are used on the RMUW flow
paths to the SFP cooling system.

Page 23 of 39



6.9

ENCLOSURE 1

6. Procedural contrqls are placed on potential dilution paths.

7. . Procedures require SFP initial boron concentration to be greater than or
equal to 2,500 ppm when using RMUW or DI water for makeup, SFP
- . cooling system to be operating (flow rate greater than or equal to
1,000 gpm) and makeup is limited to 12 inches of level. Prior to adding
~additional water, the concentration must be re-verified to be greater than
2,500 ppm.. -

8. The CVCS holdup tanks must meet chemistry requirements including boron
concentration before being used as a makeup source. .

9. SFP boron concentration is admlnlstratlvely mamtalned at greater than
2,300 ppm (typically around 3,000 ppm) and sampled every 7 days per TS.

As stated above, the SFP boron concentration is typically maintained around
3,000 ppm. If the concentration decreases to less than the TS 3.7.11 limit of
2,100 ppm, an Action statement is immediately entered to restore the
concentration. The dilution analysis determined the limiting source / time to
reduce the boron concentration from the TS limit of 2,100 to 805 ppm. The SFP
volume was conservatively determined to be approximately 236,400 gallons.
Approximately 251,000 gallons of non-borated water would be required to reduce
the SFP volume from the TS minimum concentration limit to the concentration
corresponding to a SFP ke < 0.95, i.e., 805 ppm. To provide this dilution volume,
an operator would have to initiate the dilution flow, abandon monitoring SFP

_level, ignore administrative procedures, and ignore a SFP high-level alarm for a

minimum period of at least 10 hours. The required dilution volume exceeds the
volume of all unborated water sources in the plant used for normal makeup with
the exception of the DI Water System.

The boron dilution analysis concluded that an unplanned or inadvertent dilution
reducing the SFP concentration from 2,100 to 805 ppm was not credible. It also
demonstrated that sufficient time is available to detect and mitigate a dilution
event before the spent fuel rack criticality analysis kes < 0.95 were exceeded.

Fuel Assembly Burnup Determination

Fuel assembly burnup is a key input for determining how and where a fuel
assembly may be stored in the SFP. Fuel assembly burnup values are
determined using software approved under the software quality assurance (SQA)
program. The software uses fuel vendor generated isotopic data, data from
incore detector readings, and reactor operating history data. Qualified personnel
use the software and independent reviews of input and output data are
performed by another qualified individual. '

Burnup data input into software for planning fuel movements is reviewed by
qualified personnel. Fuel movement planning software is approved under the

Page 24 of 39



ENCLOSURE 1

SQA program Updates to the software data files are controlled by procedure:
and require independent review. Fuel movement sequences are planned by -
qualified individuals and reviewed independently by another qualified individual.
Fuel assembly movements are verified administratively through use of a plant
procedure separate from the fuel movement planning software. ‘ :

6.10 Results Summary and Safety Assessment

The proposed TS changes and resulting.fuel (both fresh and depleted) storage
limits ensure that the stored fuel assembly array remains subcritical for all the -
analyzed fuel storage configurations. The computer codes, methods and
techniques described in the Westinghouse criticality analysis methodology.
licensing topical, WCAP-14416, were used to satisfy the regulatory requirements
for criticality control of fuel in storage, i.e., 10 CFR 50.68 and 10 CFR 50,
Appendix A, General Design Criterion 62. The Westinghouse methodology uses
industry accepted analysis codes and methods which have been benchmarked
for SFP criticality analyses crediting soluble boron. The specific PBNP fuel
storage requirements delineated in the TS are based on a plant-specific criticality
analysis (WCAP-16541) performed in accordance with the Westinghouse spent
fuel rack criticality analysis methodology described in licensing topical report
WCAP-14416;crediting soluble boron, fuel burnup and initial enrichment, integral
fuel burnable absorber pins, and Plutonium-241 decay, where applicable. The
revisions to the specifications (and/or associated Bases) listed below incorporate
the results of the analysis. :

¢ Specification 3.7.11 - Fuel Storagé Pool Boron Concentration (Bases)
e Specification 3.7.12 - Spent Fuel Pool Storage '
e Specification 4.3.1 - Criticality

Specmcatlon 3.7.12 defines the acceptable range for fuel storage in the All- Cell
configuration via new Figure 3.7.12-1 (as a function of initial fuel assembly
enrichment, burnup and decay time). Specification 4.3.1.1 has been revised to
be consistent with 10 CFR 50.68(b). For fuel assemblies not meeting the
requirements of Specification 3.7.12, Figures 4.3.1-1 through 4.3.1-8 in -
Specification 3.7.12 provide criteria for the approved analyzed fuel storage
configurations, interfaces between configurations, burnup versus initial
enrichment requirements as a function of Pu-241 decay time, and IFBA
requirements.

The plant-specific criticality analysis determined the ‘All-Cell,” ‘1-out-of-4 for 5.0
w/o U-235 fresh fuel with no IFBA,” and ‘1-out-of-4 for 4.0 w/o U-235 fresh fuel
with IFBA’ were all acceptable fuel storage configurations to ensure that the SFP
would remain subcritical, with credit taken for Pu-241 decay and the number of
IFBA pins (as applicable). All of the proposed TS fuel storage

configurations / requirements correspond explicitly to those determined by the
plant-specific criticality analysis, and hence have been determined to be safe and
to meet the requirements of 10 CFR 50.68.

Page 25 of 39



ENCLOSURE 1
- The required éoluble boron credit determined for the bounding cases for the
plant-specific fuel storage confnguratlons / conditions by the PBNP criticality -
analysis (WCAP-16541) were: .

. Soluble Boron for 95/95 keff< 0. 95 (SBC95/95) S - 270.6

« Soluble Boron to Account for Burnup and Reactlwty | 118.9
Uncertalnhes (SBCrg) o o o
« Soluble Boron to Offset Most L|m|t|ng Slngle Accident 4029
- (SBCpa) - :
‘o Total Soluble Boron Credit (SBCTOTAL) (w/B-10 depl.) 792.4(805)

The plant-specific soluble boron concentration of 805 ppm ensures that the SFP
ket Will be less than or equal to 0.95 accounting for burnup and reactivity
depletion uncertainties and including the most limiting postulated single accident.
Specification 3.7.11 (unchanged) requires the boron concentration to be

. maintained greater than or equal to 2100 ppm. This is verified via SR 3.7.11.1
every 7 days (consistent with NUREG-1431 and the safety evaluation for
WCAP-144186). Thus, margin is maintained to SFP criticality analysis limit boron
concentration of 805 ppm.

The loss of substantial amounts of soluble boron from the SFP that could lead to
ket exceeding 0.95 was evaluated as part of the analyses in support of this

license amendment request. The dilution analysis demonstrates that a dilution of |

the SFP boron concentration from the minimum TS concentration of 2100 to

~ 805 ppm was not credible. The results of the dilution analysis demonstrate that
sufficient time is available for operators to detect and mitigate a dilution event
before the spent fuel rack criticality. analysis limit of keg < 0.95 would be exceeded
(if an event were to occur). Also, the plant-specific criticality analysis results
demonstrate, in accordance with the requirements of 10 CFR 50.68, that even if

a complete dilution of the SFP were to occur the spent fuel rack ke would remain
< 1.0 (at a 95/95 percent probability and confidence level) with the pool flooded
with unborated water.

The PBNP plant-specific analyses (WCAP-16541), performed in accordance with
the Westinghouse soluble boron credit methodology, provide a safe,
conservative approach demonstrating that the SFP will remain subcritical during
normal and postulated accident conditions. Operation of PBNP in accordance
with the proposed TS resulting from these analyses ensures that the
requirements of 10 CFR 50.68 are met with no Boraflex® assumed in the fuel
storage racks. The licensing basis changes and associated TS changes will
continue to protect the health and safety of the pubilic.
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7.0 REGULATORY ANALYSIS
741 No Sighificant Hazards Determination

Pursuant to 10 CFR 50.90, the Nuclear Management Company, LLC (NMC)is
proposing to revise the Technical Specifications for the Point Beach Nuclear
Plant, Units 1 and 2, to reflect the application of the Westinghouse soluble
boron credit methodology to the spent fuel pool (SFP) criticality analysis. The
'Westlnghouse criticality analysis determined acceptable storage conditions for
fuel in the SFP fuel storage racks with credit for burnup, Integral Fuel Burnable
Absorber pins, Plutonium-241 decay and soluble boron, where applicable.
Associated changes are proposed to the Technical Specifications for storage of
fuel in the SFP and design features for criticality control to reflect the results of
. the criticality analys:s

NMC has evaluated the proposed amendments in accordance with

10 CFR 50.91 against the standards in 10 CFR 50.92, “Issuance of
Amendment,” and has determined that the operation of the Point Beach
Nuclear Plant in accordance with the proposed amendments presents no
significant hazards. The NMC evaluation agalnst each of the criteria in
10 CFR 50.92 follows. - :

1) Does the proposed amendment involve a significant increase in the
probability or consequences of an accident previously evaluated?

Response: No

Operation of the facility in accordance with the proposed amendment
request does not involve a significant increase in the probability or
consequences of an accident previously evaluated. The presence of
soluble boron in the Spent Fuel Pool (SFP) water being used for criticality
control does not increase the probability of a dropped fuel assembly
accident within the pool. The handling of the fuel assemblies in the SFP
has always been performed and will contmue to be performed in borated
water. :

There is no increase in the probability of the accidental misloading of fuel
assemblies into the SFP fuel storage racks when considering the
presence of soluble boron in the pool water for criticality control. Fuel
assembly placement will continue to be controlled pursuant to approved
fuel handling procedures and in accordance with the spent fuel storage
rack limitations specified in the Technical Specifications (TS). There is no
increase in the consequences for an accidental misloading of fuel
assemblies in the SFP fuel storage racks because the criticality analyses
demonstrate that the pool will remain subcritical following an accidental
misloading.
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Soluble boron credit is used to provnde margin to offset uncertalntles
tolerances and off-normal / accident conditions, and to provide subcritical

~ margin such that the SFP ket is maintained less than or equal to 0.95.

The plant-specific cntlcallty analysis results demonstrate that the spent

- fuel rack ke will remain < 1.0 (at a 95/95 percent probability and

confidence level) even with the SFP. flooded with unborated water.

There is no increase in the probability of the loss of normal cooling to the
SFP water when considering the presence of soluble boron in the pool
water for subcriticality control since a high concentration of soluble boron
has always been maintained in the SFP water.

A Ioss of normal cooling to the SFP water causes an increase in the
temperature of the water passing through the stored fuel assemblies. This
causes a decrease in water density, which would result in a net increase
in reactivity when soluble boron is present in the water. However, the
additional negative reactivity provided by the 2100 ppm boron
concentration limit, above that provided by the concentration required
(805 ppm) to maintain ke less than or.equal to 0.95, will compensate for
the increased reactivity which could resuit from a loss of SFP cooling
event. Because adequate soluble boron will be maintained in the SFP
water the consequences of a loss of normal coolmg to the SFP will not be

_ mcreased

: Therefore, the proposed changes do not involve a significant increase in

the probability or consequences of an accident previously evaluated.

Does the proposed amendment create the possibility of a new or

different kind of accident from any accident previously evaluated?

Response: No

‘Under the proposed amendment, no changes are being made to the fuel
storage racks themselves, to any other systems, or to the physical

structures of the Primary Auxiliary Building. Therefore, there are no
changes proposed to the plant configuration, equipment design, or
installed equipment.

Criticality accidents in the SFP are not new or different types of accidents.
They have been analyzed in the FSAR and in fuel storage criticality
analysis reports associated with specific licensing amendments. The
proposed new SFP storage limitations are consistent with the assumptions
made in the new criticality analysis, and will not have any significant effect
on normal SFP operations and maintenance, and do not create the
possibility of a new or different kind of accident. Verifications will continue
to be performed to ensure that the SFP loading configuration meets
specified requirements.
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The current TS includes a SFP boron concentration limit that

~ conservatively bounds the boration assumption of the new criticality

analysis. - Since soluble boron has always been maintained in the SFP
water, implementation of this requirement for SFP criticality control

~ purposes has have no effect on normal pool operations and maintenance.

Also, since soluble boron has always been present in the SFP, a dilution
event has always been a possibility. The loss of substantial amounts of
soluble boron from the SFP that could lead to ke exceeding 0.95 was
evaluated as part of the analyses in support of this license amendment
request. The evaluation demonstrates that a dilution of the SFP boron -
concentration from the minimum TS concentration of 2100 to 805 ppm is
not credible

Therefore, the proposed changes do not create the possibility of a new or |
dlfferent kind of accident from any previously evaluated.

Does the proposed amendment result ina S|gn|f|cant reductlon ina.

~ margin of safety?

Response: No

The proposed Technical Specification changes providing the resulting
spent fuel storage operation limits provide adequate safety margin to
ensure that the stored fuel assembly array always remains subcritical.
These limits are based on a plant-specific criticality analysis'performed in
accordance with the present Westinghouse spent fuel rack criticality
analysis methodology which allows credit for soluble boron.

The criticality analysis takes credit for soluble boron to ensure that Keg will
be less than or equal to 0.95 under normal circumstances. While the
criticality analysis used credit for soluble boron, storage configurations
have been defined using 95/95 ke calculations to ensure that the spent
fuel rack keg is less than unity (0.995) with no soluble boron. Soluble

~boron credit is used to provide safety margin to offset uncertainties,

tolerances, and off-normal / accident conditions, and to provide subcritical
margin such that the SFP ke is maintained less than or equal to 0.95.

The loss of substantial amounts of soluble boron from the SFP that could
lead to kefr exceeding 0.95 was evaluated as part of the analyses in
support of this license amendment request. The evaluation demonstrates
that a dilution of the SFP boron concentration from the minimum TS
concentration of 2100 to 805 ppm is not credible. Also, the plant-specific
criticality analysis results demonstrate that even if a complete dilution
were to occur the spent fuel rack keg would remain < 1.0 (at a _
95/95 percent probability and confidence level) with the SFP flooded with
unborated water. The plant-specific criticality analysis performed in
accordance with the conservative analysis methodology of the
Westinghouse licensing topical report demonstrates that the requirements
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of 10 CFR 50.68 and 10 CFR 50, Appendix A, General Design
- Criterion 62 will be satisfied. Therefore, the proposed changes do not
~involve a significant reduction in a margin of safety.

Conclusion

| Operation of the Point Béach Nuclear Plant Units 1 and 2 in accordance with the

proposed license amendment will not result in a significant increase in the
probability or consequences of any accident previously analyzed; will not result in
a new or different kind of accident from any accident previously analyzed; and, -
does not result in a significant reduction in any margin of safety. Therefore,
operation of the Point Beach Nuclear Plant in accordance with the proposed
amendment does not result in a significant hazards determination.

10 CFR 50.68 Compliance

The following summarizes the NMC plan for compliance with 10 CFR 50.68,
“Criticality Accident Requirements” for PBNP. Prior to approval of this
amendment request, an exemption from the requirements of 10 CFR 70.24
applies to criticality control at PBNP.

10 CFR 50.68(b)(1) - Plant procedures shall prohibit the-handling' and storage at.
any one time of more fuel assemblies than have been determined to be safely
subcritical under the most adverse moderation conditions feasible by unborated
water. ' | N - :

Plant procedures do not allow movement.of fuel assemblies when the
soluble boron concentration is below the TS limit. Maintaining the SFP at
the required boron concentration ensures the pool will remain subcritical,
even in the event of a mispositioned or dropped fuel assembly. -

Plant procedures for new fuel receipt prohibit more than one fuel assembly
out of a shipping container or new fuel vault storage location at a time.
During refueling operations only one fuel assembly can be moved at a
time in the SFP as this is a physical limitation of the crane. A second hoist
installed on the crane is not qualified for fuel handling and is
administratively restricted from being used for fuel handling.

Movement of fuel assemblies is controlled by plant procedures. Qualified
personnel are responsible for planning fuel movement sequences. Fuel
movement sequences are reviewed independently by qualified personnel.
Fuel movements are performed by qualified plant operators. All fuel
handling operations are overseen by a senior reactor operator (SRO) and
a qualified individual. Fuel movements are independently verified by the
SRO and the qualified individual.

Storage of fuel assemblies will be procedurally controlled to assure the Kes
remains below 1.0, at a 95 percent probability, 95 percent confidence
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level, when flooded with unborated water. The fuel storage patterns
assure subcriticality under the most adverse moderation conditions by
unborated water. The proposed fuel storage patterns ensure reactivity is
less than 1.0 (analyzed at 0.995 for additional conservatism) at a ,
95 percent probability with a 95 percent confidence level when filled with
unborated water and is less than or equal to 0.95 at a 95 percent
probability with a 95 percent confidence level when credlt is taken for

805 ppm boron.

10 CFR 50.68(b)(2) - The estimated ratio of neutron production to neutron '
absorption and leakage (k-effective) of the fresh fuel in the fresh fuel storage
racks shall be calculated assuming the racks are loaded with fuel of the
maximum fuel assembly reactivity and flooded with unborated water and must
not exceed 0.95, at a 95 percent probability, 95 percent confidence level. This
evaluation need not be performed if administrative controls and/or design
features prevent such flooding or if fresh fuel storage racks are not used.

Criticality analyses performed for the fresh fuel storage racks have
demonstrated that the ket does not exceed 0.95 at a 95 percent -
probability, 95 percent confidence level. The fresh fuel storage racks are
used at the PBNP when required for unloading new fuel assemblies or

- control rods. The fresh fuel storage racks is designed to hold new fuel
assemblies and is utilized primarily for the storage of the replacement fuel
assemblies. This requirement of 10 CFR 50.68(b)(2) is already included in’
the plant TS under Specification 4.3.1.2(b). ' .

10 CFR 50.68(b)(3) - If optimum moderation of fresh fuel in the fresh fuel storage
racks occurs when the racks are assumed to be loaded with fuel of the maximum
~ fuel assembly reactivity and filled with low-density hydrogenous fluid, the
k-effective corresponding to this optimum moderation must not exceed 0.98, at a
95 percent probability, 95 percent confidence level. This evaluation need not be
performed if administrative controls and/or design features prevent such
moderation or if fresh fuel storage racks are not used. .

Criticality analyses performed for the fresh fuel storage racks have
demonstrated that keg will not exceed 0.98 at a 95 percent probability,

95 percent confidence level under optimum moderation. This requirement
of 10 CFR 50.68(b)(3) is already included in the plant TS under
Specification 4.3.1.2(c).

10 CFR 50.68(b)(4) - If no credit for soluble boron is taken, the k-effective of the
spent fuel storage racks loaded with fuel of the maximum fuel assembly reactivity
must not exceed 0.95, at a 95 percent probability, 95 percent confidence level, if
flooded with unborated water. If credit is taken for soluble boron, the k-effective
of the spent fuel storage racks loaded with fuel of the maximum fuel assembly
reactivity must not exceed 0.95, at a 95 percent probability, 95 percent
confidence level, if flooded with borated water, and the k-effective must remain
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- below 1.0 (subcntlcal) at a 95 percent probability, 95 percent conﬂdence level, if
~ flooded with unborated water. :

- This new criticality analysis demonstrates through the use of
administrative controls that the SFP ke will not exceed 0.95, ata
95 percent probability, 95 percent confidence level when flooded with
water borated to 805 ppm; and will remain below 1.0 (analyzed at 0.995)
at a 95 percent probability, 95 percent confidence level if ﬂooded with
unborated water. _ :

10 CFR 50.68(b)(5) - The quantity of SNM, other than nuclear fuel stored onsite,

is less than the quantity necessary for a critical mass.

All non-fuel SNM stored onsite is tracked in a database. Plant
procedures for tracking non-fuel SNM will be updated to ensure the site
has a quantity less than that necessary for critical mass as defined by
10 CFR 150.11.

10 CFR 50.68(b)(6) - Radiation monitors are provided in storage and associated
handling areas when fuel is present to detect excessive radlatlon levels and to
initiate appropriate safety actions.

Two area radiation monitors are installed in the SFP area. These
radiation monitors are connected to the plant radiation monitoring system
and will alarm locally and in the control room. In addition, an area monitor
is required to be operating on the SFP bridge crane during movement of
fuel assemblies in the pool. ’

10 CFR 50.68(b)(7) - The maximum nominal U-235 enrichment of the fresh fuel
assemblies is limited to five (5.0) percent by weight.

Specification 4.3.1.2(a) limits the enrichment of the fuel assemblies stored
in the fresh fuel storage racks to 5.0 percent by weight. The new criticality
analysis analyzes fuel for storage in the SFP up to 5.0 w/o. Revised
Specification TS 4.3.1.1 (a) will require the maximum enrichment of fuel
stored in the SFP to be 5.0 w/o.

10 CFR 50.68(b)(8) - The FSAR is amended no later than the next update which
50.71(e) of this part requires, indicating that the licensee has chosen to comply
with 50.68(b).

PBNP will update the FSAR in accordance with this requirement.
Applicable Regulatory Requirements / Guidance
The PBNP was licensed prior to the 1971 publication of Appendix A, “General

Design Criteria for Nuclear Power Plants,” (GDC) to 10 CFR Part 50 and before
the Standard Review Plan (SRP), NUREG-0800 was promulgated. Hence the
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PBNP units were not licensed to the Appendix A GDC. The Point Beach Final
Safety Analysis Report (FSAR), Section 1.3, discusses the plant-specific GDCs -
to which the plant was licensed. The PBNP GDCs are similar in content to the -
draft GDC proposed for public comment in 1967. The PBNP GDC addressing .

- the prevention of criticality is Point Beach GDC-66, “Preventlon of Fuel Storage -
Crltlcahty, WhICh states :

* Criticality in the new ‘and spent fuel storage pits shall be prevented by
physical systems or processes. Such means as geometrically safe .
configurations shaII be emphasized over procedural controls.

This is analogous to 10 CFR 50, Appendix A, GDC-62, which states:

- Criticality in the fuel storage and handling system ishall be prevented by
- physical systems or processes, preferably by use of geometrically safe
conflguratlons

The revised design- basis for preventing criticality in the SFP is consistent with
the requirements of 10 CFR 50.68(b) satisfying the requirements of GDC-62.
Implementation of the proposed TS changes in the required fuel storage-
configurations and the associated assembly reactivity requirements as
determined by the PBNP plant-specific criticality analysis will continue to satisfy
the requirements of GDC-62. : ’

Relevant NRC Guidance Documents

e . NRC Information Notice (IN)91 -26, "Potential No.nconservative‘ Errors in the
Working Format Hansen-Roach Cross-Section Set Provided with the KENO
and SCALE Codes" (Reference 16)

The revised analysis used the newer version (Version 4.4a) of the SCALE

" computer code package as opposed to Version 3, to which this error
pertains, and the 44-group library rather than the 16-group Hansen-Roach
library. ' '

. IN 92-21, "Spent Fuel Pool Reactivity Calculations" (Reference 21)

The modeling problems cited by this notice concerned methodologies not
detecting flaws due to the lack of analytical benchmark data sets containing
strong neutron absorbers such as Boraflex®. Credit was not taken in the
revised criticality analysis for the Boraflex® and therefore, the problem of
selecting representative benchmarks did not arise.

Page 33 of 39



7.4

ENCLOSURE 1

IN 95-38, "Degradation of Boraflex Neutron Absorber in Spent Fuel Storaqe
Racks" ( Reference 22) .

The spent fuel racks at South TeXasProject were originally designed with

Boraflex®. The revised criticality analysis does not credit Boraflex® as a
neutron absorber therefore this information notice is no Ionger applicable. '

NRC IN 2005-13, "Potential Non-Conservative Error in. Modelrnq Geometrlc
Regions in the KENO V.A Crltrcalltv Code“ (Reference 17)

None of the |nput models involve cylindrical holes wnth shared boundaries in .
the analysis for the PBNP, so the crltlcallty anaIyS|s was not affected by this.
error.

NRC IN 2005-31, "Potential Non-Conservative Error in Preparinq
Problem-Dependent Cross Sections for use with the KENO-V.A or
KENO-V.I Criticality Code" (Reference 18) ”

SCALE version 5 has not been implemented for criticality analyses (4.4 or
earlier versions were used). The pressurized and boiling water reactor fuel
lattices are not of the slab geometry (e.g., plate-type fuel) where thls
problem was ldentrfled :

, NRC Requlatorv Issue Summary 2001-12, "Nonconservatism in Pressurized

Water Reactor Spent Fuel Storage Pool Reactivity Equivalencing
Calculations" (Reference 23)

“The new crrtlcallty analysrs does not use reactivity equivalencing, so the

nonconservatisms identified in this regulatory issue summary were avoided.

v NMC concludes that the proposed changes are in accordance with
10 CFR 50.36(c)(3) with regard to maintaining the necessary quality of systems
and components, sustaining facnllty operation within safety limits, and meeting
the limiting conditions for operation. These changes also continue to meet the
requirements stated in the PBNP FSAR. The proposed changes thus continue to
be compliant with the above regulatory requirements and guidance.

Precedents
The soluble boron credit methodology applied in the new PBNP plant-specific

criticality analysis is analogous to that applied in several recent analyses for
various plants that have been reviewed and approved by the NRC, including:

R. E. Ginna Nuclear Power Plant (Reference 24).
Diablo Canyon Nuclear Power Plant — Units 1 and 2, September 25, 2002.
(Reference 25)
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e Oconee Nuclear Station = Units 1,2 and 3, April 22, 2002 (Reference 26)
e Shearon Harris Nuclear Power Plant — Unit 1, March 10, 2006 (Reference 27)

| 7.5 Commitments

The NMC currently holds an exemption for 10 CFR 7_0‘.24; As‘ré_quired by
10 CFR 50.68(b)(8) the NMC is proposing the following commitment:

Following approval of this vam‘é'ndment the PB.NP Unit 1 and 2, Final Safety
Analysis Report will be revised no later than the next update required under
10 CFR 50.71(e) to reflect the adoption.of 10 CFR 50.68(b).

- The following is a list of commitments that will no longer be effective based on
the new criticality analysis:

1. We will replace the REI-25 surveillance with non-destructive
examination for the presence of gaps of ten representative
full-length Boraflex panels using neutron attenuation »
measurements. The surveillance sample will include the four
panels with accelerated exposures on the cells adjacent to the
surveillance coupons and six others, selected at random, from
those that have been exposed to the greatest number of freshly
discharged fuel assemblies at the time of the surveillance. This
surveillance will bé repeated at five year intervals.

2. If this program is modified we will inform the NRC.

3. We will maintain a déta base to track the position and movement of
spent fuel assemblies in the spent fuel storage racks.

4. In-situ blackness testing of at least 10 full-length boraflex panels
every five years will be continued under the current boraflex
surveillance program. The next blackness test campaign is
anticipated for the summer of 2001.

5.. In the event that the Boraflex is determined to have deteriorated to
a point beyond the bounds of the current spent fuel pool criticality
analysis, we will administratively control placement of new fuel
assemblies and those not meeting an established criterion to a
designated area in the spent fuel pool in a checkerboard pattern.
The current criterion for spent fuel is 38,400 MWD/MTU as stated in
the Boraflex surveillance program safety evaluation.

6. Implement an enhanced Boraflex monitoring program prior to the
period of extended operation.
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7.  Certain accelerated Boraflexpanels will be areal density and
blackness tested every two years during the period of extended
~ -operation. :

~The first Boraflex areal density testing of the Boraflex panels erI be 7
performed prior to the perlod of extended operatlon

A new procedure to schedule and perform Boraflex areal densrty
and blackness testing will be Created -

If smca samplmg and trending indicates a boron areal densrty
depletion trend to a value less than the acceptance criteria (i.e.,
maintaining the 5% subcriticality margin) prior to the next scheduled
test, then an evaluation will be performed within the corrective
action program and the frequency of blackness and areal density
testing increased. :

Corrective actions will be taken to ensure that the 5% subcriticality
margin of the spent fuel racks in the SFP is maintained during the
period of extended operation. Corrective actions will be initiated -if

" the test results find that the 5% subcriticality margin cannot be
maintained because of current or projected future degradation.-
Corrective actions may include, but are not necessarily limited to,
the followmg :

* Reanalysis
* Repair and/or Replacement

Other statements made in this submlttal are provided for information purposes
and are not consrdered to be commitments.

