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DOMINION NUCLEAR CONNECTICUT, INC.
MILLSTONE POWER STATION UNIT 2

RESPONSE TO SECOND REQUEST FOR ADDITIONAL INFORMATION REGARDING
PROPOSED TECHNICAL SPECIFICATIQN CHANGE FOR SPENT FUEL STORAGE

By letter dated December 17, 2012, Dominion Nuclear Connecticut, Inc. (DNC) submitted a
license amendment request (LAR) for Millstone Power Station Unit 2 (MPS2). The
proposed amendment would revise Technical Specification (TS) 1.39, “Storage Pattern,” TS
3/4.9.18, “Spent Fuel Pool — Storage,” TS 3/4.9.19, “Spent Fuel Pool — Storage Patterns,”
TS 5.3.1, “Fuel Assemblies,” TS 5.6.1, “Criticality,” and TS 5.6.3, “Capacity” with conforming
changes to Technical Specifications Bases (TS Bases) 3/4.9.18 and 3/4.9.19. The
proposed changes would reflect the results and constraints of a new criticality safety
analysis for fuel assembly storage in the MPS2 fuel storage racks.

In a letter dated February 11, 2013, the NRC provided DNC an opportunity to supplement
the LAR identified above. The NRC requested DNC justify the continued credit of Boraflex.
DNC provided the supplement in a letter dated February 25, 2013. In a letter dated April
26, 2013, the NRC transmitted a request for additional information (RAI) to DNC related to
the LAR. DNC responded to the RAI in a letter dated May 28, 2013.

In an email dated June 16, 2014, the NRC transmitted a draft second request for additional
information (RAI) to DNC related to the LAR. In an email dated July 20, 2015, the NRC
confirmed that the draft questions are considered final. Attachment 1 to this letter provides
DNC's response to the NRC’s RAI.

DNC performed additional analyses to provide the information requested in the RAl. As a
result, several TS changes and TS Bases changes previously proposed have been revised
and additional TS changes are being proposed. The additional proposed changes would
add TS 1.40, “Non-standard Fuel Configurations and Components” and modify TS 3/4.9.17
“Spent Fuel Pool Boron Concentration” with conforming changes being made to TS Bases
3/4.9.17.

The revised TS provided with this RAI response supersede the proposed TS changes
provided in the December 17, 2012 LAR in their entirety. Some of the enclosed proposed
TS changes have not changed from the original LAR. Including all of the proposed changes
is done for the convenience of placing all the proposed TS changes together in one letter.
The proposed changes have been reviewed and approved by the Facility Safety Review
Committee.

During development of the RAI responses, DNC determined a revision to the No Significant
Hazards Consideration (NSHC) was warranted to include discussion of an additional

Attachment 1 contains information that is being withheld from public
disclosure under 10 CFR 2.390. Upon separation of Attachment 1, this letter
is decontrolled.
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accident scenario. However, the conclusions of the NSHC submitted in the December 2012
LAR remain unchanged.

The proposed change is being requested to allow removal of Boraflex credit and implement
the following conditions associated with fuel storage at MPS2:

e Eliminate reactivity credit for Boraflex panels in current regions A and B of the spent
fuel pool (SFP).

Define “Non-standard Fuel Configurations.”

Revise allowed storage patterns for fuel in the spent fuel pool to meet Keg
requirements under normal and accident conditions.

Revise alphanumeric designation of spent fuel regions from Regions A, B, and C to
Regions 1, 2, 3, and 4 to reflect storage requirements and to clearly distinguish from
existing designations.

Require use of a Control Element Assembly (CEA) or three Borated Stainless Steel
Poison Rodlets (Rodlets) in fuel assemblies stored in Region 3.

Eliminate requirement to use spent fuel rack cell blocking devices.

Provide storage requirements for SFP storage locations in which the Boraflex panel
boxes have been removed.

Information provided in the attachments to this letter is summarized below:

e Attachment 1 provides DNC'’s responses to the RAI with information proprietary to
DNC, AREVA Inc., and Westinghouse Electric Company, LLC (Westinghouse).
DNC proprietary information is denoted with brackets and b. AREVA, Inc.
proprietary information is denoted with brackets and A. Westinghouse proprietary
information is denoted with brackets and a, c.

e Attachment 2 provides DNC'’s responses to the RAI (Non-Proprietary).

o Attachment 3 provides a Description, Criticality Technical Analysis, Regulatory
Analysis and Environmental Analysis of the proposed changes. As discussed in this
attachment, the proposed amendment does not involve a significant hazards
consideration pursuant to the provisions of 10 CFR 50.92.

e Attachment 4 provides the analysis of Non-standard Fuel Configurations and non-fuel
components.

o Attachment 5 provides the revised SFP Region 1-4 bias, uncertainty, margin and
burn-up curves.

e Attachment 6 provides marked-up pages to reflect the proposed changes to the TS.

e Attachment 7 provides marked-up pages to reflect the proposed changes to the TS
Bases for information only.

¢ Attachment 8 provides a summary of deletions, revisions, and additions to the original
LAR resulting from the RAI responses.
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e Attachment 9 provides the Dominion Nuclear Connecticut, Inc. Application for
Withholding Proprietary Information from Public Disclosure and Affidavit.

e Attachment 10 provides the AREVA Inc. Affidavit supporting AREVA Inc. Proprietary
Information contained in Dominion's RAI responses regarding proposed TS changes
for spent fuel storage.

o Attachment 11 provides the Westinghouse Electric Company, LLC Application for
Withholding Proprietary Information from Public Disclosure CAW-15-4225 and
accompanying affidavit.

DNC will implement the revised TS within 120 days of NRC approval of the proposed
amendment.

In accordance with 10 CFR 50.91(b), a copy of this license amendment request is being
provided to the State of Connecticut.

If you have any questions regarding this submittal, please contact Wanda Craft at (804)
273-4687.

Sincerely,

I

Mark D. Sartain
Vice President — Nuclear Engineering

STATE OF CONNECTICUT )
)
COUNTY OF NEW LONDON )
The foregoing document was acknowledged before me, in and for the County and State aforesaid, today
by Mark D. Sartain, who is Vice President — Nuclear Engineering of Dominion Nuclear Connecticut, Inc.

He has affirmed before me that he is duly authorized to execute and file the foregoing document in behalf
of that Company, and that the statements in the document are true to the best of his knowledge and

belief. —
7
Acknowledged before me this 2 / day of J C C/V , 2015,
My Commission Expires: Z/Zg,//(y )
THOMAS CLEARY =
NOTARY PUBLIC Notary Public
MY COMMISSION EXPIRES

FEBRUARY 28, 2016

Commitments made in this letter: None
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Attachments:

1.

N

NGOk

9.

Response to Second Request for Additional Information Regarding Proposed Technical
Specification Change for Spent Fuel Storage (Proprietary)

Response to Second Request for Additional Information Regarding Proposed Technical
Specification Change for Spent Fuel Storage (Non-Proprietary)

Discussion of Technical Specification Changes

Analysis of Non-standard Fuel Configurations and Non-fuel Components

Revised SFP Regions 1-4 bias, Uncertainty, Margin and Burnup Curves

Marked-up Technical Specifications Pages

Marked-up Technical Specifications Bases Pages (For Information Only)

Summary of Deletions, Revisions, and Additions to the MPS2 Spent Fuel Pool Criticality
Analysis with No Credit for Boraflex

Application for Withholding Proprietary Information and Affidavit of Dominion Nuclear
Connecticut, Inc.

10. Application for Withholding Proprietary Information and Affidavit of AREVA Inc.
11. Application for Withholding Proprietary Information and Affidavit of Westinghouse Electric

CC:

Company, LLC

U.S. Nuclear Regulatory Commission
Region |

2100 Renaissance Blvd, Suite 100
King of Prussia, PA 19406-2713

R. V. Guzman

Senior Project Manager

U.S. Nuclear Regulatory Commission
One White Flint North, Mail Stop 08-C 2
11555 Rockville Pike

Rockville, MD 20852-2738

NRC Senior Resident Inspector
Millstone Power Station

Director, Radiation Division

Department of Energy and Environmental Protection
79 Eim Street

Hartford, CT 06106-5127
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION REGARDING
PROPOSED TECHNICAL SPECIFICATION CHANGE FOR SPENT FUEL
STORAGE (NON-PROPRIETARY)

DOMINION NUCLEAR CONNECTICUT, INC.
MILLSTONE POWER STATION UNIT 2
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By letter dated December 17, 2012, Dominion Nuclear Connecticut, Inc. (DNC)
submitted a license amendment request (LAR) for Millstone Power Station Unit 2
(MPS2). The proposed amendment would revise Technical Specification (TS) 1.39,
“Storage Pattern,” TS 3/4.9.18, “Spent Fuel Pool — Storage,” TS 3/4.9.19, “Spent Fuel
Pool — Storage Pattemns,” TS 5.3.1, “Fuel Assemblies,” TS 5.6.1, “Criticality,” and TS
5.6.3, “Capacity” with conforming changes to Technical Specifications Bases (TS
Bases) 3/4.9.18 and 3/4.9.19. The proposed changes would reflect the results and
constraints of a new criticality safety analysis for fuel assembly storage in the MPS2 fuel
storage racks.

In a letter dated February 11, 2013, the NRC provided DNC an opportunity to
supplement the LAR identified above. The NRC requested DNC justify the continued
credit of Boraflex. DNC provided the supplement in a letter dated February 25, 2013.
In a letter dated April 26, 2013, the NRC transmitted a request for additional information
(RAI) to DNC related to the LAR. DNC responded to the RAIl in a letter dated May 28,
2013.

In an email dated June 16, 2014, the NRC transmitted a second request for additional
information (RAI) to DNC related to the LAR. This attachment provides DNC’s
response to the NRC’s RAI.

RAI -1

The updated criticality analysis, which was provided as Attachment 4 to the LAR, does
not contain criticality analysis supporting storage of consolidated fuel storage boxes
(CFSBs). Instead, it claims that, due to changes associated with crediting soluble
boron, the original criticality safety analysis was conservative enough that no further
analysis is required.

According to the current operating license, fuel stored in the CFSBs must meet burnup
credit limits that provide minimum burnup requirements as a function of initial (fresh
fuel) enrichment.

While it is quite unlikely that analysis of the non-CFSB fuel will be adversely affected by
the presence of fuel in completely full CFSBs, it is less obvious to the NRC staff that the
old CFSB burnup credit limits would be unaffected.

Further, the proposed TS would permit storage of CFSB fuel in locations adjacent to
new Regions 1, 2 and 4. Some of these rack modules previously credited Boraflex.
Consequently, it is unlikely that the old analysis included consideration of fuel stored in
CFSBs in positions on the periphery of Region 3 and adjacent to fuel stored in racks
that no longer credit Boraflex.
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Provide supplementary criticality analysis or justify that the old analysis demonstrates
that storage of fuel in CFSBs meets the requirements of 10 CFR 50.68. This analysis
must include consideration of mixed fuel storage configurations (i.e. CEAs, poison pins
and CFSBs) in Region 3 and interaction between fuel in adjacent regions. Note that
including analysis of close-packed fuel pins in CFSBs will likely require updating the
criticality analysis validation study to extend the area of applicability to cover fuel in the
CFSBs.

DNC Response

The consolidated fuel storage boxes (CFSBs) are now included in the analysis.
Consolidation of fuel is not anticipated for the future, so storage of the CFSBs utilizes
the specific fuel in these boxes. There are three CFSBs. They contain Region A fuel
used in the first cycle. The enrichment of this fuel is 1.93 wt% U-235. The burnup of
this fuel exceeds 15 gigawatt days/metric ton uranium (GWd/MTU). Due to the reduced
moderator in these boxes, low enrichment, and their burnup, the reactivity of the boxes
is low.

Region 3 (rodlet) burnup credit requirements are the most restrictive in the spent fuel
pool. To show the reactivity of the CFSBs is less than the Region 3 maximum allowed
reactivity, analysis of the CFSBs in Region 3 was performed. This analysis uses a 3x3
model of Region 3 with nine Region 3 fuel assemblies and all three CFSBs. Two
arrangements of the CFSBs are modeled, grouped together and spread out in the 3x3
model. Since the standard Region 3 analysis included 2.1 wit% U-235 fuel with 10
GWd/MTU burnup, use of this burnup and enrichment combination is convenient to very
conservatively represent the fuel in the CFSBs. For convenience, the isotopic content
of the CFSB fuel is represented using 28 major nuclides (“Set 2” of Table 4 in Ref. 1.1),
providing additional conservatism.

There are 352 fuel pins in each CFSB box. Although the fuel pins are loaded into the
box as a close-packed (hexagonal) array, the CFSB does not have any structure in the
box to maintain this geometry. The CFSBs are modeled as a rectangular array of
19x19 pins with 9 pins removed. This approach preserves the overall fuel to moderator
ratio in the CFSB. Pin pitch is set to match the inner diameter of the CFSB box. The
axial burnup shape used for the CFSB fuel is uniform. A uniform shape (versus the
NUREG/CR-6801 axial shape) was determined to be more limiting in the Region 3
(rodlet) analysis, and the NUREG/CR-6801 axial shape was determined to be slightly
more limiting in the Region 3 (control element assembly (CEA)) analysis.

Figures 1.1 and 1.2 show the two CFSB models (clustered and diagonal). The model
uses a periodic boundary condition so although there are only three CFSBs, it is
assumed a third of the pool is CFSBs.
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Figure 1.1: Consolidated Fuel Storage Boxes in Region 3 using a Diagonal
Arrangement
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Figure 1.2: Consolidated Fuel Storage Boxes in Region 3 using a Clustered
Arrangement

Table 1.1 provides calculated kes for the CFSB cases. As shown in Table 1.1, even
modeled using a higher enrichment and lower burnup than actual, the CFSBs reduce
ket well below the normal Region 3 ke. The arrangement of the CFSBs has a small
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effect on ke. The effect of CFSBs on ke is greater for the CEA case than the rodlet
case. Depleted fuel cases in Table 1.1 represent the fuel using 28 major nuclides. This
reduced set of nuclides is adequate to determine the reactivity of the CFSBs relative to
the normal fuel in Region 3.

Table 1.1: Analysis of the Consolidate Fuel Storage Boxes (CFSB)

Region 3 Assembly Conditions L
: g A - | ‘CESB. EALF Soluble -
Rodl ICE A Enrichment | Burnup | Arrangement | - I (eV) | Boron
odlets/CEA | (wio, U-235) | (GWaT) | = - - | || eem)
Rodlets 1.6 0 None 0.15 0
Rodlets 1.6 0 Diagonal 0.29 0
Rodlets 1.6 0 Clustered 0.28 0
Rodlets 4.85 50 None 0.26. 0
Rodlets 4.85 50 Diagonal 0.46 0
Rodlets 4.85 50 Clustered 0.44 0
Rodlets 4.85 50 Diagonal 0.59 550
CEA 2.2 0 None 0.18 0
CEA 2.2 0 Diagonal 0.36 0
CEA 4.85 33 None 0.31 0
CEA 4.85 33 Diagonal 0.53 0
CEA 4.85 33 Diagonal 0.66 550

Since the CFSB displaces borated water and hardens the spectrum, the boron worth is
less than for normal fuel. Boron credit of 550 ppm is sufficient to demonstrate ke <
0.95. Total bias and uncertainty from the Region 1-4 analyses is less than 0.046 delta k
(dk), so the 0.95 criterion is met for CFSBs.

The reactivity of the CFSBs is less than any fuel represented by the burnup credit
curves of all regions in the MPS2 spent fuel pool (SFP). Therefore, the three CFSBs do
not introduce an interface concern.

The highest Energy of the Average Lethargy causing Fission (EALF) for the cases
shown on Table 1.1 is 0.66 electron volts (eV). The critical experiments used in the
validation ranged between 0.0605 and 0.8485 eV. The bias increases with EALF. The
EALF used to select the bias and uncertainty for the SFP was 0.65 eV. The bias as a
function of EALF derived from the analysis presented in the December 2012 LAR
Appendix A is:

Bias= 1- 0.998983 + 0.00588*EALF

For 0.66 eV, the bias is 0.00490. The bias used for the SFP analysis in general is
0.00484. The difference in bias is not significant to the margin shown on Table 1.1.
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This analysis allows the CFSBs to be placed anywhere in the SFP where fuel is
allowed. CFSBs do not require rodlets or CEAs.

Reference:

1.1 NUREG/CR-6801 , “Recommendations for Addressing Axial Burnup in PWR Burnup
Credit Analyses,” March, 2003.

RAI-2

Proposed TS Section 5.6.1(g) includes the following text:

Finally, fuel assemblies utilizing Figure 3.9-1 D require that a control element assembly

be installed in the fuel assembly (except for the full-length, reduced-strength control
element assemblies and the part-length control element assemblies).

The intent of the text in the parenthetical expression is not clear. Please revise the
proposed TS to improve clarity.

DNC Response

The proposed TS section has been revised to:

Finally, fuel assemblies utilizing Figure 3.9-1 D require that a full-length, full
strength, control element assembly be inserted in the fuel assembly. (No credit
is allowed for reduced-strength control element assemblies or part-length control
element assemblies).

RAI-3

In several places the amendment talks about non-standard fuel configurations and
components being analyzed at some time in the future. ‘Non-standard fuel
configurations and components’ are never defined nor are any limitations placed on
what might constitute a ‘non-standard fuel configurations and components’. Given that
vagueness in the request, it is essentially trying to establish a prior approval.

DNC Response

Standard fuel configuration is a 14 x 14 array of fuel rods (or with one or more fuel rods
replaced by un-enriched fuel rods or stainless steel rods) with 5 guide tubes that occupy
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four lattice pitch locations each. Reconstituted fuel in which one or more fuel pins have
been replaced by either un-enriched fuel pins or stainless steel pins is considered
standard fuel and has been analyzed generically [Attachment 4]. Fuel in any other
array is a “Non-standard fuel configuration” (NSFC). Each NSFC requires a criticality
analysis. The analysis of the current non-standard fuel configurations is presented in
Attachment 4. At this time, no further non-standard fuel configurations are anticipated.

