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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAG)

RAI Response Number: RAI-SRP9.1.1-SRSB-05
Revision: 0

Question:

DCD Section 9.1.6.4 "Criticality Analysis for Spent Fuel Racks" references TR-65
(APP-GW-GLR-029), which utilizes the methodology described in WCAP 14416-NP-A. A 2001
NRC letter (ML012080337) states that WCAP 14416-NP-A can no longer be relied upon as
"approved methodology." The staff has found that the AP1 000 methodology does not
accurately calculate a spent fuel pool criticality analysis that meets 10 CFR 50.68.

Additionally, TR-65 relies on the same overall methodology used for multiple, recently submitted
operating fleet spent fuel pool criticality analyses which were not accepted by the NRC. One
example; a May 17, 2007 letter (ML071230037) issued an RAI against the June 14, 2006
Beaver Valley Power Station (BVPS) license amendment request. This BVPS RAI, and the
process that followed, resulted in licensee commitments to work towards a license amendment
that meets the requirements of 10 CFR 50.68. The NRC feels that Westinghouse is familiar
with this spent fuel pool criticality analysis issue as it relates to BVPS and other utilities. The
NRC requests Westinghouse re-submit the AP1 000 spent fuel pool criticality analysis with a
new methodology that meets 10 CFR 50.68.

Westinghouse Response:

Westinghouse has completely revised the AP1 000 Spent Fuel Pool (SFP) criticality analysis in
APP-GW-GLR-029, Revision 0 "Spent Fuel Storage Racks Criticality Analysis" (formerly
Technical Report TR-65) with a new methodology that meets 10 CFR 50.68 requirements. The
new analysis is APP-GW-GLR-029, Revision 1, entitled "AP1 000 Spent Fuel Storage Racks
Criticality Analysis" (Reference 1) which is a complete rewrite to supersede Revision 0. The
revised analysis includes a detailed calculation package from a certified subcontractor
(Reference 2) that was reviewed and approved through the Westinghouse quality program.

Key supporting documents (i.e. drawings, computer input decks) for this analysis will be
submitted to the NRC under separate transmittals. The new methods and models replace
specific shortcomings that the NRC identified as being no longer reliable as "approved
methodology." These new efforts include evaluation of soluble boron, fuel assembly burn-up,
and various design and operational parameters to properly credit reactivity for the Region 2
spent fuel racks. Finally, the revision to the analysis presents a new and thorough methodology
focused on the AP1 000 design that fully incorporates current and emerging industry and
regulatory guidance that is specifically designed to meet NRC and industry objectives to comply
with 10 CFR 50.68 requirements.
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Specific to the requested new methodology, Westinghouse and our certified subcontractor
(Holtec International) have interacted with industry professionals from the Nuclear Energy
Institute (NEI) and NRC through several meetings, workshops, and phone calls since August
2008. The discussions focused in part on developing robust and bounding SFP criticality
analysis inputs and variables that fully encompass the operational, safety, and regulatory
compliance demands of the AP1000 technology.

Finally, the new methodology outlined above presents a plant-specific criticality calculation for
spent fuel pool configurations that includes technically supported margins and a new soluble
boron credit methodology. Such calculations were required and requested by NRC letter
(ML012080337). The revised AP1000 DCD and new criticality analysis outlined above neither
use nor reference the old analysis or the NRC acceptance letter (formerly DCD Section 4.3.5,
References, Reference 63) that described use and applicability of Topical Report WCAP-14416-
P, "Westinghouse Spent Fuel Rack Criticality Analysis Methodology," June 1995 of the old
analysis. These references have been removed from the AP1 000 DCD and new criticality
analysis.

This response is expected to serve as the response to RAI-SRP4.3-SRSB-03. In addition,
Westinghouse requests that this RAI response be accepted to close the similarly worded draft
01 from the Chapter 4 SER, numbered as OI-SRP9.1.1-SRSB-01.

The required changes to DCD Rev. 17 sections that support the new SFP criticality analysis are
summarized below and attached to this RAI.

Reference(s):

1) APP-GW-GLR-029, "AP1 000 Spent Fuel Storage Racks Criticality Analysis", Revision 1
2) Holtec International Calculation Package No. HI-2094327, Revision 0

Design Control Document (DCD) Revision:

The following summary list of DCD changes is required to support the results of the revised SFP
criticality analysis. The actual changes to each section are attached below.

DCD Section Title DCD Page
4.3.2.6.1 Criticality Design Method Outside the Reactor pg. 4.3-29
4.3.2.6.2 Soluble Boron Credit Methodology pg. 4.3-30
4.3.5 References pg. 4.3-39
9.1.2.1 Design Bases pg. 9.1-5
9.1.2.3 Safety Evaluation pg. 9.1-11
9.1.7 References pg. 9.1-50
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16 Tech Spec LCO/SR 3.7.12, Spent Fuel Pool Storage pg. 3.7.12-1
16 Tech Spec Des. Features 4.3, Fuel Storage pg. 4.0-2
16 Tech Spec SL Bases B 3.7.11, Fuel Storage Pool Boron Concentration pg. B 3.7.11-1
16 Tech Spec SL Bases B 3.7.12, Spent Fuel Pool Storage pg. B 3.7.12-1

PRA Revision:
None.