ENVIRONMENTAL EVALUATION

NMC has evaluated the proposed changes and determined that (i) the proposed
amendment involves no significant hazards considerations, (ii) there is no
significant change in the types or significant increase in the amounts of any
effluents that may be released offsite, and (iii) there is no significant increase in
the individual or cumulative occupational exposure. Accordingly, the proposed
changes meet the eligibility criteria for categorical exclusion set forth in

10 CFR 51.22(c)(9), and an environmental assessment of the proposed changes
is not required.
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3.7 PLANT SYSTEMS

3.7.12 Speht Fuel Pool Storage

Spent Fuel Pool Storage
3.7.12

LCO 3.7:12 - Fuelassembly-storage-in-the-spent-fuelpootshall-be-asfollows:

The combination of initial enrichment, burnup and decay time of each
fuel assembly stored in the spent fuel pool shall be within the
Acceptable range of Figure 3.7.12-1 or in accordance with

Specification 4.3.1.1.

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

ACTIONS -
. CONDITION ‘ REQUIRED ACTION COMPLETION TIME
A. Requirements of the N[o] j=—
. LCO not met. LCO 3.0.3 is not applicable.
A1 Restore the spent fuel pool Immediately
within fuel storage limits.
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY

SR 3.7.12.1 Verify by administrative means each fuel
assembly meets fuel storage limits.

Prior to storing
the fuel
assemblies in the
spent fuel
storage pool

Point Beach 3.7.12-1

Unit 1 — Amendment No. 201
Unit 2 — Amendment No. 206



Spent Fuel Pool Storage
3.7.12
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Figure 3.7.12-1 (page 1 of 1}
Fueal Azgemixly IFBA Requiremenis

Point Beach 3.7.12-2 Unit 1 — Amendment No. 201
Unit 2 — Amendment No. 206



Spent Fuel Pool Storage

$3.7.12
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Initial U-235 Enrichment (nominal wi/o)
0 yr decay = -49.58e3 + 561.12e2 + 7134.44e - 17417.89
5 yr decay =-108.67e3 + 1212.54e2 + 4510.52e - 14201.98
10 yr decay= -24.62e3 + 247.20e2 + 7696.65e - 17424.68
15 yr decay= 68.81le3 - 786.56e2 +-11140.74e - 20978.70
20 yr decay= 163.70e3 - 1797.81e2 + 14448.84e - 24359.00
Figure 3.7.12-1
Fuel Assembly Burnup Requirement of “All-Cell” Storage Configuration
Point Beach 3.7.12-2 Unit 1 — Amendment No.

Unit 2 ~ Amendment No.



Design Features
4.0.

4.0 DESIGN FEATURES

4.3  Fuel Storage
431 Criticality .

4311 | The spent fuel storage racks are deSIQned and shall be
maintained W|th

a. Fuel assemblies having a maxnmum U 235 enrichment of
5.0 weight pe cent

b. keff £0:85 < 1.0 if fully flooded with unborated water,
which includes an allowance for uncertainties as described -
in Seeﬁen%#ef—t-he—ESAR—Reference 1;

c. K_ < 0.95 if fully flooded with water borated to 805
which includes an allowance for uncertainties as described
in Reference 1;

é d. A nominal 9.825 inch center to centér distance between
fuel assemblies placed in the fuel storage racks;

e. New or spent fuel assemblies with a combination of
- discharge burnup, initial enrichment and decay time in the
“Acceptable” range of Figure 3.7.12-1 may be allowed
unrestricted storage in the fuel storage racks; and

f. New or spent fuel assemblies with a combination of
discharge burnup, initial enrichment and decay time in the
“Unacceptable” range of Figure 3.7.12-1 will be stored in
compliance with Figures 4.3.1-1 through 4.3.1-8.

4312 The new fuel storage racks are designed and shall be maintained
‘ with:
a. Fuel assemblies having a maximum U-235 enrichment of
5.0 weight percent;
Point Beach 4.0-2 Unit 1 — Amendment No. 201

Unit 2 — Amendment No. 206



Design Features
‘ 4.0

4.0 DESIGN FEATURES

‘b, kex < 0.95 if fully flooded with unborated water, which
includes an allowance for uncertainties as descnbed in
- Section 9.4 of the FSAR;

C. >keﬁ <0.98 under optlmum moderator density conditions, .
' which includes an allowance for uncertainties as described
in Section 9.4 of the FSAR; and -

d.  Anominal 20 inch center to center distance between fuel
assemblies placed in the storage racks.

Point Beach 4.0-2 Unit 1 — Amendment No. 201
Unit 2 — Amendment No. 206



Design Features
- 4.0

" 4.0 DESIGN FEATURES

4.3 Fuel Storage (continued)
4.32 Drainage

The spént fuel storage pobl is designed and shall be maintained to pre'venf
inadvertent draining of the pool below elevation 40 ft 8 in.

- 4.3.3 Capacity

~ The spent fuel storage pool is desngned and shall be maintained with a storage
capacity limited to no more than 1502 fuel assemblies.

REFERENCE . 1. “Point Beach Units 1 and 2 Spent Fuel Pool Criticality Analysis.”
‘ WCAP-16541-P, Westinghouse Electric Company, February 2006.

“Point Beach 4.0-3 Unit 1 — Amendment No. 201
: Unit 2 — Amendment No. 206



Design Features

4.0
4.0 DESIGN FEATURES
L1 _ . H1
L1 L1-
H1:  Fresh fuel.assémbly with maximum 5.0 w/o U-235. -
No restriction on burnup.
L1: Spent fuel assembl'ies in the “Acceptable” range of Figure 4.'3.1-6.
Figure 4.3.1-1
1-Out-of-4 for 5 w/o with no IFBA Storage Configuration
Point Beach 4.0-4 Unit 1 — Amendment No.

Unit 2 = Amendment No.



Design Featu

res
4.0

4.0 DESIGN FEATURES

L2

H2

L2

L2

H2: Fresh fuel assembly with maximum 4.0 w/o U-235 with no IFBA or rhéximum
5.0 w/o U-235 with IFBA in the “Acceptable” range of Figure 4.3.1-8. .

No restriction on burnup.

L2: Spent fuel éssemblies in the “Acceptable” range of Figure 4.3.1-7. '

Point Beach

Figure 4.3.1-2
1-Out-of-4 for 4 w/o with IFBA Storage Configuration

Unit 1 -~ Amendment No.
Unit 2 — Amendment No.



4.0 DESIGN FEATURES

Design Features
- 4.0

A A A | A A | A

A A A A A A
: ‘ .
(2]
e .
w A A A A A A
E . =
n ‘ Q
5 L L L1 L1 A A Q
< <
S . :
< H1 L1 H1 L1 A A
3 |

L1 | L1 L1 L1 A A

H1 | L1 H1 L1 A A

A Fuel assembly in “Acceptable” range of Figure 3.7.12-1.

H1:  Fresh fuel assembly with maximum 5.0 w/o U-235.
No restriction on burnup.

L1: Spent fuel assemblies in the “Acceptable” range of Figure 4.3.1-6.

Figure 4.3.1-3

1-Out-of-4 for 5 w/o with no IFBA / “All Cell” Interface

Point Beach

4.0-6

Unit 1 — Amendment No.
Unit 2 — Amendment No.



4.0 DESIGN FEATURES

Design Features
o 4.0
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A Fuel assembly in “Acceptable” range of Figure 3.7.12-1.

H2:  Fresh fuel assembly with maximum 4.0 w/o U-235 with no IFBA or maximum
5.0 w/o U-235 with IFBA in the “Acceptable” range of Figure 4.3.1-8.

No restriction on burnup.

L2: Spent fuel assemblies in the “Acceptable” range of Figure 4.3.1-7.

Figure 4.3.1-4

1-Out-of-4 for 4 w/o with IFBA / “All Cell” Interface

Point Beach

4.0-7

Unit 1 — Amendment No.
Unit 2 - Amendment No.



Design Features

40
4.0 DESIGN FEATURES
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H1:  Fresh fuel assembly with maximum 5.0 w/o U-235.
No restriction on burnup.
L1 Speht fuel assemblies in the “Acceptable” range of Figure 4.3.1-6.
H2: Fresh fuel assembly with maximum 4.0 w/o U-235 with no IFBA or maximum
5.0 w/o U-235 with IFBA in the “Acceptable” range of Figure 4.3.1-8.
No restriction on burnup.
L2: Spent fuel assemblies in the “Acceptable” range of Figure 4.3.1-7.
Figure 4.3.1-5
1-Out-of-4 for 4 w/o with IFBA / 1-Out-of-4 for 5 w/o with no IFBA

Point Beach 4.0-8 Unit 1 — Amendment No.
: Unit 2 — Amendment No.



4.0 DESIGN FEATURES

Design Features
4.0
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15 yr decay= 651.51e3 - 7101.87e2 + 34622.21e - 35621.37
20 yr decay=692.01e3 - 7461.55e2 + 35236.72e - 35893.48
Figure 4.3.1-6

Spent Fuel Assembly Burnup Requirements for 1-Out-of-4 for 5.0 w/o with no IFBA

Point Beach

4.0-9

Unit 1 — Amendment No.
Unit 2 — Amendment No.
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4.0

4.0 DESIGN FEATURES
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15 yr decay= 423.62e3 - 4874.30e2 + 27165.59e - 33130.16
20 yr decay= 389.42e3 - 4464.01e? + 25551.28e - 31442.11

. Figure 4.3.1-7

Spent Fuel Assembly Burnup Requirements for 1-Out-of-4 for 4.0 w/o with IFBA

Point Beach

4.0-10

Unit 1 — Amendment No.
Unit 2 — Amendment No.



4.0 DESIGN FEATURES

Design Features
4.0
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Fresh Fuel IFBA Requirements
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Spent Fuel Pool Storage
3.7.12

3.7 PLANT SYSTEMS

3.7.12 Spent Fuel Pool Storage

LCO'3.7..'12 The combination of initial enrichment, burnup and decay. time of each
: fuel assembly stored in the spent fuel pool shall be within the

Acceptable range of Figure 3.7.12-1 or in accordance with
-Specification 4.3.1.1..

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

“ACTIONS
CONDITION - REQUIRED ACTION COMPLETION TIME
A. Requirements of the NOTE---
LCO not met. LCO 3.0.3 is not applicable.

A1 Restore the spent fuel pool Immediately
within fuel storage limits.

SURVEILLANCE REQUIREMENTS

- SURVEILLANCE ' FREQUENCY
SR 3.7.12.1 Verify by administrative means each fuel - | Prior to storing
- assembly meets fuel storage limits. the fuel
; assemblies in the
spent fuel
storage pool

Point Beach ' ' 3.7.12-1 Unit 1 — Amendment No.
Unit 2 = Amendment No.



Spent Fuel Pool Storage
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15 yr decay= 68.8le3 - 786.56e2 + 11140.74e - 20978.70
20 yr decay= 163.70e3 - 1797.8le2 + 14448.84e - 24359.00
Figure 3.7.12-1
Fuel Assembly Burnup Requirement of “All-Cell” Storage Configuration
Point Beach 3.7.12-2 Unit 1 — Amendment No.

Unit 2 — Amendment No.




Design Features

4.0
4.0 DESIGN FEATURES
43 Fuel Stcrage
4.31 Criticality
4.3.1.1 _ The spent fuel storage racks are deSIQned and shall be
R maintained with:

a. Fuel assemblies having a m,aximum'U-235 enrichment of -

"~ 5.0 weight percent; '

b. kes < 1.0 if fully flooded with unborated water which
includes an allowance for uncertainties as descnbed in
Reference 1;

C. ket < 0.95 if fuIIy flooded with water borated to 805 ppm,
which includes an a!lowance for uncertainties as described
in Reference 1; :

d. A nominal 9.825 inch center to center distance between
fuel assemblies placed in the fuel storage racks;

e. “New or spent fuel assemblies with a combination of
discharge burnup, initial enrichment and decay time in the

-~ “Acceptable” range of Figure 3.7.12-1 may be allowed-
unrestricted storage in the fuel storage racks; and

f. - New or spent fuel assemblies with a combination of
discharge burnup, initial enrichment and decay time in the
“Unacceptable” range of Figure 3.7.12-1 will be stored in
‘compliance with Figures 4.3.1-1 through 4.3.1-8.

4.3.1.2 The new fuel storage racks are de5|gned and shall be maintained
with: :

a. Fuel assemblies having a maXImum U 235 ennchment of
5.0 weight percent;

b. ket < 0.95 if fully flooded with unborated water, which
includes an allowance for uncertainties as described in
Section 9.4 of the FSAR;

C. kesr £ 0.98 under optimum moderator density conditions,
which includes an allowance for uncertainties as described
in Section 9.4 of the FSAR; and

d. A nominal 20 inch center to center distance between fuel
assemblies placed in the storage racks.

Point Beach 4.0-2 Unit 1 — Amendment No.

Unit 2 — Amendment No.
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4.0

4.0 DESIGN FEATURES

43  Fuel Stora'ge (continued)
432 Dr'ain"ag

The spent fuel storage pool is de3|gned and shall be maintained to prevent
inadvertent draining of the pool below elevatlon 40 ft 8 in.

4.3.3 . Capacity

The spent fuel storage'pool is designed and shall be maintained with a storage
capacity limited to no more than 1502 fuel assemblies.

REFERENCE 1. “Point Beach Units 1 and 2 Spent Fuel Pool Criticality Analysis,”
- WCAP-16541-P, Westinghouse Electric Company, February 2006.

Point Beach 4.0-3 Unit 1 — Amendment No.
Unit 2 -~ Amendment No.



Design’ Features

4.0
4.0 DESIGN FEATURES
L1 H1
L1 L1
H1: ~ Fresh fuel assembly with maximum 5.0 w/o U-235.
No restriction on burnup.
L1: Spent fuel assemblies in the “Acceptable” range of Figure 4.3.1-6.
Figure 4.3.1-1
1-Out-of-4 for 5 w/o with no IFBA Storage Configuration
Point Beach 4.0-4 Unit 1 — Amendment No.

Unit 2 — Amendment No.
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4.0 DESIGN FEATURES

L2

H2

L2

L2

H2:  Fresh fuel assembly with maximum 4.0 w/o U-235 with no IFBA or maximum
5.0 w/o U-235 with IFBA in the “Acceptable™ range of Figure 4.3.1-8.

No restriction on burnup.

L2: Spent fuel assemblies in the “Acceptable” range of Figure 4.3.1-7.

Figure 4.3.1-2
1-Out-of-4 for 4 w/o with IFBA Storage Configuration

Point Beach
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Unit 2 — Amendment No.
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A: ~ Fuel assembly in “Acceptable” range of Figure 3.7.12-1.

H1:  Fresh fuel assembly with maximum 5.0 w/o U-235.

No restriction on burnup.

L1 Spent fuel assemblies in the “Acceptable” range of Figure 4.3.1-6.

Figure 4.3.1-3

1-Out-of-4 for 5 w/o with no IFBA / “All Cell” Interface
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A:  Fuel.assembly in “Acceptable” range of Figure 3.7.12-1..

H2: Fresh f'uel assembly with maximum 4.0 w/o U-235 with no IFBA or maximum
5.0 w/o U-235 with IFBA in.the “Acceptable” range of Figure 4.3.1-8.

No restriction on burnup.

L2: Spent fuel assemblies in the “Acceptable” range of Figure 4.3.1-7.

Figure 4.3.1-4

1-Out-of-4 for 4 w/o with IFBA / “All Cell” Interface
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4.0 DESIGN FEATURES
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H1:  Fresh fuel assembly with maximum 5.0 w/o U-235.
No restriction on burnup.
L1: Spent fuel assemblies in the “Acceptable” range of Figure 4.3.1-6.
H2:  Fresh fuel assembly with maximum 4.0 w/o U-235 with no IFBA or maximum
5.0 w/o U-235 with IFBA in the “Acceptable” range of Figure 4.3.1-8.
No restriction on burnup.
L2:  Spent fuel assemblies in the “Acceptable” range of Figure 4.3.1-7.
Figure 4.3.1-5
1-Out-of-4 for 4 w/o with IFBA / 1-Out-of-4 for 5 w/o with no IFBA
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Figure 4.3.1-6
Spent Fuel Assembly Burnup Requirements for 1-Out-of-4 for 5.0 w/o with no IFBA
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20 yr decay= 389.42e3 - 4464.01e2 + 25551.28e - 31442.11
Figure 4.3.1-7

Spent Fuel Assembly Burnup Re

quirements for 1-Out-of-4 for 4.0 w/o with IFBA
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B 3.7 PLANT SYSTEMS

Fuel Storage Pool Boron Concentration
B 3.7.11

B 3.7.11 Fuel Storage Poo! Boron Concentration

BASES

BACKGROUND

In the spent fuel storage rack design, the spent fuel pool is considered

‘a single region. The spent fuel storage pool will accommodate 1502

fuel assemblies with a maximum enrichment of 5.0 wt% U-235. The
racks may contain fresh or spent fuel within the acceptable domain
according to Figure 3.7.12-1, in the accompanying LCO. Fuel
assemblies not meeting the criteria of Figure 3.7.12-1 shall be stored in
accordance with paragraph 4.3.1.1 in section 4.3, Fuel Storage.

The water in the spent fuel storage pool normally contains soluble
boron, which results in large subcriticality margins under normal
conditions. However, the NRC guidelines, based upon the accident

~ condition in which all soluble poison is assumed to have been lost,

specify that the limiting keff of less than 1.0 be evaluated in the
absence of soluble boron. Hence, the design of the spent fuel storage-
racks is based on the use of unborated water, which maintains the -
spent fuel pool in a subcritical condition during normal operation with
the pool full loaded. The double contingency principle discussed in
ANSI N-16.1-1975 and the April 1978 NRC letter (Ref. 3) allows credit
for soluble boron under abnormal or accident conditions, since only a
single accident need be considered at one time. For example, the most
severe accident scenario is associated with the accidental misloading
of a fresh fuel assembly in a spent fuel assembly location for the “All-
Cell” configuration. To mitigate these postulated criticality related
accidents, boron is dissolved in the pool water. Safe operation of the
spent fuel rack with no movement of assemblies may therefore be
achieved by controlling the location of each assembly in accordance
with LCO 3.7.12, “Spent Fuel Assembly Storage.” Prior to movement
of an assembly, it is necessary to perform SR 3.7.12.1.

APPLICABLE
SAFETY ANALYSES

Most accident conditions do not result in an reactivity increase for the
fuel stored in the spent fuel pool. Examples of these accident
conditions are loss of cooling (reactivity increase with decreasing
water density) and dropping of a fuel assembly on the top of the rack.
However, accidents can be postulated that could increase the
reactivity. This increase in reactivity is unacceptable with unborated
water in the storage pool. Thus, for these accident occurrences, the
presence of soluble boron in the storage pool prevent criticality. For
these events, the spent fuel pool keff storage limit of 0.95 is maintained
by maintaining a minimum boron concentration of 805 ppm (Ref. 2).
Simultaneous occurrence of these events is not postulated. The double

Point Beach
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 BASES

Fuel Storage Pool Boron Concentration
: B 3.7.11

- APPLICABLE
SAFETY ANALYSES
- (continued)

contingency principle discussed in ANSI N-16.1-1975 and the April 1978
NRC letter (Ref. 3) allows credit for soluble boron under abnormal or
accident conditions, since only a smgle accident need be considered at
one time. L

The accident analyses are provided in the FSAR, Section 14.2.1 (Ref. 4).

The concentration of dissolved boron in the fuel storage pool satisfies
Criterion 2 of the NRC Policy Statement.

LCO

The fuel storage pool boron concentration is required to be = 2100 ppm.
The specified concentration of dissolved boron provides significant
margin to the boron concentration used in the analyses of the potential
critical accident scenarios as described in Reference 4. This
concentration is the minimum required concentration for fuel assembly
storage and movement within the fuel storage pool.

APPLICABILITY

This LCO applies whenever fuel assemblies are stored in the spent fuel
storage pool and encompasses movement of fuel assemblies in the

spent fuel storage pool. This LCO provides assurance that keff of the

spent fuel storage pool will remain less than or equal to 0.95, even under
postulated accident conditions. .

."ACTIONS

The Requnred Actions are modlfled by a Note indicating that LCO 3.0.3
does not apply

If the LCO is not met while moving-irradiated fuel assemblies in MODE 5
or 6, LCO 3.0.3 would not be applicable. If moving irradiated fuel
assemblies while in MODE 1, 2, 3, or 4, the fuel movement is
independent of reactor operation. Therefore, inability to suspend
movement of fuel assemblies or restoration of boron concentration is not
sufficient reason to require a reactor shutdown.

Al

When the concentration of boron in the fuel storage pool is less than

‘required, immediate action must be taken to suspending the movement

of fuel assemblies. This does not preclude movement of a fuel assembly
to a safe position. By suspending movement of fuel, inadvertent
placement of a fuel assembly between a fuel storage rack module and
the wall of the spent fuel pool is precluded.

Point Beach
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BASES

Fuel Storage Pool Boron Concentration
v B 3.7.11

ACTIONS
(continued) -

A2

Immediate action must be taken to restore boron concentration in
the fuel storage pool to 22100 ppm to assure protection from
excessive fuel pool cooldown reactivity insertion events. =
Restoration. of boron concentration could take several hours or
days depending on the magnitude of change required, which may
involve feed and bleed operations. Immediate initiation of action
is warranted based on the importance of maintaining keff of the’
spent fuel pool £0.95. As stated in Reference 2, 805 ppm is
adequate to prevent the spent fuel pool keff storage limit of 0.95

- from being exceeded as a result of the most limiting accident.

Accordingly, for minor devnatlons significant margm exists to the |

~analysis limit.

SURVEILLANCE
REQUIREMENTS

SR 3.7.11.1

~This SR verifies that the concentration of boron in the fuel storage
‘pool is within the required limit. As long as this SR is met, the

analyzed accidents are fully addressed. The 7 day Frequency is
appropriate because no major replenishment of pool water is =
expected to take place over such a short period of time.

' REFERENCES

1. FSAR. Section 9.4.

2. “Point Beach Units 1 and 2 Spent Fuel Pool Criticality
Analysis”, WCAP-16541-P, Westinghouse Electric Company,
February, 2006. _

3. Double contingency principle of ANSI N16.1-1975, as
specified in the April 14, 1978 NRC letter (Section 1.2) and
implied in the proposed revision to Regulatory Guide 1.13
(Section 1.4, Appendix A).

4. FSAR. Section 14.2.1.

Point Beach B3.7.11-3 Unit 1 — Amendment No. 201
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Fuel Pool Storage
B3.7.12

B 3.7 PLANT SYSTEMS

B 3.7.12 Spent Fuel Pool Storage

BASES

" BACKGROUND

In the spent fuel storage rack design, the spent fuel pool is considered
a single region. The spent fuel storage pool will accommodate 1502
fuel assemblies with a maximum enrichment of 5.0 wt% U-235. The
racks may contain fresh or spent fuel within the acceptable domain
according to Figure 3.7.12-1, in the accompanying LCO. Fuel

.assemblies not meeting the criteria of Figure 3.7.12-1 shall be stored in

accordance with paragraph 4.3.1.1 in section 4.3, Fuel Storage.

The water in the spent fuel storage pool normally contairis‘ soluble -
boron, which results in large subcriticality margins under actual

-operating conditions. However, the NRC guidelines, based upon the

accident condition in which all soluble poison is assumed to have been
lost, specify that the limiting keff of <1.0 be evaluated in the absence of
soluble boron. Hence, the design of the spent fuel storage racks is
based on the use of unborated water, which maintains each region in a
subcritical condition during normal operation with the regions fully

. loaded. The double contingency principle discussed in ANSI N16.1-

1975 and the April 1978 NRC letter (Ref. 3) allows credit for soluble
boron under other abnormal or accident conditions, since only a single
accident need be considered at one time. For example, the most
severe accident scenario is associated with misloading a fresh fuel
assembly in place of a spent fuel assembly in the “All-Cell” storage
configuration. To mitigate these postulated criticality related accidents,
boron is dissolved in the pool water. Safe operation of the spent fuel
storage racks with no movement of assemblies may therefore be
achieved by controlling the location of each assembly in accordance
with the accompanying LCO. Prior to movement of an assembly, itis
necessary to perform SR 3.7.12.1.

APPLICABLE
SAFETY ANALYSES

The hypothetical accidents can only take place during or as a result of
the movement of an assembly (ref. 4). For these accident occurrences,
the presence of soluble boron in the spent fuel storage pool (controlled
by LCO 3.7.11, “Fuel Storage Pool Boron Concentration”) prevents
criticality in the spent fuel pool. By closely controlling the movement of
each assembly and by checking the location of each assembly after
movement, the time period for potential accidents may be limited to a
small fraction of the total operating time. During the remaining time
period with no potential for accidents, the operahon may be under the
auspices of the accompanying LCO.

The configuration of fuel assemblies in the fuel storage pool satisfies
Criterion 2 of 10CFR 50.36(c)(2)(ii).

Point Beach
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Fuel Pool Storage
B3.7.12

LCO

The restrictions on the placement of fuel assemblies within the spent
fuel pool, in accordance with Figure 3.7.12-1, in the accompanying
LCO, ensures the ke of the spent fuel storage pool will always remain <
1.0, assuming the pool to be flooded with unborated water. Fuel
assemblies not meeting the criteria of Figure 3.7.12-1 shall be stored in

accordance with Specification 4.3.1.1 in Section 4.3.

APPLICABILITY

This LCO apphes whenever any fuel assembly is stored in the fuel
storage pool.

ACTIONS

Al

Required Action A.1 is modmed by a Note indicating that LCO 3. 0 3

does not apply.

When the configuration of fuel assemblies stored in the spent fuel pool
is not in accordance with Figure 3.7.12-1, or paragraph 4.3.1.1, the
immediate action is to initiate action to make the necessary fuel
assembly movement(s) to bring the configuration into. compliance with
Figure 3.7.12-1 or Specification 4.3.1.1.

If unable to move fuel assemblies while in MODE 5 or 6, LCO 3.0.3
would not be applicable. If unable to move irradiated fuel assemblies"
while in MODE 1, 2, 3, or 4, the action is independent of reactor
operation. Therefore, inability to move fuel assembhes is not sufficient
reason to require a reactor shutdown.

Point Beach

B 3.7.12-2 A Unit 1 - Amendment No. 201
Unit 2 - Amendment No. 206



BASES

Fuel Pool Storage
- B3.7.12

SURVEILLANCE

REQUIREMENTS

1.

SR 3.7.12.1

This SR verifies by administrative means, that the initial
enrichment, burnup and decay time of the fuel assembly is in
accordance with Figure 3.7.12-1 in the accompanying LCO.
For fuel assemblies in the unacceptable range of Figure 3.7.12-
1, performance of this SR will ensure compliance with -
Specrﬂcatlon 4.31. 1

REFERENCES

FSAR. Section, 9.4.

Double contingency principle of ANSI N16.1-1975, as specified
in the April 14, 1978 NRC letter (Section 1.2) and implied in the

. proposed revision to Regulatory Guide 1. 13 (Section 1.4,
Appendix A).

“Point Beach Unlts 1 and 2 Spent Fuel Pool Cntlcéllty Analysis”,
WCAP-16541-P, Westmghouse Electric Company, February,
20086.

NRC Safety Evaluation Report USNRC to WEPCO dated
February 23 1990.
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EC 9694
Boron Dﬂutlon Analysis to Support LICCHSC Amendment Request

1. What is the need for performmg thlS Engmeermg Evaluation?

- Reason: To identify potential events which could dilute the spent fuel pool
soluble boron and quantify the time span of these dilution events to show that
sufficient time is available to enable adequate detection and suppressmn of any
dilution event.

Background: Point Beach is requesting a license amendment to support a new
criticality analysis for the Spent Fuel Pool (SFP). Implementation of WCAP-
16541-P, “Point Beach Units 1 and 2 Spent Fuel Pool Criticality Analysis” will
resultin a change to the technical specifications and uses a different methodology
from that currently in use. WCAP-16541-P demonstrates that the SFP. will
remain subcritical with no soluble boron and no Boraflex. However, soluble
boron is credited in the analysis with maintaining the subcritical margins required
in the current regulations and for mitigating postulated accidents. As a result of
using a soluble boron credit, the NRC requires that licensees identify potential
events which could dilute the spent fuel pool soluble boron concentration and
quantify the time span of these dilution events to show that sufficient time is
available to enable adequate detection and suppression of any dilution event. This
engineering evaluation will be used to document the required dilution analysis.