RAI-4

Regarding any potential change without fully establishing a methodology for analyzing
future fuel assemblies, please remove the discussion of the new ‘non-standard fuel
configuration and components.” Alternatively, the NRC staff requests the licensee to a
provide full and complete description of the methodology including all analyses
performed to support the methodology, assumptions both implicit and explicit, detailed
implementation guidance, and all limitations and conditions.

DNC Response

Dominion concurs that the discussion in the December 2012 LAR [Ref. 4.1] Section 4.4,
“Non-Standard Storage Configurations,” is no longer applicable. All items currently
stored in the spent fuel pool are specifically addressed and the analyses are presented
in Attachment 4 of this letter. At this time no further non-standard fuel configurations
are anticipated. However, analysis of additional NSFC that are similar to those
analyzed in Attachment 4 could be similarly evaluated under the provisions of 10 CFR
50.59, within the scope of the methodology and subject to the restrictions and limitations
specified in the NRC Safety Evaluation Report.

Reference:

4.1 Letter Serial No. 12-678, Dominion Nuclear Connecticut, Inc. to U.S. Nuclear
Regulatory Commission, “Dominion Nuclear Connecticut, Inc, Millstone Power
Station Unit 2 License Amendment Request Regarding Proposed Technical
Specifications Changes for Spent Fuel Storage,” December 17, 2012.

RAI-5

Attachment 2 includes a new Figure 3.9-2 showing the SFP layout. A note on the figure
states “A Restricted Location may contain non-standard fuel configurations or
components, or is empty.” It is not clear from the criticality analysis that it is safe to
store an unspecified non-standard fuel configuration in the “Restricted Locations.”
Please justify using the ‘restricted locations” for storing non-standard fuel
configurations.
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DNC Response

An NSFC analysis is presented in Attachment 4 of this letter. The analysis qualifies
NSFCs for storage in locations intended to store fuel. None of the existing NSFCs have
been qualified for storage in a Restricted Location. In addition, this analysis does not
generically support storage of non-fuel items in Regions 1, 2, or 4 Restricted Locations
with the exception of full length, full strength CEAs (control rods). Although CEAs are
analyzed for storage in Restricted Locations, for simplicity and clarity, the note on
Figure 3.9-2 will be changed to “Restricted Locations shall remain empty of fuel and
non-fuel components.” Non-fuel items can be placed in any location intended for fuel,
including in a location intended for fuel in which the poison box has been removed.

RAI-6

The analysis for Regions 1, included the presence of the “Boraflex boxes,” which are
said in Section 6.1.1.1 to be removable. The proposed TS do not address whether or
not the removable boxes are required. Revise the TS or provide justification for not
doing so.

DNC Response

The Boraflex boxes are required for Regions 1 and 2 fuel locations and not required (but
may be included) in the Regions 1 and 2 Restricted Locations. The analyses for
Regions 1 and 2 burnup credit curves include a bias accommodating removal of the
boxes from the Restricted Locations. The Boraflex box removal biases are 0.0036 and
0.0007 for Regions 1 and 2, respectively. The proposed TS will be revised to clarify that
Boraflex boxes are required in fuel locations and are not required in Restricted
Locations.

RAI-7
Identify which SCALE 6.0 nuclear data libraries were used for ke calculations and for

fuel depletion calculations.

DNC Response

The 238 group ENDF/B-VII cross section library is used for the calculations.
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RAI-8
Describe how convergence was checked for KENO k. calculations.

DNC Response

Kest convergence of KENO cases was verified by checking for satisfaction of the chi-
squared test in the log file and by looking for excessive variation or trend in the Keg
versus generation from the KENO output file edit. Cases which failed the screening
were either rerun with additional generations and generations skipped, or were shown
to be non-limiting or otherwise non-applicable cases. Changes in ke in the rerun cases
were typically small, with the largest change less than 0.0004 dk.

RAI-9
T5-DEPL does not include a maximum flux difference check similar to that performed by
the deterministic depletion codes. K convergence in a Monte Carlo style code does

not ensure local flux convergence. Describe how the convergence was checked for the
burned fuel composition calculations.

DNC Response

T5-DEPL (TRITON) depletions use KENO to determine the spatial and energy
distribution of the flux used to prepare few group cross sections and fluxes for ORIGEN.
For the criticality analysis depletions, all fuel pins in the fuel assembly are the same
mixture, which means that convergence is not related to a local flux but rather to the
average flux over all fuel pins. Convergence of the average over many pins is relatively
easier and more likely to occur. Further, convergence of interest to this application is
the ‘convergence in the atom densities as a function of burnup to the extent that they
affect the SFP keg.

Section 3.1.3.7 of Rev. 0 of the December 2012 LAR [Ref. 9.1] stated, “Increasing the
number of KENO neutron histories above 1000 generations of 2000 neutrons per
generation does not have a significant effect on convergence.” Nevertheless,
depletions were performed using 2000 generations with 2000 neutrons per generation.
Due to this RAI question, two depletion cases were rerun using 3000 generations with
3000 neutrons per generation. The first case was 4 wit% U-235 fuel burned to 40
GWd/T. Figure 9.1 plots ket versus burnup from the TRITON output for both the
standard depletion (2000/2000 neutrons) and the convergence test (3000/3000
neutrons). The two plots are indistinguishable. Because the top node contains a
control rod which could challenge the spatial convergence, the convergence test was
repeated for the top node. This is plotted as Figure 9.2. The two plots are
indistinguishable.
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Convergence is expected with 4,000,000 neutron histories. The same number of
neutron histories was used in Reference 9.2. In Reference 9.2 (Section 4) convergence
was confirmed by comparison to a test case with 16,000,000 neutron histories.

References:

9.1 Letter Serial No. 12-678, Dominion Nuclear Connecticut, Inc. to U.S. Nuclear
Regulatory Commission, “Dominion Nuclear Connecticut, Inc, Millstone Power Station
Unit 2 License Amendment Request Regarding Proposed Technical Specifications
Changes for Spent Fuel Storage,” December 17, 2012.

9.2 Dale Lancaster, “Utilization of the EPRI Depletion Benchmarks for Burnup Credit
Validation,” EPRI, Palo Alto, CA, 1025203 (2012). Adams Accession Number:
ML12165A456.
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Figure 9.1: Rodded TRITON Depletion Done with 4,000,000 and 9,000,000 Neutron
Histories

RAI-10

Section 3.1.1 covers bounding fuel assembly selection. A study is reported that
identifies a bounding fuel assembly design. Was this bounding design also used for the
new fuel storage analysis?

If so, provide a demonstration that the adopted bounding fuel assembly design also
yields conservative K. values at peak moderation and full density moderation in the
new fuel storage analysis. If not, explain what was analyzed for the new fuel storage.

DNC Response

A separate sensitivity study was performed for the new fuel storage analysis. Each fuel
type ever used at MPS2 was analyzed as well as a new proposed fuel design. The
sensitivity study included flooded conditions with both full density moderation and peak
ket low-density moderation. The results are provided in Table 10.1 and demonstrate
that the proposed fuel design is the most reactive fuel design for the new fuel storage
racks at both full density moderation and the peak low-density moderation conditions.
Most of these fuel designs will not go into the new fuel storage rack since the fuel has
been burned and no new fuel of many of these designs is anticipated.
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Table 10.1: Evaluation of Fuel Designs in the New Fuel Storage Rack

“le o .. ¢ |100% Moderator .- . | 4% Moderator R
Fuel Type = Dé“s'ty' R Densny ----- A
L ket

Proposed 0. 92561 0.89521

1 0.92424 0.89431

2 0.92269 0.89267

3 0.92385 0.89417

4 0.92177 0.89233

5 0.92327 0.89285

6 0.91888 0.88782

RAI-11

This RAl is related to the uncertainty associated with burned fuel composition
calculations
a.Table 3.1-1 of Ref. 2 contains the following errors:

i. Case 13, “NUREG Table 6.3, Nuclide dK” is listed as 0.00081. It should be
0.0081.

ii. Cases 57 through 64, incorrect values were used for “NUREG Table 6.3,
Depleted Fuel k-eff’ values.

iii. Case 81, "NUREG Table 6.3, Nuclide dK” is listed as 0.0008. It should be
0.0080.

b.The “Fresh Fuel k-eff’ values reported in Table 3.1-1 were calculated using a
different code than was used to calculate the values extracted from NUREG/CR-
7108 Table 6.3. Since the “Burnup Worth Diff” values presented in Table 3.1-1
were calculated using the delta-k and “Depleted Fuel k-eff’ values from
NUREG/CR-7108 and the “Fresh Fuel k-eff’ values calculated by the licensee,
use of a different code system to calculate the “Fresh Fuel k-eff’ values adds a
potentially “systematic error” or bias.

c. The “dk” values used in Table 3.1-1 were calculated for NUREG/CR-7108 using a
different fuel depletion sequence. It is not appropriate to assume that the dk
values calculated for NUREG/CR-7108 using SCALE 6.1 and the NEWT-based
depletion calculations would be the same if they were calculated using SCALE 6.0
and the KENO-based depletion calculation. KENO and NEWT have two
significantly different flux solution techniques. NEWT iterates on the flux in each
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spatial mesh and in each energy group until the largest flux change in any
mesh/energy group is less than the convergence criteria. KENO calculates fluxes
that are passed to ORIGEN, but does not use the flux in the transport calculation
or check the fluxes for convergence.

d. The 4.55% adopted for burnup worth uncertainty does not appear to have 95/95
statistical basis. Figure 3.1-2 plots the values calculated by the licensee for the
burnup worth uncertainty.

First, it is not appropriate to extrapolate outside the data points (i.e. below 7.4
GWdA/MTU and above 60.7 GWd/MTU). Further, statistical analysis of the data
should be used to set the 95/95 uncertainty. For data with a trend, the 95/95
uncertainty should increase near the edges of the data and within the range
when the data is sparser. The figure below demonstrates a more statistically
defensible uncertainty analysis.

wenens R-ofl, Weighted linsas least-squares Hit

e Sipgiltamecass Qe Sided Lonves Yolerancs Band
aenes URESTATS, WS-

e Sirmasitanecuss Une-Sided Lower Tolerance Limit Dureighted)
o N Fararm e ic Method

e. Consistent with guidelines, bias and bias uncertainty values are calculated
based on measured data. Extrapolation outside the data should be avoided
and care should be exercised when doing so. Extrapolation to low burnups
should be particularly avoided because the non-uranium actinides and fission
products are changing rapidly over the first several GWd/MTU. Consequently,
there is no technical justification to support linear extrapolation of uncertainties
to low burnup values.
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DNC Response

Rather than revising the derived depletion uncertainty analysis, Dominion has
performed burned fuel uncertainty calculations using Interim Staff Guidance DSS-ISG-
2010-01 Section 1V.2.a [Ref. 11.1].

Interim Staff Guidance DSS-ISG-2010-01 Section 1V.2.a states:

“The staff should use the Kopp memorandum (5% of the reactivity decrement) as
follows:
i. “Depletion uncertainty” as cited in the Kopp memorandum should

only be construed as covering the uncertainty in the isotopic
number densities generated during the depletion simulations.

ii. The “reactivity decrement” should be the decrement associated with
the ke of a fresh unburned fuel assembly that has no integral
burnable neutron absorbers, to the k. of the fuel assembly with the
burnup of interest either with or without residual integral burnable
neutron absorbers, whichever results in the larger reactivity
decrement.”

The Kopp memorandum [Ref. 11.2] states:

“Where possible the primary method of analysis should be verified by a second,
independent method of analysis. Acceptable computer codes include, but are not
necessatrily limited to, the following:
e CASMO - a multigroup transport theory code in two dimensions
o NITAWL-KENO5a — a multigroup transport theory code in three dimensions,
using the Monte Carlo technique
e PHOENIX-P = a multigroup transport theory code in two dimensions, using
discrete ordinates
e MONK6B — a multigroup transport theory code in three dimensions, using the
Monte Carlo technique
e DOT — a multigroup transport theory code in two dimensions, using discrete
ordinates”

The 2010 ISG allows use of 5% uncertainty for CASMO-4 depletions. Since
TRITON/KENO-V.a is not listed in the Kopp memo and the Kopp memo suggests
verification by a second method, support for use of 5% uncertainty for TRITON/KENO-
V.a depletions will be provided via two sets of comparisons of TRITON/KENO-V.a and
CASMO-4 depletion reactivity and a set of in-rack CASMO-4/KENO and TRITON/KENO
ket cases. The intent of these comparisons is to show that the 5% depletion reactivity
uncertainty presented in the Kopp memo and the 2010 ISG is also valid for
TRITON/KENO-V.a depletions.
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CASMO-4 is used for the comparisons to TRITON. Although CASMO-4 is not used for
reload core design of MPS2 reload cores (the fuel vendor uses an earlier version of
CASMO), CASMO-4 has been approved for reload design at plants of various types and
fuel designs. Reload design includes use of CASMO-4 for fuel depletion, generation of
isotopic inventory, and calculation of key physics parameters used in the reload core
safety analyses. A partial list of plants licensed to use CASMO-4 is included in Table
11.1.

Table 11.1
Partial List of Plants With NRC Approval of CASMO-4 for Reload Design
Plant Plant Type ADAMS
Accession#

North Anna Westinghouse 3 loop 17x17 ML030700038
Surry Westinghouse 3 loop 15x15 MLO030700038
Kewaunee Westinghouse 2 loop 14x14 MLO072290373
Palo Verde CE 2 loop 16x16 large guide tubes ML010860187

CASMO-4 has been approved for use in a variety of plant types with varying fuel
designs that encompass MPS2 design features (14x14 pin lattice, large guide tubes,
gadolinia integral poison). Dominion has used CASMO-4 for reload design analyses for
North Anna, Surry, and Kewaunee plants. In addition, burnup credit spent fuel pool
criticality analyses employing CASMO-4 for calculation of fuel depletion have been
approved by the NRC [Refs. 11.3, 11.4]. One of these two is for St. Lucie Unit 1, which
is a 14x14 fuel (large guide tube) CE design plant similar to MPS2. Therefore, CASMO-
4 can be properly used to calculate depleted fuel nuclide concentrations for MPS2 fuel.

A set of CASMO-4 versus TRITON/KENO-V.a comparisons is performed covering the
range of depletion conditions used for the MPS2 criticality analysis using MPS2 models.
The MPS2 comparisons are at hot conditions after 5 days decay. In addition, CASMO-
4 versus TRITON/KENO-V.a comparisons are made for the set of 66 cases in the EPRI
depletion benchmarks [Ref. 11.5]. The EPRI comparisons are at cold conditions after
100 hours decay.

Finally, five in-rack KENO ke cases are provided. The five cases are representative
points from the burnup credit curves in Attachment 5 of this letter. For each in-rack
case, two KENO models are compared. One model uses isotopics from CASMO-4, and
one model uses isotopics from TRITON. Both models use the same set of 50 isotopes
(49 plus oxygen), which represent about 96% of the depletion reactivity obtained using
all TRITON isotopes. The CASMO lumped fission product is not modeled.
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MPS2 Specific Analysis

The MPS2 specific analysis uses the TRITON/KENO-V.a input decks used to develop
MPS2 burnup credit curves at 10, 20, 30, 40, and 50 GWd/ MTU burnup. Each input
deck represents one fuel node and has key input variables of power, water temperature,
fuel temperature, and fuel enrichment. The input decks used for the CASMO-4
comparison include three of the axial nodes (1, 13, and 17). Node 1 has the lowest fuel
and moderator temperatures in combination. Node 13 has the highest average power
and fuel temperature of the NUREG/CR-6801 [Ref. 11.6] axial burnup shapes used in
the analysis. Node 17 is a gridded node with high moderator temperature and
moderate to high fuel temperature (depending on the axial shape).