Technical Report (TR) Revision:
Westinghouse document APP-GW-GLR-029, Revision 0 (previously submitted to the NRC as
Technical Report TR-65) is completely revised in its entirety and replaced by Westinghouse
document APP-GW-GLR-029, Revision 1. This is completed and available for review and
confirmatory audit. It will be provided as a separate docketed transmittal to the NRC along with
necessary supporting documents.

The following changes are made to Section 4.3 of DCD (Rev. 17):

4.3.2.6.1 Criticality Design Method Outside the Reactor

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

The design criteria are consistent with General Design Criterion (GDC) 62, Reference 19, and
NRC guidance given in Reference 20. The applicable 10 CFR Part 50.68 requirements are as
follows:

1. The maximum K-effective value, including all biases and uncertainties, must be
less than 0.95 with soluble boron credit and less than 1.0 with full density
unborated water. Note this design criterion is provided in 10 CFR Part 50.68,
Item 4 of Paragraph b. Note that the specific terminology is:

"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
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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."

2. The maximum enrichment of fresh fuel assemblies must be less than or equal to
5.0 weight-percent U-235. Note this design criterion is provided in 10 CFR Part
50.68, Item 7 of Paragraph b. Note that the specific terminology is:

"The maximum nominal U-235 enrichment of the fresh fuel assemblies is limited
to five (5.0) percent by weight."

The following conditions are assumed in meeting this design bases:

* The fuel assembly contains the highest enrichment authorized without any
control rods or non-integral burnable absorber(s) and is at its most reactive point
in life.

* For flooded conditions, the moderator is pure water at the temperature within the
design limits which yields the largest reactivity.

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

* Mechanical uncertainties are treated either by using Wor.t caso condi ti+ ons or by
peforming sen.itiVity studi,,o, . nd. obtini appropriate U''ncetintis. b
combining both the worst-case bounding value and sensitivity study approaches.

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

Fuel depletion analyses during core operation were performed with CASMO-4 (using the 70-
group cross-section library), a two-dimensional multigroup transport theory code based on
capture probabilities (Reference 53). CASMO-4 is used to determine the isotopic composition of
the spent fuel. In addition, the CASMO-4 calculations are restarted in the storage rack
geometry, yielding the two-dimensional infinite multiplication factor (kinf) for the storage rack to
determine the reactivity effect of fuel and rack tolerances, temperature variation, and to perform
various studies.

The design method which determines the criticality safety of fuel assemblies outside the reactor
uses the SCALE m!a.4a system MCNP4a code (Reference 21), w;hiAch inc-ludes the BO.N.AMI and
NITAWL 11 cod~es for corotss Fsoctions. g9eneation ;-And- the KENG- Va c-ode for reactfiVity
determinatio with continuous energy cross-sections based on ENDF/B-V and ENDF/B-VI.

RAI-SRP9.1 .1-SRSB-05
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The 23i -
the•• an

group librar', obtained from ENDF!B V data isthe origin of the 44 group librar,' used in
n~ra. An ;. 01~ rna a-n 0,+nnrn ~, ~nn ~-a4 ra+aket aCt 7000 Ct" ri V., ...... aro 0 00 0 1- 0

qualification of theq SCALE/=KENO QV.a (RefeFrene 26) calculation system.6

A set of 39 62 critical experiments has been analyzed using the above method to demonstrate
its applicability to criticality analysis and to establish the method bias and uncertainty.
The benchmark experiments cover a wide range of geometries, materials, and
enrichments, all of them adequate for qualifying methods to analyze light water reactor lattices
(References 22 to 2-5 28, and 2-7 65 to 68).

The analysis of the 30 62 critical experiments results in an average Keff of 9.9969 ' 0.9991.
Comparison with the measured values results in a method bias of 0.003- 0.0009. The standard
deviation of the set of reactivities is 0.00285 0.0011. The 95/95 tolerance factor is-2Q22
conservatively set to 2.0.

The analytical methods employed herein conform with ANSI N18.2 (Reference 3), Section 5.7,
Fuel Handling System; ANSI N16.9 (Reference 29), NRC Standard Review Plan,
subsection 9.1.2, the NRC guidance, "OT Position for Review and Acceptance of Spent Fuel
Storage and Handling Applications" (Reference 30).

4.3.2.6.2 Soluble Boron Credit Methodology

The meAthodology usred- in thfi~s ana~lysisr foFr,9so~lubl born-.- cre-dit iFs a;nRalogou to that of
Refe9rencre 62, and it uses analysis crFitePE riacositen_;t;tt wi.4th thoso;A cited_ in the Safety Emvaluation
by the Office onf Nucea Reac;tor Rogulation (Reference 63). Reference 62 was reviewed and
appraved by the NRC. ThA methodology used in Rthi analysi; andin R9ference 62 ues axially
d-istributed burnup6 to represent discharged fuelasebi.