2. Evaluation scope:

The purpose of this non-safety related evaluation is-to review potential dilution

sources for the spent fuel pool. The review examines existing dilution sources at

Point Beach, the volumes and flow rates of these sources, and how these sources

interface with the spent fuel pool. Only dilution scenarios that could occur while
~ operating the plant per approved operating procedures are considered.

This evaluation is comprised of a: (1) A report section suitable for inclusion in the
license amendment request; (2) An appendix for the determination of required
volumes to fill the spent fuel pool and transfer canal; (3) An appendix for the
determination of the volume to dilute the spent fuel pool to its final analysis
concentration; and (4) An appendix of the supporting references.

From the determination of the volume of water required and available flow rates
and source volumes, the evaluation will show that there exists adequate controls
both physical and administrative so that the spent fuel pool boron concentration
will not get to the minimum value determined in the new criticality analysis
during a dilution event.

The report will be used as part of the license submittal for the new criticality
analysis.

Page 1 of 46



EC 9694 :
Boron Dilution Analysis to Support License Amendment Request

3. Evaluation: .
1.0 INTRODUCTION

CAA-96-146, “Criticality Analysis of the Point Beach Nuclear Plant Spent Fuel Storage

- Racks Considering Boraflex Gaps and Shrinkage with Credit for Integral Fuel Burnable

Absorber” for the spent fuel pool demonstrates that keg will be less than 0.95 when filled
with unborated water. This analy51s also requires that all fuel is assumed to be fresh. ‘
WCAP-14416-P, “Westinghouse Spent Fuel Rack Criticality Analysis Methodology” is a
Nuclear Regulatory Commission (NRC) accepted methodology for Westinghouse
Pressurized Water Reactors (PWRs.) WCAP-14416-P allows the licensee to demonstrate
.that the spent fuel pool will have ke less than 0.95 by crediting soluble boron and fuel
assembly burnup. The new Point Beach criticality analysis, WCAP-16541-P, “Point

Beach Units 1 and 2 Spent Fuel Pool Criticality Analysis” takes advantage of the soluble
boron and burnup credits so that the Boraflex need no longer be credited. The NRC
approved the Westinghouse methodology with the requirement that all licensees using
this method include a boron dilution analysis. WCAP-14416-P states:

“All licensees proposing to use the new method described above for soluble boron credit
should identify potential events which could dilute the spent fuel pool.soluble boron to
the concentration required to maintain the 0.95 ke limit (as defined in'(1)a above) and
should quantify the time span of these dilution events to show that sufficient time is"
available to enable adequate detection and suppression of any dilution event. The effects
of incomplete boron mixing, such as boron stratification, should be considered. This
-analysis should be submitted for NRC review and should also be used to justify the
surveillance interval used for verification of the technical specification minimum pool
boron concentration.”

This boron dilution analysis has been comipleted to support the license amendment
request based on WCAP-16541-P. This dilution analy51s mcludes an evaluation of the

following:

Dilution Sources

Boron Dilution Initiating Events
Boron Dilution Volumes and Times

[e]

o Boration Sources

o Instrumentation

o ~Administrative Procedures
o Piping

[o]

[o]

The boron dilution analysis has been completed to ensure that sufficient time is available
to detect and mitigate the dilution before the spent fuel rack criticality analysis kegr < 0.95
is exceeded.
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2.0 SPENT FUEL POOL AND RELATED SYSTEM FEATURES

This section prov1des backoround 1nf0rmat10n on the spent fuel pool and'its related '
systems and features :

T

2.1 Spent Fuel Pool Structure .

- The design purpose of the spent fuel pool is to provide for the underwater storage of
spent fuel assemblies, control rods and other inserts after their removal from the reactor.
The applicable design criteria require that the spent fuel pool remain subcritical, provide
for adequate decay heat removal, provide adequate radiation shielding and provide
prevention against radioactive release. The water in the spent fuel pool is used to remove
decay heat, provides shielding and reduces the amount of radioactive gasses released
during a fuel handling accident. The fuel is maintained subcritical by fuel assembly
storage cell spacing and a solid neutron absorber, Boraflex. The spent fuel pool is filled
with borated water that is not credited for maintaining sub-criticality during normal
operation but is credited for postulated accidents. Since boron is credited for postulated
accidents in the spent fuel pool a minimum boron concentration is required in the
technical specifications. Evaporation of spent fuel pool water requires periodic makeup
to ensure minimum levels are maintained. Since boric acid is not lost during evaporanon
an unborated water source may be used to refill the spent fuel pool.

The’spent fuel pool is a reinforced concrete structure that is lined with a 3/16 inch welded
stainless steel liner. Collection trenches are formed into the concrete behind the welds to
detect liner leakage. The leakage in the collection trenches is routed through a series of
pipes to a central collection point. The pool structure is constructed of reinforced
concrete and is a Class I seismic design. -

‘"The Point Beach spent fuel pool is divided in two parts that are connected through an
internal divider wall. The single spent fuel pool is shared by the two units. The fuel
transfer canal is set to the east of the spent fuel pool and is common to both units. Two
gates maintain spent fuel pool inventory and allow the transfer canal to be drained for
maintenance of fuel handling equipment. The elevation of the bottom of the gates is
above the top of the spent fuel racks. The gates employ inflatable seals supplied by
Instrument Air and a redundant static seal that is seated to the door jamb by hydrostatic
force. Both gates must be closed to isolate the transfer canal from the spent fuel pool.
Normally, one or both gates are left open and the transfer canal is normally flooded
unless maintenance is going to be performed.

The north portion of the pool contains an area reserved for the loading of the spent fuel
shipping cask or dry storage cask. There is also a new fuel elevator, located on the east
side of the spent fuel pool on the Unit 2 side. The new fuel elevator is used to lower new
fuel assemblies into the spent fuel pool and for maintenance on spent fuel assemblies.
The pit for the new fuel elevator winch is located to the east of the transfer canal and the
cable passes through an opening in the floor that is approximately 1 foot 4 inches below
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- the 66 foot elevation. This opening also. passes through the transfer canal into the. spent
fuel pool

The Spent fuel pool is éppro’ximately 42 feet deep with the tdp of the struérure .at the 66
foot elevation in the plant. The bottom of the structure is at the 24 foot - 8 inch elevation.
The 26 foot elevation is considered to be ground level. -

In the event of excessive makeup flow into the pool, the water would fill the. pool to the
level of the opening for the new fuel elevator winch. At this point water added to the
spent fuel pool would spill into the transfer canal through the elevator opening. The
water would fill the transfer canal until it equalizes with the spent fuel pool. The spent
fuel pool and the transfer canal would continue to fill up to the 66 foot elevation, at which
point water would begin to spill into the rail area where floor drains are located. The
floor drains will route the water to the PAB sump and from there ultimately to the waste -
holdup tank. If water flow exceeds the capacity of the drains, it would overflow onto the
© 66 foot elevation operating deck. Some water would flow into the new fuel vault and
some of it would flow off and onto the 46 foot elevation of the auxiliary building. The
water would all be routed to floor drains and ultlmately go to the waste holdup tank on
the 8 foot elevation of the auxiliary building. . '

The volume of the spent fuel pool given in FSAR 9.9, Spent Fuel Cooling & Filtration
(SF) is 48,283 ft’. The low level alarm is set at elevation 62 foot - 8 inches. A substantial
amount of the water volume is displaced by objects in the pool. The maximum number
of assemblies that can be loaded in the spent fuel pool is 699 assemblies in the north pool .
and 803 assemblies in the south pool. Assuming the rack and fuel area is solid and
contains no water and not accounting for the water volume in the cask laydown area, the
borated water volume determined by this analysis at the low level alarm is 236 406
gallons.

2.2 Spent Fuel Storage Racks

The spent fuel storage racks for the Point Beach Nuclear Plant are designed in accordance
with Regulatory Guide 1.29, Revision 2, as seismic Category I components. The
structural analysis of the racks has considered all the loads and load combinations
specified in the NRC Standard Review Plan. The steel structure of the rack not only
provides a smooth, all welded stainless steel box structure to preclude damage during
normal and abnormal load conditions, but also provides an additional margin of safety in
the form of internal structural damping created by the large areas of bearing surface
between boxes in the array.

2.3 Spent Fuel Pool Cooling System
The spent fuel pool cooling system, common to Units 1 and 2, is designed to remove
decay heat from fuel assemblies stored in the spent fuel pool after removal from the

reactor vessel. The spent fuel pool cooling system consists of two separate cooling trains,
with a common suction and return header, each having an identical heat exchanger and
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pump Water from the pool is pumped through one or both heat exchangers for coohng
and returned to the pool. Normal operating procedures are used to cross-connect the
. pumps and heat exchangers as conditions require. In the unlikely event of the cooling
loop of the spent fuel pool being drained, the spent fuel storage pool itself cannot be
drained and no spent fuel is uncovered since the spent fuel pool cooling suction and
return connections terminate or contain a siphon breaker that would limit water
drawdown to a level approximately 21 feet 11 inches above the fuel.

The spent fuel pool cooling system piping and the service water system piping supplyrng ,
 the spent fuel pool heat exchangers are classified Safety-Related, Seismic Class 1.

The spent fuel pool cooling pumps take suction through branch lines off a common
header from beneath the surface of the north half of the spent fuel pool, pump the water
through the tubé side of the spent fuel pool cooling heat exchangers, and return it via a
common header to the south half of the spent fuel pool. The system piping is arranged so
that either pump can supply either heat exchanger.

The spent fuel pool cooling heat exchangers are cooled by service water on the

shell side. Because the heat exchangers are safety related and cooled with service water,
they are part of the GL 89-13 program and receive regular inspection, performance
testing and eddy-current testing of the tubes for degradation.

2.4 Spent Fuel Pool Cleanup System

The clarity and purity of the spent fuel pool water are maintained by passing up to the
design flow of 60 gallons per minute through a filter and demineralizer.

The purification system inlet taps off the cross-connect line between the "A" and "B"
cooling trains at the discharge of the fuel pool cooling pumps. The purification system -

return line connects with the cooling system return header. The purification system is not '
safety related.

The spent fuel filter removes particulate material from the spent fuel pool water. The
filter cartridge is synthetic fiber and the vessel shell is stainless steel.

The demineralizer is sized to pass approximately 60 gallons per minute to provide
adequate purification of the fuel pool water for unrestricted access to the working area,
and to maintain optical clarity.

2.5 Dilution Sources

2.5.1 Chemical and Volume Control System (CVCS) Holdup Tanks

There are three CVCS holdup tanks, each with an approximate volume of 61,000 gallons.
The CVCS hold up tanks may be pumped to the spent fuel pool or the transfer canal via a
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4 inch line. The holdup tanks are used to dram the transfer canal and store the canal
water during maintenance operations and supply water back into the canal when
maintenance is complete. This connection is normally isolated by a manually operated

- valve from the discharge of the holdup tank recirculation pump. The CVCS holdup tanks
- are-an approved method of makeup to the spent fuel pool, though additional
administrative requirements are put in place when using this source. The CVCS holdup
tanks may also be used as a source during a loss of inventory event.

The holdup tanks cannot: grav1ty -drain to the spent fuel pool because the maximum tank
water level is below the rmmmum spent fuel pool level.

The holdup _tank recirculation pump is shared between Units 1 and 2 and is used to mix
the contents of a holdup tank or transfer the contents of one holdup tank to another or
transfer the spent fuel pool transfer canal water to the hold up tanks or spent fuel pool. -
. The wetted surface of this pump is constructed of austenitic stainless steel. By
procedure, only one holdup tank is aligned to the transfer pump at a time. Manual valve
manipulations are required to switch the pump suction to another tank. Each holdup tank
‘has a total volume of approximately 61,000 gallons. The concentration of boric acid in
the holdup tanks varies throughout core life from the refueling concentration to
essentially zero at the end of the core cycle. Each holdup tank has a low level alarm'at
13%. The design flow from this source is 500 gpm.

2.5.2 Reactor Makeup Water (RMUW) Tank.

One reactor makeup water tank is shared between the two units and is used to store
* makeup water, which is primarily supplied from the water treatment plant, but can also be
supplied from the monitor tanks. The tank contains a diaphragm membrane and is
constructed of coated carbon steel.

Two reactor makeup water pumps, shared between Unit 1 and Unit 2, take suction from
the reactor makeup water tank. These pumps are used to feed dilution water to the boric
acid blender and are also used to supply makeup water for intermittent flushing of
equipment and piping. Each pump is sized to match the combined maximum letdown
flow from each unit. One pump serves as a standby for the other.

The volume of the RMUW tank is approximately 96,150 gallons. The tank has a low
level alarm at 4%. The tank administrative low level limit is 31%.

There is no direct flow path from the RMUW tank to the spent fuel pool. By plant
procedure, reactor makeup water may be used for spent fuel pool makeup by sending it
through either units’ boric acid blender. From the boric acid blender the reactor makeup
water is put into the spent fuel pool through the purification loop piping. During a loss of
inventory accident, makeup is allowed by procedure through either units’ boric acid
blender. It could also possibly be routed to the spent fuel pool through the demineralizer
flush line, though this is not a normal alignment and not allowed by procedure. The
monitor tanks and pumps are used to flush the demineralizer line, which is isolated from
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the spent fuel pool during demineralizer flushing. The demineralizer flush valve is
normally closed and locked shut '

The reactor makeup tank: cannot gravity drain to the spent fuel pool because the top of the
tank is lower than the top of the spent fuel pool low level alarm.

Make_up to the spent fuel pool using reactor makeup water through the boric acid blender . -
is not preferred because of the number of manual valve manipulations involved. In -
addition the inlet valve to the spent fuel pool purification loop is a normally closed and
locked shut valve. The design flow rate of a reactor makeup water pump is 270 gpm.

The flow is limited by a flow control valve to 120 gpm.

2.5:3 Demineralized (DI) Water System

Demineralized water is suppliéd from the water treatment plant. DI water may be
provided directly to the spent fuel pool cooling return line through a check valve and
manually operated two inch diaphragm valve.

DI water is the typical means of makeup to the spent fuel pool. Additional administrative
controls are put in place when using DI water to ensure that dilution below the technical
specifications value does not occur. DI water may also be used during a loss of i mventory
event through the same flow path. :

DI water is constantly supplied by the water treatment plant. The maximum flow rate
from the water treatment plant is 400 gpm, though the actual amount that can be supplied
to the spent fuel pool is approximately 200 gpm due to piping losses. 400 gpm is based
on maximum values allowed in the plant operating procedure for the DI Water system.

2.5.4 Service Water

Each fuel pool cooling heat exchanger uses 3/4 inch U-tubes with service water on the
shell side. There is no direct piping connection between the service water system and the
spent fuel pool cooling system. The normal operating pressure of the service water
system is higher than the normal operating pressure of the spent fuel pool cooling system.
‘In the event of a heat exchanger tube break, differential pressure will normally result in
leakage from the service water system to the spent fuel pool cooling system. Under
certain conditions, for example during refueling when higher service water flow rates to
the spent fuel pool heat exchangers are required, service water pressure may fall below .
spent fuel pool cooling system pressure. Under these conditions, a heat exchanger tube
break will result in leakage from the spent fuel pool cooling system into the service water
system. A spent fuel pool heat exchanger tube rupture is considered improbable based
upon the low operating pressures, the seismic installation of the heat exchanger, and the
heat exchanger design specifications.

Service water is operated between 50 psig and 90 psig. The discharge pressure of the
spent fuel pool water at the heat exchanger outlet is low and typically less than 10 psig.
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Conservatively assuming a 90 psi differential pressure between service water and the
spent fuel pool, the expected flow through a 3/4 inch opening would be less than 200
gpm. If a leak were to develop given the size of the tubes, the ﬂow rate would be
bounded by the dilution from the DI water system

Itis expected that the ﬂow rate of any leakage of service water would be very low due to
the small difference in operating pressures between the two systems. Given that such an -
event is considered improbable, no further consideration will be given to service water as
a dilution source.

In a loss of inventory event, service water may be used to add water to the spent fuel
‘pool, though no direct connection exists and there is presently no detailed procedure
guidance to perform this action. Also, the spent fuel pool as analyzed under the new
criticality analysis will remain subcritical, even if filled with unborated water. The only
time when service water would be used to add inventory to the spent fuel pool would be
because some more hmrtlng event had occurred

2.5.5 Fire Protection System

In an emergency loss of _spent fuel pool inventory, fire hose stations are available. -There -
is one hose reel in each fan room and hose reels on the PAB 46 foot elevation, central
area. The design flow rate of a hose station is 100 gpm of non-borated raw water.
Although an available source, the fire hose is not specifically addressed by normal -
operating procedures for makeup and would only be required if some more limiting event
were to occur where cooling and shielding of the spent fuel is the primary concern. Even
if all four fire hoses were positioned into the spent fuel pool the flow rate would be 400
gpm and this is bounded by the DI water dilution event. In an event such as this, the .
criticality analysis still ensures that the spent fuel pool will remain subcritical,-even in the
presence of unborated water : :

2.5.6 MOnitor Tanks

Four monitor tanks can be shared by Unit 1 and Unit 2. Each tank has a capacity of
approximately 10,000 gallons. Liquid effluent in the holdup tanks can be routed to the
monitor tanks via the boric acid feed demineralizers for subsequent discharge. The tanks -
are located on the 26 foot elevation of primary auxiliary building. Two monitor tank.
pumps, shared by Units 1 and 2, discharge water from the monitor tanks. The pumps are
constructed of austenitic stainless steel. The monitor tanks can also be filled with water
from the water treatment plant. These tanks contain a diaphragm membrane and are

constructed of stainless steel The tanks have a low level alarm at 5% and a pump trip at
10%.

The monitor tanks and pumps are used during demineralizer resin replacement to flush
the resin. During these operations, only one tank and one pump are aligned at a time to
the spent fuel pool demineralizer. The purification loop for spent fuel cooling is isolated
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during resin replacement activities. The resin ﬂush valve is normally closed and locked -
shut durmg purlﬁcatlon loop operation. :

The monitor tanks cannot gravity drain to the spent fuel pool because the top of the tanks
is below the low level alarm in the spent fuel pool.

Because the monitor tanks take waste from the CVCS holdup tanks and can also be filled
with water from the water treatment plant, their boron concentration can be variable.
Normally, only one monitor tank is aligned to the pump during resin replacement
activities. Manual valve manipulations and intentional disregard for operating
procedures would be required to switch the pump to another tank. The design flow rate
of one monitor tank pump is 60 gpm.

257 Dry 'CaskStorage Operations

During dry fuel storage evolutions, spent fuel pool water is added to the cask prior to
placement in the spent fuel pool. After fuel loading the water is pumped back to the
spent fuel pool.” Additional sampling requirements are put in place as required by cask’
technical specifications. Since the water pumped from the cask was from the SFP, this is
not considered a dilution source. DI water may used to rinse the cask down as it is
removed from the spent fuel pool. Additional procedure controls are in place during
these evolutions and require a flow totalizer be installed and limit the total rinse volume
to 500 gallons. Rinse down work is conducted with a garden hose, further limiting the
rate of flow. This is not considered a credible dllutlon source and will not be further
evaluated.
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2.5. 8 D11ut10n Source and Flow Rate Summary

Based on the evaluation of potential’ spent fuel pool dilution sources summarized above,
the following dilution sources were determined to be capable of providing a significant
amount of non-borated water to the spent fuel pool. The potential for these sources to -
dilute the spent fuel pool boron concentration to the design basis boron concentration will
be. evaluated in Section 3.0.

Source ' Design Flow Rate
(GPM)
CVCS : ‘
~ - Holdup tank to Spent Fuel Pool ' : o 500

- Unit 1 or 2 Boric Acid Blender 120
DI : '

- Via SF-00812B valve . 400
Monitor Tanks .
' - Through demineralizer flush : 60
Fire Protection '

- Fire hose station ' . 100

2.6 Boration Sources

The normal source of borated water to the spent fuel pool is the boric acid blender. The
other source is the CVCS hold up tanks, which are checked for acceptable boron -
concentration prior to use. Another possibility would be the addition of dry boric acid
directly to the spent fuel pool water. The Refuehng Water Storage Tanks (RWST) is also
a possible borated water source. .

2.6.1 Refueling Water Storage Tank

There is one Refueling Water Storage Tank (RWST) for each unit. Each RWST contains
approximately 290,000 gallons of water borated to approximately 3000 ppm (Technical .
Specifications require the RWST to be maintained greater than 275,000 gallons and
greater than 2700 ppm.)

The refueling water circulating pump is used primarily to circulate water in a loop
between the RWST and the spent fuel pool demineralizer and filter. All wetted surfaces
of the pump are austenitic stainless steel. The pump is operated manually from a local
station.

RWST makeup to the spent fuel pool is only used in the case of a loss of inventory

event. The RWST is not a source for normal makeup to the spent fuel pool . The
refueling water circulation pump is powered from a non-vital bus power supply.
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2 6 2 Boric Acid Storage Tanks (BAST)

The BASTs are an approved source of makeup to the spent fuel pool through either units’
boric acid blender. This source is also approved for use during a loss of inventory
accident. Because of the number of manual Valve manipulations, this is not the preferred
method to makeup to the spent fuel pool

There are three boric acid storage tanks. Each of the three boric acid stornge tanks has a
capacity of 5000 gallons. The tanks are located on the 46 foot elevation of the primary
- auxiliary building.

2.6.3 Direct Addition of Boric Acid

If necessary, the boron concentration of the spent fuel pool could be increased by
emptying bags of dry boric acid directly into the spent fuel pool. However, boric acid
dissolves very slowly at room temperature and requires that the spent fuel pool cooling
pumps be available for mixing the spent fuel pool water. Furthermore, there is no
_procedure currently in place to provide operator guidance for this method. Therefore,
this method would be used only in an emergency and will not given additional
consideration. '

2.6.4 CVCS Holdup Tanks

The CVCS holdup tanks may be borated depending on which tank is selected and the
time in core life. For the purposes of this analys1s the CVCS holdup tanks are assumed
to be dilution sources.

2.7 Spent Fuel Pool Instrumentation

Instrumentation is available to monitor spent fuel pool water level and temperature.
Additional instrumentation is provided to monitor the pressure and flow of the spent fuel
pool cleanup system, and pressure, flow and temperature of the spent fuel pool cooling
system.

- The instrumentation to monitor spent fuel pool temperature and level alarm on a common
annunciator in the control room. The alarm actuates on high spent fuel pool temperature
and high or low spent fuel pool level. The temperature and level alarms are powered
from the vital DC power supply.

Two area radiation monitors are available in the spent fuel pool area for low range and
high range area monitoring.

The spent fuel pool low level alarm is set at 62 foot - 8 inches and the high level alarm is
set at 64 foot - 10 inches. The temperature alarm is set for greater than 120 degF.
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2.8 Administrative Controls

* The following administrative controls are in place to control the spent fuel pool boron
concentration and water inventory:

1. Procedures are available to aid in the identification and termination of dilution events.

2. Procedures for loss of inventory (other than normal makeup) are ordered such that
borated water sources are used first. '

3. Procedure for makeup allows use of DI water, RMUW, and CVCS hold up tank water
provided it meets additional requirements for sampling and/or initial boron concentration.

" 4. In accordance with procedures, plant personnel perform rounds at the spent fuel pool
at least once every 8 hours. The personnel making rounds to the spent fuel pool are
trained to be aware of the change in the status of the spent fuel pool. They record
temperature and level on data loggers during these rounds (temperature from the local

- indicator in the area is recorded every 8 hours, level is recorded once per day.)

5. Administrative controls (locked closed valves on ‘RMUW flow paths to the spent fuel
pool cooling system; procedures requirements) are placed on the potential dilution paths.

6. When making up using DI water.or RMUW, procedures require that the spent fuel
pool initial boron concentration is greater than or equal to 2,500 ppm, the spent fuel

. cooling system is operating with a flow rate greater than or equal to 1,000 gpm and the
makeup is limited to less than or equal to 12 inches of level. Prior to adding more water,
the boron concentration must be re-verified greater than 2,500 ppm. CVCS holdup tanks
must meet minimum chemistry requirements including boron concentration before being
used as a makeup source.

7. The spent fuel pool boron concentration is administratively maintained at greater than
2,300 ppm and it is typically around 3,000 ppm. Itis sampled every 7 days per technical
specifications.

2.9 Piping

There are no systems identified which have piping in the vicinity of the spent fuel pool
which could result in a dilution of the spent fuel pool if they were to fail.
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3.0 SPENT FUEL POOL D_ILUTION EVALUATION
3.1 Caléuiatioh of Boron Dilution Times and Volumes -

" For the purposes of evaluation of spent fuel pool dilution times and volumes, the total -

pool volume available for dilution, as described in section 2.1, is. conservatlvely assumed
to be 236,406 gallons.

_Based on the new criticality analysis, the soluble boron concentration required to '
maintain the spent fuel pool at kegs < 0.95, including uncertainties with a 95% probability
and 95% confidence level is 805 ppm.

The spent fuel pool boron concentration is typically maintained above the-administrative
value of 2,300 ppm at around 3,000 ppm (technical specification value'is 2,100 ppm.) If
the concentration falls below 2,100 ppm, Point Beach enters a Technical Specification
Action Condition to restore the concentration to within limits immediately. For the
purposes this of evaluation, the initial spent fuel pool boron concentration is assumed to
be at the technical specification limit of 2,100 ppm. The evaluations are based on the
spent fuel pool boron concentration being diluted from 2,100 ppm to 805 ppm. To dilute
_the spent fuel pool volume of 236,406 gallons from 2,100 ppm to 805 ppm would
conservatively require 251,763 gallons of non-borated water. This is based on initially:
filling the spent fuel pool to the elevation where water spills into the transfer canal, then
filling the transfer canal, filling the spent fuel pool and the transfer canal to the top of the
structure and then spilling over the structure onto the floor. This sequence of events
max1mlzes the time until the high level alarm would be actuated.

This analysis assumes thorough mixing of all the non-borated water added to the spent
fuel pool with the contents of the spent fuel pool. Based on the design flow of 1,250 gpm
per spent fuel pool pump, the 236,406 gallon system volume is turned over
approximately every 3 hours with one pump running, which is the normal alignment. It
is unlikely with cooling flow and convection from the spent fuel decay heat, that
thorough mixing would not occur. However, if mixing was not adequate, it would be
conceivable that a localized pocket of non-borated water could form somewhere in the

. spent fuel pool. This possibility is addressed by the criticality analysis which shows that
the spent fuel rack ks will be less than 1.0 with the spent fuel pool filled with non-
borated water. Thus, even if a pocket of non-borated water formed in the spent fuel pool,
kegr would not exceed 1.0 anywhere in the pool.

3.2 Evaluation of Boron Dilution Events
The time to dilute the spent fuel pool depends on the initial volume of the pool and the

postulated rate of dilution. The potential spent fuel pool dilution events that could occur
are evaluated below.
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3.2.1 Dilution from CVCS Holdup T anks

Dilution water from a CVCS holdup tank can be transferred via the recirculation pump to
the spent fuel pool directly. The flow path to the spent fuel pool is isolated through a -
normally closed valve. The tanks are also kept isolated as a source to the pump through
normally closed valves until the water is needed to be moved. This connection is a
designated source of makeup water in a loss of spent fuel pool inventory event. This is
also a designated source of normal makeup to the spent fuel pool. Each of the three
CVCS holdup tanks has a total volume of approximately 61,000 gallons. The water in
the tanks has a variable boron concentration which could be as low as 0 ppm. Any
amount of boron in the CVCS holdup tank water would increase the required dilution
volume from transfer of CVCS holdup tank water to the spent fuel pool. ‘To dilute the
spent fuel pool volume from 2, 100 ppm to 805 ppm requires 251,763 gallons of
unborated water. The combined contents of three CVCS holdup tanks (approximately
183,000 gallons) is less than the total required dilution volume. The recirculation pump
is rated to flow at 500 gpm. If transfer of the CVCS holdup tanks were initiated and left .
unattended, it would take approximately 199 minutes to increase the spent fuel pool level
from the low to high alarm setpoint and 8 hours to provide the 251,763 gallons required
to dilute the pool from 2,100 ppm to 805 ppm, assuming O ppm boron in the tanks and an
unlimited supply in the tanks. Note that the low level alarm for the Primary Auxiliary -
Building operator is 13% level in the tanks. In addition, the B holdup tank is
administratively maintained with sufficient boron at 3.5 weight percent to support a plant
cooldown. The boron in the this tank would further reduce the total volume of dilution
water that can be supplied to the spent fuel pool.