Analysis is performed at the minimum and maximum fuel enrichment used in the burnup
curves for each burnup. This case set consists of 36 state points for comparison with
CASMO-4 depletion reactivity that provides reasonable coverage of the depletion
analysis for all MPS2 burnup credit curves. TRITON/KENO-V.a and CASMO-4 cases
used for the MPS2 specific comparisons are listed in Table 11.2. Comparison results
are listed in Table 11.3. The largest difference is 2.2%, and the average difference is
1%. Isotopic content for these cases is provided in Table 11.4 for 24 of the 28 nuclides
listed as “Set 2” of Table 4 in NUREG/CR-6801. The four nuclides not included are Mo-
95, Tc-99, Ru-101, and Eu-151, which are not available in the CASMO-4 output.
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Table 11.2
TRITON/KENO-V.a and CASMO-4 Cases for Depletion Reactivity Comparison

Enrich. | (GWd/M
(w/o0) TU) Node Shape
21 =] =100 | 1 | Uniform’
NSRRI A T Uniform
“Uniform
Uniform
Uniform
Uniform
Uniform
Uniform
Uniform .
NUREG
NUREG
NUREG
“Uniform.
“Uniform
~.|. Uniform
NUREG
NUREG
NUREG
NUREG -
- NUREG
“NUREG
NUREG
NUREG
NUREG
| Uniform
Uniform
| Uniform
NUREG
NUREG
NUREG
.| NUREG -
|: NUREG:

3.0

4.2

2.65

265 |

3.75

4.85 50 1 NUREG
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Table 11.3
TRITON/KENO-V.a and CASMO-4 Depletion Reactivity Comparison
Enrich. Burnup Mod Fuel Power TRITON | CASMO
(w/o) [(GWd/MTU)| Node Shape | Temp (K) | Temp (K) | (MW/MTU) dK dK T/C-1(%)
w21 |0 10 - 1 Uniform 562 | 1051 : |+ 451 |--0.1041 .1042° |, 0.0%. -
‘ e 13 Uniform 593 1082. |’ . 45.1 -0.1020. |
s R 17 Uniform 602 | 1091. |- 451 |:-0.1014.{"
3.0 10 1 Uniform 562 1051 45.1 -0.1186
13 Uniform 593 1082 45.1 -0.1191
17 Uniform 602 1091 45.1 -0.1188
Coa42 |10 1 Uniform | 562 | 1051 .|+~ 45.1. | -0.1153. |
i - 13 Uniform 593 1082 | - 45.1 - -0.1171+] -0.1
R PR 17 Uniform | 602 | -1091 | = 45.1". .| -0.1183:]:-01
2.65 20 1 NUREG 561 883 30.1 -0.1491
13 NUREG 595 1131 51.0 -0.2217
17 NUREG 603 926 30.2 -0.1472
20 1 Uniform | 562 1038 | 7 a5y | -0.20737]
T 13 Uniform 593 | 1069 | 451 | -0.2021|-
R B Y Uniform 602 1078 [ - 451 [ -0.1980- |
3.75 20 1 NUREG 561 883 30.1 -0.1492
NUREG 595 1131 51.0 -0.2283
NUREG 603 926 30.2 -0.1515
NUREG | '561:+ | . 27.9¢ - [ ~0,1981 | -0.1

377

NUREG. | ..:595" - |

s s127 [r-0:3094-
. " |. NUREG. |." 603+ 3167 . [+0.2148"
4.5 NUREG 561 27.9 -0.1904
NUREG 595 51.2 -0.3038
603
4.5 o562
B 503
Y602 S
41 561

592
600
Y561

4.85 50 1 NUREG

13 NUREG
17 NUREG
Avg:
" Max
"~ Min
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Table 11.4
Isotopic Content Comparisons for MPS2-specific CASMO/TRITON Cases

U23s [Gwd/ Triton Casmo Ratio U235 [Gwd/ Triton Casmo Ratio
wt% MTU | Node [ Nuclide | at/bn-cm | at/bn-cm T/C wt% MTU | Node { Nuclide | at/bn-cm | at/bn-cm T/C
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
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Table 11.4 (continued) — b

U235 [GWd/ Triton Casmo Ratio U235 [Gwd/ Triton Casmo Ratio
wt% MTU | Node | Nuclide | at/bn-cm | at/bn-cm T/C wt% MTU | Node | Nuclide | at/bn-cm | at/bn-cm T/C

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65
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u23s
wt%

GWd/
MTU

Node

Nuclide

Triton
at/bn-cm

Casmo
at/bn-cm

Ratio
T/C

u23s
wt%

GWd/
MTU

Node

Nuclide

Triton
at/bn-cm

Casmo
at/bn-cm

Ratio
T/C

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

2.65

b
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Table 11.4 (continued) b

U235 [GWd/ Triton Casmo Ratio U235 [GWd/ Triton Casmo Ratio
wit% MTU | Node | Nuclide | at/bn-cm | at/bn-cm T/C wt% MTU | Node | Nuclide | at/bn-cm | at/bn-cm T/C

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00
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u23s
wit%

GWd/
MTU

Node

Nuclide

Triton
at/bn-cm

Casmo
at/bn-cm

Ratio
T/C

U235
wt%

GwWd/
MTU

Node

Nuclide

Triton
at/bn-cm

Casmo
at/bn-cm

Ratio
T/C

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

3.70

b
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Table 11.4 (continued) — b

U235 [Gwd/ Triton Casmo Ratio u23s [Gwd/ Triton Casmo Ratio
wt% MTU | Node | Nuclide| at/bn-cm | at/bn-cm T/C wt% MTU | Node | Nuclide | at/bn-cm at/bn-cm T/C

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75

3.75
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EPRI Benchmark Analysis

EPRI report TR-1022909, “Benchmarks for Quantifying Fuel Reactivity Depletion
Uncertainty,” EPRI (August 2011) [Ref. 11.5] provides data from which CASMO-4 and
CASMO-5 depletion reactivities are calculated. CASMO depletion reactivity is obtained
by adding the values from the EPRI report Table 8-11 (code biases) to measured
benchmark delta ke's. The benchmarks are at cold conditions in the standard in-core
geometry.

The fuel in the benchmark cases is 17x17 lattices, but 17x17 fuel has a very similar
neutron energy spectrum to other PWR designs during depletion. Table 13-2 of
Reference 11.7 shows a comparison of the EALF burnup averaged during depletion for
various fuel types. This table shows that CE 14x14 fuel is close to W 17x17 fuel and in-
between standard and optimized fuel assembly (OFA) fuel (Case 4 of the benchmarks).

Table 11.5 shows the comparison of CASMO-4 and CASMO-5 to TRITON/KENO-V.a
depletions for the benchmarks. The differences are less than 2%, and the average
difference is less than 1%. The largest differences are for Cases 6 and 7 which contain
boron coated pellets (IFBAs). Depletion reactivity for Cases 6 and 7 includes the
change in worth of the IFBA. Since boron coated fuel is not used at MPS2 the average
error is calculated without the Case 6 and 7 differences at 10, 20, and 30 GWd/MTU.
The good agreement between codes supports using the 5% 2010 ISG depletion
reactivity uncertainty for TRITON/KENO-V.a depletions.

No isotopic content comparisons are provided for the EPRI benchmark cases because
the CASMO isotopic content is not available.

Depletion isotopic uncertainty confirmation work performed for the industry (EPRI
benchmarks) is still under review by the NRC. The EPRI data presented in support of
the MPS2 analysis herein does not depend on that review because only the CASMO
and TRITON depletion reactivity at cold conditions has been used.

Table 11.5
Comparison of CASMO-4 and CASMO-5 Depletion Reactivity to TRITON/KENO V.a

. Burnup (GWd/MTU). .

10 [ 20 [ 30 | 40 | 50

Case 1: 3.25% enrichment depletion

CASMO 4 decrement Ak 0.1337 | 0.2353 | 0.3229 | 0.3976 | 0.4573 | 0.5019

CASMO 5 decrement Ak 0.1331 | 0.2344 | 0.3219 | 0.3969 | 0.4572 | 0.5026

SCALE 6.0 TRITON decrement Ak 0.1321 | 0.2332 | 0.3204 | 0.3949 | 0.4550 | 0.5000
100*(SCALE 6.0 -

CASMO4)/CASMO4 -1.2 -0.9 -0.8 -0.7 -0.5 -0.4
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 “Burnup (GWd/MTU). ~::. .
10 2201 30 40 50 60
100*(SCALE 6.0 -
CASMOS5)/CASMOS5 -0.7 -0.5 -0.5 -0.5 -0.5 -0.5
Case 2: 5.0% enrichment depletion
CASMO 4 decrement Ak 0.1154 | 0.2035 | 0.2824 | 0.3565 | 0.4257 | 0.4884
CASMO 5 decrement Ak 0.1148 | 0.2026 | 0.2814 | 0.3558 | 0.4256 | 0.4891
SCALE 6.0 TRITON decrement Ak 0.1148 | 0.2025 | 0.2813 | 0.3550 | 0.4245 | 0.4877
100*(SCALE 6.0 -
CASMO4)/CASMO4 -0.5 -0.5 -04 -04 -0.3 -0.1
100*(SCALE 6.0 -
CASMOS5)/CASMOS5 0.0 0.0 0.0 -0.2 -0.3 -0.3
Case 3: 4.25% enrichment depletion
CASMO 4 decrement Ak 0.1231 |1 0.2171 | 0.3008 | 0.3778 | 0.4464 | 0.5046
CASMO 5 decrement Ak 0.1225 [ 0.2162 | 0.2998 | 0.3771 | 0.4463 | 0.5053
SCALE 6.0 TRITON decrement Ak 0.1224 | 0.2160 | 0.2990 | 0.3759 | 0.4444 | 0.5030
100*(SCALE 6.0 -
CASMO4)/CASMO4 -0.6 -0.5 -0.6 -0.5 -04 -0.3
100*(SCALE 6.0 -
CASMOS5)/CASMOS5 -0.1 -0.1 -0.3 -0.3 -04 -0.5
Case 4: Smaller Fuel Rod Diameter
CASMO 4 decrement Ak 0.1215 { 0.2190 | 0.3093 | 0.3951 | 0.4734 | 0.5402
CASMO 5 decrement Ak 0.1209 | 0.2181 | 0.3083 | 0.3944 | 0.4733 | 0.5409
SCALE 6.0 TRITON decrement Ak 0.1200 | 0.2167 | 0.3065 | 0.3918 | 0.4703 | 0.5375
100*(SCALE 6.0 -
CASMO4)/CASMO4 -1.2 -1.0 -0.9 -0.8 -0.7 -0.5
100*(SCALE 6.0 -
CASMOS5)/CASMO5 -0.7 -0.6 -0.6 -0.6 -0.6 -0.6
Case 5: 20 WABA depletion
CASMO 4 decrement Ak 0.2053 | 0.2349 | 0.3016 | 0.3737 | 0.4391 | 0.4949
CASMO 5 decrement Ak 0.2047 | 0.2340 | 0.3006 | 0.3730 | 0.4390 | 0.4956
SCALE 6.0 TRITON decrement Ak 0.2042 | 0.2338 | 0.3001 | 0.3736 | 0.4373 | 0.4936
100*(SCALE 6.0 -
CASMO4)/CASMO4 -0.5 -0.5 -0.5 0.0 -04 -0.3
100*(SCALE 6.0 -
CASMOS5)/CASMOS5 -0.2 -0.1 -0.2 0.2 -0.4 -04
Case 6: 104 IFBA depletion
CASMO 4 decrement Ak 0.1744 | 0.2229 | 0.2986 | 0.3746 | 0.4437 | 0.5026
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- Burnup (GWd/MTU) =
10 | 20 30 40 50 .| 60
CASMO 5 decrement Ak 0.1738 | 0.2220 | 0.2976 | 0.3739 | 0.4436 | 0.5033
SCALE 6.0 TRITON decrement Ak 0.1765 | 0.2236 | 0.2966 | 0.3703 | 0.4370 | 0.4938
100*(SCALE 6.0 -
CASMO4)/CASMO4 1.2 0.3 -0.7 -1.1 -1.5 -1.7
100*(SCALE 6.0 -
CASMOS5)/CASMOS 1.5 0.7 -0.3 -1.0 -1.5 -1.9
Case 7: 104 IFBA, 20 WABA
depletion
CASMO 4 decrement Ak 0.2532 | 0.2432 | 0.2999 | 0.3706 | 0.4362 | 0.4927
CASMO 5 decrement Ak 0.2526 | 0.2423 | 0.2989 | 0.3699 | 0.4361 | 0.4934
SCALE 6.0 TRITON decrement Ak 0.2547 | 0.2442 | 0.2986 | 0.3667 | 0.4301 | 0.4849
100*(SCALE 6.0 -
CASMO4)/CASMO4 0.6 04 -0.4 -1.0 -1.4 -1.6
100*(SCALE 6.0 -
CASMOS5)/CASMO5 0.9 0.8 -0.1 -0.8 -14 -1.7
Case 8: high boron depletion = 1500
pPpm
CASMO 4 decrement Ak 0.1224 | 0.2143 | 0.2950 | 0.3682 | 0.4329 | 0.4877
CASMO 5 decrement Ak 0.1218 | 0.2134 | 0.2940 | 0.3675 | 0.4328 | 0.4884
SCALE 6.0 TRITON decrement Ak 0.1215 { 0.2130 | 0.2934 | 0.3663 | 0.4312 | 0.4865
100*(SCALE 6.0 -
CASMO4)/CASMO4 -0.8 -0.6 -0.5 -0.5 -0.4 -0.2
100*(SCALE 6.0 -
CASMOS5)/CASMOS5 -0.3 -0.2 -0.2 -0.3 -04 -0.4
Case 9: branch to hot rack = 338.7K
CASMO 4 decrement Ak 0.1245 [ 0.2185 | 0.3016 | 0.3776 | 0.4451 | 0.5022
CASMO 5 decrement Ak 0.1239 | 0.2176 | 0.3006 | 0.3769 | 0.4450 | 0.5029
SCALE 6.0 TRITON decrement Ak 0.1236 | 0.2174 | 0.2998 | 0.3757 | 0.4434 | 0.5009
100*(SCALE 6.0 - )
CASMO4)/CASMO4 -0.8 -0.5 -0.6 -0.5 -0.4 -0.2
100*(SCALE 6.0 -
CASMOS5)/CASMOS -0.3 -0.1 -0.3 -0.3 -04 -04
Case 10: branch to 1500 ppm rack
boron
CASMO 4 decrement Ak 0.0975 | 0.1798 | 0.2548 | 0.3237 | 0.3845 | 0.4352
CASMO 5 decrement Ak 0.0969 | 0.1789 | 0.2538 | 0.3230 | 0.3844 | 0.4359
SCALE 6.0 TRITON decrement Ak 0.0963 | 0.1774 | 0.2516 | 0.3201 | 0.3807 | 0.4317
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20 Burnup (GWA/MTU)
10 |- 20 30 40 50 60
100*(SCALE 6.0 -
CASMO4)/CASMO4 -1.3 -1.4 -1.2 -1.1 -1.0 -0.8
100*(SCALE 6.0 -
CASMO5)/CASMOS5 -0.7 -0.8 -0.9 -0.9 -1.0 -1.0
Case 11: high power density depletion
CASMO 4 decrement Ak 0.1243 [ 0.2163 | 0.2963 | 0.3684 | 0.4318 | 0.4855
CASMO 5 decrement Ak 0.1237 [ 0.2154 | 0.2953 | 0.3677 | 0.4317 | 0.4862
SCALE 6.0 TRITON decrement Ak 0.1235 [ 0.2151 | 0.2944 | 0.3669 | 0.4305 | 0.4848
100*(SCALE 6.0 -
CASMO4)/CASMO4 -0.7 -0.6 -0.6 -0.4 -0.3 -0.1
100*(SCALE 6.0 -
CASMOS5)/CASMOS -0.2 -0.1 -0.3 -0.2 -0.3 -0.3
Average (excluding IFBA)
CASMO 4 deviation -0.8 -0.7 -0.7 -0.6 -0.7 -0.6
CASMO 5 deviation -0.3 -0.3 -0.4 -0.5 -0.6 -0.7

In-rack CASMO/KENO and TRITON/KENO Analysis

Table 11.6 lists the nuclides used for the in-rack KENO ke comparisons. Table 11.7
summarizes the burnup credit curve sample points chosen for the in-rack Kes

comparison.
Table 11.6
Nuclides Used for CASMO/KENO and TRITON/KENO In-rack K.+ Comparisons

U-234 Pu-242 Kr-83 Cs-137 Sm-149
U-235 Am-241 Rh-103 Ba-140 Sm-150
U-236 Am-242m Rh-105 La-140 Sm-151
U-238 Am-242 Ag-109 Nd-143 Sm-152
Np-237 Am-243 Xe-131 Nd-145 Eu-153
Np-239 Cm-242 Cs-133 Pm-147 Eu-154
Pu-238 Cm-243 Cs-134 Sm-147 Eu-155
Pu-239 Cm-244 1-135 Pm-148 Gd-155
Pu-240 Cm-245 Xe-135 Pm-148m Eu-156
Pu-241 Cm-246 Cs-135 Pm-149
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Table 11.7
MPS2 Burnup Credit Curve Points for CASMO/TRITON In-Rack K.+ Comparison
. Enrichment Burnu Axial Nodes

Region | o) 935) | (GwanTy) | Shape Used

2 42/4.5 10/30 Uniform 13
3 (rodlets) 4.85 50 NUREG 1-18
3 (CEA) 4.50 30 NUREG 1-18
4 4.85 40 NUREG 1-18
4 3.00 20 NUREG 1-18

This set of cases covers the regions, uniform and non-uniform axial shapes, and a
range of burnup credit from 10 to 50 GWd/MTU. One case, Region 2, uses only one
axial node (node 13 isotopic content) to represent the entire axial length. This is
reasonable for the Region 2 case because for this burnup credit point the uniform shape
produced the highest k.4, because the variation in isotopic content over the 18 axial
nodes is not large, and because the node 13 case produces almost the same rack Kes
as a case with all 18 nodes.

Tables 11.8 through 11.12 contain the results of the in-rack analysis. In each table, a
fresh fuel case (from the Region analysis results) is provided so that in addition to
having the rack ks, the bumnup worth may also be calculated and compared. The five
cases show that the in-rack ke is higher using TRITON fuel content than using CASMO-
4 fuel content. The ratio of TRITON burnup worth to CASMO-4 in-rack burnup worth
ranges from 0.977 to 0.991. The average ratio is 0.984 and the standard deviation is
0.005. These cases confirm that use of TRITON isotopic content for in-rack burnup
credit is conservative by about 1.6% of burnup worth as compared to CASMO-4 isotopic
content. Therefore, if 5% burnup worth uncenrtainty is acceptable using CASMO-4 for
burnup credit analysis, then it should also be acceptable using TRITON.

Isotopic content for the five in-rack ke cases is provided in Table 11.13. For the 18
node cases, the average number density for the 18 nodes is provided.