The minimum soluble boron requirement under normal and accident conditions must be
determined to show that the reactivity of the spent fuel racks remains below 0.95. This is
achieved by crediting a discrete amount of soluble boron and then determining by linear
interpolation the appropriate amount of soluble boron necessary to reduce the maximum Keff to
0.95 with all uncertainties and biases included.

A brief; smma,' of the analysis appr•oGh and c-rite-ria- follows-

'n Determine the fresh an~d spenAt fuel storFage con -fiAguAraton usig noslubl
b--o roconRd-itions son th-at the- 0595 upper oeac li~mit '.'alu oAf Keff,inldg
applicabe1h8 bi-ases an.d- unce4Rtaintie, is less thýan 0.9-95. This is accomGFplished
W ith infinite arrays, of et;her fereh or spent fuel assembly con1Ffigrains. Nonte
tha~t tho cta NIRC Ko-ff li~mit fogr this cond ~ition Ris nty. Therefore, an ditoa

mriof 0.005 KA~eff units isicuddi the analysis result.

OWestinghouse
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l D9tFFrAmine the a;m9oRut (ppm) of • 0o6ub• o boror nec•e6sA•ly to reduce the Kfnl
•vaIuoof all torage configuration1s by at least 0.05 AKoff unlts. Thl• s i

ac.R•mp•rplshed by.construtin -;g a KENG model fo-r theonti 6pent fuel pool,
Which includes the storago configurations that are least sensitive to changes in4
soluble boron concenAtration. As an example, storage configurations that contai
depleted fuwel as•emb_,ies,,, (and represented by depleted isotopvicS) are less.,
reactiVity sensitiVe to changes in solubleR boron concetration. than A fueAl
as l represeted by zlro buRnup and relatively low initial fuel enrichment

" _DeteFrmfine the_ amun of soluble boronR necessary to comApensate for 5 percent
o~f the- M-Axi.MuM. buRnup credited in any storage confguration. In addition,
deteTrmTA the amount of soluble beor9o nncssa' to.e ac. n t..... reactivty
depletion umncortainty of 1.0% AKeff per 30,000 M'A'D!MTU. of crdtdf-uel
buFrnup. TINS is accGoGmplished by multiplying this, derivative by the aiu
buFRnup crFed-ited in any storage configuration and converting to solu1ble boron4
usin~g the data gener-ated- in S-tep-2L.

it Determfine the largest inrGease in reactivity caursed by postulated accidents an~d
the crresFponding amount of soluble beoro needed to offset this reactivity

The; final; soeluble _boron_ credit (SBC) requ1iGrement is deAtermineRd_ from the following summation:

SBCTTAL SBC5!9 + SCRE 1 SGPA

SBCTOTAl - total sol uble boron credit requ.iFremet (ppm).

S56 R Bk C5.1 A-n5 - soluble boron •requ*FeFnent for 5I•-1l-5 Kl;ff less than or equal to

SBCE -soluble boron required to account for burnup and reactivityX

61RGe4t~e& 7A

FoQr the an;alys-es, minimum~ buFrup limnits established for fue-l assemblies, to be stored in the
storage configurati racks.. inclu br; redit e+ blished i manner that takesino
aourt approximations to the operating his.y of the fuel asse.m.. blies.. Variables such as the
ax•al buw.rnup prfile as Wll AS thq xial profile of modre-rator and- fuel tePera•t•re havb eRen
fac GtoreF9d_ into the analyses,.
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47. Baldwin, M. N., "Physics Verification Program Part III, Task 11: Quarterly
Technical Report July-September 1974," BAW-3647-31, February 1975.

48. Nodvik, R. J., "Saxton Core II Fuel Performance Evaluation Part I1: Evaluation
of Mass Spectrometric and Radiochemical Analyses of Irradiated Saxton
Plutonium Fuel," WCAP-3385-56 Part II, July 1970.

49. Smalley, W. R., "Saxton Core II - Fuel Performance Evaluation Part I:
Materials," WCAP-3386-56 Part I, September 1971.

50. Goodspeed, R. C., "Saxton Plutonium Project - Quarterly Progress Report for
the Period Ending June 20, 1973," WCAP-3385-36, July 1973.

51. Crain, H. H., "Saxton Plutonium Project - Quarterly Progress Report for the
Period Ending September 30, 1973," WCAP-3385-37, December 1973.

52. Melehan, J. B., "Yankee Core Evaluation Program Final Report," WCAP-3017-
6094, January 1971.

53. Net-used.M. Edenius, K. Ekberq, B.H. Forss6n, and D. Knott, "CASMO-4 A Fuel
Assembly Burnup Program User's Manual," Studsvik/SOA-95/1, Studsvik of
America, Inc. and Studsvik Core Analysis AB (Proprietary).