The CVCS recirculation pump can take suction from either of three CVCS holdup tanks.
Administrative procedures specify that the pump is aligned to one holdup tank at a time.
Manual valve manipulations are required to switch the pump suction to another tank. -
Thus, it is assumed for the purposes of this evaluation that only the contents of one
CVCS holdup tank are available for a spent fuel pool dilution event. The 61,000 gallons
of water contained in one CVCS holdup tank is less than the 251,763 gallons necessary to - -
dilute the spent fuel pool from 2,100 ppm to 805 ppm There is no automatic makeup to
the CVCS holdup tanks.

3.2.2 Dilution From Reactor Makeup Water Storage Tank

The contents of the Reactor Makeup Water Storage (RMUW) tank cannot be transferred
via the RMUW pumps directly to the spent fuel but it can be indirectly transferred via
either units' boric acid blender. It could also.be transferred to the spent fuel pool via the
purification loop through the demineralizer flush line, though this is not in a plant
approved procedure and would require the mis-positioning of manual valves.

The RMUW system consists of a single water storage tank and two pumps for both

operating units. RMUW can be supplied to the spent fuel pool cooling system from the
tank and pumps through either units' boric acid blender. This is an approved makeup
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- method for both normal pool makeup and loss of i mventory events. The RMUW tank
contains approximately 96,150 gallons of de-ionized water. Because 251,763 gallons of

* water is required to dilute the spent fuel pool from 2,100 ppm to 805 ppm the. tank does -
not have sufficient i mventory to dilute the spent fuel pool '

In addition, only one of the two RMUW pumps is kept available at any time. The other
pump is maintained in a pullout condition. The RMUW pumps are not in constant
operation, but start only on command frorn the control room. :

The design flow rate of a reactor makeup water pump is 270 gpm. The flow is limited by
a flow control valve to 120 gpm. If makeup to the spent fuel pool were started and then
left unattended (and the tank had an unlimited supply), the pool would rise from the low
level] alarm to the high level alarm in 829 minutes. For the given flow rate it would take
35 hours to supply the required 251,763 gallons. There is no automatic makeup to the
RMUW tank.

. 3.2.3 Dilution from the Demineralized (DI) Water System

DI water is supplied and administratively controlled from the water treatment plant in the -
turbine building of the plant. The DI system can makeup directly to the spent fuel pool
through a 2 inch connection to the purification loop return line. The demineralized water
system is rated to supply water at 400 gpm, though actual available supply rate is about
200 gpm. Use of DI water to makeup to the spent fuel pool is controlled by procedure.
At the specified flow rate, it would take 249 minutes to increase the spent fuel pool to the
high level alarm and 10 hours to add the required dilution volume of 251,763 gallons.

3.2.4 Dilution from Fire Protection Systém ‘

‘The fire protection system draws raw water directly from the lake. In order to have
firewater makeup to the spent fuel pool, a hose station would need to be unrolled and a
nozzle positioned to the spent fuel pool and constantly attended. The nearest fire hoses
are the Unit 1 and 2 fan rooms or from the 46 foot of the PAB. The fire protection system
is estimated to be capable of supplymg about 100 gpm at the nozzle. The only reason fire
water would be used is in the case of an emergency. At the given flow rate it would take
994 minutes to raise the water level to the high alarm and 42 hours to provide the
necessary 251,763 gallons of dilution.

3.2.5 Dilution from the Monitor Tanks

The monitor tanks consist of four tanks, each 10,000 gallons. The tanks may contain
unborated water or borated water awaiting discharge. These tanks and their associated
pumps are the source of water used during demineralizer flushing of the spent fuel pool.
Demineralizer flushing and recharge are administratively controlled so that the
demineralizer is isolated from the spent fuel pool during recharge. In addition, only one
monitor tank is allowed to be used at a time. Even if the all four tanks were aligned, the
“dilution source is less than that required to dilute the spent fuel pool.
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The rated flow of the monitor tank pump is 60 gpm. At this ﬂowrat'e (assﬁming an |
unlimited supply) it would take 1,657 minutes to raise the level from the low level alarm.
 to the high level alarm. It would take 70 hours to supply the total dilution volume. .

3.2.6 Review of Operating Experience

1. LER 369-94005, McGuiré, 7/10/1994, The spent fuel pool boron concentration was
diluted below the technical specification limit. This when the transfer canal was being
pumped to the spent fuel pool in preparation for maintenance. A DI misting system was
placed in service during the draindown to limit airborne activity. The DI water mixing
with the transfer canal water diluted the water as it was pumped to the spent fuel pool.
The spent fuel pool was 50 ppm below technical specification limit. Boron was added to
restore the spent fuel pool to above the technical specification limit.

Point Beach does not have a similar misting system installed. If decontamination of the
transfer canal walls is necessary prior to maintenance, a flow totalizer is used to track
how much water is added to the transfer canal. Prior to pumping water from the holdup
tank back to the spent fuel pool, the hold up tank must be analyzed to ensure the boron
concentration is not below the technical specification limit. When draining the canal
water is first pumped to the spent fuel pool and then to the holdup tanks by procedure.

2. LER 289-980204, Three Mile Island, 2/4/1998, Operators failed to notify chemistry
to sample the spent fuel pool after adding makeup water. This was a repeat occurrence.

. The spent fuel pool boron concentration was not diluted below the technical spemﬁcanon
minimum.

By procedure the spent fuel pool boron concentration must be verified to be greater than
2,500 ppm prior to filling. The total fill volume is limited to 12 inches of level and must
be re-verified prior to additional filling using DI water or RMUW.

3.3 Summary of Dilution Events

The five available water sources for spent fuel pool dilution are RMUW, DI water, CVCS |
holdup tanks, monitor tanks and fire protection. Fire protection is the least likely source
since it would only be used as a measure of last resort in a loss of inventory accident and
because the makeup hose is not located in the vicinity of the spent fuel pool. The monitor
tanks are the next least likely source since they are only used for demineralizer flushing
and not for normal or emergency makeup. The RMUW tank is the next least likely
source since there is not a direct makeup path to the spent fuel pool. It may be used but is
not the preferred source because of the required valve lineup. The CVCS holdup tank
source is the second most likely, but they are normally borated to some degree. The
volume of all three tanks is less than that required to dilute the spent fuel pool from 2,100
ppm to 805 ppm. The DI water source is the most likely source because it has a direct
connection and an unlimited supply from the water treatment plant. It is also the
preferred makeup source for the spent fuel pool.
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Flow rates from the DI water system supply pump vary depending on plant mode and
other plant demands. The maximum flow the DI water system can supply is 400 gpm -
with two pumps running. Typically only one pump and demineralizer are in service,
limiting the maximum design output to 200 gpm. The actual flow rate would be less
given the length of the piping run and pipe size. Even at the maximum flow rate, it takes
249 minutes to fill the spent fuel pool to the high level alarm assuming the pool level was
initially at the low level alarm. If the transfer canal were full, as is the normal case, the
high level alarm would alert the control room much sooner. Assuming that the high level
alarm were to fail, the pool would overflow, spilling onto the refueling floor, resulting in
water filling the PAB sump. If the flow exceeds the capacity of the drains, it would flow
out over the refueling deck and into other parts of the building. All water would -

“eventually end up in the waste holdup tank. The waste holdup tank volume is 23,960
-gallons with a high alarm at 63% (variable) of tank level and a high-high alarm at 85%
tank level. Thus, the waste holdup tank would act as a secondary backup to the spent fuel
pool high level alarm. By procedure, the operator must inform the water treatment
operator prior to filling the spent fuel pool. Continued makeup to the spent fuel pool
should be noticed by the water treatment operator. In addition, it would take 10 hours to
reach the required dilution volume and routine operator rounds of the area would identify
the overflow of the spent fuel pool.

Furthermore, for any dilution scenario to successfully add 251,763 gallons of water to the
spent fuel pool, plant operators would have to fail to question or investigate the
continuous makeup of water to the spent fuel pool for the required time period, and fail to
recognize that the need for extended water supply to the spent fuel pool was unusual.
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4.0 CONCLUSIONS

-A boron dilution analysis has been completed for the spent fuel pool. ‘As a result of this -
spent fuel pool boron dilution analysis, it is concluded that an unplanned or inadvertent
event which would result in the dilution of the spent fuel pool boron concentration from
2,100 ppm to 805 ppm is not a credible event. This conclusion is based on the following:

The preferred method of normal makeup to the spent fuel pool is DI water from the water
treatment plant. Use of this source requires verification of the spent fuel pool

_concentration prior to filling and limits the amount that may be filled. Addmonal ﬁlhng
requires re-verification of the spent fuel pool boron concentration.

If an inadvertent dilution were to be initiated, administrative procedures are in place to
address a high level alarm in the spent fuel pool. Borated water from the RWST is
available via the refueling water circulation. Borated water is also available from the
BAST via the boric acid blender of either unit to the purification loop of the spent fuel
cooling system.

In order to dilute the spent fuel pool to ke 0:95, a substantial amount of water (251,763
gallons) is needed. To provide this volume, an operator would have to initiate the

- dilution flow, then abandon monitoring of the pool level, and ignore administrative
procedures, and a high level alarm for a period of at least 10 hours. The required dilution
volume of 251,763 gallon exceeds the volume of all unborated water sources in the plant
used for normal makeup with the exception of the DI water system.

Since such a large water volume turnover is required, a spent fuel pool dilution event
would be readily detected by plant personnel via alarms, flooding in the primary auxiliary
building, or eventually by operator rounds through the spent fuel pool area. :

It should be noted that this boron dilution evaluation was conducted by determining the
time and water volumes required to dilute the spent fuel pool from 2,100 ppm to 805
ppm. The 805 ppm endpoint was used to ensure that ke for the spent fuel racks would

- remain less than or equal to 0.95. As part of the criticality analysis for the spent fuel
racks, a calculation has been performed to show that the spent fuel rack k.s remains less
than 1.0 with non-borated water in the pool. Thus, even if the spent fuel pool were
diluted to zero ppm, which would take significantly more than the volume determined
above, the spent fuel pool would remain subcritical and the health and safety of the public
would be assured.
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Appendlx A - Volumes.
PURPOSE

The purpose of Appendix A is to determine (1) the volume of water in the spent fuel pool
at the low level alarm; (2) the volume of water to raise the spent fuel pool to the new fuel
elevator spilil over elevation; (3) the volume of water to raise the transfer canal to the new
fuel elevator spill over elevation; (4) the volume of water to raise the spent fuel pool and

. transfer canal to the high level alarm; and (5) the volume of water to raise the spent fuel
pool and transfer canal to the top of the structure.

BACKGROUND

The new spent fuel pool crmcahty analysis, WCAP-16541-P, Point Beach Units 1 and 2 -
Spent Fuel Pool Criticality Analysis (Ref. 11), uses the Westinghouse methodology in
"WCAP-14416-P. WCAP-14416-P credits soluble boron to mitigate potential accidents.
In its approval of WCAP-14416-P, the NRC requires that licensees identify potentlal
dilution events.

_ Part of this analysis includes an evaluation of the times to identify the dilution events.
Flow rates of the dilution sources are available from plant information. In order to
determine the time, the volume of the spent fuel pool and transfer canal needs to be
known. »

The volumes will be broken up into the following parts to facilitate the information’s use
in the analysis: -

(a) The volume to fill the spent fuel pool from the low level alarm to the spill over
pomt

(b) The volume to fill the transfer canal from empty to the spill over pomt

(c) The volume to fill both the spent fuel pool and the transfer canal from the spill
over point to the high level alarm.

(d) The volume to fill the spent fuel pool and transfer canal from the high level alarm
to the top of the structure.
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ASSUMPTIONS

Val_i'dated Assumptions

1.

S}

Itis assumed that the doors to the transfer canal are closed and the transfer canal
drained. .
Basis: It is conservative to assume the doors are closed and the transfer canal is
drained. This decreases the volume of water available to be diluted and increases
the time until the high level alarm is. reached (because the high level alarm
elevation is greater than the spill over point elevation.)

It is assumed that the water level in the SFP is at the low level alarm.

Basis: It is conservative to assume the water is at the low level alarm. This
decreases the volume of water to be diluted and thus decreases the required
dilution volume. This is also the condition when plant operators would initiate
normal makeup to raise the spent fuel pool level.

It is assumed that the pool fills with unborated water from the low level to the
spill over point through the new fuel elevator cable hole cut in the divider wall.
The transfer canal will then fill to the spill over point. Both the transfer canal and
spent fuel pool will then fill together until the top of structure is reached, when
spilling over to the floor occurs.

Basis: This is the most likely scenario that does not involve some type of
malicious action on the part of a plant employee.

It is assumed the high level alarm does not annunciate until transfer canal is filled
and the spent fuel pool and transfer canal fill to the high level alarm.

Basis: Plant operating experience shows that during filling of the spent fuel pool
from the CVCS hold up tanks, with a sufficiently high flow rate the high level
alarm will temporarily annunciate even though water is spilling over to the
transfer canal. By assuming the high level alarm is not reached, a greater dilution
volume will occur before the control room is notified.

It is assumed that the transfer canal volume can be represented by the following:
(a) volume for the expanded portion by the transfer tube (b) volume for the
middle section that is the same elevation as the transfer tube ends (c) volume for"
the region from elevation for (a) and (b) to the elevation where the transfer canal
is no longer angled up, and (d) elevation in the straight vertical region to spill over
point, and (e) volume from spill over point to top of transfer canal.

Basis: This is an accurate representation of the transfer canal and does not
account for equipment such as the fuel transfer system or the transfer tube. See
Figure 1 for a graphical description.
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6. Itis assumed that the volume of spaced In the spent fuel pool occupled by the fuel
contains no water.
Basis: Thisis a conservatlve because the amount of water available to be diluted
is decreased

Un-validated Assumptions
None
REFERENCES (verified current as of 6/30/2006).

N-93-048, “Time to SFP Boiling Following a Loss of SFP Cooling”, Rev 3.
Setpoint Document, STPT 8.1, LC-634 SFP Level, Rev 7. : :
Drawing BECH C-203, PAB SFP Liner Plate, Rev 8.

Drawing BECH C-160, PAB SFP Plans & Sections, Rev 9.

Technical Specification 3.7.11, Fuel Storage Pool Boron Concentratlon
NF-NMC-06-5, Point Beach Spent Fuel Pool Criticality Analysis, 1/27/06.
Drawing BECH C-206, PAB SFP Elevator Winch, Rev. 2

Drawing BECH C-204, Cont/PAB Refueling Canal and SFP Liner Plate, Rev. 12
Drawing BECH C-202, Cont/PAB Refueling Canal and SFP Liner Plate, Rev 6
Drawing BECH C-205, PAB SFP Liner Plate, Rev 7

WCAP-16541-P, Point Beach Units 1 and 2 Spent Fuel Pool Crmcahty Analysis,
2/1/2006. : :

el B O el M

_c
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INPUTS
1. Gross volume of SFP water from low level -~
© alarm. '
2. Volume of divider wall
3. Volume of cask area
4. Volume of fuel zone
5. Low level alarm
6. Distance to the spill over point
1. Upper elevation of SFP structure
8. Length of SFP
9. Width of SFP
10.  Width of divider wall (west end)
11.  Length of divider wall (west end)
12. - Upper elevation of divider wall (west end)
13.. Minimum SFP boron
14.  Required SFP boron
15.  Length of transfer canal (bottom) (w/o ends)
(per unit) | o
16.  Length of transfer canal (bottom) (ends)
17.  Elevation of transfer canal (bottom) -
18.  Width of transfer canal (mid section)
19.  Width of transfer canal (ends)
20.  Elevation of transfer canal (ends, top)
21.  Length of transfer canal (top) (per unit)
22. Length of vertical transfer canal section
23.  Width of transfer canal divider
24.  Length of transfer canal divider (vertical)
25. Length of the end transition region
26. High level alarm
ATTACHMENTS
None.
ACCEPTANCE CRITERIA

50,160 ft*

1,877 3

1,213 ft>
15,467 2
62 ft-8in
1ft-45/16in

.66 ft-0in

72 ft- 0 in
18 ft-4in
4 ft

8 ft
63ft-8in
2100 ppm
805 ppm

48 ft-4 in
5ft-15/8in
24 ft - 8 in

3 ft

5 ft

31 ft-6in

37ft-11/2in
3ft-4in

4ft

35ft-4in

1ft
64 ft-101in

None. The output of this numerical manipulation is a determination of the

volume of water necessary to fill the Spent Fuel Pool (SFP) from the low level
alarm to the top of the spent fuel pool structure. This volume will be used as part

of dilution analysis for the spent fuel pool.
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- METHODOLOGY AND CALCULATION

Determine SFP water volume at low level alarm:

The SFP contains water, fuel racks, fuel, an internal divider wall and a cask area.-
This information is taken as inputs from calculation N-93-048 (Reference 1). The
volume of water in the SFP at the low level alarm can be expressed as gross
'volume [input 1] minus the divider wall volume [input 2] minus the cask area -
volume [input 3] minus the fuel zone volume [input 4]: '

V1= Vaross - Vow - Vea - Viz

V, = Volume of water in SFP at low level alarm, ft>

Vross = Gross volume, ft> '

Vpw = Divider wall volume, ft>

Vca = Cask area volume, fi®

Vrz = Fuel zone volume, ft>

This treatment does not consider the volume of water in the cask area, the volume

of water in the fuel zone, or in areas around the spent fuel racks or inspection area
- (see Assumption 6 of this Appendlx )

Vi =50,160 f£’ - 1, 877 ft’ - 1,213 ft’ - 15,467 ft = 31,603 ft’
Put the volume in terms of gallons
V) =31,603 ft> * 7.4805 gal/ ft* = 236,406 gal

(a) Determine the SFP water volume from low level alarm to spill over elevation:

During the initial dilution, the SFP will fill from the low level alarm to the
transfer canal splll over elevation through the new fuel elevator opening.

The elevation of this opening needs to be determined. It is found by taking the
elevation of the top of the spent fuel pool [input 7] and subtracting the distance to
the spill over point [input 6].

E1 = Ez - D1

= Elevation of the spill over point, ft
E, = Elevation of the top of the spent fuel point (reference point), ft
D; = Distance to the spill over point from the top of the spent fuel pool, ft

Ei=(66ft+0in)- (1 ft +4/12 ft + 5/16/12 ft) = 64 ft - 7 11/16 inch
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The volume of the spent fuel pool from the low level alarm to the spill over point
is given by the volume of the divider wall subtracted from the gross volume to fill
“the spent fuel pool 1 to. the spﬂl over pomt :

V= V3 Vy4

Vo= Volume of water to fill SFP from low level alarm to splll over pomt ft®
V3 = Gross volume of SFP from low level alarm to spill over point, ft®
V4 = Volume of divider wall from low level alarm to top 1ts of structure;, f

The vgross volume of the SFP from the low level alarm to the spill over point is the
length of the SFP [input 8] multiplied by the width [input 9] by the elevation of
the spill over point [E;] minus the elevation of the low level alarm [input 5]:

Vi=1Lo* Wo * (E; - Hp)

V3 = Gross volume of SFP from low level alarm to spill over point, ft®
Ly = Length of the spent fuel pool, ft

Wy = Width of spent fuel pool, ft

E, = Elevation of the spill over point, ft

Hg = Elevation of the low level alarm, ft

V3= (72 £0) (18 £t + 4/12 f) ((64 ft + /12 ft + 11/16/12 ft) - (62 ft + 8/12 fi)
Vs = 2,606 £

The volume of the divider wall from the low level alarm to the top of its structure
1s given by the length of the divider wall [input 11] multiplied by the width of the
divider wall [input 10] multiplied by the upper elevation of the divider wall [input
12] minus the low level alarm [input 5]:

V4= Lg * W3 * (Eo - Ho)

V4 = Volume of divider wall from low level alarm to top its of structure, fil
Lg = Length of the spent fuel pool divider wall, ft

W3 = Width of spent fuel pool divider wall, ft

Eo = Elevation of top of spent fuel pool divider wall, ft

Ho = Elevation of the low level alarm, ft

V= (8 ft) (4 1) [(63 ft + 8/12 ft) - (62 ft + 8/12 f)] = 32

The volume of water to fill the SFP from fhe low level alarm to the spill over
point is then given by:

V,=2,606f -32 f =2,574 3
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Put the volume in terms of gallons: -

Vy=2,574 fi® * 7.4805 gal/ ft’ = 19.252 gal

(b) Determine the volume of thevtvr‘ansfér canal to the spill over point -

. The volume of the transfer canal can be approximated by dividing it up into four
sections. (a) The volume of the ends where the transfer tubes are located. (b) The
volume of the middle section between the ends. (c) The transfer canal volume
with angled walls. (d) The volume of the transfer canal with vertical walls. Also,
the volume of the transfer canal divider wall will be subtracted.

(a) Volume of the ends

The volume of the ends is given by the length of the ends [input 16] plus
the length of the transition region [input 25] multiplied by the width of the’
ends [input 19] multiplied by the elevation of the bottom of the transfer
canal [input 17] subtracted from the elevation of the top of the ends [mput
20]. This is multiplied by two for both units.

- Vs=(L; + L) * W3 * (H, -Hz)*2

Vs = Volume in the ends of the transfer canal, i3
" L, = Length of the ends, per unit, ft

L, = Length of transition reglon ft

W3 = Width of ends, ft ,

H, = Upper elevation of ends, ft

H, = Elevation of transfer canal bottom, ft

Vs =[(5 ft + 1/12 fe + 5/8/12 i) + (1 )] * (5 ﬁ) * [(31 ft + 6/12 ft) - (24 ft
+8/12 f1)] * 2

Vs =419 ft’

(b) Volume of the transfer canal. between the ends

The volume of water between the ends in the transfer canal is the length of
the transfer canal at the bottom [input 15] multiplied by the width of the
transfer canal [input 18] multiplied by the elevation of the bottom of the
transfer canal [input 17] subtracted from the elevation at the top of the
ends [input 20] multiplied by two for both units.

Ve=L4*Ws*(H;-Hy) *2

V¢ = Volume in the bottom of the transfer canal between the ends with
same elevation, ft°
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L4 = Length of the section between the ends, per unit, ft
W5 = Width of the transfer canal, ft

- H, = Upper elevation of ends, ft

" Hy= Elevatlon of transfer canal bottom, ft

V6 = (48 ft+4/12ft) * (3 ft) *[(Blft+6/12 ft) 4 ft + 8/12 ft)] *2
Ve =1,982 ft

(¢) Volume of the transfer canal in section with ahgled walls ,

First the elevation where the angled walls end must be determined (upper |
elevation.) This is found by subtracting the height of the straight section
[input 22] from the top of spent fuel pool elevation [input 7].

Bs=E,- D,

E; = Elevation where the angled wall starts, ft
. B> = Elevation of the top of the SFP, ft
D,= Length of the upper vertical section of the transfer canal ft

Es = 66 ft - (3 ft - 4/12 fi)
E;=62ft-8in

The volume of water in the portion of the transfer canal with angled walls
is further divided into the center section and triangle section.

The center section can be given by multiplying the width of the transfer
canal [input 18] by the difference in elevation from the top of the ends
elevation [input 20] to-where the vertical section starts [E;] by the length
of the transfer canal per unit [input 21] multiplied by 2. Thls is the
volume in the center section.

Vy=Ws*(E;-H)*Le*2

V7 = Volume in-between the angled wall sections , ftt

W5 = Width of the transfer canal, ft

E; = Elevation where the angled wall starts, ft

H; = Upper elevation of ends, ft ]
Ls = Length of the transfer canal at the top elevation, per unit, ft

Vo, =3t * [(62 ft + 8/12 ft) - 31 ft + 6/12 ft)] * (37 ft + 1/12 ft + 1/2/12
fty*2

V; = 6,942 ft®
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There 1s one triangle section for each unit. This volume can be given by
multiplying the width of the transfer canal [input 18] by the elevation from
the top of the ends [input 20] subtracted from the elevation where the
vertical section starts [E3] by length of the transfer canal [input 21]
subtracted from the length of the transfer canal at the bottom [input 15] .
multiplied by one half (for a triangle) multiplied by 2 each unit.

Vs =Ws * (Bs - H) * (Lg - Lg) * 0.5 % 2

Vs = Volume of the triangles formed by the angled section of wall, ft’
W5 = Width of the transfer canal, ft -

E; = Elevation where the angled wall starts, ft

H, = Upper elevation of ends, ft .

L4 = Length of the section between the ends, per unit, ft

Ls = Length of the transfer canal at the top elevation, per unit, ft

Vg=3 ft* [(62 ft + 8/12 fr) - (31 ft + 6/12 fi)] * [(48 ft + 4/12 fi) - (37 ft +
1/12 ft + 1/2/12 f)] * 0.5 * 2

Vg = 1,048 ft°

(d) Volume of the transfer canal in vertical section

The volume of the transfer canal in the vertical section from elevation of
the vertical section to the spill over point is determined by multiplying the
width of the transfer canal [input 18] by the length of the transfer canal
(times two) [input 21] by the elevation at the start of the vertical section
[E3] subtracted from the elevation of the spill over [E;].

Vo=Ws*Ls %0 (E; - E3)

Vs = Volume of the water to the sp111 elevatmn in the vertical region of
transfer canal at top elevation, ft’

Ws = Width of the transfer canal, ft

Ls = Length of the transfer canal at the top elevation, per unit, ft

E; = Elevation of the spill over point, ft

E; = Elevation where the angled wall starts, ft

Vo=23 ft * (37 ft + 1/12 ft + 1/2/12 ft) * 2 * [(64 ft + /12 ft + 11/16/12 ft)
- (62 ft + 8/12 ft)]

Vo = 440 ft°

(e) Volume of the transfer canal divider wall
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To determine the transfer canal divider wall volume to the splll point, the
elevation at the bottom of the divider wall must be known. Thisis

determined by subtracting the height of the divider wall [input 24] from -
the elevation of the top of the spent fuel pool [input 7] . ‘

Es=E;-D;

Es = Elevation of bottotu of tranvsfer canal divider wall, ft
E; = Elevation of the top of the SFP, ft

Ds= Length of divider wall, ft

Es = 66 ft - (35 ft + 4/12 ft)

Es=30ft-8in

The volume of the transfer canal divider wall can be determined by
multiplying the width of the transfer canal '[input 18] by the width of the.
divider [input 23] by elevation of transfer canal divider wall at the bottom
[Es] subtracted from the elevation of the spill over point [E,].

Vie=Ws*L;* (El'- Es)
V1o = Volume of the transfer canal divider wall, ftt
‘W5 = Width of the transfer canal, ft _
" L7 = Width of the transfer canal divider wall, ft
E; = elevation of the spill over point, ft _
Es = Elevation of bottom of transfer canal divider wall, ft -
" Vio=31ft*4ft* [(64 ft+7/12 ft + 11/16/12 ft) - (30 ft + 8/12 ft)]
Vo = 408 ft*

() Volume of transfer canal from bottom to spill

The volume of the transfer canal from the bottom to the spill over
elevation is given by the sum of the previously determined volumes as:

V11=V5+V5+V7+V8+V9-V10

V11 = Volume to fill the transfer canal from bottom to spill, e

Vs = Volume in the ends of the transfer canal, ft°

V¢ = Volume in the bottom of the transfer canal between the ends with
same elevation, ft°

V7 = Volume in-between the angled wall sections , ft

Vg = Volume of the triangles formed by the angled section of wall, f?