Table 11.8
In-rack K. Comparison of TRITON and CASMO Isotopic Content — Region 2

Burnup | Worth

Enrich Burnup Keff Worth Ratio | Depletion
Region (w/o) | (Mwd/MTU) Keff Uncert (dK) (T/C) Code
2 42/45 0 1.09546 | 0.00010
<7 |TRITON
2 42/45 10/ 30 0.96875 | 0.00011 0.1267 | ‘INode 13
CASMO

2 4.2/45 10/ 30 0.96635 | 0.00011 | 0.1291 Node 13
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Table 11.9
In-rack K¢t Comparison of TRITON and CASMO Isotopic Content — Region 3 (rodlets)
Burnup | Worth
Enrich Burnup Keff Worth Ratio |Depletion
Region | (w/o) |(MWd/MTU)| Keff Uncert (dK) (T/C) Code

3 4.85 0 1.28553 | 0.0001

3 4.85 50 0.96296 | 0.0001 | 0.3226 | 0.985 | TRITON

3 4.85 50 0.95802 | 0.0001 0.3275 CASMO
Table 11.10

In-rack K. Comparison of TRITON and CASMO Isotopic Content — Region 3 (CEA)
Burnup | Worth

Enrich Burnup Keff Worth Ratio [ Depletion
Region | (w/o) {(MWd/MTU) Keff Uncert (dK) (T/C) Code
3 CEA 4.5 0 1.15663 | 0.00010
3 CEA 4.5 30 0.96573 | 0.00098 | 0.1909 7 JTRITON
3 CEA 4.5 30 0.96391 | 0.00009 | 0.1927 CASMO
Table 11.11

In-rack K¢t Comparison of TRITON and CASMO Isotopic Content — Region 4 (Case 1)
Burnup | Worth

Enrich Burnup Keff Worth Ratio Depletioh
Region | (w/o) | (MWd/MTU) Keff Uncert (dK) (T/C) Code
4 3.0 0 1.12151 | 0.00098
4 3.0 20 0.96597 | 0.00011 0.1555 - |TRITON
4 3.0 20 0.96232 | 0.00010 0.1592 CASMO
Table 11.12

In-rack K¢ Comparison of TRITON and CASMO Isotopic Content — Region 4 (Case 2)
Burnup | Worth

Enrich Burnup Keff Worth Ratio | Depletion
Region | (w/o) | (MWd/MTU) Keff Uncert (dK) (T/C) Code
4 4.85 0 1.22625 | 0.00010

a 4.85 40 0.96974 | 0.00010 | 0.2565 | “0.986 | TRITON

4 4.85 40 0.96603 | 0.00009 | 0.2602 CASMO
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Table 11.13
In-rack Comparison TRITON and CASMO Isotopic Content

Burnup 10 10 10 30 30 30 50 50 50

Isotope |[TRITON [CASMO |T/C Ratio . |[TRITON?:|CASMO: |[T/C Ratio [TRITON |CASMO |[T/C Ratio

U-234

U-235

. U-236

» U-238

" Pu-238

" Pu-239

. Pu-240

.Pu-241

" Pu-242

“Am-241

-Am-242

Am-243-

'Rh-103::

Ag-109

- Cs-133

- Nd-143

- Sm-151

- 'Sm-152

' Eu-153

.. Gd-155
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Region

3

3

q

4

4q

4

a

Burnup

30

30

30

20

20

20

40

40

Isotope

TRITON

CASMO -

T/C Ratio

TRITON

CASMO

T/C Ratio

TRITON - |

-{T/C Ratio

- U-234

- U-235

- U-236

- U-238

" Pu-238

_Pu-239

" Pu-240..

- Pu-241

- Pu-242-

- Am-241

Am-242

" Am-243

Rh-103

Ag-109

Cs-133

Nd-143

Nd-145

Sm-147

- Sm-149

. Sm-150

Sm-151

“$m-152

Eu-153°
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Summary of Support for Use of 5% of the Depletion Reactivity for the Isotopic
Uncertainty

The 2010 ISG permits using 5% of the depletion reactivity for the isotopic uncertainty
when using core-follow depletion codes such as CASMO-4. Use of CASMO-4 has
previously been approved for SFP burnup credit analysis including for a plant of the
MPS2 design (14x14 CE guide thimble fuel). Results in Tables 11.3 and 11.5 show that
TRITON/KENO V.a depletion reactivity is in close agreement with CASMO-4 depletion
reactivity. The average difference between CASMO-4 and TRITON/KENO-V.a
depletion reactivity is less than 1% at cold conditions (W17x17 fuel) and 1% for MPS2
fuel at hot conditions.

In-rack KENO ke cases in Tables 11.8-11.12 show that the in-rack keg is higher using
TRITON fuel content than using CASMO-4 fuel content. The ratio of in-rack TRITON
burnup worth to CASMO-4 burnup worth ranges from 0.977 to 0.991. The average ratio
is 0.984 and the standard deviation is 0.005. These cases confirm that use of TRITON
isotopic content for in-rack burnup credit is conservative by about 1.6% of burnup worth
as compared to CASMO-4 isotopic content.

TRITON/KENO V.a has been recently used to analyze NUREG/CR-7108 chemical
assay data. [Ref. 11.8] This analysis used the direct difference approach as presented
in NUREG/CR-7108 [Ref. 11.9] and concluded that depletions using TRITON/KENO-
V.a with ENDF/B-VIl (same library used in the MPS2 analysis) requires an isotopic
uncertainty less than 5% of the depletion reactivity. The analysis derived an uncertainty
of £ 0.01 dk at 50 GWd/MTU using two different data analysis methods. This is ~3% of
burnup worth based on the MPS2 Region 3 (rodlets) 50 GWd/MTU burnup worth of 0.33
dk (Table 5.3.1-1 in Attachment 5 of this letter).

A diverse set of comparisons has been provided to show that the 5% depletion reactivity
uncertainty presented in the Kopp memo and the 2010 ISG as applicable to depletion
analysis using CASMO is also justified for depletion analysis using TRITON/KENO-V .a.

References:

11.1 NRC Interim Staff Guidance (ISG) DSS-1ISG-2010-01, “Staff Guidance Regarding
the Nuclear Criticality Safety Analysis for Spent Fuel Pools,” 2011.

11.2 L. Kopp, NRC memorandum from L. Kopp to T. Collins, “Guidance on the
Regulatory Requirements for Criticality Analysis of Fuel Storage at Light-Water
Reactor Power Plants,” dated August 19, 1998 (ADAMS Accession No.
ML003728001).
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11.3 ADAMS Accession No. ML072620412, “Arkansas Nuclear One, Unit No. 2 -
Issuance of Amendment No. 273 Re: Revisions to Technical Specifications to
Support Partial Re-Rack and Revised Loading Patterns in the Spent Fuel Pool.”

11.4 ADAMS Accession No. ML042670562, “St. Lucie, Unit 1, License Amendment,
Permits Credit Soluble Boron, Fuel Loading Restrictions & Control Element
Assemblies in Spent Fuel Pool Criticality Analyses & Eliminate Need to Credit
Boraflex Neutron Absorbing Material for Reactivity Control.”

11.5 2003 K. S. Smith, et al., Benchmarks for Quantifying Fuel Reactivity Depletion
Uncertainty, EPRI Technical Report No. 1022909, Electric Power Research
Institute, Palo Alto, CA, August 2011.

11.6 NUREG/CR-6801, “Recommendations for Addressing Axial Burnup in PWR
Burnup Credit Analyses,” March, 2003.

11.7 “Response to Request for Additional Information Specific to the Electric Power
Research Institute Report 1025203, “Utilization of the EPRI Depletion
Benchmarks for Burnup Credit Validation,” Attachment 2 of Letter from K.
Cummings of the Nuclear Energy Institute to J. Holonich of the Nuclear
Regulatory Commission, dated March 2, 2015. (ADAMS Accession No.
ML15061A288)

11.8 Criticality Safety Analysis of the Indian Point Unit 2 Spent Fuel Pool with Credit for
Inserted Neutron Absorber Panels, NET-300067-01, Rev. 0. (ADAMS Accession
No. ML14329A195)

11.9 G. Radulescu, I. C. Gauld, et al., An Approach for Validating Actinide and Fission
Product Burnup Credit Criticality Safety Analyses — Isotopic Composition
Predictions, NUREG/CR-7108 (ORNL/TM-2011/509), U.S. Nuclear Regulatory
Commission, Oak Ridge National Laboratory, April 2012.

RAI-12

Section 3.1.2.4 provides limited justification for a 3.5% uncertainty for the assigned
assembly average burnup. Please provide a more detailed justification for the burnup
uncertainty that is integrated with the criticality analysis. The justification should
address the calorimetric uncertainty, the uncertainty in flux measurements, the
uncertainty associated with inferring assembly power from flux measurements, the
uncertainty in assembly average power inferred for non-instrumented assemblies, and
uncertainties associated with integration of power over the assembly’s life.

A review of the RW-859 (2002) data for Millstone Unit 2 shows that many of the older
fuel assemblies have identical burnup values. This likely means that the RW-859
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burnup values were either region average or design values. Confirm that the burnup
values for these older assemblies have been recalculated from measurements. If the
burnup values cannot be recalculated, include additional uncertainty to cover use of
design and/or average assembly burnup values. The justification for the 3.5%
uncertainty requested above should address this issue.

From the description in the analysis, it looks like this uncertainty would be calculated as
0.035 times the burnup worth. From examining the various tables in the Region 2, 3
and 4 analyses, this does not appear to be how it was calculated. For one of many
examples, see Table 6.1-11, uncertainty for 2B burnup (3.5% reduced bu), which is
listed as 0.0009, when it seems it should be 0.035*0.106 =0.0037. It looks like it is
being calculated incorrectly. Note in the same table, the Region 2B 3.5% uncertainty in
the last two columns decreases from 0.0026 to 0.0009, while the burnup increases from
30 to 34.1 GWA/MTU. There are other instances of this uncertainty behavior. Describe
and justify how the assembly burnup uncertainty (‘3.5% reduced bu’) is calculated.

Where appropriate, review and revise the uncertainty analyses for Regions 2, 3 and 4.

DNC Response

The 3.5% burnup measurement uncertainty was developed by statistically combining
root sum square (RSS) assembly relative power measurement uncertainty with
calorimetric power uncenrtainty. Relative power measurement uncertainty is part of the
station safety analysis and includes uncenrtainty in flux measurements, uncertainty
associated with inferring assembly power from flux measurements and uncertainty in
assembly average power inferred for non-instrumented assemblies. Calorimetric power
measurement uncertainty is part of the safety analysis of the plant and has been
quantified. The RSS for these components is 2.6%.

Fuel assembly loading uncertainty is another independent contributor to RSS burnup
measurement uncertainty. Burnup measurements assume a batch average MTU
loading for each fuel assembly. However, MTU loading variation within each batch is
small and does not significantly impact the RSS measured burnup uncertainty (less than
0.2%).

Uncertainty in measured burnup due to time integration includes an assumption of
constant power distribution between power distribution measurements and the
uncertainty of total core burnup for the time period between power distribution
measurements. The uncertainty introduced by these terms is not included in the
proposed 3.5% uncertainty value. However, because MPS2 normally performs weekly
power distribution surveillance, the error introduced by the constant power distribution
assumption is small. Core power distributions change slowly during steady state
operation. In addition, total core burnup is accurately calculated because it is the
product of calorimetric power measurement (calorimetric uncertainty is already
accounted for in the 3.5% value) and time.
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Equating assembly power measurement uncertainty (applicable to a single
measurement) with burnup uncertainty (integrated over multiple measurements and
multiple cycles / loading patterns for highly burned fuel) ignores the beneficial effects of
multiple independent measurements. Mean reversion is likely to result in burnup
uncertainty being substantially less than power measurement uncertainty. Therefore,
the 3.5% value is a conservative value for recent and future MPS2 operation.

The second paragraph of this RAIl addresses sets of assemblies having the same
burnup. There are fuel assemblies in the MPS2 SFP that resided in cycles that used an
older measurement system, and that were only measured using 1/8 core averaging.
The older measurement system RSS uncertainty, including calorimetric is 4.3%. Prior
to cycle 12, MPS2 software averaged the power of the eight symmetric locations for
each octant position in the core. This should not be confused with region burnup since
the eight locations are designed to have the same power if no radial tilts occur. Figure
12.1 shows the MPS2 core map. The symmetric groups of assemblies are identified in
Table 12.1.

Milistone 2 Core Map

8 10 12 14
1 2 3 4 & 8 7 9 11 13 % 18 7 8 19 20 2t

Figure 12.1: Core Map for Millstone Unit 2
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Table 12.1 Symmetric Sets of Assemblies
(Each set has the same record burnup in cycles 1 to 11)

- Symmetric Set - Assemblies in Set (See Figure 12.1) -7
~ Number o [ R

108

126 92 90 124

109 91 107 125

144 77 73 140

110 75 106 142

161 63 57 155

111 60 105 158

177 49 41 169

112 45 104 173

192 36 26 182

113 31 103 187

114 19 102 199

115 9 101 209
127 93 76 74 89 123 141 143
145 78 62 58 72 139 156 160
128 94 61 59 88 122 157 159
162 64 48 42 56 154 170 176
146 79 47 43 71 138 171 175
129 95 46 44 87 121 172 174
178 50 35 27 40 168 183 191
163 65 34 28 56 153 184 190
147 80 33 29 70 137 185 189
130 96 32 30 86 120 186 188
193 37 24 14 25 181 194 204
179 51 23 15 39 167 195 203
164 66 22 16 54 152 196 202
148 81 21 17 69 136 197 201
131 97 20 18 86 119 198 200
180 52 13 5 38 166 205 213
165 67 12 6 53 151 206 212
149 82 11 7 68 135 207 211
8
1
2

132 98 10 84 118 208 210
150 99 4 83 134 214 217
133 116 3 100 117 215 216

w|w|wlw|w|dido o =22 =222
R|QIN|=|O|o|o|N|o |0 | RN =[S|o|m|N|o|o|R|w|d|=|o|@|@ N[O H LN =

In order to determine the uncertainty in the individual assembly burnup when only the
symmetric set burnup is known, end of cycle burnups for each assembly for cycles 14
through 22 were collected. For each symmetric location, the % deviation from the mean
burnup for that set for that cycle was determined for each assembly. Then the standard
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deviation of the % deviation was calculated for each symmetric location. Table 12.2
shows the uncertainty in the burnup for each symmetric location. Uncertainty is
calculated as N x o (normality assumed), where N is the one-sided 95% confidence /
95% probability multiplier for the number of observations. Figure 12.2 graphically
portrays the uncertainty by location in an octant of the MPS2 core.

Table 12.2 Uncertainty in Assembly Burnup Due to Using the Symmetric Average
Burnup

Core Uncertainty Core Uncertainty
Location | (% burnup) | Location | (% burnup)
2 0.62 19 0.82
3 0.64 20 0.86
4 0.81 21 0.82
5 0.65 22 0.90
6 0.66 23 0.83
7 0.60 24 1.08
8 0.56 25 1.12
9 0.77 26 1.43
10 0.76 27 1.10
11 0.94 28 0.85
12 0.70 29 0.99
13 1.07 30 0.81
14 0.69 31 1.05
15 0.62 32 1.17
16 0.84 33 0.81
17 0.78 34 1.03
18 . 0.84
Center

0.81
0.84

0.77 082 0.84 0.78

083 050 082 086 0786

Figure 12.2 Octant of Millstone Unit 2 Core with % Burnup Uncertainty due to
Octant Averaging
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Figure 12.2 suggests that the octant averaging could produce a 1.43% error in the
burnup. Some of this could be already included in the flux map uncertainty but it will be
assumed that it is all due to core power tilts. Some of these assemblies also have the
larger burnup measurement uncertainty previously described (4.3% measured burnup
uncertainty versus 2.6% for newer fuel). The fuel assemblies subject to larger burnup
uncertainty have all been discharged for at least 10 years with two exceptions (8.3 and
9.8 years decay time). The effect of decay time is more than sufficient to accommodate
higher measured burnup uncertainty for these older assemblies. Decay time is not
credited in the burnup curve calculation.

A Region 3 decay time calculation was performed at 10 and 50 GWd/MTU fuel burnup.
Results are shown in Table 12.3. The reactivity decrement due to depletion (“burnup
worth”) increases with increasing decay time. For 10 years decay time, burnup worth
increases over 12%. Decay time reactivity reduction is much larger than increased
burnup measurement uncertainty for older fuel, so there is no need to explicitly account
for those issues.

The final paragraph of RAI 12 addresses calculation of the reactivity due to the reactor
record burnup uncertainty. Assembly burnup was actually decreased by 3.5% and the
reactivity of this change was determined by interpolation of kes versus burnup. The
approach suggested in the RAIl is approximately correct and always conservative due to
the curvature of the depletion reactivity curve. For the revised burnup credit curve
calculation, reactor record burnup uncertainty will be calculated as 3.5% of the burnup
worth.

Table 12.3
Decay Time Effect on Burnup Worth
10 Year
KENO Decay time

Enrichment Burnup Decay KENO K-eff Burnup | % of Burnup
(w/o U235) | (GWdA/MTU) | Time K-eff Deviation | Worth (dK) Worth

2.1 0 0 1.055197 0.00009 N/A N/A

2.1 10 5d 0.96040 0.00008 -0.0948 N/A

2.1 10 10y 0.94841 0.00008 -0.1068

4.85 0 0 1.28553 0.00010 N/A

4.85 50 5d 0.92351 0.00008 -0.3620 N/A

4.85 50 10y 0.87693 | 0.00008 -0.4086 9% -

RAI-13

Section 3.1.3.1 discusses axial burnup distributions. Typically, at low assembly burnup
values (i.e. < 20GWd/MTU) and for systems with mixed fresh and spent fuel, such as at
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the region-to-region interfaces on the edges of Region 1, and for accident analysis
models involving misloading of a fresh fuel assembly, the NUREG/CR-6801 axial
burnup profiles may not be limiting. Typically, this is addressed by using both uniform
and distributed axial burnup profiles and using the most reactive for that model. The
physics involved is that a fresh fuel assembly will have a fission density peak near its
axial mid-plane, while in a highly burned assembly in excess of 90% of the fission
density is near the top. This sort of axial fission density axial location mismatch was not
considered when the limiting axial burnup distributions described in NUREG/CR-6801
were determined. Confirm whether uniform axial burnup distributions were considered
for the analysis and also that the uniform axial burnup distributions were also utilized
when burnup credit curves were generated, when kqx values for region-to-region
interfaces were quantified, and when accident analysis calculations were performed.

DNC Response

In the December 2012 LAR, the analyses with burned fuel used the shapes from
NUREG/CR-6801. Uniform shapes have been added to the analysis. Revised bias,
uncertainty, and burnup curves are provided in Attachment 5 of this letter. Revised
accident and interface calculations were performed with both uniform and NUREG/CR-
6801 shapes.