54. Not used.

55. Not used.

56. Not used.

57. Davidson, S. L., (Ed.), et al., "ANC: A Westinghouse Advanced Nodal Computer
Code," WCAP-10965-P-A (Proprietary) and WCAP-10966-A (Nonproprietary),
September 1986.

58. Leamer, R. D., et al., "PuO2-U 02 Fueled Critical Experiments," WCAP-3726-1,
July 1967.

59. Davidson, S. L., et al., "Assessment of Clad Flattening and Densification Power
Spike Factor Elimination in Westinghouse Nuclear Fuel," WCAP-13589-A
(Proprietary) and WCAP-1 4297-A (Nonproprietary), March 1995.
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60. Yarbrough, M. B., Liu, Y. S., Paterline, D. L., Hone, M. J., "APOLLO - A One
Dimensional Neutron Theory Program," WCAP-13524, Revision 1 (Proprietary),
August 1994 and WCAP-14952-NP-A, Revision 1A (Nonproprietary), September
1977.

61. Letter, Peralta, J. D. (NRC) to Maurer, B. F. (Westinghouse), "Approval for
Increase in Licensing Burnup Limit to 62,000 MWD/MTU (TAC No. MD1486),"
May 25, 2006.

62. Lettor, Vissing, G. S. (NRC) to Mocrody, R. G. (RGE), "R. E. Ginna Nuc-,-lear
PoworPk~ntAmendment Re Revision to the Storago Con~figuration

RequiremenAt6 "WithiA thA• ,-v906tg S, ..... Rackrig9 ""' Taking G'-edit for a
Limited Amount of Solublo Boron," Docember 7, 2090. Not used.

Letter, Co.l.6, T. E. (NRC) to G.eene, T. ( ,G), "Accetance f-o r R.ferencing63.
of Li-ensing T-opical Ropert 1A.ICI\P121116 P, Woc~tinghGU66 S19ont Fuel Rac-k
Methed-l-gy (TAG No. •M•9Ocber 25, 1996. Not used.

64. APP-GW-GLR-059/WCAP-16652-NP, "AP1000 Core & Fuel Design Technical
Report," Revision 0.

65. S.R. Bierman, Criticality Experiments with neutron Flux Traps Containing Voids,
PNL-7167, Battelle Pacific Northwest Laboratory, April 1990.

66. B.M. Durst, et. al., Critical Experiments with 4.32 wt% 235U Enriched UOs Rods
in Highly Borated Water Lattices, PNL-4267, Battelle Pacific Northwest
Laboratory, August 1982.

67. S.R. Bierman, Criticality Experiments with Fast Test Reactor Fuel Pins in
Organic Moderator, PNL-5803, Battelle Pacific Northwest Laboratory, December
1981.

68. E.G. Taylor, et.al. Saxton Plutonium Program Critical Experiments for the
Saxton partial Plutonium Core, WCAP-3385-54, Westinghouse Electric Corp.,
Atomic Power Division, December 1965.

The following changes are made to Section 9.1 of DCD (Rev. 17):

Make the following change to Section 9.1.2.1, Design Bases, (second paragraph):
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The design of the spent fuel racks is such that a fuel assembly cannot be inserted into a location
(i.e. between racks) other than a location designed to receive an assembly. Insertion of a fuel
assembly into a fuel pool (vs. rack) location not designed to receive it (i.e. tool storage area,
adiacent to the defective fuel cells and wall) is prevented administratively and addressed in
Section 9.1.2.3.An assembly cannot be inserted into al ful location.

Make the following change to Section 9.1.2.3. Safety Evaluation, (second paragraph):

The design of the racks is such that Keff remains less than or equal to 0.95 under design basis
conditions, including fuel handling accidents. Inadvertent insertion of a fuel assembly between
the rack periphery and the pool wall or placement of a fuel assembly across the top of a fuel
rack is considered a postulated accident, and as such, realistic initial conditions such as boron
in the pool water are assumed. These accident conditions have an acceptable Keff of less than
0.95. The criticality evaluation, which meets the requirements of 10 CFR 50.68, Paragraph b
(Reference 21), considers the inherent neutron absorbing effect of the materials of construction,
including fixed neutron absorbing "poison" material. Soluble boron in the spent fuel pool
I plutonium decay time, integral fuel b abl.. e absorber, and assembly burnup are used as
reactivity credits.

Make the following change to Section 9.1.7, References, (Ref. #20)

20. APP-GW-GLR-029, Revision 1, "AP1 000 Spent Fuel Storage Racks Criticality Analysis,"
Westinghouse Electric Company LLC.

The following changes are made to Tech Spec LCO 3.7.12 of DCD (Rev. 17):

3.7.12 Spent Fuel Pool Storage

LCO 3.7.12 The combination of initial enrichment and burnup of each fuel assembly
stored in Region 2 shall be within the limits specified in Figure 3.7.12-1.eF

The co mnai-n , ,f initial enrichment, bu.Rup, and decay time of each
fuel as-;sembly stored in Region 2 in; the Spent Fuel (1.361 WýG) locations
in a' "1 o~t f 4 5.0 weight percent fresh" Ronfi•guation shall be Within the
limits specified in; Figures 37.1:2-2.