Page 28 of 46



EC 9694
‘Boron Dllutlon Analysis to Support Llcense Amendment Request

Vg = Volume of the water to the spﬂl elevation in the vertlcal reglon of
transfer canal at top elevation, ft°

V1o = Volume of_ the transfer canal divider wall, i

Vi =419 £ + 1,982 £+ 6,942 > + 1,048 f® + 440 £ - 408 ¢

Vi = 10,423 ft’

Putting the volume in terms of gallons of water

Vi1 = 10,423 ft* * 7.4805 gal/ ft* =77.971 gal -

(c) Determine volume of water to fill the spent fuel pool and transfer canal from
the spill over to the high level alarm :

Next need to determine the volume of water that is required to fill the
transfer canal and spent fuel pool from the spill over elevation to the hlgh
level alarm. -

First need to calculate the volume of the transfer canal divider wall in that
elevation. This is determined multiplying the width of the divider wall
[input 23] by the width of the transfer canal [input 18] by the elevation of
the spill over point [E,] subtracted from the elevation of the high level-
alarm [input 26]. :

Vipo=W;s* L7 * (Bg - Ey)

V12 = Volume of the transfer canal divider wall from the sp111 over to high
- level elevations, >

W5 = Width of the transfer canal, ft

L7 = Width of the transfer canal divider wall, ft

E¢ = Elevation of the high level alarm, ft

E; = Elevation of the spill over point, ft

Vip=31ft *4ft* [(64 ft + 10/12 ft) - (64 ft + 7/12 ft + 11/16/12 ft)]

Vi =21t

The volume to fill the transfer canal can be determined by multiplying the
length of the transfer canal [input 21] by the width of the transfer canal
[input 18] by two for each unit by the elevation of the spill over point [E,]
subtracted from the elevation of the high level alarm [input 26]. From this

the volume of the divider wall is subtracted [V 2]

Viz=Ws*Lg* 2% (Eg-E;) - V12
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V13 = Volume of the water to fill the transfer canal from the sp111 elevation
to the high level alarm, ft’
W5 = Width of the transfer canal, ft _ o
" Le = Length of the transfer canal at the top elevation, per unit, ft
Es = Elevation of the high level alarm, ft
" Ej = Elevation of the spill over point, ft
* V12 = Volume of the transfer canal divider wall from the spill over to high
- level elevations, ft’

V13 = 3ft*G7fi+ 1/12ft+ 1/2/12ft) * 2 * [(64 ft+10/12 ft) - (64 ft +
712 ft + 11/16/12 fi)] - 2 £t

V13 = 41 ft3

The volume of the spent fuel pool to raise the level from the spill elevation
to the high level alarm can be given by multiplying the length of the spent
fuel pool [input 8] by the width of the spent fuel pool [input 9] by the
subtracting the elevation of the spill point [E, ] from the hlgh level alarm
[input 26].

'V14=L0 *Wo * (Es - E1)

V14 = Volume of the spent fuel pool to raise from spill elevation to the
high level alarm, ft’ -

Lo = Length of the spent fuel pool, ft

W, = Width of spent fuel pool, ft

Ees = Elevation of the high level alarm, ft

E; = Elevation of the spill over point, ft

V14 =721t * (18 ft + 4/12 ft) * [(64 ft + 10/12 ft) - (64 ft + 7/12 ft +
11/16/12 ft)] :

V_14 =254 ft

The total volume to raise the level from the spill over point to the high
level alarm is the sum of the volume to raise the transfer canal [V,3] plus
the volume to raise the spent fuel pool [V14].

VIS =Vi+ Vi

Vs = Volume to raise the transfer canal and spent fuel pool to the high
level alarm, ft>

Vi3 = Volume of the water to fill the transfer canal from the spill elevation
to the high level alarm, f®

V14 = Volume of the spent fuel pool to raise from spill elevation to the
high level alarm, ft>
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Vis= 41 £ +254 £
Vis=295ft
~ Put this volume in terms of gallons:

Vs =295 ft * 7.4805 gal/ fi® =2.207 gal

(d) Determine the volume to raise the transfer canal and spent fuel pool from the
high level alarm to the top of structure elevation '

Need to determine the volume of water that is required to fill the transfér_
canal and spent fuel pool from the high Ievel alarm to the top of the.
structure.

First need to calculated the volume of the transfer canal divider wall in
that elevation. This is determined multiplying the width of the divider
wall [input 23] by the width of the transfer canal [input 18] by the
elevation of the high level alarm [input 26] subtracted from the elevation
of the top of structure [input 7].

Vig=Ws * L; * (E; - Eg)

Vig= Volume of the transfer canal d1v1der wall from the high level alarm
to the top of SFP structure, ft’

W s = Width of the transfer canal ft

L, = Width of the transfer canal dividér wall, ft

E, = Elevation of the top of the spent fuel point (reference point), ft -

Es = Elevation of the high level alarm, ft

Vie=3ft * 4 ft* [66 ft - (64 ft + 10/12 ft)]
Vie = 14 ft°

The volume to fill the transfer canal can be determined by multiplying the
length of the transfer canal [input 21] by the width of the transfer canal
[input 18] by two for each unit by the elevation of the high level alarm
[input 26] subtracted from the elevation of the top of structure [input 7].
From this the volume of the divider wall is subtracted [V ]

Vi7=Ws*Le*2* (E; - Eg) - Vig
V17 = Volume of the water to fill the transfer canal from the high level

alarm to the top of SFP structure, e
Ws = Width of the transfer canal, ft
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'Ls = Length of the transfer canal at the top elevatron per unit, ft
Es> = Elevation of the top of the spent fuel point (reference pomt) ft

- Eg = Elevation of the high level alarm, ft -
Vie= Volume of the transfer. canal divider wall from the high level alarm
to the top of SFP structure s :

V17 = 3 ft *(37ft+ 1/12 ft+ 1/2/12 ft) * 2 * [66 ft - (64 ft + 10/12 ft)] -14
ft’ : 4 ' o .

Vi7 =246 ft3

The volume of the spent fuel pool to raise the level from the the high level
alarm to the top of structure can be given by multiplying the length of the
spent fuel pool [input 8] by the width of the spent fuel pool [input 9] by
the subtracting the high level alarm [input 26] from the elevation of top of
structure [input 7].

| Vis=Lo * Wo * (E; - Eg)

Vg = Volume to ralse spent fuel pool from high level alarm to splll over
top of structure, ft> ,
Lo = Length of the spent fuel pool, ft -

. Wy = Width of spent fuel pool, ft
E, = Elevation of the top of the spent fuel point (reference point), ft
Es = Elevation of the high level alarm, ft .

Vig =72 ft * (18 ft + 4/12 ft) * [66-ft - (64 ft+ 10/12 ft)]
Vg = 1540 ft°

The volume to raise the transfer canal and spentfuel pool from the high
level alarm to the top of structure is the sum of the volume to raise the
transfer canal [V 7] plus the volume to raise the spent fuel pool [Vs].

Vig=V7+ Vg

V 19 = Volume to raise the spent fuel pool and transfer canal to the top of
structure, ft’

V17 = Volume of the water to fill the transfer canal from the high level
alarm to the top of SFP structure, ft*

Vi3 = volume to rarse spent fuel pool from high level alarm to spill over
top of structure, ft’

V9o =246 ft® + 1,540 f>

Vo= 1,786 ft>
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Put this volume in terms of gallons:

V]g =1,786 ft’ * 7.4805 gal/ f® = 13,359 gal

CONCLUSIONS
1. Initial volume of water is SFP o 236,406 gal -
2. Volume to raise SFP to low level to spill 19,252 gal -
3. Volume to fill transfer canal to spill 77,971 gal
4. Volume to fill SFP and transfer canal
_ from spill to high level alarm 2,207 gal

5. Volume to fill SFP and transfer canal from hlgh '

level to top of structure =~ _ 13,359 gal
DOCUMENT UPDATES

None
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Appendix B - Dilution Determmauon -
PURPOSE '

The purpose of Appendlx B is to determine the volume of water requ1red to dllute the
- spent fuel pool to the analysis limit.

BACKGROUND

The new spent fuel pool crmcahty analys1s WCAP- 16541 P Point Beach Units 1 and 2
Spent Fuel Pool Criticality Analysis, uses the Westinghouse methodology in WCAP-
14416-P. WCAP-14416-P credits soluble boron to mitigate potential accidents. In its
approval of WCAP-14416-P, the NRC requires that licensees identify potential dilution
events. The dilution flow rates are available from plant data: The volume required to
dilute the spent fuel pool from the technical specification limit to the limit determined in
the criticality analysis must be determined. From th1s volume and plant data, the dilution
time may be calculated

ASSUMPTIONS

Validated Assumptions

1. It is assumed that the doors to the transfer canal are closed.
Basis: It is conservative to assume the doors are closed. This decreases the
volume of water available to be diluted and thus decreases the required dilution
volume.

2. It is assumed that the transfer canal is drained.
Basis: ‘The transfer canal is drained for maintenance prior to each refueling
outage. The high level alarm is set so that it is above the spill over point from the
‘spent fuel pool to the transfer canal. This will increase the amount of time from
the beginning of the dilution event to the time the high-level alarm is reached.

3. It is assumed that the water level in the SFP is at the low level alarm.

Basis: It is conservative to assume the water is at the low level alarm. This
decreases the volume of water to be diluted and thus decreases the required
dilution volume. This is also the condition when plant operations would initiate
normal makeup to raise the spent fuel pool level.

3. It is assumed that the pool fills with unborated water from the low level to the
spill over point through the new fuel elevator cable hole cut in the divider wall.
The transfer canal will then fill to the spill over point. Both the transfer canal and
spent fuel pool will then fill together until the top of structure is reached, when
spilling over to the floor occurs.
Basis: This is the most likely scenario that does not involve some type of
malicious action on the part of a plant employee.

4. It is assumed that the spent fuel pool cooling system is in operation.
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Basis: Normal plant operation has the cooling system in operation at all times.
" Consideration of two mdependent accidents is not required.

5. Itis assumed that there is uniform mixing in the SFP.
Basis: It was previously assumed that the SFP cooling system is'in operation,
~which promotes mixing. In addition the decay heat from the fuel promotes
natural convection cooling and water movement aiding in mixing.

6.  Itis assumed the high level alarm does not annunciate until transfer canal is filled.

' Basis: Plant operating experience shows that during filling of the spent fuel pool
from the CVCS hold up tanks, with a sufficiently high flow rate the high level
alarm will temporarily annunciate even though water is spilling over to the
transfer canal. By assuming the high level alarm is not reached, a greater dilution
volume will occur before the control room is notified by the alarm.

7. It is assumed that when the spent fuel pool spills over into the transfer canal it is
similar to a bleed-and-feed operation and there is constant volume in the spent
fuel pool. The same is true when the spent - fuel pool and transfer canal flood over
the structure.

~ Basis: As unborated water is pushed in through the dilution flow path, it will
push other water out of the spent fuel pool. Because we are assuming uniform
mixing, as water is introduced into the spent fuel pool, it is uniformly mixed and
then flows out. This model most closely mimics the dilution that would be
occurring in the spent fuel pool. .

8. - It is assumed that there is no mixing between the spent fuel pool and the transfer
canal when both are filling to the top of structure. _

. Basis: The level will rise in the spent fuel pool and the transfer canal. Water
introduced into the spent fuel pool will mix with the borated water. Some of this
mixture enters the transfer canal causing the total level to rise (spent fuel pool and
transfer canal.) The volume of water added is the total amount to fill both the
spent fuel pool and the transfer canal, but only the spent fuel pool is considered to
be diluted. This is conservative because some mixing with the transfer canal
would occur.

9. It is assumed that the density of the spent fuel pool water and the additional
unborated water is at the same temperature and density.
Basis: Water is considered in incompressible fluid and the density changes due to
temperature differences would be small.

Un-validated Assumptions

None
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REFERENCES (Ve_rified_- cui*fent as of 6/30/2006).

Technical Specification 3.7.11, Fuel Storage Pool Boron Concentration.
NF-NMC-06-5, Point Beach Spent Fuel Pool Criticality Analysis, 1/27/06.
Appendix A; Dilution Volumes, EC9694,.12/6/2006.
WCAP-16541-P, Point Beach Units 1 and 2 Spent Fuel Pool Crmcahty Analy51s
- 2/1/2006.
5. PBNP Calculation 97- 0108 Constants Used to Compile the Unit 1 and Unit 2
Blender Tables for 3.75% Boric Acid, 4/18/2000.

AW

INPUTS
1..  Initial spent fuel pool boron concentration Co 2100 ppm Ref. 1
2. End point boron concentration v C . 805ppm Ref. 2
3. Initial spent fuel pool volume Vi 236,406 gal . ~ Ref.3
4.  Volume to fill spent fuel pool to spill point Vs 19,252 gal - Ref. 3
5. Volume to fill transfer canal to spill point =~ V- 77,971 gal Ref. 3
6. Volume to fill transfer canal and spent fuel ' , ‘
pool from spill point to high alarm Vis 2,207 gal : Ref. 3
7. Volume to fill transfer canal and spent fuel o
pool from high alarm to spill over Vio 13,359 gal Ref. 3
8. Volume to fill spent fuel pool from spill point S
" to high alarm S Vi o 25412 Ref. 3
9. Volume to fill spent fuel pool from hlgh alarm ‘ ‘ ‘ v L
' to top of structure . Visg 1,540 ft® ~ Ref. 3
10.  Concentration reduction for feed and bleed. - Equation 1 - Ref. 5
ATTACHMENTS
None.
ACCEPTANCE CRITERIA

None. The output of this numerical manipulation is a determination of the volume of
water necessary to dilute the SFP from the tech spec value to the limit in the criticality
analysis. This volume will be used as part of dilution analysis for the spent fuel pool.

METHODOLOGY AND CALCULATION

In order to determine the final volume of water that must be added to dilute the spent fuel
pool from the technical specification limit of 2100 ppm to the analysis limit of 805 ppm,
the analysis must be done in several steps. The first step is to calculate how much the
concentration decreases when water is added to fill the spent fuel pool to the spill over
point. Next the concentration decrease from a feed-and-bleed addition to fill the transfer
canal is calculated. Then the concentration decrease from filling the spent fuel pool and
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the transfer canal to the pomt of overflow is calculated. Finally, _the volume to decrease
the boron concentration to the analysis limit is determined. :

Determine the change in boron concentration from low level al_arm to spill over point: =

The initial addition of water that raises-the spent fuel pool volume to the spill over
point will dilute the spent fuel pool. The boron concentration at the end of this
operation must be calculated to determine the initial boron concentration of the
spent fuel pool for the transfer canal fill. The general equation for determining
the change in concentration when mixing l_iquids is:

Cinat = (Ctuiat * Vi1 + Crwiaz * Vauia2) / (Viiar + Vawid2)

where C is the concentration and V is the volume. For this evaluation, fluid 1 is
the spent fuel pool water and fluid 2 is the unborated water that is added to the
spent fuel pool. The concentration of fluid 1 is the concentration of the spent fuel
pool before the dilution starts. Since fluid 2 is unborated water, it has zero
concentration. The equation becomes:

Crinal = Cinitiat * Vsep / (Vsrp + Vadded)

The change in concentration is found by multiplying the initial concentration
[input 1] by the initial spent fuel pool volume at the low level alarm [input 3] and
dividing by the sum of the initial spent fuel pool volume [input 3] and the water

- added to raise the level to the spill point [mput 4]. The change in concentration
can be determined as follows

Ci=C* V1 I (Vi+V2)
C, = The concentration of the spent fuel poolﬂ after the fill to spill over point, ppm
C, = Initial spent fuel pool boron concentration, ppm
V; = Volume of water in SFP at low level alarm, gal
"V, = Volume of water to fill SFP from low level alarm to spill over point, gal

C, = 2100 ppm * 236,406 gal / (236,406 gal + 19,252 gal)

C;=1,942 ppm

Determine the concentration during spill over into the transfer canal
In order to determine the change in boron concentration during a bleed-and-feed

operation during the filling of the transfer canal, the following equation from
Reference 5 is used:
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(CB final = CB RMU/Boric Acid) / (CB initial - CB RMU/Boric Acxd) =exp [(- VOlRMU/Bonc Acid’
pRMU/Bouc Acid) / (VOIan anm + VOlcvcs Pcvces)] (Equatlon 9]

' Because it is assumed the spent fuel pool is filled with unborated water the term
Cs RMU/Boric Acid 18 zero. It is also assumed that the density of the spent fuel pool
and any water added is the same, removing the density terms from the equation.
In the above equation, the volume of the primary system and the CVCS were the

_initial volume. The volume of RMU/Boric acid was for the water added to the

_ primary system. The only concentration being considered is boric acid and the
subscript B term may be dropped as well. Thus the equation above reduces to:

Crina / Cini(ial = eXP (-Vadded/Vinitial)

or

Cﬁnal = Cinitial * exp ('Vadded/V initial)v

This can also be re-written ih terms of the volume of wafef added as:

Vadded = Vinitial ¥ In (Cinitial/Cinat)

For this case, the final concentration of the spent fuel pool after bleed-and-feed to
the spent fuel pool is determined by raising the log of the starting boron
concentration [C,] subtracted from the volume of water added [input 5] divided
by the starting water volume [input 3 plus input 4] .

C=C * CXPA[ -Viu/ Vi + Vz)] .

C, = The concentration of the spent fuel pool after filling the transfer canal pPpm
V11 = Volume to fill the transfer canal from bottom to spill, gal
V| = Volume of water in SFP at low level alarm, gal
V3 = Volume of water to fill SFP from low level alarm to spill over pomt gal
+ C; = The concentration of the spent fuel pool after the fill to spill over point, ppm

C, = 1,942 ppm * exp[- 77,971 gal / (236,406 gal + 19,252 gal)]
C; =1,431 ppm

Determine the change in boron concentration during fill from spill over to high level
alarm

After the transfer canal is filled, water will continue to be added and the spent fuel
pool level will rise to the high level alarm. This wﬂl continue to dilute the spent
fuel pool (see assumption 8.)
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The change in concentration is found by multlplymg the concentratlon after f1lhng
the transfer canal [C,] by the spent fuel pool volume at the spill over point [input
3 plus input 4] and dividing by the sum of the spent fuel pool volume at the spill -
over point [input 3 plus input 4] and the water added to raise the level to the high
level alarm [input 6]. The change in concentration can be determined as follows:

C=C*(Vi+ V) /(Vi+V+Vy5)

C; = The concentration of the spent fuel pool after filling spent fuel pool and
transfer canal to high level alarm, ppm

C, = The concentration of the spent fuel pool after filling the transfer canal, ppm
V| = Volume of water in SFP at low level alarm, gal _
V, = Volume of water to fill SFP from low level alarm to spill over point, gal -
V5 = Volume to raise the transfer canal and spent fuel pool to the high level
alarm, gal

C; = 1,431 ppm * (236, 406 gal + 19,252 gal) / (236,406 gal + 19,252 gal + 2,207
gal)

Cs= 1,419 ppm

Determlne the change in boron concentration durmg fill from high level alarm to
overflow over :

After the transfer canal and spent fuel pool are filled to the high level alarm, water
will continue to be added and the spent fuel pool level will rise to the top of the
structure. This will continue to dilute the spent fuel pool (see assumption 8.) The -
change in concentration is found by multiplying the concentration after filling the
transfer canal and spent fuel pool to the high level alarm [C;] by the spent fuel
pool volume at the high level alarm [input 3 plus input 4 plus input 6] and
dividing by the sum of the spent fuel pool volume at the high level alarm [input 3
plus input 4 plus input 6] and the water added to raise the level to the top of the
structure [input 7]. The change in concentration can be determined as follows:

Cs=C3*(Vi+V2+Vi5)/ (Vi+Va+Vis+ V)

C4 = The concentration of the spent fuel pool after filling to top of structure, ppm
C3 = The concentration of the spent fuel pool after filling spent fuel pool and
transfer canal to high level alarm, ppm

V. = Volume of water in SFP at low level alarm, gal '

V, = Volume of water to fill SFP from low level alarm to spill over point, gal
Vs = Volume to raise the transfer canal and spent fuel pool to the high level

alarm, gal
V19 = Volume to raise the spent fuel pool and transfer canal to the top of structure,
gal
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Ca= 1,419 ppm * (236,406 gal + 19,252 gl + 2207 gal) / (236,406 gal + 19,252
- gal +2,207 gal + 13,359 gal) . o

Cs = 1,349 ppm

Determine the volume to dilute the spent fuel pool to the limi_t

Now the final dilution volume can be calculated using the concentration of the
spent fuel pool at the top of structure to the analysis limit. This is done by using
the previously determined approach for a bleed-and-feed dilution of the spent fuel
pool. This can be found by taking the volume to raise the spent fuel pool to the
stop of structure [input 3 plus input 4 plus input 8 plus input 9] (transfer canal
volume is excluded because only the spent fuel pool is bleed-and-feed) multiplied
by the log of the spent fuel pool concentration at the top structure divided be the
final spent fuel pool boron concentration.

Vo= (Vi+Vy+Vig+ Vig) *In(Cy/ Cy)

V2 = Volume to dilute the spent fuel pool to analysis limit, gal
C¢ = End point boron concentration, ppm
C4 = The concentration of the spent fuel pool after filling to top of structure, ppm _
V1 = Volume of water in SFP at low level alarm, gal
V, = Volume of water to fill SFP from low level alarm to spill over pomt gal
- Vis4 = Volume to raise the spent fuel pool to the high level alarm, s
V]g = Volume to raise the spent fuel pool to the top of structure, ft3

Voo = (236 406 gal + 19,252 gal + 254 ft> * 7. 4805 gal/ ft + 1,540 ft3 *7.4805
‘gal/ ft®) * In (1,349 ppm / 805 ppm)

Vgo = 138,973 gal

Determine the total dilution volume added:

Finally, the total dilution volume is the sum of the volumes to raise the spent fuel
pool to the spill over point [input 4] plus the volume to fill the transfer canal to
the spill point [input 5] plus the volume to raise the spent fuel pool and transfer
canal to the high level alarm [input 6] plus the volume to raise the transfer canal
and spent fuel pool to the top of structure [input 7] plus the volume to dilute the
spent fuel pool to its final concentration [Vyo]

Var=Va+ Vi + Vis+ Vig+ Vy
V3, = Total dilution volume for spent fuel pool, gal

V11 = Volume to fill the transfer canal from bottom to spill, gal
V, = Volume of water to fill SFP from low level alarm to spill over point, gal
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V5 = Volume to raise the transfer canal and spent fuel pool to the high level

alarm, gal
V9= Volume to raise the spent fuel pool and transfer canal to the top of structure,
gal .

V20 = Volume to dllute the spent fuel pool to analysxs limit, gal

View = 19,252 gal + 77,971 gal - +2,207 gal + 13,359 gal + 122,471 gal = 251,763

The volume to raise the SFP to the high level alarm is given by adding the volume
to raise the SFP to the spill over elevation [input 4] to the volume to fill the
transfer canal [input 5] to the volume to raise the SFP and transfer canal to the
high level alarm [input 6]. ' ’

Vo =Va+ Vi1 + Vs

V2, = Total volume to raise SFP to high level alarm, gal

V5 = Volume of water to fill SFP from low level alarm to spill over point, gal
V11 = Volume to fill the transfer canal from bottom to spill, gal-

Vs = Volume to raise the transfer canal and spent fuel pool to the high level
alarm, gal :

Vo = 19,252 gal + 77,971 gal + 2,207 gal = 99.430 gal

Determine the time requiredAto dilute the SFP:

The time to dilute the SFP is then dependent on the source flowrate. This can be
‘assessed in the rest of the work. However, a short table is provided for self-

~ checking.

Rate (gpm) | Time to High Level | Time to Min Boron
(minutes) (hours)

60 1,657 _ 70

100 994 42

120 829 35

400 249 _ 10

500 199 8
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4. CONCLUSION -

The total volume of unborated water required to dilute the SFP from the minimum

- technical specification value to the minimum value required by the criticality analysis is
25 l_,763 gallons. '

5. DOCUMENT UPDATES

No documents updates required.
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Appendix C - Hidden Tex_t References

- This section contains the references to the hidden text comments in the evaluation
* portion. It is meant to prov1de an easy means of reference for information included in -
the report section.

1. Westinghouse Report, CAA-96-146, “Criticality Analysis of the Point Beach
' ‘Nuclear Plant Spent Fuel Storage Racks Considering Boraflex Gaps and
Shrinkage with Credit for Integral Fuel Burnable Absorber,” 5/14/1996
2. WCAP-14416-P, “Westinghouse Spent Fuel Rack Criticality Analysis
‘Methodology,” 6/1/1995 ' :

3. FSAR 9.4, Fuel Handling System (FH)
4, FSAR 14.2.1, Fuel Handling Accident
5. OP 8A, Spent Fuel Pool Cooling Water System Operation, Rev. 22, 12/8/7005.
6. BECH C-204, Cont/PAB Refueling Canal and SFP Liner Plate, Rev. 12
7. . BECH C-203, PAB SFP Liner Plate, Rev. 8 ’
8. BECH C-206, PAB SFP Elevator Winch, Rev. 2
9. BECH C-160, PAB SFP Plans & Sections, Rev. 9
10. BECH M-162, PAB Drainage Plan Area 8 El 46 ft. and 66 ft., Rev 4
11. BECH C-205, PAB SFP Liner Plate, Rev. 7
12. BECH M-158, PAB Drainage Plan Area 8 El. 26 ft., Rev 7
13.. .BECH M-154, PAB Drainage Plan Area 8 El 8 ft., Rev. 3
14. BECH M-150, PAB Radwaste Drains Area 8 El -19ft.3in. and -5ft, Rev 6
-15. WEST 684J971, Sheet 1, Waste Disposal - Liquid, Rev 53
16. FSAR 9.9, Spent Fuel Cooling & Filtration (SF)
17. STPT 8.1, Auxiliary Coolant System Setpoints: General Instrumentation, Rev. 7
18. UST/D 128-1, Z25A&B SFP Rack Poison Design Plan Arrangement Rev 6
19. GL 89-13 Program Document, Rev. 6, 7/ 11/2006. '
20. FSAR 9.3, Chemical and Volume Control System (CV)
21. WEST 110E018, Sheet 4, Auxiliary Coolant System, Rev 42
22. AOP-8F, Loss of Spent Fuel Cooling, Rev. 11
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1.0 Introduction

1.1 Ob Jectlve

~This report presents the results of criticality analyses for the Pomt Beach spent fuel pool racks
with credit for burnup, integral fuel burnable absorber (IFBA), 2ipy decay and soluble boron
- where applicable. The primary objectives of this calculation are as follows: :

1. To determine the fuel assembly burnup versus initial enrichment limits required for safe
storage of fuel assemblies in the “All-Cell,” “1-out-of-4 5.0 w/o Fresh with no IFBA,” and
“1- out—of 4 4.0 w/o Fresh with IFBA” storage configurations with credit for 5, 10, 15, and 20
years of *'Pu decay.

2. To determine the number of IFBA pins versus initial enrichment limits required for safe
storage of fuel assemblies in the “1-out-of-4 4.0 w/o Fresh with IFBA” storage configuration.
[ | I*

3. To determine the .assembly loading requirements at the interface between storage
configurations.

4. To determine the amount of soluble boron required to maintain keg less than or equal to 0.95
in the spent fuel pools, including all biases and uncertainties, assuming the most lrmmnfJ
plausible reactivity accrdent

'.MThe 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 rewewed and approved
by the U.S. Nuclear Regulatory Commission (NRC) 1 S
. . ) . ]H,C

1.2 Design Criteria _ N
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 including a.

description of the computer codes used to perform the criticality safety analysis. A brlef
summary of the analysis approach and criteria 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 ke, including apphcable biases and
uncertainties, is less than 0.995. [

1%¢ Note that the actual NRC ke limit for this condition is
unity. Therefore, an additional margin of 0.005 Aket units is included in the analysis results.

2. Determine the amount (ppm) of soluble boron necessary to reduce the Kegr value of all storage
configurations by at least 0.05 Akeq units. [

J*¢ As an example, storage configurations
which contain depleted fuel assemblies (and represented by depleted isotopics) are less
reactivity-sensitive to changes in soluble boron concentration than a fuel assembly
represented by zero burnup and relatively low initial fuel enrichment.
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‘3. Determine the amount of soluble boron necessary to compensate for 5% of the maximum
burnup credited in any storage configuration. In addition, determine the amount of soluble

boron necessary to account for a reactivity depletlon uncertainty of 1.0% Akeff per 30,000
' _MWD/MTU of credited fuel burnup. [

]a, [}

4. Determine the largest increase in reactivity caused by pbstulated accidents and the’
~ corresponding amount of soluble boron needed to offset this reactivity increase.

An alternative form of expressing the soluble boron requirements is given in Reference 2. The
final soluble boron credit (SBC) requirement is determined from the following summation.