References:

13.1 NUREG/CR-6801, “Recommendations for Addressing Axial Burnup in PWR
Burnup Credit Analyses,” March, 2003.

RAI-14

Section 3.1.3.3 discusses fuel temperature. Please confirm that a conservative fuel
temperature has utilized during fuel depletion calculations. Higher temperature
increases resonance absormption in 28U, resulting in higher Pu generation. The input
file included in Ref. 2 as Appendix B reflects a fuel temperature of 907K. Doing a quick
survey of resonance effective fuel temperatures used in other work, this value seems to
be a little low compared to values that range between 900 and 1200k. Typically, the
resonance effective fuel temperature (REFT) is a weighted average of the pellet
surface, center-line and mid-radius fuel temperatures. The weighting factors include the
effects of temperature and neutron flux distributions. Confirm that conservative REFT
values were used. Note that low burnup fuel generally has a higher than average power
density and, consequently, higher fuel temperatures.
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DNC Response

The fuel temperatures used are the best estimate volume averaged fuel temperatures
from the licensed core design model, PRISM. The volume averaged fuel temperature is
higher (more conservative) than the resonance effective fuel temperature since the
resonance flux is higher in the outer portions of the fuel where the fuel temperature is
lower. Fuel temperatures are also conservative because of the use of bounding
assembly average power. The red (top) line on Figure 14.1 shows the conservative
assembly average relative power used in the depletion to the indicated burnup. As the
RAI question suggests, the relative power decreases with burnup.

The fuel temperature of 907 degrees Kelvin (°K) cited in the RAI appears to be low
because it is for Node 17 (2™ node of 18 from the top of the fuel) at 50 GWd/MTU
assembly burnup (non-uniform axial burnup shape). The assembly depletion power for
the 50 GWd/MTU case (1.25) is lower than earlier burnups (1.45) due to the decline in
assembly power as burnup increases. Nodal power for the case cited in the RAl is
relatively low (0.83 of the assembly average) due to the proximity of the node to the top
of the fuel. A more complete representation of depletion parameters is shown in Figure
14.1. Included in the figure are the history averaged assembly power, history averaged
assembly fuel temperature, and history averaged peak nodal fuel temperature. History
averaged values are those used to deplete to the indicated burnup.

Figure 14.1 Depletion Fuel Temperature as a Function of Burnup
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RAI-15

Provide a list of nuclides that were retained for criticality calculations. Confirm that noble
or volatile gases and short-lived radioactive nuclides are not credited, because they
would not be present in the SFP. For such nuclides that were retained in the analysis,
provide an estimate for their worth.

DNC Response

Table 15.1 shows the 252 isotopes used in the criticality analysis. At low burnups,
TRITON removes a few of these isotopes. The analysis employed the TRITON
parameter addnux=3 to maximize the number of isotopes included in the analysis. The
spent fuel reactivity was maximized by using the isotopic content after five days of
decay. Other than removing light elements (less than oxygen, except B-10) the set of
isotopes is taken directly from the TRITON output. Note that the actual output included
more isotopes than in the tables in the TRITON user’'s manual.

Table 15.1 Isotopes Used In the MPS2 Criticality Analyses

1OB 160 SQGa 71Ga 70Ge 72Ge 73Ge 74Ge 76Ge 74As

75AS 74Se 7GSe 778e 788e 7QSe BOSe BZSe 7QBr 81Br

Br | Kr BKr 84Ky BKr 8K BRb %Rb 8Rb Bgr

BGSr 87Sr BBSr ggsr gosr BQY 90Y 91Y QOZr 91Zr

QZZr 93Zr 942r QSZr QBZr 93Nb 94Nb 95Nb 94MO 95M0

96MO 97Mo gBMO 99Mo 100Mo 99TC gBRU 99Ru 100Ru 101Ru

102Ru 103Ru 104RU TOSRU 103Rh 105Rh 102Pd 104Pd 105Pd 106Pd

107Pd 108Pd 110Pd 107Ag 109Ag 110mAg 111Ag 1OBCd 110Cd 111Cd

11ZCd 113Cd 114Cd 115mCd 11BCd 113|n 115|n 114Sn 11SSn 1168n

117Sn 11BSn 11QSn 1208n TZZSn 123Sn 124Sn 1258n 1268n 121Sb
123Sb 124Sb 1258b 1268b 122Te 123Te 124-|-e 125Te 126Te 127m-l-e
128Te 129m-|-e 130Te 132Te 127| 129| 130| 131| 135| 126Xe
128Xe 129Xe 130Xe 131Xe 132Xe 133Xe 134)(e 135Xe 136Xe 1SSCS
134CS 135Cs 13603 137CS 1328a 133Ba 134Ba 1358a 1368a 137Ba
_TBBBa 14OBa 138La 139La 140La 138Ce 13QCe 1400e 141Ce 14209

143Ce 144Ce 141Pr 142Pr 143Pr 142Nd 143Nd 144Nd 145Nd 146Nd

147Nd 148Nd 150Nd 147Pm 148Pm 14Bum 149Pm 151 Pm 147Sm 14BSm

14QSm TSOSm 151Sm 1528m 153Sm 154Sm 151Eu 152Eu 153Eu 154Eu

155Eu 156Eu 157Eu 152Gd 153Gd 154Gd 1556d 156Gd 157Gd 15BGd

160Gd 159Tb 160Tb 158Dy 160Dy 161 Dy 162Dy 163Dy 164Dy 165Ho

166mHo 164Er 166Er 167Er TBBEr 170Er ZOBPb 228Th 229Th 230Th

232Th 234Th 231 Pa 233Pa 232U 233U 234U 235U 236U 237U

240Pu 241 Pu 242Pu 244Pu 241Am 242Am 242mAm 243Am 244Am 241Cm

24ZCm 24SCm 244Cm 24SCm 24GCm 247Cm 24BCm 24gBk 24QCf ZSOCf
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The second part of RAl 15 addresses noble or volatile gases (hereafter called fission
gases) and the amount these are credited in the criticality analysis. Table 15.2 lists the
fission gases used in the criticality analysis. Two of the isotopes, Cs-133 and Xe-131,
dominate the reactivity worth of the fission gases. To analyze the worth of the fission
gases, a Region 3 (with rodlets) model with 4.85 wt% U-235 enrichment and 50 GWd/T
burnup was run with various fission gases removed. Table 15.3 shows the results. As
shown in the table, the worth of Cs-133 and Xe-131 is almost 80% of the worth of the
fission gases.

Table 15.2
Noble and Volatile Gases Used In the MPS2 Criticality Analysis

80Kr 82Kr 83Kr 84K 85}(r 86Kr

Noble Gases | '*®Xe, '®Xe, #Xe, 'Xe, 12 132%e, 3Xe, **Xe,
135X€, 136Xe

BSRb, BGRb, 87Rb

Alkali Metals
g 1340g 1950 136C0s 1970
7gBI', 81Br
Halogens 127 129) 130] 131 135

Table 15.3
Maximum Worth of the Noble and Volatile Gases Used In the MPS2 Criticality
Analysis
(Region 3 with rodlets, 4.85 wt% U-235, 50 GWd/T)

I Worth (delta

sotope K)
BOKr, 82Kr’ 83Kr, 84Kr, 85Kr, By
126XG, 128X€, 129X€, 130X€, ’ 132X€, 133)(6, 134Xe’
135X€, 136Xe
%Rb, %Rb, *Rb 0.0026
134CS, 13508, 13603’ 137CS
7QBr’ 81Br
127|’ 129|, 130|’ 131|, 135

3Cs, 0.0046
BiXe 0.0054

RAI 15 states that volatile nuclides would not be present in the spent fuel. Although it
would be conservative to ignore the gaseous fission products, most of them are still in
the active fuel. The mobility of fission gases is important in assessing the



Serial No. 14-625
Docket No. 50-336
Attachment 2, Page 43 of 112

consequences of reactor accidents. There is data on fission gas release that has been
reviewed and approved by the NRC. Regulatory Guide RG 1.183 provides conservative
release fractions for fission gases. [Ref. 15.1]

It is expected that RG 1.183 will be updated soon to reflect higher linear powers than
were used in developing the current limits. PNNL-18212 Rev. 1, “Update of Gap
Release Fractions for Non-LOCA Events Utilizing the Revised ANS 5.4 Standard,”
which was completed in June 2011, provides the new analysis [Ref. 15.2]. Table 2.9 of
PNNL-18212 provides new limiting release rates. PNNL-18212 Appendix C also
provides an example of calculated release rates when the linear power is known.
Figure 15.1 shows the limiting linear power as a function of burnup expected to bound
all plants and a more typical plant specific (Appendix C) bounding assumption. Under
these limiting linear powers is the cycle average linear power for each assembly in
MPS2 for cycles 1 through 20. As shown on Figure 15.1, the Appendix C example is

adequate for MPS2.
MP2 Fuel Assembly Cycle Average Kw/ft (C1-C20) and
RG 1.183 Proposed Rev. 1 Power Histories
| % MP2Cycle AvgKw/it
1 == = Fig. A.1 PNNL Lower Bound
= «=fy + PNNLAP C.1Lim Stable

: 4 ‘ ™ |
= 7 ):ﬁ m;‘ -
| *®
g 5 x | M ® e ! fx
K’ b 3 : %
;( !“x
3
x
2 i L2 Zﬁ’*i&“
x B
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Fuel Assembly Burnup (MWd/MTU)

Figure 156.1 MPS2 Cycle Average Linear Power by Assembly Compared to PNNL
Limiting Linear Power as a Function of Burnup

For revised burnup credit calculations, the atom densities of the fission gases were
reduced to account for the fission gas release fraction. Table 15.4 shows the fission
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gas release fractions from the current RG 1.183, the PNNL-18212 recommended
change to the RG, the PNNL-18212 plant dependent release rate from Appendix C, and
the release rate assumed for revised MPS2 criticality analysis. As shown on Table
15.4, the fission gas release fraction selected is generous compared to Appendix C of
PNNL-18212 and is more bounding than the current RG (note that 1-131 is low worth).
Ketrincreased 0.0014 in a Region 3 (rodlets) model with the highest credited fuel burnup
due to the reduction in fission gas atom densities.

Table 15.4
Fission Gas Release Fractions

Isotopes Current | Bounding | Appendix C | Implemented in

RG Proposed in of PNNL- MPS2 Criticality

1.183 | PNNL-18212 18212 Analysis

K-85 0.10 0.38 0.13 0.20
I-131 0.08 0.08 0.02 0.05
Other Nobles 0.05 0.08 0.02 0.05
Gases
Other Halogens 0.05 0.05 0.01 0.05
Alkali Metals 0.12 0.50 0.16 0.20

The fission gas release fractions used are conservative due to a number of factors:

1. The bounding analysis done by PNNL was done for W 14x14 fuel which has a
smaller pellet diameter than the CE 14x14 fuel. CE 14x14 fuel requires a
greater distance for fission gas diffusion.

2. Cs-133 migrates toward the edge of the pellet but it is assumed in this analysis
that it then moves away from the active fuel. The temperatures at the edge of
the pellet are well below the boiling point of cesium (951 °K). If cesium is highly
reactive and if it reacts with other available elements, it becomes a solid that is
unlikely to move axially.

3. The release fractions are bounding rather than nominal. The analysis could be
divided into nominal and uncertainties where the uncertainties could be
statistically combined with other independent uncenrtainties. Bounding features
include measured fission gas releases and linear power.

References:

15.1 USNRC Reg. Guide 1.183, “Alternative Radiological Source Terms for Evaluating
Design Basis Accidents at Nuclear Power Reactors,” July 2000.

15.2 PNNL-18212 Rev. 1, ADAMS ML112070118, “Update of Gap Release Fractions
for Non-LOCA Events Utilizing the Revised ANS 5.4 Standard,” June 2011.
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RAI-16

Section 4.4 is on “Non-Standard Storage Configurations.” The text in this section
states:

There are non-standard fuel configurations and components, and non-fuel
containing components present in the MP2 SFP.

The text goes on to say:

These non-standard configurations and components may be stored in fuel assembly
locations or in Restricted Locations (see Section 6.1) if they are demonstrated to be
non-limiting with respect to the storage patterns that have been analyzed. The same
methodology used for the analysis herein that established the Technical Specification
requirements will be employed to evaluate non-standard configurations and
components. These assessments would employ the requirements for documentation
and implementation under the provisions of 10CFR50.59.

The analysis provided does not include evaluation of the effects of non-standard “fuel”
configurations and components (NSFCC) that may be stored in both the fuel assembly
locations and in the restricted locations.

Please provide the evaluation of the effects of the NSFCC. The supplementary
criticality analyses described in Section 4.4 should include consideration of whether or
not the validation study is applicable to the NSFCC, whether or not any new accident
conditions are introduced, whether or not the additional NSFCC are modeled
conservatively, and whether or not neutronic interaction between NSFCC and intact fuel
assemblies is appropriately considered.

DNC Response

The responses to RAI 3 and RAI 4 and the analysis presented in Attachment 4 of this
letter provide the requested information.

RAI-17

Section 5.1 notes that the new fuel storage racks are reflected by concrete on all six
faces. Describe and justify the concrete composition model used. Note that sensitivity
studies performed for a different new fuel storage vault have shown that K. may vary by
up to 3% Ak with different concrete compositions. If the concrete composition is
unknown, a conservative bounding model should be used, which should also include
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consideration of the potential for water loss associated with concrete aging. Revise the
uncertainty analysis for the new fuel storage racks to address the uncertainties in the
concrete composition.

DNC Response

The concrete employed in the analysis is a Portland cement as specified in the MPS2
Final Safety Analysis Report (FSAR). The composition is the same as the SCALE
concrete, “reg-concrete.” The composition of this concrete is given in Table 17.1.

Table 17.1 Material Composition of the Concrete Used in the Analysis

Material Atom Density (atoms/barn-
' cm) .
Oxygen 0.04608
Hydrogen 0.01375
Aluminum 0.00175
Calcium 0.00152
Iron 0.00035
Silicon 0.01663
Sodium 0.00175

The EPRI sensitivity report [Ref. 17.1] developed a limiting concrete composition. This
limiting composition contains no hydrogen to bound full dry out of the concrete. The
new fuel storage racks were run with the EPRI conservative dry concrete and a
significant positive reactivity was observed. To compensate for this increase in
reactivity the NFSR model was revised to more realistically represent the NFSR.

Figure 17.1 is a picture of the room for the NFSR. The NFSR is inside a set of walls
that are 1 foot thick and 16 feet high. Outside these walls is a large open area in all
directions. The new model has the active fuel sitting on a 60 cm block of concrete. The
fuel assemblies are modeled as close to each other as allowed assuming the
eccentrically positioned fuel in rack cells that are as close as the manufacturing
tolerance allows. Since the model includes tolerances for the rack dimensions, the only
uncertainties statistically combined are related to the fuel.

The outside surface of the walls is modeled with a void boundary condition. Foam or
water is allowed to fill the room to the top of the 16 foot wall. Above that, a void
boundary condition is used. The changes in the model accommodate the use of the
conservative EPRI concrete. The model ignores features which would absorb neutrons
such as the upper and lower tieplates, rebar in the concrete, and the steel angle
brackets that make up the storage rack.

The change in ke due to the concrete change from the “reg-concrete” to the EPRI
conservative concrete for the final model is shown on Table 17.2. As expected, the
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impact of the concrete on the flooded case is small. Results in Table 17.2 show that the
impact of the concrete on the low density model is significant. The model with the EPRI
conservative concrete is used for the final results but some uncertainties of the fully
flooded cases are based on the “reg-concrete” model.

Figure 17.1 New Fuel Storage Rack Room

Table 17.2 Reactivity Impact of Concrete Composition with Optimum Moderation

Concrete Kes
EPRI dry 0.91204
Magnuson'’s 0.86374
Rocky Flats 0.84229
Oak Ridge concrete 0.85565
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Reference:

17.1 Sensitivity Analyses for Spent Fuel Pool Criticality, EPRI Report 3002003073,
Palo Alto, CA 2014.

RAI-18
The following deficiencies were noted with respect to the uncertainty analysis:

a. Uncertainty analysis was not performed at the low-moderator density peak
conditions.

b. Eccentric fuel location was handled as an uncertainty. This is not appropriate.
The criticality calculations should be performed with the fuel at its most reactive
approved location/arrangement.

c. Uncertainties associated with (1) spacing between assemblies and (2) spacing
between rack modules and walls/floor/ceiling were not evaluated.

Revise the analysis to perform a more complete uncertainty analysis and to evaluate

eccentric fuel assembly placement as a bias rather than an uncertainty, or provide a
justification for treating eccentric positioning as an uncertainty.

DNC Response

The uncertainty analysis for the NFSR has been redone at full and low-moderator
density conditions. The base case uses the closest possible spacing of the fuel
assemblies in the rack. Assemblies are eccentrically loaded in the cell locations and the
assembly separation is the minimum possible when accounting for the manufacturing
tolerances for the rack. Although the analysis is not very sensitive to the rack module
separation, the minimum rack module separation was also used. The ket decreases as
the fuel is lifted from the floor so the analysis assumes the fuel is on the floor. The
ceiling is too high to have an effect. Since the base case includes the eccentricity and
bounding rack dimensions, they do not appear in the uncertainty analysis. Tables 18.1
and 18.2 show the new calculation of total bias and uncertainty and Table 18.3 shows
the new comparison to the regulatory limits.
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Table 18.1 New Fuel Storage Racks Tolerance Calculations (100% Moderatlon)

. :-' Calculation Description 277 K : 373K .