Fuel may be hsto-red, n RAgion inO both "All Cell" and "I out of 4
5.0 Weight percent fresh" storage configurations together, provid-ed- the

RAI-SRP9.1.1-SRSB-05
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I• 11 [(• i F A

r, ; ,Aatk* nt~ ff I," fr,,rIO 4-ka ;h ;.,;.;I, nrk n+ k. r,,

And doAnv timo lImitgsm~ngcfiod on Fiour 72 7 2-
w--j vr-v

APPLICABILITY: Whenever any fuel assembly is stored in Region 2 of the spent fuel
storage pool.

ACTIONS

- NOTE -
LCOs 3.0.3 and 3.0.8 are not applicable.

CONDITION REQUIRED ACTION COMPLETION TIME

A. Requirements of the A.1 Initiate action to move the Immediately
LCO not met. noncomplying fuel

assembly to Region 1.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.7.12.1 Verify by administrative means the initial enrichment; Prior to storing the
and burnup, and decay time of the fuel assembly is in fuel assembly in
accordance with Figures 3.7.12-1 or 3.7.12 2, a. Region 2
applicbe. fo "All Coil!," "I ouif .0wight percent
freh" andinte-~ce•l -•-,At fuel6I assembly st rage

G G., • r, ; , , ,- a tf ; ,, - .
I- 

.

O Westinghouse
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Figure 3.7.12-1

Minimum Fuel Assembly Burnup Versus Initial Enrichment for the
Region 2 "All CAll" Storage Configuratinc&Spent Fuel Cells
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The following changes are made to Tech Spec Design Features 4.3 of DCD (Rev. 17):

4.3 Fuel Storage

4.3.1 Criticality

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

a. Fuel assemblies having a maximum U-235 enrichment of 5.0 weight
percent.

b. keff _•0.95 if fully flooded with unborated water which includes an
allowance for uncertainties as described in Section 9.1, "Fuel Storage
and Handling."

c. A nominal 10.90 inch center-to-center distance between fuel
assemblies placed in Region 1, a nominal 9.028 inch center-to-center
distance between fuel assemblies placed in Region 2 of the spent fuel
storage racks, and a nominal 11.62 inch center-to-center distance
between fuel assemblies placed in the Defective Fuel Cells.

d. New or partially spent fuel assemblies with any discharge burnup may
be allowed unrestricted storage in Region 1 and the Defective Fuel
Cells of Figure 4.3-1;

e. Partially spent fuel assemblies meeting the initial enrichment and
burnup requirements of LCO 3.7.12, "Spent Fuel Pool Storage," may
be stored in Region 2 of Figure 4.3-1.

f lvlll aind spent fuel as1i1omblie meeting the Figure 4.3 2 lion
spocific initial1 Pnricvhment, bulRnup, and decGay tim oqurmno
lCOQ 2-7.12, "Spent Fuel8- Pool99 StorFago," may bo strdi pcified
Rogion 2 locationS.

O Westinghouse
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4.3.1.2 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.

b. keff -•0.95 if fully flooded with unborated water which includes an
allowance for uncertainties as described in Section 9.1, "Fuel Storage
and Handling."

c. keff -•0.98 if moderated by aqueous foam which includes an allowance
for uncertainties as described in Section 9.1, "Fuel Storage and
Handling."

d. A nominal 10.90 inch center-to-center distance between fuel
assemblies placed in the new fuel storage racks.

4.3.2 Drainaqe

The spent fuel pool is designed and shall be maintained to prevent inadvertent
draining of the pool below a minimum water depth of _23 ft above the surface of the
fuel storage racks.

4.3.3 Capacity

The spent fuel pool is designed and shall be maintained with a storage capacity
limited to no more than 889 fuel assemblies.

O Westinghouse
RAI-SRP9.1.1-SRSB-05
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ALL GAPS ARE NOMINAL AND
MEASURED AT THE TOP OF THE RACKS
FROM THE EXTERIOR CELL WALL..

Region 1 (Al, A2, A3) - 243 locations
Region 2 (B1, B2, B3, B4, C1) - 641 locations
Defective Fuel Cells (DFCs) - 5 locations
Total Storage Locations - 889 LecGati9R

Figure 4.3-1

Discrete Two Region Spent Fuel Pool Rack Layout

O Westinghouse
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P96u~e 4.3 2

Region 22" uto 5.0 We~ight Percent FrFech" FuelA- Con-figur~ation

The followina chanqes are made to Tech Spec Bases 3.7.11 of DCD (Rev. 17):