SBC . = SBCys,45 +SBC, + SBC,,
Where, |

SBCyy,, = total soluble boron credit requirement (ppm)

SBCos;ss = soluble boron requirerhent for 95/95 kesr less than or equal to 0.95 (ppm)
SBCp, = soluble boron required to account for burnup and react1v1ty uncertainties (ppm)
o SBC,,. = soluble boron required to offset accxdent conditions (ppm)

For purposes of the analysw, minimum bumup limits established for fuel acsembhes to be stored
_ in the storage configurations racks include burnup credit established in a manner that- takes. into
- account- apprrwmamnc to the operatmg hlstory of the fuel assembhes b

| ']'a,;'
1.3 Design Approach
The soluble boron credit methodology provides additional reactivity margin 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. :

The square storage cell pltch modeled for fuel assembly storage configurations is 9.938 1nches
No credit is taken for Boraflex in any of the storage configurations.

The fuel assembly types used for all the analyses are the Westinghouse 14x14 Standard and OFA.
designs. 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 180°F).

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
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1.4 Methodology

This section describes the methodology used to assure the cr1t1(:a11ty safety of the Point Beach
~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 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 mﬁmte arrays for all the storage conﬁguratlons
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 follc)'win0 functional modules: BONAMI,
NITAWL-IL, and KENO V.a. All references to KENO in this Calculation Note refer to the
KENO V.a module. .

The DIT code is used for simulation of in-reactor fuel assembly depletion. The following
sections describe the application of these codes in more detail.

141 SCALE-PC

: The SCALE system was developed for the NRC 1o satlsfy the need for a standardized method of | g
, _analysm for evaluation of nuclear fuel faclhties and shipping package desxgns SCALE-PCisa _

. 'vversmn of the SCALF code system that runs on perbonal computers

- 1.:4.2 Validation of SCALE-PC

Validation of SCALE-PC for purposes of fuel storage rack analyses is based on the analysis of -
selected critical experiments from two experimental programs: the Babcock & Wilcox (B&W)
“experiments in support of Close Proximity Storage of Power Reactor Fuel (Reference 9) and the
‘Pacific Northwest Laboratory (PNL) Program in support of the design of Fuel Shipping and
Storage Configurations. References 10 and 11, as well as several of the relevant thermal
experiment evaluations in Reference 12 were found to be useful in (updating pertinent
experimental data for the PNL experiments.

The validation of SCALE-PC was limited to the 44-group library provided 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 configurations were selected from the B&W experimental program; these
consisted of the following experimental cores: Core X, the seven measured configurations of
Core XI, Cores XII through XXI, and Core XIITA. These analyses used measured critical data,
rather than the extrapolated configurations to a fixed critical water height reported in
Reference 9, to avoid introducing possible biases or added uncertainties associated with the
extrapolation techniques. In addition to the active fuel region of the core, the full environment of
the latter region, including the dry fuel above the critical water height, was represented explicitly
- in the analyses. \
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 The B&W group of experimental configurations used variable spacing between individual rod

clusters in the nominal 3 x 3 array. In addition, the effects of placing either SS-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. j

Eleven experimental configurations were selected from the PNL experimental program. These
experiments included unpoisoned uniform arrays of fuel pins and 2 x 2 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 experiments, the full environment of the active fuel region was represented explicitly.
Table 1-2 summarizes the results of these analyses performed with both the 44-group and
238-group libraries.

The approach used for the determination of the mean calculational bias and the mean
calculational variance is based on Criterion 2 of Reference 14. For a given KENO-calculated
value of ke and associated one sigma uncertainty, the magnitude of kosjos is computed by the
equation below. By this definition, there is a 95 percent confidence level that in 95 percent of
similar analyses the validated calculatlonal model will yield a multiplication factor less than
Kgs/os.

i

95/95

=k

) 2 2 1/2
keno + Akbms + Mos o5 (O—m + O keno )
Where,

~-;is~tne:_i{ENO-calcu_lated multiplication factor o

keno,

o Bk, isthe mean'Ca,'leulational_method bias
My, is the 95/95 multiplier approptiate 16 ‘the degrees of freedom for the number of
. validation analyses, and is obtained frorn the tables o_f R_e-ference 1_:5

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

2 ' -
Okeno  is the square of the KENO standard deviation

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

o 1<
Akbias :;Z(l - k:)

i=1
Where,

th

k, isthe 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: '

n

z":(k,.—k e)z

2 _ 1! g,
O-m ————-l—_o-ave

nl —

10'
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where Kave is given by the following equation:

>
P
ave i-—l— ,
1 O-,’Z
o .. 18 given by the following equatlon
3o
o_2 —_1

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, Akpiss, and the mean calculational Variance, om?, calculated by the equations given
above, were determined to be [ 1* € respectively. The magnitude of Mosss
is obtained from Reference 15 for the total number of pooled data peints, 30.

'::-.g 'The magnitude of kosps .is given by the followmg equatlon for SCALE 4 4a KENO analyr e

_ :~"employing the 44-group ENDF/B-V neutron cross section library and for analyses where thf‘ e
;... i experiments are a suitable basis for assessing the methods bias.and: calculational variance: -

- a,c
S e e 1

Based on the abové analyses, the mean calculational bias, the mean calculaﬁbnél variance, and
the 95/95 confidence level multiplier for the 44-group library were deduced as [
1% respectively.

1.4.3 Application to Fuel Storage Pool Calculations

As noted above, the CSAS25 control module was used to execute the functional modules within
SCALE-PC. The CSAS25 control module was used to analyze either infinite arrays of single or
multiple storage cells [ " ]*. 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. For fresh fuel conditions, the fuel nuclide number densities were derived within the
CSAS25 module using input consistent with the data in
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Table 1-3.-For bumt fuel representatlons the fuel 1sotoplcs were derlved from the DIT code as
described below. : :

1.44 The DIT Code

The DIT code performs a heterogeneous multigroup transport calculatlon for an explrclt

representation of a fuel assembly. The neutron transport equations are solved in integral form
within each pin cell: The cells retain full heterogeneity throughout the discrete integral transport

calculations. The multigroup spectra are coupled between cells through the use of multigroup -
interface currents. The angular dependence of the neutron flux is approximated at cell boundaries
by a pair of second order Legendre polynomials. Anisotropic scattering within the cells, together.
with the anisotropic current coupling between 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 in the assembly flux calculation.

1

]a, 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 1sotoprcs
. at specified time points after discharge. [ '

]a,c

]a, c

Page 6 of 106



1.5

Westinghouse Non-Proprietary Class3 - j - WCAP-16541-NP

Assumptions

The Westinghouse 14x14 Standard fuel was modeled as the design basis fuel assembly to
conservatively represent all the depleted fuel assemblies and the Westinghouse 14x14 OFA
fuel was modeled as the design basis fuel assembly to conservatively represent all fresh fuel
assemblies residing in the storage configurations. Although Westinghouse V422+ fuel is the

. present fuel design for Point Beach, the Standard fuel is bounding. Standard fuel assembly is
. 0.75 inches longer than V422+ and uses erc 4 as the claddmg material, which is less

absorbent than Zirlo used by V422+.

Fresh fuel assemblies were conservatively modeled with a UO, density of 10.686 g/lem’

(97.5% of theoretical density). This translates into a pellet density equal 98.6% of theoretical

~ density with a 1.1% dishing (void) fraction.

N

All fuel assemblies, fresh and depleted were conservatlvely modeled as containing solid
right cylindrical pellets and uniformly enriched over the entire length of the fuel stack height.
This conservative “assumption bounds fuel assembly designs that mcorporate lower
enrichment blanket or annular pellets.

All of the Boraflex poison material residing in the storage racks was conserVétively omitted
for this analysis and replaced by water. The stainless steel material encasing the Boraflex,
however, was modeled.

. ]a c
The design basis hmlt for kesr at the zero solable boron condition was conservatively reduced
from 1.0 to 0.995 for this analysis.
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Table 1-1
Calculatlonal Results for Cores X Through XXI of the B&W Close

Proxnmlty Experlments a,b,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
Calculatlonal Results for Selected Experlmental PNL Lattlces, Fuel Shlppmg

and Storage Configuratlons b
a,b,c
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Standard Material Composmons Used in Criticality Analys:s of the

Table 1-3°

WCAP-16541-NP

Point Beach Spent Fuel Storage Racks

Element

Material " Weight Fraction -
Zr 0.9824
Zircaloy’, Sn 0.0145
Density = 6.578 g/cm F 2
@293.15K -C 0.0021
Cr 0.0010
Water SCALE Standard Composition Library

Stainless Steel

Density = 1.0 g/cm’ @ 293.15 K

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

Fresh UO,

Fraction of Theoretical Den51ty 0.975
Enrichment up to 5.0 w/o **U @ 293.15 K

Régular Concrete

SCALE Standard Composition Library -
Density = 2.3 g/cm’ @ 293.15 K

Element or Isotope @ toﬁ;g}::scmz)
[ [T [ ™
[ P [ T

" LI

[ "

\
i
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3 Point Beach also uses Zirlo cladding; however, the fuel rod, guide 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 Point Beach spent fuel storage racks with the |
objective of estabhshmg a basrs for the analytical models used in the criticality analyses
described in Section 3.0. - :

2.1  Design 'Input from Point Beach
Design data related to the Point Beach were required to develop the KENO models.

2.2 Spent Fuel Pool Storage Conﬁguratlon Description

Point Beach has a single pool divided into north and south halves which are connected through a
divider wall. Each pool has an inside dimension of 220.0 inches in the west to east direction and
408.0 inches in the north to south direction. Either seven or eight rack modules, each with 90 to
110 cell locations, occupy the south and north pools, respectively. A cask area (114.61 inches x
117.33 inches) is located in the southwest cornér and an elevator area (44.76 inches x

- 22.84 inches) is located in the southeast corner of the north pool. In the north pool, rack modules
are located 4.0 inches from the north wall and 14.82 inches from the south wall, 7.56 inches from

 the west wall, and 2.88 inches from the east wall. In the south pool, rack modules are located

: 6.82. inches from the north wall and 12.00 inches from the south wall, 6.19 inches from the west_

wall, and 4.25 inches from the east wall. Figure 2-1 shows the spent fuel pool and the storage

e _rack modules

Table 2-1 summarrzes the overall geometry data for the Point Beach spent fuel pool

2. 3 Indmdual Storage Cell Descrlptlons

“Point Beach spent fuel pool storage cells are centered on a pitch of 9.938 + 0.093 /-0.01 inches.

Each storage cell consists of an inner stainless steel canister, which has a nominal inside
dimension of- 8.25 +0.083 /-0.0 inches wall thickness 0.093 + 0.003-inches. ‘Each Boraflex
poison panel is held in place in an L-shaped shell inside the canister. The dimensions of the
Boraflex poison panel are 8.0 +0.0/-0.3 inches in width by 0.11 +0.000/-0.03 inches in
thickness. The sheathing panels are included as 0.021 + 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 absorbing, Boraflex material in the analysis. Table2-2 and
Figure 2-2 summarizes the storage cell dimensions used for the Point Beach analyses.

2.4  Failed Fuel Rod Storage Basket Description

Figure 2-3 shows a sketch of the failed fuel rod storage basket (FFRSB). The FFRSB is designed
to accommodate individual spent and/or fresh fuel rods in a fixed array in the spent fuel pool.
Forty-nine tubes are stored in the FFRSB in a 7x7 array. Nominal dimensions are not available
for this design. The conservative and bounding modeling approach is discussed in Section 3.5.6.
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Table 2-1
Spent Fuel Pool Dimensions
(ANl dimensions in inches)

“WCAP-16541-NP

Parameter _ Value

~ Pool Length . : 408.0

Pool Width 2200
Wall Thickness Y
Reflector _ 24
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. Table 2-2.
‘Storage Cell Description
(All-dimensions in inches)

Dimension

Absorber* Width

Parameter ,
Cell Pitch '9.938 +0.093/-0.01
Cell ID 8.250 +0.083 /-0.0
Cell Wall Thickness 0.093 £ 0.003
| Cell Wall Material $S-304
8.0 +0.0 /-0.03

- Absorber
Thickness*

0.11 +0.00/-0.03

* Boraflex is replaced with water
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= ab,c

Figure 2-1 Point Beach Spent Fuel Pool Showing Storage Rack Modules
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a,b,c

Figure 2-2 Point Beach Storage Cell
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3 Féuled Fuel Rod Stovra'g'e”Baskéut-"

Figure 2
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3.0 Andlysis

3.1 KENO Models for the Spent F uel Pool Storage Conﬁguratlons

The Point Beach spent fuel storage racks employ three different fuel assembly storage -
configurations: “All-Cell,” “1-out-of-4 5.0 w/o Fresh with no IFBA,” and “1-out-of-4 4.0 w/o

Fresh with I[FBA.” KENO models of these storage configurations are provided in the followmg .
sections. [ . '

]ac

The fuel assemblies modeled by KENO represent the Westinghouse 14x14 Standard and OFA
designs. Note that the enrichment of fresh fuel pellets is up to 5.0 w/o 2°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
9.938 inches. The stainless steel canister, which controls the fuel assembly position within the
array, is modeled with an inside dimension of 8.25 inches and is 0.093-inches thick. (Dimensions
are taken from Table 2-2.) The Boraflex poison absorbers are modeled inside the stainless steel
canisters with a dimensicn of 8.0 inch in width by €.11 inch in thickness. The sheathing panels
are included as 0.021 inch in thickness. 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 KENQ model, thus no credit is taken for the precence of the neutron absorbxng
Boraflex material. :

Reflective boundary condntnons are applied to the X and Y <uzfawa uf 2x2 cell cells, 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 (I g/em®) at room
temperature (68°F). The top and bottom surfaces of the water reflector have reflected boundary
condmons

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 standard fuel assemblies as shown below.

Depleted | Depleted
Fuel Fuel

Depleted | Depleted
Fuel Fuel

Note that the depleted fuel assemblies in the “All-Cell” storage configuration will be utilized to
store fuel pins in the guide tubes. A KENO-produced plot of an “All-Cell” storage configuration
is shown in Figure 3-1.
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3.1.2 KENO Model for . the “1- out-of-4 5.0 w/o Fresh w1th no IFBA” Storage
: Conflguratlon

The “1-out-of-4 5. 0 w/o Fresh with no IFBA” storage conﬁguratlon is modeled in KENO as a -
repeating 2x2 array with a fresh 5.0 w/o 35U OFA fuel assembly occupying a storage cell
“location and depleted standard fuel assemblies.occupying the remaining locations.

>0 wlo Depleted
Fresh Fuel
OFA
Depleted | Depleted
Fuel Fuel

A KENO-produced plot of a single “l-out- of-4 5.0 w/o Fresh with no IFBA” storage
configuration is shown in Figure 3-2.

3.1.3 KENO Model for the “1 out-of-4 4.0 w/o Fresh w1th IFBA” Storage Conflguratlon

- The “l-out-of-4 40 w/o Fresh with IFBA”. storage configuration:is:modeied in KENG as 2
- repeating 2x2 array with a fresh 4.0 w/o. P37 QFA: fuel assembly -occupying  storage. cetl
" - location and depleted. standard fuel assemblias occupying the remaining locations. Note. tlm the

i 4resh OFA fuel -assembl y with enr1chments greater than 4.0 w/o containg ll«P Arade.

S 4.0 WO “Depleted
i : »Fresh Fuel
"OFA

Depleted | Depleted
Fuel Fuel

A KENO-produced plot of a single “1-out-0f-4 4.0 w/o Fresh with IFBA” storage
configuration is shown in Figure 3-3. IFBA rods were modeled for this configuration using
the layouts from

Figure 3-4. [

']a, c
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3.1.4 KENO Model for Entire Spent Fuel Pool

- Point Beach spent fuel pool (for this analysis only the north pool has been considered) is
‘modeled in KENO as a rectangular water cell that is 408.0 inches long and 220.0 inches wide.
Seven rack modules, each with 90 to 110 cell locations, along with an empty cask area
'surrounded by 2-feet thick concrete walls compromise the pool model. 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. The pool dimensions are shown in '

Table 2-1. The pool water was modeled at room temperature condrtlons 68°F, and full density
(1.0 g/em®). Figure 3-5 shows a KENO-produced plot of the spent fuel pool.

3.1.5 KENO Model for the Failed Fuel Rod Storage Basket

As mentioned in Section 2.4, the design dimensions for the Failed Fuel Rod Storage Basket
(FFRSB) are not available. Therefore, a conservative and bounding approach is used for
modeling the FFRSB. No credit is taken for any stainless steel structural material (tubes, grids,
plates, etc) for the basket, so fresh 5.0 w/o 33U fuel pins are placed on a uniform 7x7 array for
simulation. This array is inserted in the All-Cell storage configuration by replacing one of the
assemblies in that configuration. Figure 3-6 shows an FFRSB in the “All-Cell” configuration.
Periodic boundary conditions are applied to the X and Y surfaces of the 2x2 array, thus -
' snnulatmg an rnﬁnrtely repeating array. A 2-foot water reflector is modeled above and below the

3 -storage ‘{gell -geometry. The pool water is simulated to be full density (1 -g/em’) at roor: - S .

ehiperatire (68%F). The- top and bottom surfaces of the Water reﬂector have reﬂected boundarv
ﬁiérw S whal ihy s . T

The fuel 'Odo in IFRSB are modeled by KENO as the Westmghouse Fax14 O] A design with na

buinable absorber. The UO, density is 97.5% of theoretical density for the fresh fuel at 5.0 w/o
.23y enrichment. Note thai the fuel pellets in the fuel rods are modeled as & selid cylinder that is
144 inches tall. This assumption conservatively bounds fuel rod désigns that incorporate annular
and or lower enrichment fuel pellets such as those used for ax1al blankets. .

3.2 Design Basis Fuel Assembly

Figure 3-7 shows the Westinghouse 14x14 fuel assembly with the standard assembly and OFA
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 maximum enrichment over the active fuel
length. The fresh fuel pellets in a fuel rod are modeled as solid right cylinder with a UO, density
equal to 10.686 g/cm® (97.5 % of theoretical density). The depleted fuel pellets in a fuel rod are
modeled as solid right cylinder with a UO; density equal to 10.412 g/cm” (95.0 % of theoretical
density). Note that sensitivity calculations have shown that the effect of UO, density (in the
range of 10.412 g/cc to 10.686 g/cc) on the resulting Assembly Burnup versus Initial Enrichment
storage requirements is very small. Therefore, the resulting Assembly Burnup versis Initial
Enrichment storage requirements generated in this analysrs are valid for UO, densities up to
10.686 g/ecm’ (97.5 % of theoretical density). Lastly, it is noted that the above mentioned UO;
density (10.686 g/cm ) can only be achieved with pellets that have a dishing fraction equal to 1.1
% and a pellet UO; density equal to 98.6 % of theoretical density. In addition, no credit is taken
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- for any natural or reduced enrlchment pellets, even for the “blanketed assemblies. This
assumption results in conservative calculations of reactivity for all fuel assemblies stored in the
racks. No credit is taken for any spacer grids or sleeves

Figure 3 -4 shows the IFBA patterns for [ | ]a’b’ ° IFBA rods in the Westinghouse 14x14
OFA used in this analy51s [ - ' g .

]a, c
33 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 discharge burnup of the depleted fuel
assemblies. This effect is important in the analysis of the spent fuel pool characteristics since the
majority of spent. fuel 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 burnt fuel assembly with a representative axial burnup profile. -

[ L . PR
- EEREE
; S N .

]a, c

Input to this analysis is based on the limiting axial burnup profile data provided in the
Department of Energy (DOE) Topical Report, as documented in Reference 18. The burnup
profile in the DOE Topical Report is based on a database of 3,169 axial-burnup profiles for
Pressurized Water Reactor (PWR) fuel assemblies compiled by Yankee Atomic. This profile is
derived from the burnups calculated by utilities or vendors based on core- -follow calculatlons and
in-core measurement data. [

]a, c

The DIT code was used to generate the isotopic concentrations for each segment of the axial
burnup profile. Table 3-2 lists the fuel and moderator temperatures used in the spectral
calculations for each node of the | 1*¢ axial burnup models. The fuel temperatures for
each axial zone are calculated based on a representative fuel temperature correlation while the
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moderator temperatures are based on a linear relationship with axial position. These node
dependent moderator and fuel temperature data and power profile data were used in DIT to
deplete the fuel to the desired burnup for each initial enrichment and each axial zone.

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

[

1*¢ The ko, and the isotopic number
densities were then extracted for the KENO model development at these assembly conditions.

34 Toleran_ce / Uneertainty 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 eyperiments and 2) any reactivity bias, relative to -the reference analysis
: conditions, associated Wwith operation of the spent fuel pool over a femperature range of 50° to
180°F. Note that cases for nominal conditions were run with a ,ull moderator density (1. g/cc),
‘which actuaily eoriespondc to 40°P Whlbh is less than the nol_mal Qperatmg range and more

" conservative.

A second dllowam,e is based on a 93/95 conf1d<~nce level as;essment of tolerances and
uncertainties. The following are included in the summation of Vanances

a. The 95/95 confidence level methods variance
b. The 95/95 confidence level calculational uncertainty

Fuel rod manufacturing tolerance

e o

‘Storage rack fabrication tolerances
‘e. Tolerance due to positioning the fuel assembly in the storage cell
f. Burnup and IFBA manufacturing uncertainty

Items a. and b. are based on the calculational methods validation analyses described in
subsection 1.4.2. For item c., the fuel rod manufacturing tolerance for the reference design fuel
assembly is assumed to consist of an increase in fuel enrichment of 0.05w/0 2°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 following uncertainty components were evaluated. The inner stainless steel
canister ID was increased from 8.25 inches to 8.333 inches and the thickness of the canister was
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decreased from 0.093 inches to 0.090 inches. The storage cell prtch was decreased from 9 938
inches t0 9.928 inches. :

In the case of the tolerance due to positioning of the fuel assembly in the storage cells (item e.),
all nominal calculations were carried out with fuel assemblies conservatively centered in.the
- storage cells. Cases were run to investigate the effect of off-center position of the fuel assemblies
for each of the fuel assembly storage configurations. These cases posmoned the assemblies as
close as possible in four adjacent. storage cells. '

~ For'item f., [

]a,c .

Table 3-4 through Table 3-6 provide a sum’mary of the KENO results used in the calculation of
biases and uncertainties for the fuel assembly storage configurations.

3.5  No Soluble Boron 95/95 kg Calculational Results

The following subsections present the KENO-calculated multiplication factors for the Point
Beach spent fuel pool storage configurations. :

.« . The KENO. calculatlons reported in this section were performed at 68°F w1th ‘maximum water
© o, density of 1.0 g/lem’®; to maximize the array reactivity, and,with, an axxally distributed burnup
. profile. The relative.axial burnup profile used for these. calcula’non° Is dlscussed in Section 3.3,
~ The resulting Kegr data were then used to determme the bumup versus mltvl enuchmem limits. for
a target Kegr value at zero soluble boron. The tarvei valie of Kesr Was selecte" to be less th.m 0.995
by an-amount suff rlent to cover the magmtudc of ‘rhe dnalyflcal blas“s cmd uncerta;nnes in f”,exe o
:=‘.'-analyses : N :

The fuel assemblies modeled in these analyses are “the Westmghouse 14x14 Standard and OFA
fuel assembly designs.

' 3 5.1 “All-Cell” Storage Configuration

- As described in subsection 3.1.1, the “All-Cell” storage configuration consists of a repeating 2x2
array of storage cells that contain depleted fuel assemblies.

The kesr values were calculated for an infinite array of “All-Cell” storage configurations over a
range of initial enrichment values up to 5.0 w/o *°U and assembly average burnups up to
45,000 MWD/MTU. From Table 3-4, the sum of the biases and uncertainties is 0.02492 Ak
units. Therefore, the target kegr value for the “All-Cell” storage configuration is 0.97008 (0.995-
0.02492).

Table 3-7 lists the kegr values for the “All-Cell” storage configuration versus initial enrichment
and average burnups. The first entry in Table 3-7 lists the initial enrichment for no burnup. Based
on the target kesy value, the fresh enrichment for no burnup is 2.147 w/o #°U. The derived burnup
limits, for enrichments greater than 2.147 w/o #°U, are based on the ke values for 3.0, 4.0, and-
5.0 w/o **U. For each of these three enrichments, KENO calculations were performed at three
assembly average burnup values with an axially distributed burnup profile. A second degree fit
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of the burnup versus ke data was lh’en used to determine the l)urnub required to meet the target
. kesr value 0f 0.97008. : :

The resulting burnup versus ‘initial enrichment storage limits for 0, 5, 10,15, and 20 years of
decay time are provided in Table 3-8. 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 3-8 and will be used to determine the burnup as a function of initial
enrichment for the “All- Cell” storage configuration. The data contamed in Table 3-8 are plotted :
in Figure 4-7. :

3.5.1.1 Storage of Fuel Pins in the All-Cell Conﬂguratlon Guide Tubes

For storage of fuel pins in the guide tubes, the All-Cell storage configuration is considered.
Table 3-9 lists the ke values for the All-Cell storage configuration with increasing. number of
depleted fuel pins occupying the guide tubes. Due to moderator displacement, the resulting ke
values become less than the nominal keg value with increasing number of depleted fuel pins in
the guide tubes. Table 3-10 shows that burnup versus initial enrichment storage limit for the All-
Cell configuration with zero year decay time and no pins in the guide tubes is bounding for the
fuel pins in the guide tubes. Therefore, it is concluded that any fuel pin stored in the guide tubes
of an assembly in the All-Cell configuration shall meet the burnup requirements of the All-Cell
configuration with zero year decay time and without any fuel pins in the guide tubes. -

"-Fuel pins that'do not meet the requ1rements of the All-Cell storage configuration can still be -

16aded in the gdeb tubes to offset the excess reactivity. To illustrate this point, calculations have
beéir: porforn«ed forithie All-Cell configuration with eight of the ‘gilide tubes fvaded with burned
fuel that 510,006 MWD/MTU lower than' the average”burnup’ in- ‘the’ configuration and the
ti'i‘rennammg eightiof iubes loaded with burned fuel that is 10,000.MWD/MFU higher. Table 3-1F .+
‘sShows that the kegr results are very similar to the case with uniforii burnup and smaller than the
- “nominal All- Cell case. This analysis demonstrates that X number of fuel pins that do not meet the -
burnup requirement and have a maximum of ¥ MWD/MTU less than the required amount can be
stored in the guide tubes only with an equal or greater number of fuel pins (X or greater) with
‘burnups that exceed the burnup requirement by ¥ MWD/MTU or higher.

352  “l-out-of-4 5.0 w/o Fresh with no IFBA” Storage Configuration

As described in subsection 3.1.2, the “l-out-of-4 5.0 w/o Fresh with no IFBA” storage -
configuration consists of a repeating 2x2 array, with a fresh OFA fuel assembly at 5.0 w/o
enrichment in a storage cell location and depleted fuel assemblies in the remaining locations.

The kexr values were calculated for an infinite array of “l-out-of-4 5.0 Fresh” storage
configurations over a range of initial enrichment values up to 5.0 w/o *U and average burnups
up to 55,000 MWD/MTU. From Table 3-5, the sum of the biases and uncertainties is 0.01909.
Therefore, the target key value for the “l-out-of-4 5.0 w/o at 15, 000 MWD/MTU” storage
configuration is 0.97591 (0.995-0.01909). ‘

Table 3-12 lists the kes values for the “l-out-of-4 5.0 w/o Fresh with no IFBA” storage
configuration versus initial enrichment and average burnups with an axially distributed burnup
profile. The first entry in Table 3-12 lists the initial enrichment for no burnup. Based on the
target kegr value, the interpolated enrichment for no burnup is 1.361 w/o 25U, The derived burnup
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limits, for enrichments greater than 1.361 w/o 235 U, are based on the keg values for 3.0, 4.0, and
5.0 w/o 2°UFor each of these three enrichments, KENO calculations were performed at three
assembly average burnup values for an axially distributed burnup profile. A second degree fit of -
the burnup versus kg data was then used to determine the burnup required to meet the target Ker
value of 0.97591. The resulting burnup versus initial enrichment storage limits for 0, 5, 10, 15,
and 20 years of decay time are provided in Table 3-13. The limiting burnups as a function of
initial enrichment were fitted to a third degree polynomial. These polynomials are given below -
Table 3-13 and will be used to determine the burnup as a function of initial enrichment for the
“l-out-of-4 5.0 w/o Fresh w1th no IFBA” storage configuration. The data in Table 3-13 are
plotted in Figure 4-8.