S Kert O ' Akcélc Kett - | . G 1 AKeare
Nominal 0.91570 | 0.0002 | N/A | 0.91357 | 0.0002 N/A
Increased Fuel Enrichment 0.91741 0.0002 | 0.0022 | 0.91491 | 0.0002 | 0.0018
Increased Fuel Density 0.91795 | 0.0002 | 0.0023 | 0.91528 | 0.0002 | 0.0017
Fuel Pellet OD Increase 0.91641 | 0.0002 { 0.0017 | 0.91371 | 0.0002 | 0.0006
Decrease Cladding OD 0.91777 | 0.0002 | 0.0025 | 0.91505 | 0.0002 | 0.0019
increase Cladding ID 0.91607 | 0.0002 | 0.0008 | 0.91358 | 0.0002 | 0.0005
Guide Tube OD Decrease 0.91642 | 0.0002 | 0.0012 | 0.91360 | 0.0002 | 0.0005
Guide Tube ID Increase 0.91655 | 0.0002 | 0.0013 | 0.91372 | 0.0002 | 0.0006
Increased Fuel Rod Pitch 0.91709 | 0.0002 | 0.0018 | 0.91429 | 0.0002 | 0.0012

Statistically Combined Uncertainties 0.0052 0.0038

Table 18.2 New Fuel Storage Racks Tolerance Calculations (4% Moderation)

©Calculation Description = . |i ker. | o | Max Akaic
Nominal 0.91204 | 0.0002 N/A
Increased Fuel Enrichment 0.91348 | 0.0002 | 0.0019
Increased Fuel Density 0.91334 | 0.0002 | 0.0018
Fuel Pellet OD Increase 0.91210 | 0.0002 | 0.0005
Decrease Cladding OD 0.91225 | 0.0002 | 0.0006
Increase Cladding ID 0.91209 | 0.0002 | 0.0005
Guide Tube OD Decrease 0.91206 | 0.0002 | 0.0005
Guide Tube ID Increase 0.91202 | 0.0002 | 0.0004
Increased Fuel Rod Pitch 0.91231 [ 0.0002 | 0.0007

Statistically Combined Uncertainties 0.0029
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Table 18.3 Revised Results for New Fuel Storage Rack KENO Calculations

Temperature (Kelvin) 277 373 | 373
Moderator Density (gm/cm®) 1.0 0.959 |  0.04
Uncertainties
KENO Code Bias Uncertainty 0.0060 | 0.0060 | 0.0060
KENO Calculation Statistics (95%/95%, 20) 0.0004 | 0.0004 | 0.0004
Calculated Tolerances 0.0052 | 0.0038 | 0.0029

Statistically Combined all

o 0.0080 | 0.0071 | 0.0067
Uncertainties

Biases
KENO Code Bias 0.007 0.007 | 0.007
SCALE Temperature Bias 0 0.0014 | 0.0014
NRC Administrative Margin 0.005 0.005 | 0.005
Sum of Biases and Uncertainties 0.0200 | 0.0205 | 0.0201
Calculated KENO K 0.9165 | 0.9138 | 0.9196
ket including biases and uncertainties 0.9365 | 0.9343 | 0.9397
Regulatory Limit 0.95 0.95 0.98
RAI-19

From the results presented in Table 5.3-1, it looks like a higher optimum moderation
peak ke value may occur between 4 and 2.5 % water density. Perform additional
calculations to ensure the peak K.« value has been identified.

DNC Response

Additional calculations have been performed for low water densities.
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Figure 19.1 New Fuel Storage Rack k. as a function of Water Density
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Table 19.1 New Fuel Storage Racks Interspersed Moderation Effects Results

Water i
Density Kett
(@em) | -
0.0100 0.6510
0.0250 0.8722
0.0300 0.8968
0.0325 0.9036
0.0350 0.9087
0.0375 0.9109
0.0400 0.9120
0.0425 0.9117
0.0450 0.9099
0.0475 0.9075
0.0500 0.9048
0.0600 0.8913
0.0750 0.8713
0.1000 0.8507
0.2500 0.7664
0.5000 0.7389
0.7500 0.8332
0.9000 0.8793
0.9250 0.8890
0.9500 0.8980
0.9700 0.9068

1.000 0.9157

RAI-20

Provide the EALF of the low water density optimum moderation point for the new fuel
storage analysis. This will be compared with the

calculations are adequately validated.

DNC Response

validation study to ensure these

The EALF value for the peak low-density moderation point is 0.93 eV. The critical
experiments cover a range of EALF from 0.06 eV to 0.85 eV. Since the extrapolation
needed is only about 10% of the range, the extrapolation is reasonable. The bias and
uncertainty has been extrapolated to an EALF of 1.0. At this EALF, the bias is 0.007

and the uncertainty is 0.0060.
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RAI-21

From the descriptions provided in Sections 4 and 6 of Ref. 2, it appears that what is
referred to as a poison box or Boraflex box was included in all new Region 1 and 2
calculations. Section 6.1.1.1 explicitly notes that they are removable. Poison box
dimensions and some tolerances are provided in Table 6.1-1. The poison box is visible
in Figure 6.1-2.

a.

b.

Provide a better description of the poison box model.

Expand the Regions 1 and 2 uncertainty analyses to address poison box
dimensional tolerances.

The text in Section 4.2.1 states the poison boxes are ‘centered” in the open
stainless steel boxes. What forces them to be centered? What is the uncertainty
on the location of the box within the storage cell? What sensitivity studies were
performed to address variation in Keg with poison box location?

If nothing centers the poison box, revise the analysis to use the most reactive
arrangement of storage cell, poison boxes and fuel assemblies to calculate the
maximum Keg values.

From the text in Section 4.2.1, there should be a[  F° thick steel plate on both
the inside and outside of the poison gap in the poison box. From Figure 6.1-6, it
looks like the cover sheet is missing off of the outside of the poison box. Review
the Region 1 and 2 models to confirm the models are correct. If they are not
correct, either revise the analysis or provide an evaluation of the impact of the
modeling error.

DNC Response

a.

The poison box is a structure designed to hold the Boraflex absorber panel a
fixed distance from the cell wall. It is comprised of four stainless steel corner
braces, four sheets of stainless steel welded to the corner braces at the back of
the Boraflex panels, four Boraflex panels, and four stainless steel sheets welded
to the corner braces at the front of the Boraflex panels. The stainless steel
sheets (wrappers) on both sides of the Boraflex panels are [ 1#¢ thick.
Boraflex is modeled as water inthe [  ]*° gap between wrapper sheets. Above
the wrappers, a stainless steel sheet “funnel” is welded to the corner brackets
and is flared outward at the top. The flare has tabs that lock into the top of the
rack structure, thereby holding the poison box in the center of the cell. Removal
of the poison box is accomplished using special tools.
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Figure 21.1 is an x-y cut of a poison box at the active fuel level. Figure 21.2

provides the axial features of the poison box in the rack cell with fuel. Figure
21.3 features two photographs of the top of a poison box.

Figure 21.1 Radial Cut of the Poison Box

RADIAL CROSS SECTION OF POISON BOX
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[ retERIAL 1
B raveria 2
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[ reverion 4

B reterIAL S

Key:
Material 1 (red) is the Boraflex Cover, Material 2 (green) is the Boraflex, Material 3 (blue) is empty space
Material 4 (yellow) is the corner brace, Material 5 (brown) is the back plate for the Boraflex
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Figure 21.2 Axial Features of the Poison Box
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Figure 21.3 Pictures of the Poison Box
(First view with fuel in the cell, Second view is an empty cell with the poison box)




b.
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In the active region of the fuel the poison box structure consists of two
components (stainless steel wrappers and corner braces). The ASTM standard
tolerance on stainless steel sheet thickness is 0.002 inches for thicknesses
between 0.02 and 0.035 inches. [Ref. 21.1] A conservative 0.003 inch tolerance
has been added to the analysis. Further, although the cover and back sheet are
separate pieces, it is assumed they are both simultaneously either at the
minimum or maximum thickness.

The stainless steel corner braces are [ 1*€ wide, [ 1%° thick, and
have a thickness tolerance of [ 1*°. Wrapper thickness cases show that
increasing stainless steel in Regions 1 and 2 decreases ke with 0 ppm soluble
boron. With 2000 ppm boron, the wrapper thickness tolerance effect is too small
to affect the total uncertainty calculation. Therefore, only the
[ ]%° inch tolerance is of interest. This tolerance is ignored because in the
Region 1 and 2 KENO models the portion of the stainless steel wrappers
extending beyond the Boraflex region is not modeled (2 thicknesses of | ¢
thick stainless steel approximately [ % long). This portion of the wrappers
may be visualized by comparing the Boraflex wrappers in Figure 21.4 (as
modeled) and Figure 21.1 (idealized). In addition, the wrapper tolerance used is
0.003 rather than 0.002 inch, which provides additional conservatism to
adequately cover the corner brace thickness uncertainty.

Figure 21.4 Region 1 KENO Model Poison Box Detail
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¢ & d. The poison boxes are centered by the funnel section of the poison box which
is compressed and snapped into a slot in the rack cell walls. See Figure 21.3 for
the funnel sections. A Region 1 calculation was performed with the poison boxes
shifted toward the corner of the rack cell such that the corner brace contacts the
rack cell wall. The reactivity effect was 0.0002 dk which is too small to have an
effect after the statistical combination of the uncenrtainties.

e. Although not easily visible in Figure 6.1-6 of the December 2012 LAR, both the
inside and outside panels of stainless steel were in the model. Figure 21.4 is an
expanded view of the model that shows both panels.

Reference:

21.1 Standard Specification for General Requirements for Flat-Rolled Stainless and
Heat-Resisting Steel Plate, Sheet, and Strip, ASTM A480/A480M-13b, ASTM
International, West Conshohocken, PA, November 2013.

RAI-22
The following issues are related to the fuel assembly model used.

a.The text in Section 6.1.1 notes that the lower rack structure, lower tie plate, and
upper tie plate are modeled as 30% stainless steel and 70% water. Are these
volume percentages? Is the water and steel a homogenized mixture? Were the
total steel and water masses conserved? Provide a justification for these
modeling simplifications and for the steel to water ratio used.

b.The effects of fuel rod growth and clad creep are not addressed. Evaluate and
incorporate the impacts of fuel rod growth and clad creep. Note these
phenomena are not uncertainties as they affect every assembly in a similar way.

c. From the text in the numbered list on page 49 of Ref. 2, fuel rod end plugs and
upper plenum are apparently modeled. Confirm that conservative end plug
dimensions were used. This likely means the shortest end plug design. Also,
describe and justify how the fuel rod upper plenum is modeled.

DNC Response

a.& c. The fuel assembly axial regions above and below the fuel are modeled using the
nominal attributes of the limiting assembly design. The level of detail chosen is
intended to add a reasonable amount of reality to the axial reflectors without
placing too high a modeling burden for relatively low neutron importance regions.
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At the bottom of the assembly, the end plug region is modeled as solid zircaloy
rods and water filled guide thimbles surrounded by water. The lower Inconel grid
is conservatively neglected. The bottom nozzle region is homogenized water
(70% volume fraction) and stainless steel (30% volume fraction) with volume
fractions determined using the mass and height of the lower tie plate. Therefore,
the mass of the water and steel is preserved. The lower rack structure is far
enough from the fuel to be unimportant and is approximated with the same
mixture as the bottom nozzle region.

The fuel rod upper plenum region is modeled as voided fuel clad and water filled
guide thimbles. The upper grid is neglected. Plenum springs are neglected.
The top nozzle region uses the same 70/30 mixture as the bottom nozzle. The
top nozzle region is unimportant neutronically because it is roughly 20 cm above
the top of the fuel. The region above the top nozzle is modeled as water.

To demonstrate the adequacy of the reflector model, KENO cases were run with
the top and bottom nozzle regions replaced by water. Table 22.1 demonstrates
that the axial reflector model described (“base” model) and the water-only nozzle
models provide essentially the same ke in Region 1. K is insensitive to the
choice of nozzle material. Four cases of each model (base model, water top
nozzle, water top and bottom nozzle) were run with different random number
seeds and averaged to obtain a better estimate of nozzle effect on ke because
the effect is so small. Small variations in the zircaloy end plug region
(conservative end piugs) do not need to be considered at the top due to the
insensitivity and at the bottom due to insensitivity and the conservatism
associated with ignoring the bottom Inconel grid. The final case in Table 22.1
replaces the plenum region, nozzle regions, end plug regions and rack base
region modeling with water. Even using a simple water reflector above and
below the fuel has a trivial effect on keg.
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Table 22.1: Reflector Model Sensitivity with Fresh Fuel in Region 1 (0 ppm)

Case m 33632; Kess Sigma Notes
Base 2x2 (1) 5.0 0.90873 | 0.00011 | Base default random number start (DRN)
Base 2x2 (2) 5.0 0.909 0.00011 | Base 1 alternate random number start (A1RN)
Base 2x2 (3) 5.0 0.90893 | 0.00012 | Base 2™ alternate random number start (A2RN)
Base 2x2 (4) 5.0 0.90872 | 0.00011 | Base 3™ alternate random number start (A3RN)
Water top1 5.0 0.90887 | 0.00012 | Top nozzle water DRN
Water top2 5.0 0.90883 | 0.00012 | Top nozzle water AIRN
Water top3 5.0 0.90866 | 0.00011 | Top nozzle water A2RN
Water top4 5.0 0.90876 | 0.00011 | Top nozzle water ASRN
Water both1 5.0 0.90876 | 0.00012 | Both nozzles water DRN
Water both2 5.0 0.9088 0.00012 | Both nozzles water A1RN
Water both3 5.0 0.90858 | 0.00011 | Both nozzles water A2RN
Water both4 5.0 0.9088 0.00011 | Both nozzles water A3RN
Base 2x2 5.0 0.90885 4 case average
Water top 5.0 0.90878 4 case average
Water both 5.0 0.90874 4 case average
Water
reflector 5.0 0.90855 | 0.00011 | All water reflector above and below active fuel

A pair of cases were also run for highly burned fuel to confirm that the reflector
model is acceptable when a strong “end effect” is present. Table 22.2 shows the
results of the nominal Region 3 case with depleted fuel (5.0 wt% 50 GWd/MTU)
and the same case with 100% water in the nozzle regions. There is no
significant reactivity difference.

Table 22.2: Reflector Model Sensitivity with Depleted Fuel (0 ppm)

Enrichment Burnup Regio
Case (wt% U-235) | (GWd/MTU) n Kest Sigma Notes
Base 5.0 50 3 0.96263 | 0.00009 | Base
Water Water
nozzles 5.0 50 3 0.96268 | 0.00009 | nozzles

b. To assess fuel rod growth, a Region 2 fresh fuel KENO case was run with 1%
longer fuel and 1% lower fuel density. K¢ declined roughly 0.001 dk. Therefore,
fuel stack growth is not of concern for SFP criticality when there is no strong
absorber axial position fuel coverage issue involved. The approved testing

material (ATM) 103, 104, and 106 measurements of Calvert Cliffs fuel (a sister
plant for MPS2) [Refs. 22.1, 22.2, and 22.3] show that fuel growth is about 1% or
less. A 1% change in active fuel length does not result in any movement of fuel
across an axial absorber boundary in any of the regions or configurations.
Specifically, the CEAs and borated stainless steel rodlets used in Region 3 have
absorber material that is sufficiently above the active fuel to accommodate
growth of the fuel.
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Creep is a change in the fuel clad diameter. The timing and amount of clad
creep is a complex function of multiple fuel design and operation variables.
However, several references are available to determine a conservative creep
down. Reference 22.4 (Figure 10) suggests that Zirc-4 clad creep down is less
than 0.005 cm after one cycle. Reference 22.5 (Figure 3-18) indicates that for
PWR fuel, it is conservative to assume maximum creep occurs by the end of the
first cycle of depletion. The maximum amount of creep (diameter reduction) is
roughly 0.014 cm in that reference, however, this is for a very high Nb clad. The
Zirc-4 creep down from the same figure is 0.007 cm, which is applicable to
current MPS2 fuel. Reference 22.4 points out that the creep down for Zirlo is
less than for Zirc-4 and creep down is greater for high Nb alloys.

The change in reactivity due to creep down is due to increased moderation.
Along with creep down is the development of an oxide layer that increases the
clad outside diameter (OD) and partially offsets the decrease due to creep. This
oxide layer grows with time in the reactor at power and can reach 0.003-0.007
cm. [Ref. 22.6] The net decrease in the effective clad OD is therefore much
smaller than the bounding creep value of 0.014 cm. Sensitivity cases for
depleted fuel show that creep increases ke at 0 and 2000 ppm. Therefore,
depleted fuel KENO cases will include creep geometry (0.014 cm OD reduction)
as part of the KENO model.

Depleting with creep geometry will result in a softer neutron spectrum, which
mitigates part of the creep ke increase. To evaluate the magnitude of the
isotopic effect, 18 node TRITON depletions for 5.0 wt% fuel to 40 GWd/MTU
were run using fuel clad OD reduced 0.01 cm. Depletion power, soluble boron,
time steps and temperatures were not changed from the reference case. Kgy at 0
and 2000 ppm was calculated for Region 4 with 5 wt% U-235 fuel with 40
GWd/MTU burnup using both the nominal clad depletion and creep down
depletion compositions. Although the depletion calculations assumed the creep
down was 0.01 cm (average amount of creep over the entire depletion), the
Region 4 ke calculations assumed a 0.014 cm creep down. The results are
shown on Table 22.3.

Table 22.3 Creep and Creep Isotopics Affect on k4 (Region 4, 5 wt% U-235, 40

GWd/MTU)
: - Soluble '
_ . Clad ° Recnn | oL - | Worth .
._Isotoplcs Dimension Boron keﬁ. | (dk)- Notes
- (ppm) L e Do
Nominal Nominal 0 0.96511 - Base Case 0 ppm
Nominal -0.014 cm 0 0.96807 | 0.0030 | Change in dimension only
With 0.01 cm -0.014 cm 0 0.96786 0.0028 Change in dimension +
Creep ) isotopics
Nominal Nominal 2000 0.72048 - Base Case 2000 ppm
Nominal -0.014 cm 2000 | 0.72115 | 0.0007 | Change in dimension only
With 0.01 cm -0.014 cm 2000 -0.0002 Change in dimension +
0.72027 . .
Creep isotopics
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Results of these cases demonstrate that depletion effects only slightly offset the
effect of creep geometry for the 0 ppm condition. For simplicity, the effect of
creep down on fuel isotopic content will be conservatively ignored. To
conservatively bound creep effects, depleted fuel KENO cases will include clad
inside diameter (ID) and OD reduced by 0.014 cm with no oxide layer credit. The
clad manufacturing tolerance is 0.005 cm. Since the conservative creep down is
nearly three times the manufacturing tolerance and the creep down is treated as
a bias rather than an uncertainty, no clad dimension uncertainty will be assessed
for depleted fuel cases.

For all regions at zero ppm, the reactivity worth of decreasing the clad OD and ID
is positive. However, for Region 3 (rodlets) the creep worth (ke change with
reduced clad ID and OD) is slightly negative with 2000 ppm soluble boron.
Rather than change the base model, the reactivity due to creep down was
calculated for Region 3 (rodlets) at 2000 ppm and a small bias is added in the
calculation of the total bias and uncertainty.