B 3.7.11 Fuel Storage Pool Boron Concentration

BASES

BACKGROUND The water in the spent fuel storage pool normally contains soluble boron,
which would result in large subcriticality margins under actual operating
conditions. For storage of fuel in the spent fuel racks, the design basis for
preventing criticality outside the reactor is that there is a 95 percent
probability at a 95 percent confidence level, without soluble boron, that
the effective multiplication factor (keff) of the fuel assembly array will be
less than 0.995, including uncertainties and tolerances. The NRC
guidelines specify a limiting keff Of 1.0 for normal storage in the absence of
soluble boron. Hen•eTherefore, the design is based on the use of
unborated water, which maintains a subcritical condition for the allowed
loadi• ,._.•.+ .. , (Ref. 1). The double contingency principle discussed in
ANSI N-1 6.1-1975 and the April 1978 NRC letter (Ref. 2) allows credit for
soluble boron under other abnormal or accident conditions, since only a
single independent accident need be considered at one time. For

O Westinghouse
RAI-SRP9.1.1-SRSB-05
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example, the only accident scenario that has a potential for more than
negligible positive reactivity effect is an inadvertent misplacement of a
new fuel assembly. This accident has the potential for exceeding the
limiting reactivity, should there be a concurrent and independent accident
condition resulting in the loss of all soluble poison. To mitigate these
postulated criticality related accidents, boron is dissolved in the pool
water. Safe operation with unborated water and no movement of
assemblies may, therefore, be achieved by controlling the location of
each assembly in accordance with LCO 3.7.12, "Spent Fuel Pool
Storage." Prior to movement of an assembly, it is necessary to perform
SR 3.7.12.1.

APPLICABLE
SAFETY
ANALYSES

BASES

Although credit for the soluble boron normally present in the spent fuel
pool water is permitted under abnormal or accident conditions, most
abnormal or accident conditions will not result in exceeding the limiting
reactivity even in the absence of soluble boron. The effects on reactivity
of credible abnormal and accident conditions due to temperature
increase, bili,•,•assembly dropped on top of a rack, latoral raGk mod, ulo
nG V8,8R t-and misplacement/misloadinq of a fuel assembly have been

analyzed. The reactivity effects of bulk spent fuel pool temperature
increase (>140'F) and steaming from the pool water surface or
intramodule water gap reductions between the firmly interconnected cell
and module arrays due to a seismic event are bounded by the fuel
mishandlinq/misloading reactivity increases and therefore assessed as
negligible. The spent fuel pool keff storage limit of 0.95 is maintained
during these events by a minimum boron concentration of 74q-greater
than or equal to 750 ppm established by GciticGa*y criticality analysis (Ref.
3). Compliance with the LCO minimum boron concentration limit of 2300
ppm ensures that the credited concentration is always available.
The concentration of dissolved boron in the fuel storage pool satisfies
Criterion 2 of 10 CFR 50.36(c)(2)(ii).

LCO The fuel storage pool boron concentration is required to be >2300 ppm.
The specified concentration of dissolved boron in the fuel storage pool
preserves the assumptions used in the analyses of the potential critical
accident scenarios as described in References 1 and 3. This
concentration of dissolved boron is the minimum required concentration
for fuel assembly storaqe and movement within the fuel storage pool.

APPLICABILITY This LCO applies whenever fuel assemblies are stored in the spent fuel
storage pool and a fuel storage pool verification has not been performed
since the last movement of fuel assemblies in the fuel storage pool.

O Westinghouse
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ACTIONS LCO 3.0.3 is applicable while in MODE 1, 2, 3, or 4. Since spent fuel pool
cooling requirements apply in all MODES when fuel is stored in the spent
fuel storage pool, the ACTIONS have been modified by the Note stating
that LCO 3.0.3 is not applicable. Spent fuel pool boron concentration
requirements are independent of reactor operations. Entering LCO 3.0.3
while in MODE 1, 2, 3, or 4 would require the unit to be shutdown
unnecessarily.
LCO 3.0.8 is applicable while in MODE 5 or 6. Since spent fuel pool
cooling requirements apply in all MODES when fuel is stored in the spent
fuel storage pool, the ACTIONS have been modified by a Note stating
that LCO 3.0.8.is not applicable. Spent fuel pool boron concentration
requirements are independent of shutdown reactor operations. Entering
LCO 3.0.8 while in MODE 5 or 6 would require the optimization of plant
safety, unnecessarily.
A.1, A.2.1, and A.2.2
When the concentration of boron in the fuel storage pool is less than
required, immediate action must be taken to preclude the occurrence of
an accident or to mitigate the consequences of an accident in progress.
This is most efficiently achieved by immediately suspending the
movement of fuel assemblies. The concentration of boron is restored
simultaneously with suspending movement of fuel assemblies. An
acceptable alternative is to verify by administrative means that the fuel
storage pool verification has been performed since the last movement of
fuel assemblies in the fuel storage pool. However, prior to resuming
movement of fuel assemblies, the concentration of boron must be
restored. This does not preclude movement of a fuel assembly to a safe
position.

SURVEILLANCE SR 3.7.11.1
REQUIREMENTS 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. AP1 000 Design Control Document, Rwx 15 Section 9.1.2, "Spent
Fuel Storage" and 15.7.4, "Fuel Handling Accident."