3.5.3 “l-out-of-4 4.0 w/o Fresh with IFBA” Storage Confi .gurétion

As described in subsection 3. 1.3, the “1-out-of-4 4.0.w/o Fresh with IFBA” storage configuration
consists of a repeating 2x2 array, with a 4.0 w/o *°U Fresh OFA fuel assembly in a storage cell
location and depleted fuel assemblies in the remaining locations. For the “I-out-of-4 4.0 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 OFA fuel assembly with
enrichments greater than 4.0 w/o 2°U. :

3.5.3.1 Burnup Requirements of the Depleted Fuel Assemblies

. The ker values vvere calvulated for an infinite array of “1 -out-of- 4 4.0 w/o Fresh with IFBA”

-configuration versus-initial enrichment-and average burnups with an axially distributed burnup
profile. The first entry in Table 3-14 lists the initial enrichment for no burnup. Based on the
target kegr value, the interpolated enrichment for no burnup is 1.627 w/o 5U. The derived burnup
limits, for enrichments greater than 1.627 w/o 23y, are based on the kegr values for 3.0, 4. 0, and
5.0 w/o *°U. For each of these three enrichments, KENO calculations were performed at three
assembly average burnup values for an axially distributed burnup profile. 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 0.97421. The resulting burnup versus initial enrichment storage limits for 0, 5, 10, 15,
and 20 years of decay time are provided in Table 3-15. The limiting burnups as a function of
initial enrichment were fitted to a third degree polynomial. These polynomials are given below
Table 3-15 and will be used to determine the burnup as a function of initial enrichment for the
“1-out-of-4 4.0 w/o Fresh with IFBA” storage configuration. The data in Table 3-15 are plotted
in Figure 4-9.

3.5.3.2 IFBA Requirements for the Fresh Fuel Assembly

Table 3-16 and Table 3-17 list the kesr values versus the number of IFBA pins contained in the
fresh fuel assembly with 4.5 w/o and 5.0 w/o 2*°U enrichments, respectively. For each fresh fuel
enrichment and number of IFBA pins, ker was evaluated for different burnups of the depleted
fuel assemblies with an initial enrichment of 5.0 w/o *°U. [
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]a, Cc

From these tables, fuel assembly burnup versus ke data was fitted to a ‘second degree
polynomial using the target ke value of 0.97421. Note that this was the target Kegr value used to
determine the burnup requirements for the depleted fuel assemblies. The resulting polynomials.

were then used to determine the required number of IFBA pins to meet the fuel assembly burnup -
requirement of 38,288 MWD/MTU with 5. 0 w/o initial enrichment. [ ‘ '

]a, [

Table 3-18 contains the required number of IFBA pins versus initial enrichment for the fresh fuel
assemblies with enrichments greater than 4.0 w/o. The required number of IFBA pins as a
function of initial enrichment was fitted to a second degree polynomial. This polynomial is given
below Table 3-18 and will be used to determine the number of IFBA pins as a function of initial
enrichment for the “l-out-of-4 4.0 w/o Fresh with IFBA” storage confi cruratlon The data in
Table3 18 are plotted in F10ule4 10. [

]a,c'

'.3.54 Interface Reqmrements IR A

Table 3- 19 sh’ww< the entire spent fuel pogl }&eff\nhgll ts fo' the mterface conﬁguratlons in 1he
, _'pomt Bcach s.torace racks.  These mtg,rfuc‘, _ connuumhom ' result in  KENO-calculated
a mult;pllpatlon factors [ha* are less than the mammum ot ﬂ]e mﬁx e array multxpllcatlon factors
for the involved storage conﬁgw ations. As an ex¢mpie, ‘the first ‘analyzed interface involves the

“}-out-of-4-5.0-w/o Fresh with no IFBA™ “gonfiguration- surrourided by the “Ali-Cell” storage
configuration.” From - Table 3-7, the infinite ‘afray Kefr value for the “All- Cell” storage
configuration is 0.96950 and from Table 3-12, the infinite array keg value for the “1-out-of-4 5.0
w/o Fresh with no IFBA” storage configuration is 0.97558 . The maximum of these two values is

- 0.97558 . From Table 3-19, the multiplication factor for the interface configuration was then

compared to this maximum value to verify that the interface meets the storage requirements.

The KENO models constructed to analyze the interface effects follow the description of the - B

entire spent fuel pool from subsection 3.1.4. The assemb]y‘loading requirements at the interface
between different storage configurations are provided in Table 3-20. As seen from this table and

. the Table 3-19 results, it is required that for storage configurations involving high and low

reactivity assemblies (i.e., 1-out-of 4 configurations), the assemblies with lower reactivity must
be placed at the interface. These interface requirements are depicted in Figure 4-4 to Figure 4-6.
Note that it is acceptable to leave a storage cell empty.

3.5.5 Burnup Requirements for Intermediate Decay Time Points

For all the storage configurations in the Point Beach Spent Fuel pool crediting 21py decay,
burnup requirements for intermediate decay time points should be determined using at least a
second order polynomial.
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3.5.6 Failed Fuel Rod Storage Basket with 5.0 w/o **5U Fuel

As described in subsection 3.1.5, FFRSB provides storage for a ﬁxed 7x7 array of fuel rods. -

Calculations were performed for different fuel rod pitch values in the basket to determine the
most reactive and bounding case. The ‘pitch values ranged from Pitch = O.D.je (fuel pins
touching) to Pitch = 2.99357 inches (fuel pins uniformly spaced over the entire storage cell,
maximizing the moderator to fuel ratio). Table 3-21 lists the kesr values for the All-Cell storage
configuration with one of the depleted fuel assemblies replaced with an FFRSB containing fresh
5.0 w/o 235U OFA fuel rods with increasing pltch values. The calculations were performed at
- 68°F, with maximum water density of 1.0 g/cm” to mammxze the array reactivity.

As seen from Table 3-21, the resulting ke values were less than the nominal kegr value of the All-
Cell storage configuration even with the largest pitch value for the pins inside the basket.
Therefore, FRSBs filled with fresh fuel rods with a maximum enrichment of 5.0 w/o 2°U and no
burnable absorbers can be stored in the All-Cell storage configuration.

3.5.7 Empty Cells

For all configurations at Point Beach, an empty cell is permitted in any location of the spent fuel
pool to replace an assembly since the water cell will decouple the neutronic interaction between
the spent fuel assemblies in the pool. Non-fissile material and debris canisters may be stored in
empty cells of All-Cell storage conﬁguratlon pr0v1ded that the canister does not contain fissile
materials.

- 3.5.8 Non-Fissile Equipmént

Non' nssﬂe equlpmexit such as UT cleanmg equlpmen* is permuted un tr)p

' the ﬁm storage

BRI

3.6 Soluble Boron -

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

SBC,yy,, = SBCyy o5 + SBC,p +SBC,,
where,
SBC o, s the total soluble boron credit requirement (ppm),
SBCys,4s is the soluble boron requirement for 95/95 ke less than or equal to 0.95 (ppm),

SBCr;  is the soluble boron required to account for burnup and reactivity uncertainties
(ppm),

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

Each of these terms is discussed in the following subsections.
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3.6.1 Soluble Boron _Req'ui‘rement to Maintain Kesr Less Than or Equal to 0.95 |

Table 3-22 contains-the KENO-calculated kg values 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 “All-Cell” storage configuration containing depleted fuel at 45,000 MWD/MTU with
5.0 w/o *°U initial enrichment. The initial enrichment and burnup chosen to represent the
storage configuration was based on minimizing the soluble boron worth. The soluble boron
worth -decreases as burnup increases. The reactivity worth, Aker of the soluble boron was
determined by subtracting the keg value, for a given soluble boron concentration, from the K
value for zero soluble boron. The soluble boron concentration and reactivity worth data was then
fitted to a third degree polynomial, which is shown on the bottom of Table 3-22. This polynomial
was then used to determine the amount of soluble boron required to reduce kegr by 0.05 Akesr
units, which is 270.6 ppm.

- 3.6.2 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 concentration, in units of ppm, necessary to compensate for these two
uncertainties. The first term, uncertainty in fuel assembly reactivity, is calculated by employing a
depletion reactivity uncertainty of 0.010 Akes units per 30,000 MWD/MTU of burnup (obtained
from Reference 2) and multiplying by the maximum amount of burnup credited in a storage

* configuration. For this analysis, the maximum amount of burnup credited is 47,000 MWD/MTU - . -

L - forthe “l-out-of-4 5.0 w/o Fresh with no IFBA” storage conﬁguratlon Therefore, the OF"plF‘thn o

‘reactwlty Lnuertdmty 15 0.015667 Akesr.

g..ancertamty in absolute fuel burnup va lues s C(mserwti;fel'vl Laiculatéd as 5% of the: "
“'miaximum fuei burnup credited in a storage configuration analysis. The maximum fuel burmup -

" credited in the various storage configurations; the 5% uncertamt) in these bumup values, and the

correspondmg reactivity values are given in Table 3 -23.

The maximum reactivity change associated with a 5% change in burnup is 0.007143 Akeff units
and occurs for the “All-Cell” storage configuration.

The total of the uncertainties in fuel assembly reactivity and burnup effects is 0.022810 Akes. By
applying the polynomial at the bottom of Table 3-22, the soluble boron concentration (ppm)
necessary to compensate for this reactivity is found to be of 118.9 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 ks value of the spent fuel pool. The accident event
which produced the largest increase in spent fuel pool ke value is used to determine the required
soluble boron concentration necessary to mitigate this and all less severe accident events. The list
of accident cases considered includes:

e Dropped fresh fuel assembly on top of the storage racks,
e Misloaded fresh fuel assembly into an incorrect storage rack location, or outside the racks,

o Spent fuel pool temperature greater than 180°F.
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Several fuel mishahdling events were simulated using the KENO model to assess the possible
increase in the ke value of the spent fuel pool. The fuel mishandling events all assumed that a
fresh Westinghouse 14x14 OFA fuel assembly enriched to 5.0 w/o 50 (and no burnable

poisons) was misloaded into -a storage rack or in the cask area between the racks. These cases

were simulated with the KENO model [ A 7 Je

It is possible to drop & 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.

Calculations have shown that cool-down events produced less positive reactivity change
compared to heat-up events. This is due to the fact that for cool-down events, only the
temperature of the moderator is lowered since the moderator density is already at the maximum
for nominal cases and the temperature effect alone is minimal or less compared to heat-up -
events. Therefore, results from heat-up events are reported here.

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

o A depleted fuel assembly was replaced with a fresh fuel assembly in a storaoe
conﬁguratlon

N e A fresl fuel aﬂsembiy was placed in the cask area between the racks, face ad_]atent o
o elthel 4 depletort fuel or fresh fuel assembly of a storage configuration.

_protection against 4 |
’:presence of soluble boron ir the sperit fuel pool can be assumed as a realistic initial condition,
since not assuming its presence would be a second unlikely event.

The ke values for the accident scenarios described above are summarized in Table 3-24. 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 and using depleted fuel isotopics in the
pool. As seen in Table 3-24, the accident event that produced the largest increase in the spent
fuel pool kesr value is the misloaded fresh 5.0 w/o *°U enrichment fuel assembly in an incorrect
storage rack location of the “All-Cell” configuration containing depleted fuel assemblies with 5.0
w/o #°U initial enrichment at 45,000 MWD/MTU. As seen in Table 3-25, the required soluble
boron concentration necessary to mitigate this and all less severe accident events was then
calculated as 402.9 ppm using the Table 3-22 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:
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SBC9;,95 = 270.6 ppm

i

SBC
SBC,, = 402.9 ppm

118.9 ppm

SBCrpp = 792.4 ppm -

Therefore, without ‘ considering an accident, the soluble boron (with 19.9% 1B abundance) -
necessary to maintain Kegr less than or equal to 0.95 (including all biases and uncertainties) is:-

SBCyy 55 + SBC =270.6 ppm.+ 118.9 ppm = 389.5 ppm.

The soluble boron concentratlon required for a '°B atom percent equal to 19.6 (expected lowest
pool value credltmg %8 depletion) is 395.5 ppm.

A total of 792.4 ppm of soluble boron (with 19.9% '°B abundance) is required to maintain Kegr
less than or equal to 0.95 (including all biases and uncertainties) and assuming the most limiting -
single accident. The soluble boron concentratlon required for a '°B atom percent equal to 19.6
(expected lowest pool value credltmg °B depletion) is 804.5 ppm. The recommended minimum
boron level is 804.5 ppm and is sufficient to accommodate all the design requirements.
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Table 3-1 S S
Fuel Assembly Data Used in Criticality Analysis of the Point Beach
Spent Fuel Storage Racks’ :

- abe
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Table 3-2

Relative Power and Fuel/ Moderator Temperatures for the | 1" Model b
. ' : : a,b,c

]
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" Table 3-3
Burnup and Initial Enrichment Combinations Used to Détermine the
Isotopic Number Densmes

30w ™U | 40wo™U | 50woU "
(MWD/MTU) | (MWD/MTU) | (MWD/MTU)
S0 |0 S0
5,000 15,000 -~ 25,000
15,000 25,000 35,000 ,
25,000 135,000 45,000 an
35,000 . 45,000 55,000 '
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: Table 3-4 " ‘
K.rr Values for the Tolerance/Uncertainty Cases for .
the “All-Cell” Storage Configuration. . o a,b,c

a,b,c
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Table3-s ‘
Kesr Values for the Tolerance/Uncertainty Cases for
the “1-out-of-4 5.0 w/o Fresh with no IFBA” Storage Configuration

a,b,c

= ab,e
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Table 3-6
K. Values for the Tolerance/Uncertainty Cases for the
“1-out-of-4 4.0 w/o Fresh with IFBA” Storage Configuration

ab,c

a,b,c
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Keir Values versus Initial Enrichment and Assembly Bur_nup for the
“All-Cell” Storage Configuration (for 0 to 20 Years Decay)

Westinghouse Non-Proprietary Class 3

Al

Table 3-7

- WCAP-16541-NP

Initial Burnup k. Value
Enrichment (MWD/ ] -

(wlo 235U) MTU) 0 year decay 5 years decay e 10 years decay‘ 15 years decay 20 years decay
2.147 .0 0.96.950‘1 0.00035 | 0.96950+0.00035 | 0.96950 + 0.00035 0.96950 + 0.00035 | 0.96950 10.00035
3.000 5,000 . 0.99690 +0.00035 | 0.99477 + 0.00034 | 0.99527 £0.00035 0.99451 £0.00037 | 0.99516 + 0.00035
3.000 15,000 0.91069 + 0.00034 { 0.90372 £ 0.00035 0.900711 +0.00034 0.89964 £0.00036 | 0.89858 + 0.00033
'3.000 25,000 0.84624 + 0.000.33 0.83651 £0.00033 0.83256 £0.00032- | 0.82798 +0.00032 { 0.82630 + 0.00033
4.000 15,000 0.98417 + 0.00035 | 0.97966 0.()_0037 0.97595 £ 0.00033 0.97339 £0.00033 0.97128 + 0.00035
4.000 25,000 | 0.91903 £ 0.00035 | 0.91256%0.00036 | 0.90608 +0.00033 | 0.90142+0.00036 | 0.89898 %0.00037
4.000 35,000 | 0.86703 £ 0.00031 | 0.85718 0.00036 | 0.84939 % 0.00037 0.84314 £ 0.00034 | 0.83875 +0.00035
5.000 25,000 0.97603 + 0.00035 | 0.97054 +0.00035 | 0.96519 +0.00036 0.96205 +£0.00036 | 0.95960 £ 0.00035 ‘
5.000 35,000 0.92513 £ 0.00037 | 0.91731+0.00037 | 0.91098 + 0.00036 0.90624 + 0.00034 0.90143 + 0.00036

45,0600 _0..88094 +£0.00034 | 0.87047+0.00036 | 0.86262 +0.00035 0.85202 + 0.00034

5.000

0.85623 +0.00034
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‘ Table 3-8 L
_ Fuel Assembly Burnup versus Initial Enrichment for the -
~ “All-Cell” Storage Configuration

Initial . o ~ Limiting Burnup (MWD/MTU)

Enrichment : ‘ o

(wlo *°U) 0 yr decay | Syrdecay [ 10 yrdecay | 15yrdecay | 20yr decay
2147 | 0 o | o 0 0
3.000 7,697 7,308 7,225 » ;7,22.2 7,227
4.000 16,925 16,286 15,741 . 15,403 15,148
S.OOO 26,085 | 25,080 | o 24,161 | 23;662 23,4Q2

Note that the assembly burnups as a function of initial enrichment for each decay period are
described by the following polynomials: ' ' '

Assembly Burnup (0 yr decay) = - 49.58 ¢ + 561.12 ¢+ 7134.44 ¢ — 17417.89
Assembly Bm}nup (5yr deca_vy) =-108.67 e’ + 1212.54 &’ + 4510.52 e — 14201.98
Assembly Burnup (10 yr decay) = -24.62 ¢> + 247.20 ¢?+ 7696.65 ¢ — 17424.68
Assembly Burnup (15 yr decay) = 68.81 € - 786.56 ¢* -+ 11140.74 ¢ — 20978.70
Assembly Burnup (20 yr decay) = 163.70 ¢’ - 1797.81 &’ + 14448.84 ¢ — 24359.00
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Keir Values for the All-Céll Storage Configuration with Fuel Pins in t

Westinghouse Non~Pfoprietary Class 3.

Table 3-9

WCAP-16541-NFP

he Guide Tubes

Initial Burnup bkeifr Value
Enrichment MWD/ - - : ) - )
(wlo 25U) MTU) 0 pins in the tubes | 4 pins in the tubes | 9 pins'. in the tubes | 16 pins in the tubes
3:0(_)0 .5,000 0.99690 + 0.00035 | 0.99425+0.00035 | 0.99042+0.00035 | 0.98434 £ 0.00035 '
13.000 15,000 0.91069.i 0.00034 | 0.90815+0.00034 | 0.90348 +0.00034 | 0.89792 % 0.00034
3.000 25,000 0.84624 £ 0.00033 | 0.84458 +0.00033 | 0.84018+0.00033 | 0.83485 + 0.00033
4.000 15,000 | 0.98417£0.00035 | 0.98186 +0.00035 | 0.97681+0.00035 | 0.96942 + 0.00035
4.000 25,000 0.91903 £0.00035 | 0.91749+£0.00035 | 0.91253 £0.00035 | 0.90572 +0.00035
4.000 35,000 0.86703 £ 0.00031 | 0.86621+0.00031 | 0.86095+0.00031 | 0.85465 % 0.00031
5.000 25,000 0.97603 +0.00035 | 0.97363+0.00035 | 0.96745+0.00035 | 0.96062 + 0.00035
5.000 35,000 0.92513+0.00037 | 0.92242+0.00037 | 0.91737+0.00037 | 0.91049 + 0.00037
5.000 45,000 0.88094 +0.00034 | 0.87848 £0.00034 | 0.87367+£0.00034 | 0.86712 % 0.00034
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Table 3-10

Fuel Assembly Burnup versus Initial Enrichment for the
~“All-Cell” Storage Configuration with Fuel Pins in the Guide Tubes

Initial Limiting Burnup (MWD/MTU)
Enrichment insi -

(r::‘/l; 2;?[?)1 0 p::;‘::z:he 4 pins in the tubes 9 pins the in tubes v #6 pins in the tubes
3.000 7,697 - 7,395 6,952 6,355
4.000 ‘16,925 16,617 . 15,919 14,911
5.000 26,085 25,636 24,518 23,300

28 () year decay column from Table 3-8.
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Table 3-11
Keﬂ‘ Values for the All Cell Storage Configuration with Fuel Pins in the Guide TubeS'
Effect of Split Burnup :
Initial Burnup k.qr Value
Enrichment| (MWD/ . ) - : N
(wlo ) MTU) 0 pins the tubes l6 pins with 16 pins Wlth”Spllt
: . uniform burnup burnup

3.000 15,000 0.91069 +0.00034 0.89792 + 0.00034 0.89914 + 0.00033
3.000 25,000 0.84624 + 0.00033 0.83485 £ 0.00033 0.83540 + 0.00035 -
4.000 25,000 0.91903 + 0.00035 0.90572 % 0.00035 0.90499 + 0.00034
4.000 35,000 - | 0.86703 £ 0.00031 0.85465 + 0.00031 0.85522 + 0.00033
5.000 35000 | 0.92513+£0.00037 | 0.91049 % 0.00037 0.91086 + 0.00035
5.000 " 45,000 0.88094 + 0.00034 | 0.86712 +0.00034 0.86620 + 0.00034

7 Eight of the pins have 10,000 MWD/MTU higher burnup than the average and eight have 10,000 MWD/MTU lower.
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Kesr Values versus Initial Enrichment and ASsembly Burnup for the
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Table 3-12

WCAP-16541-NP

‘ “1-6ut—of-4 5.0 w/o Fresh-with no IFBA” Storagg Configuration (for 0 to 20 Years Decay)

Initial

Ker Value

Burnup
Enrichment MWD/ . - - -
(w/o *5U) MTU) 0 year decay S years decay 10 years decay 15 years decay 20 years decay

1.361 0 0.97558 + 0l00045_ 0.97558 + 0.00045 | 0.97558 £ 0.00045 |  0.97558 + 0.00045 0.97558 £ 0.00045
3.000 15,000 1.00793 + 0.00042 | 1.00408 + 0.00040 | 1.00336+0.00044 | 1.00213 + 0.00045 1.00182 +0.00040
3.000 25,000 0.97564 + 0.00045 0.97_167 +£0.00046 | 0.96883£0.00044 | 0.96668 +0.00046 | 0.96465 + 0.00041
3.000 35,000 0.95382 £ 0.00046 |. 0.94816.+0.00044 | 0.9447110.00052 | .0.94174 +0.00047 0.93975 £ 0.00041
4.000 25,000 100877 + 0.00042 | 1.00353 = 0.00041 | 0.99935 = 0.00043 0.99715 £ 0.00043 0.99494 + 0.00038
4.000 35,000 0.97902 + 0.00040 | 0.97241+0.00047 | 0.96866+0.00044 | 0.96498 +0.00043 0.96217 £ 0.00046
4.000 45,000 '0.95796 £ 0.00049 | 0.95081 +0.00047 | 0.94733 i 0.00050 094348 + 0.00045 | 0.94131+ 0.00046
5.000 35,000 1.00658 + 0.00039 | 1.00123 + 0.00045 | 0.99693 +0.00043 0.99313 + 0.00042 0.99156 £ 0.00042
5.000 45,000 0.98022 + 0.00043 | 0.97353 + 0.00044 _ 0.96986 + 0.00047 | 0.96704 + 0.00044 0.96374 + 0.00045
5.00¢ 55,000 0.95941 + 0.00048 | 0.55408.4 0.00044 | 0.94858 % 0.00045 0.94491 + 0.00046
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: Westinghouse Non-Proprietary. Class 3

: Table 3-13
Fuel Assembly Burnup versus Initial Enrichment for the
“1-out-of-4 5.0 w/o Fresh with no IFBA” Storage Configuration -

WCAP-16541-NF

Initial Limiting Burnup (MWD/MTU)
Enrichment . _ h _ _
(w/o 25Uy | 0 yrdecay | 5yrdecay 10 yr decay | 15 yr decay | 20 yr decay
1.361 0 0 ' 0 0 0
3.000 24,892 23,442 21,919 22,356 . 21,347
4.000 - 36,323 33,615 32,170 30,934 29,957
5.000 46,918 43,944 42,500 41,382 40,311

Note that the assembly burnups as a function of initial enrichment for each decay penod are
described by the following polynomials:

Assembly Burnup (0 yr decay) -276.83 €*— 3740.62 e+ 27373.43 ¢ — 31037 19

. 'Assembly Burnup (5 yr. demy) 452 23 - 534868 >+ 30881 e 3‘527"% 57
Assembly Burnup (10 yr decay} = 524.70 ¢’ — 5948.94 ¢+ 31863.58 ¢ — 336&.58
Assembly Bumub (15 yr decay) = 651.51 e’ - 7161.87 €'+ 34622.21 e - 35621.37 o
Assembly Burnup (20 yr decay) = 706.10 ¢* - 7529.25 et 35411.87 e 36025.79
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" Kenr Values versus Initial Enrichment and Assembly Burnup for the

Westingh(')u»se Non-Proprietary Class 3

Table 3-14

WCAP-16541-NP

“1-out-of-4 4.0 w/o Fresh with IFBA” Storage Configuration (for 0 to 20 Years Decay)

0.92537 + 0.00042

0.92082 +0.00043

Initial Burnup k&r Value
Enrichment | (MWD/ . -

(wlo il 1)} MTU) 0 year decay S years decay 10 years decay 15 years decay 20 years decay
1.627 0 0.97410 + 0.00040 | 0.97410 £ 0.00040 | _ 0.97410 = 0.00040 0.97410 + 0.00040 0.97410 £ 0.00040
3.000 1‘5,000 0.98486 0.0_0044 0.98111 +£0.00038 { 0.97968 £0.00040 | 0.97898 £0.00039 | 0.97699 + 0.00039
3.000 25,000 0.95025 + 0.00050 | 0.94454 + 0.00043 | . 0.94239 £ 0.00043 0.93978 + 0.00044 0.93809 + 0.00042
3.000 35,000 0.92350 + 0.00053 | 0.91719 £ 0.00043 | 0.91493 £ 0.00047 0.91263 £ 0.00047 0.91070 £ 0.00048
4.000 25,000 | 0.98613 +0.00049 | 0.98118 4 0.00037 | 0.97625+ 0.00041 0.97277 £ 0.00038 0.97059 + 0.00039
4.000 35,000 0.95420 £ 0.00048 | 0.94715+0.00041 | 0.94195 +0.00043 0.93933 £ 0.00043. | -0.93525 + 0.00042

~ 4.000 ' 45,000 0.92901 £ 0.00050 | 0.92305+0.00045 | 0.91886+0.00043 091433 £0.00044 | 0.91057 £ 0.00047
5.000 135,000 0.98435 + 0.00039 -0.97819 10.00040 | 0.97296 + 0.00041 ‘ 0.97039 + 0.00042 0.96866 + 0.00043
5.000 | 45,000 " | 0.95566 +0.00043 | 0.95012 0.00042 0.94412 £ 0.00044 0.94121 + 0.00044 0.93868 + 0.00041

N - 5.000 . L 0.93168 + 0.00048 091542 t000043 :

/55,000

PR
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WeStinghouse_Non-Proprietary Class 3

Table 3-15 :
- Fuel Assembly Burnup versus Initial Enrlchment for the
“1-out-of-4 4.0 w/o Fresh with IFBA” Storage Configuration -

WCAP-16541-NP

~ Limiting Burnup (MWD/MTU)

Initial
Enrichment _ e :
(w/o 250) | 0 yr decay | 5yrdecay | 10 yrdecay | 15yrdecay | 20 yr decay
1.627 0 0.00 0 0 0 '
3.000 17,723 16,590 16,208 15,936 15,550
4.000 28,382 26,654 25,431 24,655 24,262
5.000 38,288 36,330 34,625 33,793 33,392

Note that’the assembly burnups as a function of initial enrichment for each decay- period are
described by the following polynomials:

o _Assemhly meup ’0 yr decay) 170.36 ¢>— 2420 63 e+ 21300 07 e— 28991 46 L mbaoa

- Assembly Burnup (5 m “docay) = 195.63 ¢3~ 2541.74 ¢ + 20617.59 ¢ - 2766870 - S s

V ':'Assembﬂw Burnup (18 yr decay) 318.85e -384] 38 e+ 24315.99 ¢ - 30776.6%
o Assembﬁ; Bus nup (15 yr decav) 423.62 ¢ — 4874 30 e’ +27165,59 ¢ - -33136.16

* Assembly Burnup (20 yr decay) = 389.42 & - 4464.01 ¢*+ 2555128 e - 31442.11 .
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Westinghouse Non-Proprietary Class 3 WCAP-16541-NP

_ . Table3-16 )
Kerr Values versus Number of IFBA Pins (1.0X) Contained in the 4.5 w/o 250 Fresh Fuel
of the “1-out-of-4 4.0 w/o Fresh with IFBA” Storage Configuration

Enrichment of - Burnup of | Number of IFBA Pins

Fresh Fuel Depleted Fuel in Fresh Fuel Kesr |
(wlo 2*5U) . mwDbMTU) | [ T abe :

a5 35,000 0.99624 +0.00041
4.5 35,000 .l 0.98656 + 0.00038
4.5 35,000 ' 0.97936 % 0.00040
45 35,000 _ | 0.97443 £0.00041
4.5 45,000 . 0.96951 + 0.00039
45 45,000 _ | 0.95977 +0.00037
4.5 45,000 o 0.95283 + 0.00042
4.5 45,000 : ©0.94796 + 0.00043
4.5 55,000 0.94674 + 0.00041
4.5 ' sso0c ' o : 0.93499 + 0.00045
45 ssgoi | 0.92823 +0.00043
| T4 ss.e00 T ' 0.92199 +0.00044

R A R
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Westinghouse Non-Proprietary Class 3 , WCAP-16541-NP

' . Table 3-17 '
Keir Values versus Number of IFBA Pins (1.0X) Contained in the 5.0 w/o 235U Fresh Fuel
of the “1-out-of-4 4.0 w/o Fresh with IFBA” Storage Conﬁguratlon

Enrichment of the Burnup of the ™ | Number of »
Fresh Fuel Depleted Fuel IIESA Pin_s_ Kegr
(w/o °U) (MWD/MTU) : 1 abe - '
50 35,000 1.00658 % 0.00039
5.0 35,000 _ 0.99684 + 0.00039
5.0 35,000 0.99104 + 0.00037
5.0 35000 | ‘ 0.98438 + 0.00041
50 45,000 | | 10.98022 +0.00043
5.0 45,000 _ 0.97081 + 0.00042
5.0 45,000 - 0.96442 +0.00045
5.0 ‘ 45,000 0.95786 = 0.00045
5.0 55,000 © 0.95941 % 0.00048
5.0 _ 55,000 : < ool T 0.94775 £0.00044
' 5.0 : 55000 1 f U ] 0.93998 £0.00046
L so | sseos | L b o assanzoooes |
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‘Westinghouse Non—Proprietary Class 3 ' WCAP-16541-NP

Table 3-18
Number of IFBAs versus Initial Enrichment for the
Fresh F uel Assembly in the “1-out-of-4 4.0 w/o F resh w1th IFBA” Storage Conﬁguratlon

S

Initial Enrichmen.t Nu'hl ber of IFBAS
(w/o *°U) : (1.0X)
4.000 0
4.500 23
5.000 ’ 56

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

Number of IFBA Pins = 20.0e” — 124.0e + 176.0
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Westinghouse Non-Proprietary Class 3

Table 3-19

Entire Spent Fuel Pool K Results foi thé Interface Configurations

I-out-0f-4 5.0 w/o Fresh
with no IFBA

1-out-0f-4 4.0 w/o Fresh

All-Cell with IFBA

All-Cell

keff

Max. Infinite
Array Ky

- Max. Infinite
Array Keg

Max. Infinite ke
Array Keg eff

l-out-of-4 5.0 w/o Fresli 0.97386 + 0.97558 +

with no IFBA 0.00031 0.00045

1-out-of-4 4.0 w/o Fresh | 0.96954 + 097410+ | 0.97368 0.97558 +
with IFBA 0.00026 0.00029 0.00045

0.00040
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Westinghouse Non-Proprietary Class 3 o WCA.P-16541-N_P

| Table 3-20
Assembly Loading Requirements at the Interface between Different
Storage Configurations ‘

, Assembly that Must be Loaded at the Interface
_ Configuration _ with Another Configuration®
“All-Cell” o Any '
“]-out-of-4 5.0 w/o Fresh with no IFBA” Only Depleted Fuel Assemblies
“l-out-of-4 4.0 w/o Fresh with IFBA” Only Depleted Fuel Assemblies

Instructions:
1. Identify which storage configurations will be interfaced.