This analysis conservatively covers the dimensional changes with depletion.
However, it is not clear that this is required. The creep down used was selected
conservatively using a clad that creeps more than the clad actually used at
MPS2. The maximum creep of all burnups was used. The fuel growth was
conservatively ignored. The oxide layer that displaces water was conservatively
ignored. An analysis integrating these effects that does not take a bounding
approach to each variable would likely demonstrate that the effect of dimensional
changes is small.
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RAI-23

Eccentric fuel placement was evaluated as an uncertainty throughout the analysis. A
relatively small number of assemblies grouped in the most reactive arrangement will
result in the maximum keff value. Even if assembly placement is truly random, the large
number of sets of assemblies that do occur in a SFP significantly increases the
probability of occurrence of one of the small sets having the maximum keff value. It is
not appropriate to simply assume that there are no mechanical or operational drivers
that may result in systematic (i.e. non-random) assembly location in the storage cells.
The maximum keff value should be calculated with the fuel in the most reactive
approved configuration. This may be accomplished by using the most reactive
assembly location in the analyses or by incorporating a conservative bias term. Revise
the analysis to calculate the maximum keff values using the most reactive arrangements
or incorporate a conservative bias term to cover the keff increase due to asymmetric
placement.

DNC Response

Small numbers of eccentrically placed assemblies (hereafter referred to as collocated
assemblies) can raise the calculated ke and this would be an expected condition in a
large SFP that should be handled as a bias rather than an uncertainty. The credible
number of such collocated assemblies is not clear.

To address a reasonable number for collocated assemblies, a very simple model in
which an assembly may only occupy one of the four quadrants of a cell was considered.
Each quadrant represents the most eccentric fuel position possible within the storage
cell. For a SFP region in which collocating assemblies increases ke, this is a very
conservative model because in reality, the assembly could occupy any number of
intermediate less limiting positions within the storage cell. With only four possible and
equally probable locations for each fuel assembly, having 16 assemblies (a 4x4 set of
storage locations within the SFP) that are simultaneously collocated with each assembly
in the correct quadrant has a probability of (1/4)'® or 2 x 107°.

Region 3 has 795 cell positions, which contains fewer than 795 unique 4x4 subregions.
This means the probability of having 16 assemblies properly collocated in Region 3 with
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4-out-of-4 storage geometry is <2 x 10”. The fuel is moved periodically. Assuming all
fuel assemblies are moved 2 times per year for 100 years, the probability that 16
assemblies are collocated in Region 3 any time in the year is <4 x 10°. Because this
configuration has a probability of occurrence < 5% over the lifetime of the SFP, it is
sufficiently conservative to determine asymmetry bias for Region 3 using 16 collocated
fuel assemblies. Figure 23.1 shows how the KENO model is configured for the
collocated 4x4 region in the middle of a 6x6 rack model with periodic boundary
conditions. The outer row of fuel is centered in the rack cells.

The above argument was made for Region 3. Since the number of cells is different for
the other regions and some regions have empty cells, the number of collocated
assemblies that are adequate varies from region to region. Table 23.1 shows the
probability that a given set of the assemblies are collocated during the life of the plant
for each region.

Figure 23.1
Region 3 with 16 Collocated Assemblies in a 6x6 Model
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Table 23.1: Probability of Collocation by Region

_ S .| Region 1 | Region 2 | Region 3 | Region 4

| Number of Cells (A) 80 168 795 105
Collocation Array 6x6 4x4 4x4 4x4
Number of Assemblies Collocated (B) 18 12 16 12
Probability for one Region Loading (A x .25%) 1.2E-09 1.0E-05 1.9E-07 6.3E-06
Loadings per year 2 2 2 2
Life of Plant (yr) 100 100 100 100
Probability of the Collocation over life of | 5 3g. g7 0.0020 3.7E-5 0.0013
plant (200 x A x .25°)

To cover the possible increase in reactivity due to collocated assemblies, analysis of
each rack was performed. For Region 1 an 8X8 model was analyzed where the central
6x6 assemblies are positioned as close as possible to the model center. Surrounding
this set of assemblies is a row of assemblies centered in the rack cell. The model
employs a periodic boundary condition so the rack is modeled as sets of 6x6
assemblies collocated to a central point separated by two rows of centered assemblies.
The models for the other regions are similar but they use a 6x6 model with 4x4 sets
being collocated toward a central point. If the calculated ket is greater than the
reference model with centered assemblies, the increase in ke (including 2 x RSS KENO
uncertainty) is used as a bias rather than an uncertainty.

The above arguments assume that the quadrant placement is random. To address the
issue of randomness, a December 23, 1998 detailed video of a 15 x 27 rack cell region
of the MPS2 SFP was reviewed visually. Each location was assessed visually with fuel
assigned to equally spaced X and Y dimension bins of -1, -0.5, 0, +0.5, or +1 with +1
representing proximity to or contact with a rack cell wall. Table 23.2 shows the position
assignment matrix used. As an example of part of the data, Table 23.3 shows the
placement of the assemblies in the northeast corner of rack module N12. The top
number is the assembly identifier and beneath that is the placement observed for the
assembly. A “T” after the placement notes that the assembly is twisted in the cell.
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(-1,1) (-0.5,1) (0,1) (0.5,1) (1,1)
(-1,.5) (-0.5,.5) (0,0.5) (0.5,0.5) (1,0.5)
(-1,-.5) (-0.5,-.5) (0,-0.5) (0.5,-0.5) | (1,-0.5)
(_1’-1) (-0'5)-1) (01-1) (051-1) (1"1)
Table 23.3: Assembly Placement in Northeast Corner of Rack Module N12
N-06 N-43 P-38 P-68 P-71 P-61 P-44 N-52 L-50
(--5,+.5) (+1,+1) (+1,-1) (+.5,+.5)T (+1,-1) (-.5,-.5) (+1,-1) (0,0) (+1,41)
N-02 P-10 P-64 N-20 P-33 P-05 N-55 N-65 P-21
(+.5+.5) | (+5+.5)T (+5+1)T (0,+1) (+.5,-.5) (0,+.5) | (-5+5) T | (-5+.5) | (+1,-.5)
N-42 N-51 N-16 N-34 N-23 N-14 P-29 P-37 N-07
(+.5,+.5) Oo-1)T (+.5,+.5)T (+50 T (+5+5) | (+5,-5) | (-5+5T | (+1,-1) | (+.5,-.5)
P-13 N-46 P-12 N-44 N-48 N-26 P-30 P-51 N-05
(-.5,-1) (+.5,+.5)T (+1,-1) (+5+1)T (+1,-.5) (+1,+1) (+.5,-1) (0,+#45) T | (+5,-1)
N-12 P-08 P-50 P-22 R-60 N-41 P-59 P-20 P-53
(+.5,+1) (+1,0) (+1,+.5) (0,+.5) (+1,#41) | (0,-5) (0,0) +5,0 | (0+1)
P-23 P-55 P-41 P-40 P-70 P-24 N-15 N-60 P-15
(+.5,-1) (+.5,+.5) (+.5,0) (-.5,+1) (+1,+1) (0,-1) (0,0) +.5+1) | (0,-1)
N-30 N-09 N-18 N-35 N-17 P-46 N-21 P-69 N-10
(+1,+.5) (+.5,-5)T (+.5,+.5T (-1,-1) (+-5+.5) | (+1,+1) (+1,+1) (-.5,41) | (+1,+.5)

Using the binned coordinates, the four assembly average pitch was calculated for 110
uniqgue 2x2 clusters (four fuel assemblies per cluster).
represents minimum possible pitch for four assemblies and +1 represents maximum

separation of fuel assemblies.

An average pitch of -1

Figure 23.2 shows the distribution of the average

separation in the 110 observed 2x2 clusters using seven equal size histogram bins.
The line on Figure 23.2 is the distribution if the placement in the cell were random with
an equal probability of being placed in any of the 25 possible locations defined by the
video coordinate system. As shown in Figure 23.2, the distribution appears nearly
random and does not support an assumption of systematic adverse assembly position
distribution.
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Figure 23.2

Comparison of Observed Separation of Assemblies to Random Separation of
Assemblies

MP2_Region 1 Average Assembly Pitch
(110 unique 2x2 cell regions)

8

8

Number of Observations / Bin
8

0 | |
0.07 0.21 0.36 0.50 0.64 0.79 0.93
Relative Pitch (0 = Minimum, 1 = Maximum)

Although no mechanism has been determined that would systematically place the
assembly in a particular quadrant, it is conceivable that an East-West or North-South
bias in placement could exist. The regions were analyzed assuming a constant position
bias such that all the assemblies are in the corner. For these cases, the distance
between the center of the assemblies is still the nominal rack pitch. It was observed
that placing the assemblies in the corner can increase ke. In the final calculation of
biases and uncertainties, the maximum of the corner placement or the collocated fuel
bias is used as the “off center placement” bias.

Tables 23.4 and 23.5 show the calculations of the off center placement biases for each
region.
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Table 23.4: Off Center Location Bias Calculations (zero soluble boron)

e MR Region . . Entichment Kk ___Sigma_ X :'_Denlta k
Reference (Centered) 1 0.90873 | 0.0001 -
8x8 with 6x6 Collocated 1 0.90947 | 0.0001 | 0.0010
All in corner 1 0.90835 | 0.0001 | -0.0001
1 Reference (Centered) 2 : #[0.000° : E
“ 6x6 with 4x4 Collocated - 2 B !
Allincorner . | i 2 0. 96229

- Reference (Centered) 2 +0.97767 :
.. 6x6:with 4x4 Collocated . 2 - 0.97973
Reference (Centered) 3 Rods* 0.96431
6x6 with 4x4 Collocated 3 Rods* 0.96223
All in corner 3 Rods* 0.96445
6x6 with 4x4 Collocated 3 Rods 0.96090 | 0.0001 | -0.0032
All in corner 3 Rods 0.96298 | 0.0001 | -0.0011
- Reference (Centered) "0.96045 *| 0.0001°| - -

6x6 with' 4x4 Collocate |

-+0.95787 |-0.0001- | -0.0023

10.96207 | 0.0001. | 0.0019

olo|o|o|o|o|o|o|olole

Reference (Centered) 0.96318 | 0.0001 -
6x6 with 4x4 Collocated 4 0.96293 | 0.0001 | 0.0000
All in corner 4 0.96361 0.0001 | 0.0007

*Alternating rodlet orientations

Table 23.5: Off Center Location Bias Calculations (2000 ppm)

Enrichment : 1a-- | Delta k'~
Reference (Centered) 0.68994 -
8x8 with 6x6 Collocated 0.68941 -0.0002
All in corner 0.68811 -0.0015
. Reference (Centered) * 65755 | S e
: 6x6 W|th 4x4 Collocated_;_ 10.66082 | ~0.0036
“  All'in corner :: ..0.65494 -0.0023
‘Reference (Centered) . 0.72803 .. -
-6x6 with 4x4.Collocated "+ 0.73197 .| .0.0043
Reference (Centered) 0 0.63745 -
6x6 with 4x4 Collocated 0 0.64013 0.0029
All in corner 0 0.63431 -0. 0030
.#* Reference’(Centered) : .0 1.70.68507 .. NE
6x6 with 4x4 Collocated .0 0.68558... 0. 0007
" All in corner . ) '0.68183: -0.0030
Reference (Centered) 0 0. 61710 -
6x6 with 4x4 Collocated 0 0.61439 -0.0025
All in corner 0 0.61888 0.0020
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RAI-24

The last paragraph in Section 6.1.1.2 states that “Sensitivity values treated as a bias are
calculated as K2-K1. Significance is defined as k2-k1>k1sd.” The goal of bias and
uncertainty calculations is to generate an accurate or conservative estimate for the
biases and uncertainties. When Monte Carlo calculations are used to calculate biases
and uncertainties, these values are to be calculated to include the appropriate Monte
Carlo uncertainties. It is not appropriate to discard Monte Carlo uncertainties. If
necessary, the analyst may reduce these Monte Carlo uncertainties by running more
neutron histories. It is also inappropriate to discard biases or uncertainties as not being
significant based on comparison with the Monte Carlo calculation uncertainties. All
biases and uncertainties should be calculated using an equation similar to that provided
at the bottom of page 57 of Ref. 2. Revise the analysis to properly incorporate accurate
or conservative biases and uncertainties.

DNC Response

The uncertainty and bias values included in the calculation of Region 1-4 total bias and
uncertainty are now calculated using K2-K1 + 2* RSS (Sigma K1, Sigma K2) and values
greater than 0 are considered significant. Some sensitivity cases used to support RAI
responses may use K2-K1.

Because of the small magnitude of KENO uncertainty in this analysis (~0.0001 — 0.0002
dk) and the much larger magnitude of RSS total uncertainty for each Region (~0.008 —

0.025 dk), changing the definition of significance and the method of calculating the
biases and uncertainties has no meaningful impact on the RSS total uncertainty.

RAI-25
Table 6.1-2 is a list of “Specific Bias and Uncertainty Values.”
a. The following items appear to be missing from the table:
i. B-SS rodlet length

ii. Material  dimension, and location information, and associated
tolerances/uncertainties for CEAs used in Region 3

ii. Dimensional tolerances and location information on ‘poison boxes” used in
Regions 1 and 2

iv. Bias and uncertainty associated with elevated fuel temperature calculations
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v. Fuel stack height, height of the bottom of the active fuel above the bottom of
the cell, and associated uncertainties.

Justify leaving out the above information, or provide the missing information and,
where appropriate, incorporate the information into the analysis.

It does not look like the nominal dimensions for the Region 1 and 2 cells add up.

With a nominal cell pitch of [ € and a single wall thickness of [ F°cm,
the cell inner dimension is [ ¢ cm, which is larger than the [ Fe
stated in Table 6.1-2. The text in Section 4.2.1 states the cell ID is [ FCor
[ F°. What dimensions were used in the base model and were the

tolerance uncertainty calculations adjusted to be consistent with the base model?

A spent fuel pool temperature bias term is included. Did this term include both

temperature and the associated water density variation? If not, please explain.

DNC Response

a.i

a.ii

The B-SS rodlets fully cover the fuel stack region on both ends of the fuel pins.
Rodlet length uncertainty does not result in an un-poisoned fuel region and no
analysis of rodlet length uncertainty is needed. The B-SS rodlet length
uncertainty has no effect on ke and was not included in Table 6.1-2 of the
December 2012 LAR. The B-SS rodlet length and tolerance is found on Table
6.1-1 and is 387.35+/- 0.16 cm.

Section 6.1.1.3 and Table 6.1-2 in the December 2012 LAR were to address
items that were handled as biases or uncertainties to the reference model. One
of the items in the table, “CEA absorber content,” refers to the reduced
absorber content used to model the CEA in the reference model. Section
6.1.4.2.1 addresses the conservative modeling of the discharged CEAs but
does not address how this conservatism covers the uncertainties. This is
addressed here but will not result in a change to Table 6.1-2.

Table 6.1-1 in the December 2012 LAR did not include the specifications for the
CEAs. The requested specifications are shown on Table 25.1. Uncertainty of
the axial position of the bottom of the CEA absorber is primarily determined by
the uncertainty of the length of the CEA clad.

The CEA specifications are very conservative due to the large reduction in the
B4,C %TD. This B4C density was selected to match the maximum allowed CEA
bank worth error in the startup measurements. In old CEA designs (not in the
MPS2 SFP and not credited here) the B,C extended to the tips of the CEA
fingers. Fluence related failures occurred with B4C depletion of about 20%.
CEA design was changed to include Ag/In/Cd absorber near the CEA rodlet
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tips to reduce the B4C depletion. The analysis assumes the entire B4C length
is depleted 65% even though actual B4C depletion is small.

To confirm that uncertainties and small design details of the CEA are
conservatively covered, analyses have been performed assuming 20%
depletion of the B4C. Table 25.2 shows the reactivity due to the tolerances in
the limiting CEA design and shows the reactivity margin available if the
depletion assumption were changed from 65% to 20%. The difference in keg
obtained by relaxing just the B4C depletion assumption is roughly -0.012 dk.
By comparison, CEA dimensional tolerances are small.

These cases confirm that the overall conservatism of the CEA model is many

times larger than the tolerance and uncertainty values. Therefore, no additional
allowance for CEA uncertainty is needed.

Table 25.1 MPS2 Specification of CEAs

Region | Design Feature _ . Value
3 CEA Clad Material .I Inconel 625
3 CEA Clad ID (cm) [ 1"
3 CEA Clad OD (cm) 2408 [ I
3 CEA B4C OD (cm) [ I"
3 CEA B4C % Theoretical Density [
3 CEA Ag/In/Cd ID (cm) [ 1"
3 CEA Ag/In/Cd OD (cm) [ I"
3 Length of B4C Stack (cm) [ I*
3 Length of Ag/In/Cd Stack (cm) [ I
3 CEA Clad Length (cm) [ 1"

* Reduced to 24.5% for criticality analysis
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Table 25.2: Sensitivity Calculations for the CEAs in Region 3

Initial

Enrichment (GWd/ Koy
(wt% U235) MTU)

Burnup

Case Type e

KENO: | Keno Sensitivity
Sigma (dk)

2.20

0.96045 | 0.00009 Base

2.20

0.96035 0.00009 0.0002 Reduce CEA clad OD

2.20

0.96029 0.00009 0.0001 Increase CEA clad ID

2.20

0.96050 | 0.00009 0.0003 Reduce CEA B4C OD

2.20

0.96056 | 0.00008 0.0004 Reduce CEA AIC OD

2.20

0.96055 0.00009 0.0004 Increase CEA AIC annulus ID

2.20

0.96188 | 0.00009 0.0017 CEA shifted up 1 cm

2.20

[~][=][ellelle]lle] (] (o]

0.94835 | 0.00010 -0.0124 B4C depleted 20% rather than 65%

a.iii.

a.iv.

a.v.