2. 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

RAI-SRP9.1.1-SRSB-05
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revision to Regulatory Guide 1.13 (Section 1.4, Appendix A).

3. APP-GW-GLR-029, Revision 1, "AP1000 Spent Fuel Storage Racks
Critically AnalysisT"J 2006.

The following changes are made to Tech Spec Bases 3.7.12 of DCD (Rev. 17):

B 3.7.12 Spent Fuel Pool Storage

BASES

BACKGROUND The high density spent fuel storage racks are divided into two separate
and distinct regions and include locations for storage of defective fuel as
shown in Figure 4.3-1. Region 1, with a maximum of 243 storage
locations and the Defective Fuel Cells, with 5 storage locations are
designed to accommodate new fuel assemblies with a maximum
enrichment of 5.0 weight percent U-235, or spent fuel assemblies
regardless of the combination of initial enrichment-,- and burnupra-Rd
deGay tome. Region 2, with a maximum of 641 storage locations is
designed to accommodate spent fuel assemblies in all locations which
comply with the combination of initial enrichment_- and burnup a•d deGa
time liits specified in LCO Figure 3.7.12-1, Minimum Fuel.Assembly
Burnup Requirements for the-Region 2 Spent fuel Cells..--A4-GeW
Storago Configuration. _Use of the IFE fuel rod storage canister is subject
to the same storage requirements as the fuel assemblies.
Additionally, a second ..h.m. "1 out o.f. 5,.(0 weig.. lht p ,.cnt feseh"i
availb.l .fo Region 2 as shown Figro 4.3 2. New 5.0, wi gh Goc,

e235 fueor 9nF ty spent fuel may beo tored noRnae lcnation. Spolt fuor
(equivalent to 11 in fuel) shall b- stored in the actho threa loeations.
Tho9 conmwmbiationm of initial 9nrichment, buFRup, and decay time- of tho three
spent fuel assemblies shall cOmAply With the limits specified in LCO
Figure 3.7.12 2, Fuel Assembly lBurnup Requiremenpts fo-r the Region 2

"1 ut f15.0) woight percen-;t freLsh" Storage Configuration. The set ot
fou:--r relative storage locations, may be repeated throughout Region 2. It
the "1 out of 4 5.0 weight percent fresh" and the ".All Cell1" con-figurations
are4use to-gether, the fuel in the storage loaIonurudn the
"1 ouyt-of-1 5.0) we~ight pe-:rcen-t fre9sh" grou1p(s) sh~all Meet the LCO 3.7.12,
Figur~e 3.7.1-2-2 limits6.
The water in the spent fuel storage pool normally contains soluble boron,
which would result in large subcriticality margins under actual operating

OWestinghouse
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conditions. For storage of fuel in the spent fuel racks, the design basis for
preventing criticality outside the reactor is that there is a 95 percent
probability at a 95 percent confidence level, without soluble boron, that
the effective multiplication faction (keff) of the fuel assembly array will be
less than 0.995, including uncertainties and tolerances. The NRC
guidelines specify a limiting keff of 1.0 for normal storage in the absence of
soluble boron. Hence, the design is based on the use of unborated
water, which maintains a subcritical condition for the allowed loading
pattern.
The double contingency principle discussed in ANSI N-16.1-1975 and the
April 1978 NRC letter (Ref. 1) allows credit for soluble boron under other
abnormal and accident conditions, since only a single independent
accident need be considered at one time. For example, the only accident
scenario that has an inadvertent misplacement of a new fuel assembly.
This accident has the potential for more than negligible positive reactivity
effect is a potential for exceeding the limiting reactivity, should there be a
concurrent and independent accident condition resulting in the loss of all
soluble poison. To mitigate these postulated criticality related accidents,
boron is dissolved in the pool water. Safe operation with unborated water
and no movement of assemblies may, therefore, be achieved by
controlling the combination of initial enrichment-, and burnup and-deGay
time of the etored fuel in accordance with the accompanying LCO. Prior
to movement of an assembly, it is 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 (Refs. 2 and 3). For these accident
occurrences, the presence of soluble boron in the spent fuel storage pool
(controlled by LCO 3.7.15, "Fuel Storage Pool Boron Concentration")
prevents criticality. 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 operation may be under the auspices of the
accompanying LCO.
The configuration of fuel assemblies in the fuel storage pool satisfies
Criterion 2 of 10 CFR 50.36(c)(2)(ii).

LCO The restrictions on the placement of fuel assemblies within Region 2 of
the spent fuel pool in the accompanying LCO, ensure the keff Of the spent
fuel storage pool will always remain < 0.995, assuming the pool to be
flooded with unborated water and < 0.95, with a boron concentration of
greater than 75- or equal to 750 ppm.