2. Lookup the aSsembly loading requirements for both storage configurations.

2 An empty storage location is always permitted.
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Westinghouse Non-Proprietary Class 3

Table 3-21

WCAP-16541-NP

Keﬂ' Values for the Failed Fuel Rod' Storage Basket with 5.0 w/o 25y Fresh Fuel

in the All Cell Storage Conﬁguratlon

Fuel Pin Pitch in the FFRSB (inches)

k. with FFRSB

Nominal k. for All-Cell

|P = 1.016” (fuel pins touching) . 0.90101 + 0.00039 . 0.96950 £ 0.00035
P =23811" (typical storage basket design pitch) 0.93310 £ 0.00034 0.96950 + 0.00035
P =2.99357" (maximum pitch in the cell) . .

0.94417 £ 0.00036

0.96950 £ 0.00035
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_ Wcstingho_use Non-Proprietary Class 3

Table 3-22

 WCAP-16541-NP

Kesr Values as a Function of Soluble Boron Concentration for the Spent Fﬁel Pool
with Depleted Fuel Assemblies in the “All-Cell” Storage Configuration

Ket

Configuration 0 ppm 200 ppm 400 ppm 600 ppm .
Depleted Fuel _ | R T R |
(5.0 w/o, 45,000 0.87565 £ 0.00024 | 0.83753 £0.00022 | 0.80412 + 0.00020 | 0.77528 £ 0.00020
MWD/MTU)

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

ppm = 58842.012Ak " + 3053.398Ak,q” + 5112.229AK,
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- Westinghouse Non-Proprietary Clhss_3

" Table3-23

WCAP-16541-NP

Summary of Burnup Reactivity Uncertainties for the Storage Conﬁgurzlltions'

Maximuni
Burnup 5% Burnup o
Configuration (MWD/MTU) Uncertainty AKegt
All-Cell- © 27,000 1,350 - 0.00714
1-out-of-4 5.0 w/o Fresh with no
2
[FBA 47,000 2,350 0.00528
1-out-of-4 4.0-w/o with IFBA ' 39,000 1,950 0.00569
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Westinghouse Non-Préprietﬁry Class 3

Table 3-24

Kefr Values for Various Accident Scenarios in the Spent Fuel Pool

WCAP-16541-NP

AILC “ 1-out-of-4 5.0 w/o Fresh 1-out-of-4 4.0 w/o Fresh
el with no IFBA with IFBA
Accident Scenarios » kegf Ak Kegr Ay Kefr Ak

Misloaded fresh fuel ‘ _ :
assembly into burnup | 30957 * 0.071547 | 0125 0.05597% | 20087 0.06564
storage rack location ' o '
Misloaded fresh fuel »
assembly in the cask 0.96492 + 0.97658 + 0.97065 +

.0001¢ 0.00334 -0.00020
area between storage 0.00021 0.000 0.00022 77 0.00028 ‘ :
racks 3
Spent fuel pool | ‘ ’
temperature greater than | 0.98586 + 0.96196 + ) . 10.97640
normal operating range | 0.00022 0.02410 0.00021 - 0.00810 0.00023 0.008%94
(240°F)

»Based on the nominal kg value of 0.87692 % 0.00021 for a pool filled with “All-Cell” storage configuration containing depleted fuel with 5.0 w/o 235U initial enriéhment at 45,000 MWD/MTU

*Based on the nominal ke value of 0.95648 * 0.00029 for a pool filled with “1-out-of-4 3.0 w/o Fresh with no IFBA” storage configuration containing depleted fuel w1th 5.0 wio U mmal :
enrichment at 55,000 MWD/MTU -

*'Based on the nominal k. value of 0.92919 + 0.00026 for a pool filled with “l-out-of 4 4.0 with IFBA storage configuration containing depleted fuel with 5.0 w/o **U initial enrlchment at 55,000
MWD/MTU. ' :
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Soluble Boron required  to Mitig

Westinghouse Non-Proprietary Class 3

_Table 3-25
ate Various Accidents in th

e Spent Fuel Pool

1-out-0f-4 5.0 w/o

1-out-of-4 4.0 w/o

A-Cell | Fresh with no IFBA | Fresh with IFBA
Accident Scenarios [ppm] [ppm]. v[ppm]
Mlsloaded fresh fuel assembl}./ 4029 .. . 306.0 365.4
into burnup storage rack location .
Misloaded fresh fuel assembly in ,
the cask area between storage 1.0 17.1 -
racks
Spent fuel pool temperature greater 12' sg ' ) 46.0

than normal operating range (240°F)
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Figure 3-1 KENO Plot for the “All-Cell” Storage Configuration
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Westinghouse Non-Proprietary Class 3 _ ‘ WCAP-16541-NP

Figure 3-2 KENO Output Plot for the “1-out-of-4 5.0 w/o Fresh with no IFBA”
Storage Configuration
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Figure 3-3 KENO Output Plot for the “l1-out-of-4 4.0 w/o Fresh with IFBA”
' Storage Configuration
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Figure 3-4 IFBA Patterns Used in the Point Beach Criticality Analysis
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Westinghouse Non-Proprietary Ciass 3 : ) " WCAP-16541-NP

Figure 3-5 KENO Output Plot for the Spent Fuel Pool Loaded with
the “1-out-of 4 4.0 w/o Fresh with IFBA” Storage Configurations
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Westinghouse Non-Proprietary Class 3
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Westinghouse Non-Proprietary Class 3 _ . WCAP-16541-NP .

- -ab,c

Figure 3-7 Westinghouse 14x14 Standard and (OFA) Fuel Dimensions
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Westinghouse Non-Proprietary Class 3 WCAP-16541-NP .

a,b,c

Figure 3-8 - Sketch of Axial Zones Used in Fuel Assembly
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‘Westinghouse Non-Proprietary Class 3 .+ WCAP-16541-NP

4.0 Summary of Results

The following sections contain the criticality analysis results for the Pomt Beach Spent fuel pools
with soluble boron credit. :

4.1  Allowable Storage Configurations

4.1.1 “All-Cell” Storage Conﬁgﬁration '

Figﬁre 4-1 displays the allowable storage configurations for the “All-Cell” storage. The “All-
Cell” storage rack configuration will be employed to store depleted fuel assembhes which meet
the requnrements of Table 4-1 and Figure 4-7.

4.1.1.1 Storage of Fuel Pins in the Guide Tubes in an All-Cell Storage Configuration

. Fuel pins stored in the guide tubes of an assembly in an All-Cell configuration shall meet the -
~ burnup requirements of the All-Cell configuration with zero year decay time and without any
fuel pins in the guide tubes. Fuel pins that do not meet the requirements of the All-Cell storage
configuration (i.e., pins that have less burnup by a certain amount) can be stored in the guide
tubes only if the same or greater number of pins that exceed the burnup requirement by the same
or larger amount are also loaded in the guide tubes to offset the excess reactivity.

4.1.2  “l-out-of-4 5.0 w/c Fresk with no IFBA?” Storage Cenfiguraticn

+.. Figure 4-2 displays the allowable siorage configurations for the “l-out-of- 4 5.0 w/o Fresh with

no IFBA” storage. The “1-out-of-4 5.0 w/o Fresh with no Ii“ BA” storage rack will be employed
to store fresh 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 4-8. : '

4.1.3  “l-out-of-4 4.0 w/o Fresh with IFBA” Storage Configuration

Figure 4-3 displays the allowable storage configurations for the “I-out-of-4 4.0 w/o Fresh with
IFBA” storage. The “1-out-of-4 4.0 w/o Fresh with IFBA” storage rack will be employed to store
fresh fuel assemblies with enrichments up to 4.0 w/o 2°U and depleted fuel assemblies which
meet the requirements of Table 4-3 and Figure 4-9. The fresh fuel assemblies with enrichments
greater than 4.0 w/o 23U and up to 5.0 w/o 2°U shall meet the requirements of Table 4-4 and
Figure 4-10. [ 1>

4.1.4 Burnup Requirements for Intermediate Decay Time Points

For all the storage configurations in the Point Beach Spent Fuel pool crediting **'Pu decay, -
burnup requirements for intermediate decay time points should be determined using at least a
second order polynomial.

4.2  Interface Requirements in Spent Fuel Pool Storage Racks

Fuel storage patterns used at the interface of storage configurations shall comply with the
assembly loading requirements provided in Table 4-5 and Figure 4-4 to Figure 4-6. Note that it is
acceptable to leave a storage cell empty.
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43 Failed Fuel Rod Storage Basket with 5.0 w/o U Fuel

Fqi'led Rod Storage Baskets filled with fresh fuel rods with a maximum enrichment of 5.0 w/o
50 and no burnable absorbers can be stored in the All-Cell storage configuration.

44  Empty Cells

For all configurations at Point Beach, 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 debris canisters may be stored in empty cells of All-Cell
storage configuration provided that the canister does not contain fissile materials.

4.5 . Non-Fissile Equipment

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

4.6 Total Soluble Boron Requirement

The soluble boron (with 19.9% '°B abundance) necessary to maintain ke less than or equal to
0.95 (including all biases and uncertainties) is 389.5 ppm. The soluble boron concentration
required for a ''B atom percent equal to 19.6 (expected lowest: pool value crediting B
depletion) is 395.5 ppm. A total of 792.4 ppm of soluble boron (with 19.9% 1B abundance) is

" réquired to maintain keg less than or equal to 0.95 (including all biases and uncertainties) and
. assuming the most limiting single accident. The soluble boron concemmtl on required for a ‘01‘,'
" atom percent equal to 19.6 (expected lowest pooi value C(edltmg i) d\.pl@tl'{)lﬂ is 04.5 ppm.
- The'recommended mlmmum boron level is 804 ol ppm and 13 sufﬁclem 1G* ar‘commﬂia a'l the 7
desugn requnremen‘ts , s T e ‘
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Table 4-1
Fuel Assembly Burnup versus Initial Enrichment for the
“All- Cell” Storage Configuration

Initial | " Limiting Burnup (MWD/MTU)
Enrichment | -~ Oyr Syr 10yr 1Syr 20 yr
(w/o*U) |  decay™ decay’? decay’’ decay’ decay™
2.147 0 0 0 0 0
3.000 . 7,697 7,308 7,225 7,222 . 7,227
4.000 16,925 16,286 15,741 15,403 15,148
5.000 26,085 | 25,080 24,161 - 23,662 23,402

Note that the assembly burnups as a function of initial enrichment for each decay period are
- described by the following polynomials:

_'-ssembl‘g Burmnp (‘? yE decay) =-108. 67 e+ 1212 54 ¢*+ 4510. 52 e - 14201 08

:Aseemblj Burnup (18 gl decay) = -24. 62 & + 247.20 €2+ 7696.65 [ l"7424 66
Assembly Burnup (15 yi decay) = 68.81 ¢’ - 786.56 e*+ 11140.74 ¢ — 26978.76

- Assembly Burnup (20 yr decay) = 163.70 e’ -1797.81 e’ + 14448.84 ¢ — 24359.00

—

32 Decay time is defined as the number of years since fuel assembly discharge
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Table 4-2
Fuel Assembly Burnup versus Initial Enrlchment for the
“1-out-of-4 5.0 w/o Fresh with no IFBA” Storage Conﬂguratlonv

Initial. ~ Limiting Burnup (MWD/MTU)
Enrichment 0yr Syr 10 yr " 15yr 20 yr
(w/o °0) decay®’ decay” decay” | decay™ decay”
1.361 0 0o 0 0 0
3.000 24,892 23,442 . 21,919 22,356 21,347
4.000 .| 36,323 33,615 - 32,170 30,934 29,957
5.000 ‘ 46,918 43,944 42,.500 : 41,382 .40A,252

Note that the assembly burnups as a function of initial enrichment for each decay period are
described by the following polynomials:

- Assembly Burnup (0 yr decay) = 276.82 e~ 3740.62 ¢* + 273'73u43 e—31037.19

: .Assembl Burnup (8 yr deeay) = 4‘32 23 &’:- 5348.68 ¢’ + 30881.71 e - 33275.57

s en;bﬁy Burnup (N} *, dfcay; 524 70 ' e -5948 94 e’ + 3186‘% 58¢- 33682 38

' Assembﬁv }imnup (35 yr d@my} 6‘1 ii e ;— /10] 87 e + 34622 2le~ 35621 37
&, .Assemhiv Burnup 28 yr decay} 692 (JE c - ’7461 55 e+ 35236.72 e- 35893 48

33 Decay time is defined as the number of years since fuel assembly discharge
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Table 4-3
Fuel Assembly Burnup versus Initial Enrichment for the
“1-out-of-4 4.0 w/o Fresh with IFBA” Storage Configuration

Initial Limiting Burnup (MWD/MTU)
Enrichment Oyr Syr 10 yr ' 15yr 20 yr
~ (wlo B3 decay™ decay™ decay™ ‘ decay™ decay34
1627 | 0 0 0 0 0
3.000 | 17,723 16,590 16,208 15,936 15,550
4.000 28,382 26,654 25,431 24,655 24,262
5.000 38,288 36,330 34,625 33,793 33392

Note that the assembly burnups as a function of mltlal enrichment for each decay period are
described by the following polynomials: ‘

213@& 07 e --28991. 46
"a:v‘ €227668.70
S - 36776.68
3313016

' Assembly Burnup (O yr decay) = 170. 36 e’ — 2420, 63 el
' 'Assembly Burnup (Ryr eﬁeum = 195.63 >~ 2541 74 e ¥ /061

oy

"'Assembly Burnup (m y¥ deta\:‘ = 318. 85 & 3841 3B+ 24.;
487530 ’o“ %7

“ASsembly Burnup (ES ye deeaw 423, nz
- “Agsembly Burnup ( u@ yr decay) = 389 42446801 3555138 ¢ -—31442 i1

3* Decay time is defined as the-number of years since fuel assembly discharge
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Table 4-4 I
_ Number of IFBAs versus Initial Enrichment for the
Fresh Fuel Assembly in the “1-out-of-4 4.0 w/o Fresh with IFBA” Storage Configuration .

Initial Enrichment Nufnber of IFBAs

(whe Uy O (1.0X)
4.000 - 0
4.500 © 23
5.000 | 56

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

Number of IFBA Pins = 20.0e” — 124.0e + 176.0
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. Table 4 5
Assembly Loadmg Requirements at the Interface between leferent
Storage Configurations -

_ Assembly that Must be Loaded at the Interface
Configuration ‘ with Another Configuration®
“All-Cell” ' Any '
“|-out-of-4 5.0 w/o Fresh with no IFBA” _ Only Depleted Fuel Assemblies
“1-out-of-4 4.0 w/o Fresh with IFBA” . Only Depleted Fuel Assemblies

Instructions:
1. Identify which storage configurations will be interfaced.

- 2., Look ;.ip the assembly loading requirements for both storage configurations. .,

3% An empty storage location is always permitted.

Page 81 of 106



Westinghouse Non-Proprietary Class 3 WCAP-16541-NP

This page intentionally left blank.

Page 82 of 106



Westinghouse Non-Proprietary Class3 . WCAP-16541-NP

A : Fuel Asseinbly mecting the

~requirements of Table 4-1 or
Figure 4-7 for the “Ali-Cell”
Configuration -

Figure 4-1 Allowable Fuel Assemblies in the
“All-Cell” Storage Configuration
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Ll CHL

L1 - L1

L1 : Fuel Assembly meeting the
requirements of Table 4-2 and
Figure 4-8 for the “1-out-of 4 5.{}
w/o Fresh with no IFBA”
Configuration - ‘

H1 : Fuel Assembly with 5.0 w/o Fresh
©in the “l-out-of 4 5.0 w/o Fresh
with no IFBA” Configuration

i

Note: The 2x2 array is repeated with the same orientation

Figure 4-2 Allowable Fuel Assemblies in the
“1-out-of-4 5.0 w/o Fresh with no IFBA” Storage Configuration
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L2 | H2

12 L2

t—"-i
[\

: Fuel Asseribly meeting the
requirements of Table 4-3 or
Figure 4-6 for the “l-out-of 4 4.0
w/o Fresh with IFBA”
- Configuration

H2 : Fuel Assembly with 4.0 w/o Fresh
in the “l-out-of 44.0 w/o Fresh
with IFBA” Configuration

Note: The 2x2 array is repeated with the same orientation.

Figure 4-3 Allowable Fuel Assembly Categories in the
“1-out-of-4 4.0 w/o Fresh with IFBA” Storage Configuration
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L1

HI1

. 1-out-of-4 5 w/o Fresh

Westinghouse Ndﬁ-Proprieta_ry Class3. v WCAP-16541-NP

A A A | A A A A
A A A A A A A
A A A A A A A
. _ : Z
L1 Ll | LI L1 A A A A
- 3
H1 Ll | HI L1 A A A
L1 Ll - | LI Li A A A
HI L1 H1 LI A A A

: Fuel Assembly meeting the requuements of Tahle 4-1 or Figure 4 7 ﬁ the '
“All-Cell” Configuration '

: Fuel Assembly meeting the requirements of Table 4-2 and Fighre 4-8 for the
“1-out-of 4 5.0 w/o Fresh with no IFBA” Configuration

: Fuel Asse.mbly with 5.0 w/o Fresh in the
“l-out-of 4 5.0 w/o Fresh with no IFBA” Configuration

Figure 4-4 Allowable Interface between “All-Cell” and
“I-out-of-4 5.0 w/o Fresh with no IFBA” Storage Configurations
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L2

H2

- 1-out-of-4 4.0 w/o Fresh with IFBA

Westinghouse Non-Proprietary Class 3 ' v WCAP-16541 -NP

A A A A A A A
A A A A A A A
A A A A A A A
- - = S
L2 L2 L2 L2 A A1 A iy
(]
H2 L2 | m2 L2 Al A A
L2 L2 | 12 L2 A A A
12 12 H2 L2 A A A

: Fuel Assembly m_e'e'tihg the requirements of Table 4-1 or Figure 4-7 for the
“All-Celi” Configuration

: Fuel Assémbly meeting the requirements of Table 4-3 or Figure 4-9 for the
“1-out-of 4 4.0 w/o Fresh with IFBA” Configuration

: Fuel Assembly with 4.0 w/o Fresh in the »
“l-out-of 4 4.0 w/o Fresh with IFBA” Configuration

Figure 4-5 Allowable Interface between “All-Cell” and
“1-out-of-4 4.0 w/o Fresh with IFBA” Storage Configurations
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Lt} Ll ‘L1 L1 | L1 L1 L1
< 1 | S
=) L1 Hl |- L1 Hl L1 “HI Li
= | |
€ T
E L1 L1 L1 L1 L1 L1 L1 =
g 2
o L2 - L2 L2 L2 L1 H1 Li W
2 ‘ 2
=) =]
< 1
< H2 L2 H2 1.2 L1 Lt L1 e
3 | 2
; .
j L2 L2 L2 L2 L1 H1 L1

H2 | L2 B2 L2 L1 1 Li 1.1

L1 + Fuel Assembly meeting the fequiremenfs of Tabie 4-2 or Figure 4-8 for the

“]-out-of 4 5.0 w/o Fresh with no IFBA” Cc nﬁgnmrﬁon

H1 : Fuel Assembly with 5.0 w/o Fresh in the
“l-out-of 4 5.0 w/o Fresh with no IFBA” Conﬁguratlon

L2 : Fuel Assembly meeting the requirements of Table 4-3 or F igure 4-9 for the
“1-out-of 4 4.0 w/o Fresh with IFBA” Configuration '

H2 : Fuel Assembly with 4.0 w/o Fresh in the
“I-out-of 4 4.0 w/o Fresh with IFBA” Conﬁguratlon

Figure 4-6 Allowable Interface between “1-out-of-4 5.0 w/o Fresh with no IFBA” and
“l-out-of-4 4.0 w/o Fresh with IFBA” Storage Configurations '
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Fuel Assembly Burnup (MWD/MTU)

Westinghouse Non-Proprietary Class 3 WCAP-16541-NP

30,000

B 0yrdecay

25,000 5yr decay

10 yr decay

215 yr decay

/. 1} 20 yr decay

/Y
/
7
/a
20,000
ACCEPTABLE
/ {
1
156,000
. .‘_...\ [ S J| 1
© 40,000 iy
£ UNACCEPTABLE
/
/i
5,000
0
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/e)

Figure 4-7 Fuel Assembly Burnup versus Initial Enrichment for the
“All Cell” Storage Configuration

Page 95 of 106



\Vestinghouse Non-Proprietary Class 3 WCAP-16541-N_P.

This page intentionally left blank.

Page 96 of 106



Westinghouse Non-Proprietary Class 3 ' WCAP-16541-NP

50,000

£ 0.yr decay

N

45,000 - : _ /

5yrdecay -

/| # 10yrdecay .
h 15 yr decay
40,000 . - K 20 yr decay

35,000 - : / /

4
ACCEPTABLE | V. 8dviy.

NN

30,000 : : A

25,000 /|

m

! VA _| JUNACCEPTABL

!

‘Fuel-Assembly Burnup (MWD/MTU)
N

20,000 —- 4

15,000

10,000

5,000

/

0
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)

Figure 4-8 Fuel Assembly Burnup versus Initial Enrichment for the
“1-out-of-4 5.0 w/o Fresh with no IFBA” Storage Configuration
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* Fuel Assembly Burnup (MWD/MTU)

~ Westinghouse Non-Proprietary Class 3 o WCAP-16541-NP

45,000
40,000
R0 yr decay
] -
A | @5 yrdecay
- 35,000 N /|10 yr decay
A 15 yr decay
// A\ /K20 yr decay
A/
//' 4
/ /i
30000 ACCEPTABLE | )
dAV
/
/5
25,000 .17
' 40014
V.
/1
/]
20,000 i / [UNACCEPTABLE |
Jddad 7
1]
T A A '/
1E,606 Yd
’ A
10,000 7
Y/
5,000
/
0
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)

Figure 4-9 Fuel Assembly Burnup versus Initial Enrichment for the
“1-out-of-4 4.0 w/o Fresh with IFBA” Storage Configuration
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5.

40 - - - - /
[FecerTree] /.
30 /

_ Number of IFBA Pins

i Vi . [(FASTEPTARE

/' | : L__v_

/

/

3.80 4.00 4.10 4.20 4.30 4.40 4.50 4.60 4.70 4.80 4.90 5.00

Initial U-235 Enrichment (nominal w/o)

Figure 4-10 JFBA Requiremen'ts for the Fresh Fuel Assembly with Enrichments Greater
than 4.0 w/o *°U in the “1-out-of-4 4.0 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 Point Beach Spent Fuel Pool Criticality Calculations -

- Problem-Diependent Cross Sections for use with the KENO-V .a or KENO-VI Criiica,h,ty -
++ Code”, November 17, 28057, This programiming error in SCALE version 5 does.not

Verified and Configured | : . Outstanding
per EP-310 or EP-313? Basis (or reference) that Category A Error?
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 See Footnote®® ‘See Footnote® , See Note
Notes: _
1. NRC Information Notice 2005-13, “Potential Non-Conservative Error in Modeling

Geometric Regions in the KENO-V.A Criticality Code”, May 17, 2005 notifies of an

.. -error in SCALE associated with cylindrical holes with shared boundaries. In the standard -
- +gpent fuel pool analysis, none of the input files involve cylindrical holes with sudrea

boundaries; therefore, the analysis is not affected from this: ¢ode error.

NRC Information  Notice 2005-31, “Potential Non-Conservative Error in Preparing.

cause erroneous resulh in current Westinghouse criticality  analyses for the following
reasons: : '

a. Westinghouse has not lmplemented SCALE version § for criticality analyses All
current analyses have been performed using SCALE 4.4 or earher versions.

b. - These options are only used for slab geometry (e.g., p]ate-type fuel), and
Westinghouse analyses that are applicable to pressurized water reactor (PWR) and
boiling water reactor (BWR) fuel lattices do not utilize this functionality.

3 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 running the sample test problems provided in the
software package. Only differences in the outputs are due to time/date information and the header lines.
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"ENCLOSURE 7

WCAP-16541-P (PROPRIETARY)
APPLICATION FOR WITHHOLDING PROPRIETARY INFORMATION
AFFIDAVIT
PROPRIETARY INFORMATION NOTICE
COPYRIGHT NOTICE

POINT BEACH UNITS 1 AND 2
SPENT FUEL POOL CRITICALITY ANALYSIS
DATED FEBRUARY 2006

‘ LICENSE AMENDMENT REQUEST 247
SPENT FUEL POOL STORAGE CRITICALITY CONTROL

POINT BEAC.H NUCLEAR PLANT;_UNITS 1 AND 2

(120 pages follow)

UPON REMOVAL OF THE ATTACHMENT THE REMAINDER
OF THIS LETTER MAY BE DECONTROLLED