O Westinghouse
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".All Coil Stlrag9 GConiguratinr

Tho. "All Coil" st,.ago configuration Region 2 permits storage OF;all-RegieR
2 -Ietai9R- of spent fuel assemblies in any cell location provided the
assembly whiG,-meets the combination of initial enrichmentr- and burnup
and docay tim. .re. ur.n. t shown in LCO Figure 3.7.12-1, Fuel
Assembly Burnup Requirements for the Region 2 Spent Fuel Cells. A
Cell" Storago Requirements Configuration;. Figure .. 1 permits now
(no burnup) 1.627 wonight percont U -:235- fue toA be tored i hAlCi
cnfiuFratieo * "1 -n- ot f•o 5.0 Wight p•ernt fro-h" StFrago Configr96atioin
Ful storod in Ac•od•nco0with th "1 -n. o-tof- 5.0 Weight percent frosh"

storago configuration shall bo storod intherolativo loc-ations e~how4n i
Figur%" .3 2. The "1 out, f 1 5.0 eiht pero•t• fresh" storage
configuration peFrmit, 6terago of 5.0 weight percenn•t -235 noW (no
bu-nup) fulel or• an ,pent fuo91 inne specifiod location, provided fuel
storod in the -three rolma-.inig locations mneets the enrichment, bu61Rnup and
decay time requirementsG shoGWn in LCO Figure 3.7.12 2, Fuol Assembly
Bu61Rup Requirements for the Region 2 "1 out of 4 5.04 wA419 Fresh;" Storage
Configur-ation. Ffiguro 3.7.12 2 peFrmits new (no bu1RnUP) 1.361 Weight
porcont UJ 23-5-fo to be- stored in the three rem~aining locations The

loatoncofiguration mnay be repeated throughout Region 2.

APPLICABILITY This LCO applies whenever any fuel assembly is stored in Region 2 of
this fuel storage pool.

ACTIONS LCO 3.0.3 is applicable while in MODE 1, 2, 3, or 4. Since spent fuel pool
storage requirements apply in all MODES when fuel is stored in Region 2
or 3, the ACTIONS have been modified by a Note stating the LCO 3.0.3 is
not applicable. Spent fuel pool storage requirements are independent of
reactor operations. Entering LCO 3.0.3 while in MODE 1, 2, 3, or 4 would
require the unit to be shutdown unnecessarily.
LCO 3.0.8 is applicable while in MODE 5 or 6. Since spent fuel pool
storage requirements apply in all MODES when fuel is stored in Region 2
or 3, the ACTIONS have been modified by a Note stating the LCO 3.0.8 is
not applicable. Spent fuel pool storage requirements are independent of
shutdown reactor operations. Entering LCO 3.0.8 while in MODE 5 or 6
would require the optimization of plant safety, unnecessarily.

BASES

A.1
The LCO is not met if spent fuel assemblies stored in Region 2 "All Gei4."
"1 out of 1 5.0 weight pAe.rcenmt f.resh" Or *te•cf"e spent fuel assembly

RAI-SRP9.1.1-SRSB-05
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storage locations do not meet the applicable initial enrichment- and
burnup a•4deeay..ielimits in accordance with Figure 3.7.12-1. -of
23 7 1:2-:2

When the LCO is not met, action must be initiated immediately to make
the necessary fuel assembly movement(s) in Region 2 to bring the
storage configuration into compliance with Figure 3.7.12-1 by moving the
affected fuel assemblies to Region 1 or the Defective Fuel
Cells.-Addutwonally, LCO *6s no ,,t if fuel, required to be stoed in R the Ne
Fuel loc Aatfionp of the "1 ou of - 5.0Q 4e99ig ht p9Feret fre6sh" stosRage
configuration, is mnisplaced. WholNq tho IC Q-s not mnet, action mus 1t bo

iniiatd mmeiatlyto ma;ke the necessary fuel assembly MOVomont(s
in Region 2 to bring the storage configur~ation into compliance With
Figures 3.712 ;ad- 3.7.1:2-22 or to- mo-ve fiue-l to Region 1 or thes do(fecr-tive.X
f Uell -ee1.l ro

SURVEILLANCE SR 3.7.12.1
REQUIREMENTS This SR verifies by administrative means that the initial enrichment- and

burnup aR4-deGay tieof the fuel assembly is in accordance with
Figure 3.7.12-1. or 23.7.1222 as applica.ble for the "All Cell," "I1 out of-
5.0 weight percent fre.h" .an.d intfa, ,pent fuel a.e m b, storage

locatiORS. Fuel assemblies stored in Region 2 that do not meet the Figure
3.7.12-1 enrichment and burnup limits shall be stored in Region 1. Fuel
sto-red ion Region 2 that doees net Meet the Figure 371 or 37.1:2-:2
limits, shall be stoemd inFigure 4.3 1 "1 out of 4 5.0 weight percent fresh"
New Fuel location.,

REFERENCES 1. Double contingency principle 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).

2. APP-GW-GLR-029, Revision 1, "AP1000 Spent Fuel Storage Racks
Criticality Analysisj'.-" -e-2006.

3. AP1000 Design Control Document, Section 9.12, "Spent Fuel
Storage" and 15.7.4, "Fuel Handling Accident."

O Westinghouse
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