The response to RAl 21 provides more detail on the poison boxes. The
dimensional tolerance for the stainless steel panels has been added to the
analysis. The dimensional tolerance for the corner braces is insignificant as
discussed in the response to RAI 21. The poison box’s position is held in the
center by the spring force created by the funnel section. The poison box
position has an insignificant impact on reactivity so no location uncertainty is
included in the calculation of uncertainties.

The SFP Temperature is currently in Table 6.1-2 in the December 2012 LAR.
The temperature is a bias since the reference calculations are done at 20°C.
The temperature is handled as a limiting condition rather than nominal with an
uncertainty. The maximum bias for the temperature range of 32 to 210 °F is
included in the total uncertainty and bias calculation tables. RAl 42 addresses
a change in the code validation bias and uncertainty with temperature. The
validation bias related to temperature is included in revised calculation of
burnup credit, margin, and boron required for normal and accident conditions.
Although the maximum normal operating temperature of the MPS2 SFP is 150
°F, Region 1-4 total bias and uncertainty, margin, and burnup credit curve
calculations cover a range from 32 to 210 °F.

The response to RAI 22a and b shows that the uncertainties in axial positioning
do not affect kes. Region 1 stack height was increased 0.2 cm (about 5 times
the uncertainty in the fuel stack height) and the calculated ket was 0.9087
compared to the nominal stack height ket of 0.9087. The Monte Carlo
uncertainty in these two runs is 0.0001. The elevation uncertainties are not
significant and do not need to be included in Table 6.1-2.

b. The Region 1 and 2 rack cells are “developed” from a checkerboard arrangement
of storage cans welded at the corners such that the nominal pitch for the rack

cells is slightly larger than the pitch calculated from a can inner diameter [

]a,c

and nominal cell wall thickness. The cans have rounded corners. If not, the cell
pitch would have to be the inner diameter [ 1*€ plus 2 cell wall
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thicknesses (2 x [ 1) or [ I*°. The cell pitch is taken from the rack
drawings which properly take into account the rounding of the can wall and the
space for the weld material. In the modeling of the rack, the cell pitch and cell
wall thickness are preserved so that the cell ID used is actually | 1.

c. Yes. With each temperature change the water density was also changed.

RAI-26

Confirm the 0.0056 value provided for the ‘2 x KENO std. dev.” uncertainty for O ppm.
In general, Monte Carlo style calculations are run to standard deviations that are much
smaller than 0.0028. If the 0.0056 value is correct, identify the cases where such large
Monte Carlo uncertainties were used in the analysis.

DNC Response

The 0.0056 value was incorrect. There was an error on the KENO uncertainty value (a
leading 0 was omitted) used in the total uncertainty calculation which has been
corrected.

RAI-27

In Section 6.1.3.2, the text on page 66 appears to be stating that burnup dependent
fission product and minor actinide worth for Region 2 will be based on Region 3
calculations. Region 3 is poisoned with either CEAs or borated steel rods. These
components will impact the calculated worth of the FP&MAs. Justify that Regions 2 and
4 are bounded by the Region 3 calculations.

DNC Response

Fission product and minor actinide worth is calculated for each region (Regions 2, 3 with
rodlets, 3 with CEA, and 4) as part of the revised bias and uncertainty calculations
provided with this letter in Attachment 5.

RAI-28

In Section 6.1.3.2, the text on page 66 appears to be stating some of the uncertainties
calculated for Region 1 will be applied to Region 2. Since Region 1 is 2-out-of-4
storage and Region 2 is 3-out-of-4 storage, the sensitivity of the k. value to some
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parameters will be different. Identify the specific uncertainties that were not
recalculated for each region and provide the logic for why the uncertainties will not vary
from region to region. That the racks are of identical design is of course part of the logic
for Regions 1 and 2, but the variation in storage configuration and minimum burnup
limits also affects the uncenrtainty calculations.

DNC Response

Bias and uncertainty cases are calculated for each region (including two sets for Region
3 which uses two loading curves - rodlets and CEAs). Each set is done at both 0 and
2000 ppm. The uncenrtainty and bias cases are performed for the maximum fresh fuel
enrichment that meets the loading requirements and the highest burnup case that
meets the loading requirement. For enrichment/burnup pairs between the high burnup
and zero burnup, the maximum bias or uncertainty from the high or low burnup
condition is used. The exceptions to this are 1) the burnup worth uncertainty (5% of the
delta k of burnup), 2) the burnup record uncertainty (3.5% of the delta k of burnup), 3)
the bias for minor actinide and fission product worth (1.5% of the delta k of minor
actinides and fission products) and 4) the enrichment uncertainty (taken as the fresh
fuel uncertainty multiplied by the ratio of the fresh fuel enrichment divided by the burned
fuel enrichment). These four items are calculated for each enrichment/burnup pair on
the loading curve.

Due to the conservative modeling of clad creep, the uncertainty for clad dimensions is
taken as zero for the burned fuel. Some added uncertainties appear with the new
calculations, for example the poison box and rodlet dimensions.

No fuel pellet OD sensitivity is provided for depleted fuel. Comparison of the fresh fuel
pellet OD sensitivity cases and fresh fuel density tolerance cases shows that pellet OD
sensitivity case is effectively a much smaller version of the pellet density tolerance case,
with the reactivity effect of each primarily due to the amount of uranium dioxide (UOy)
mass change. In addition, the density tolerance is sufficiently large to account for the
UO. mass uncertainty due to pellet density manufacturing tolerance, pellet dishing and
chamfer manufacturing tolerance, and pellet diameter manufacturing tolerance after
combining these three independent tolerances in quadrature.

These exceptions are used in the uncertainty calculations for practical reasons:
o Sufficient fuel density change cases were run for depleted fuel to demonstrate that
the fuel density effect is essentially the same as for fresh fuel, so the depletion
fuel cases were generally not run for the fuel density uncertainty.

o For 2000 ppm burnup worth uncertainty calculations, 0 ppm burnup worth was
used for simplicity in some cases to reduce the number of KENO cases required.
A maximum burnup credit case for total burnup worth and for minor actinide and
fission product worth confirms that burnup worth is substantially lower with 2000
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ppm boron than with 0 ppm boron. Use of the 0 ppm burnup worth for 2000 ppm
uncertainty calculations is conservative.

RAI-29

The proposed Region 3 would permit storage of assemblies in which either B-SS rodlets
or CEAs have been installed, provided they meet the burnup credit acceptance limits for
that component. Analyses are performed for CEAs and for B-SS rods. The proposed
TS would permit mixing of assemblies loaded with CEAs with assemblies loaded with B-
SS pins. Because geometric effects of the rodlets would impact the calculations
analysis should have been performed demonstrating that mixing assemblies with these
components will not result in higher Region 3 kes values. Provide analysis
demonstrating that mixtures of assemblies with CEAs and assemblies with B-SS rodlets
is bounded by the existing analysis.

DNC Response

Table 29.1 contains results of Region 3 2x2 cases with all CEA, all rodlets and mixed
CEA/rodlet configurations. Uniform cases (all rodlets and all CEAs) are selected to
have nearly the same ke, The mixed case ket (two assemblies with CEAs and two
assemblies with rodlets in a checkerboard orientation) is compared to the average of
the uniform case ke's. Two sets of cases indicate a negative effect on ket and two sets
indicate neutral or indeterminate effect. The all fresh fuel case has a very small positive
effect. The fresh fuel case is not of concern because the magnitude is very small, the
CEA’s are very conservatively modeled, and storage of very low enrichment fresh fuel
assemblies in Region 3 is not expected to occur. One additional mixed rodlet/CEA case
was run to consider the effect of a uniform axial burnup shape for the depleted fuel.
The last case in Table 29.1 shows that there is a positive effect on ke using a uniform
shape rather than the NUREG/CR 6801 axial shape. However, the case ke is still
significantly lower than the average of the infinite single region kes's. No interference
effect is apparent.
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Table 29.1: Region 3 with CEA and Rodlets in the Same 2x2

KENO | Difference
Enrichment | Burnup KENO K-eff from avg.
(wio U235) | (GWAMTU) | K-effective | Uncert. | base (dK) Value
16 PP 0 096217 | 0.00005 N/A~ |Fresh with rodlets for fresh fuel mix
2.21 CEA 0 0.96177 0.00006 N/A Fresh with CEA for fresh fuel mix
16PP/
221 CEA 0 0.96211 0.00006 0.0001  [Mixed rodlets/CEA, fresh/resh
~ 2.34 CEA 0 097902 | 0.00009 N/A~ - |Fresh with CEATor fresh./depl mix
4.85PP 50 . 0.97786 0.00010 NA . |28 MajorNuclldesdepl W|th rodlets
' 485PP/ | U
. 2.34 CEA 50/0 096216 | 000008 | -00163 |Mixed rodlets/CEA deplfresh -
485 CEA 33 0.97586 | 0.00009 N/A |28 Major Nuclides CEA
4.85 PP 50 0.97786 0.00010 N/A 28 Major Nuclides rodlets
485PP/
4.85CEA 50/33 0.97681 0.00009 0.0000 |[Mixed rodlets/CEA, depl/depl
166 PP -0 097476 0.00008 | N/A  |Fresh wnth rodletsforfresh/ depl
;'5:_3:4.85_CEAj 1. 33~ | 097615. | 000009 |. . NA .
L186PP/ | o e ] o
 485CEA” | 0533 - ~0.00009 -
S 186PP/; | T
" 485CEA. | 0830 | 097108
RAI-30

The analysis results presented in Table 6.1-26 and the text provided in Section 6.1.4.2
do not address uncertainties associated with the CEAs. While the degree of boron
depletion in the CEA is admittedly conservative, it is still appropriate to check the
uncertainties for the CEA dimensions and materials. In particular, the uncertainties for
the B,C pellet density, ID, and OD, clad OD and thickness, B4C axial location and extent
should be calculated. Provide analysis of the uncertainties associated with CEA
manufacturing tolerances.

DNC Response

The uncertainties associated with the CEAs have been addressed and have been found
to be covered by the conservatism in the depletion assumed for the B4C. The response
to RAI 25.a.ii provides the details of the analysis performed.
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RAI-31

Confirm that the Region 3 ke values are insensitive to the location of the CEAs and B-
SS rods within the guide tubes. For example, is keg higher if the B-SS rod is moved
such that it is in-contact with the GT inner surface rather than centered? If there is a
significant uncertainty associated with the positions of the CEA or B-SS rods in the
guide tubes, review the designs of these components to determine whether or not the
locations are truly random. If they are random they can then be handled as
uncorrelated uncertainties. However, if the positions are not random and the systems
are sensitive to the rod locations, develop and incorporate a bias term to cover CEA and
B-SS rod locations.

DNC Response

Off-center rodlet cases are included in the Region 3 bias and uncertainty calculations.
Three cases were considered, as illustrated in Figures 31.1 through 31.3. The
calculated sensitivity to position is very small (-0.0005 dk to 0.0006 dk, including 2x
RSS KENO uncertainty). The reactivity of each of the three off-center placements were
calculated at zero burnup, 1.6 wt% U-235 enrichment and 50 GWd/MTU, 4.85 wt% U-
235. The highest sensitivity of the three cases for each burnup was used as an
uncertainty for that burnup in the calculation of total Region bias and uncertainty. Then
the higher of the sensitivities was used for all of the intermediate burnups. The
calculation was repeated at 2000 ppm.

Figure 31.1 Off-center Rodlets Case 1
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Figure 31.2 Off-center Rodlets Case 2

Figure 31.3 Off-center Rodlets Case 3
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Two off-center CEA cases were considered, as illustrated in Figures 31.4 and 31.5.
The calculated sensitivity to position (-0.0002 dk to 0.0005 dk, including 2x RSS KENO
uncertainty) is at least a factor of 20 less than the CEA depletion conservatism.
Therefore, it is not included in the calculation of total bias and uncertainty.

Figure 31.4 Off-center CEA Case 1
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RAI-32

The text in the final paragraph on page 88 notes that uncertainty analysis for Region 4
with soluble boron is not provided because Region 4 has analogous trends and is the
same rack design. The 3-out-of-4 storage in Region 4 versus 4-out-of-4 storage in
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Region 3 and the presence of the CEAs or B-SS rodlets in the Region 3 analysis may
cause some of the uncertainties calculated with soluble boron present to vary
significantly from the Region 3 analysis. Provide uncertainty analysis for Region 4
calculations with soluble boron.

DNC Response

Biases and uncertainty were calculated for Region 4 with soluble boron for the revised
total bias and uncertainty calculation. The new biases and uncertainties are provided
with the new burnup credit curve analysis (Attachment 5 of this letter).

RAI-33
Describe the lateral “full spent fuel pool model” details, including distance to the wall,

materials and dimensions, sensitivity of the model to these parameters, and comparison
with the actual SFP.

DNC Response

The requirement to consider multiple misloads has removed the need to have a full pool
model for accident analysis. Further, soluble boron requirements are no longer
calculated, rather the ke (including biases and uncenrtainties) for normal operations is
shown to be less than 0.95 using a conservative minimum soluble boron following a
boron dilution accident. Likewise the ke of accident conditions is shown to be less than
0.95 using the proposed TS minimum soluble boron concentration. The interface
analysis no longer relies on a full pool model (see RAI 34 response). No full pool model
is used in the revised analysis (see RAI 35 response).

RAI-34
The final sentence in Section 6.2.1, on page 97 is:

Therefore, it can safely be concluded that there are no detrimental boundary effects
with respect to pool reactivity because the overall pool Keff is less than the
maximum regional Keff value.

Insufficient basis is provided for this conclusion. It does not look like the impacts of
burned fuel, asymmetric fuel placement optimized to maximize region-to-region
interaction, optimal rotation of assemblies with B-SS rodlets were considered. Please
evaluate the impacts of modeling burned fuel, Region 3 B-SS bundle rotations, and
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asymmetric bundle locations on the full pool ke value without soluble boron, particularly
between the interfaces of the different rack regions.

DNC Response

A revised interface analysis which includes burned fuel, Region 3 rodlet consideration
and asymmetric fuel placement is described below. Due to the complexity of the full
pool model, the revised analysis does not rely on the full pool model. Alternate methods
of addressing interface effects are used.

Region interfaces are evaluated to ensure that they do not have the potential to cause
SFP ket to be higher than the analysis ket of the individual regions. Each region is
initially modeled independently using reflective or periodic X and Y dimension boundary
conditions, resulting in zero net neutron leakage across the X and Y problem
boundaries. For the actual SFP, dissimilar adjacent regions introduce a change in the
region boundary condition assumption. Region boundary effects that can impact SFP
kett include axial shape differences, spectral effects, proximity of higher or lower
reactivity fuel, spacing between storage racks, increased neutron absorption in rack
structural materials (two rack cell walls between fuel assemblies instead of one shared
wall), and flux trap effects.

Adverse and Benign Interfaces

An interface occurs at the common boundary of two different regions. The ke of a
system composed of multiple reasonably large regions will be similar to the highest Ke
individual region. An interface effect is adverse if ke of the system, including biases
and uncertainties, is higher than the highest k¢t of the individual regions, including
biases and uncertainties. An interface is benign if the system ke, including biases and
uncertainties, is less than or equal to the highest individual region kes, including biases
and uncertainties. MPS2 region interfaces are designed to be benign.

The following examples show how an interface between two regions can increase Ke
over the key of the isolated regions (adverse interface) or have no effect (benign
interface).

Assume there are two large identical regions (1 and 2) with checkerboard 2-out-of-4
storage for fresh fuel (F):

1 2
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When Regions 1 and 2 are brought together, the result is the same as the individual
Regions. There is a benign interface effect because the pattern (as well as kes, bias,
uncertainty and margin) is unchanged:

If Region 2 orientation is reversed, there is no change to the individual Region 1 or
Region 2 analyses, but there is an adverse interface effect for the coupled Regions
because two fresh fuel assemblies are brought together. The ke of the coupled system
will be higher than either isolated Region ket and margin is reduced:

There are three ways to show that an interface is benign:
1. By inspection

2. By separation

3. By direct calculation

Disposition by Inspection
Interfaces between regions with the same rack design and with rack cells aligned

across the interface can be dispositioned qualitatively. In the diagram below, regions A
and B are comprised of 2x2 unit cells of approximately equal reactivity.

A Hybrid B
210 011 1
0] 2 210 0|1

The hybrid region in the center exists at the interface of regions A and B. With fuel
assembly reactivity ranked from low to high (0O = empty cell, 1 = low reactivity, and 2 =
high reactivity) it is clear by inspection that the interface 2x2 is significantly less reactive
than the region A 2x2.

e |f region A has the highest analysis keg, the interface is benign because the hybrid
region is less reactive than region A.

o If region B has the highest analysis ke, the interface is benign because the hybrid
region is less reactive than region A, which is less reactive than region B.



Serial No. 14-625
Docket No. 50-336
Attachment 2, Page 83 of 112

Disposition by Separation

A second disposition method is to demonstrate sufficient neutronic separation. If
adjacent racks are far enough apart, no interaction will occur.

To determine the rack interface gap size required to neutronically separate fuel, a 4x2
Region 2 KENO model (Figure 34.1) was created with a rack boundary at the center of
the 4 assembly dimension. Using periodic boundary conditions, this model represents
two adjacent rack modules each effectively infinite in the Y dimension and 4 rows wide
in the X dimension. For simplicity, Region 2 3-out-of-4 storage geometry was used with
2.5 wt% fresh fuel assemblies. Results of the model are presented in Table 34.1 and
Figure 34.2. Modeling the full cell wall thickness on the interface side of each rack
decreases ke by ~0.001 dk. Neutronic coupling (defined as change in ket / change in
separation distance) declines more than an order of magnitude for each 10 cm of
separation.

Figure 34.1: KENO Region 2 Interface Gap Model
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Table 34.1: Reglon 2 Interface Gap Model Results

Rack y K, dk from
Separatlon ke'“ : g ref_erence dklcm - Case
(em) . 5, | umeertainty | T T T S
0 0. 97143 0.00006 N/A N/A Infinite region
Reference: Two
0 0.97038 0.00006 N/A N/A adjacent racks
1 0.96612 0.00007 -0.0043 | -0.0043 1 cm separation
2 0.96356 0.00006 -0.0068 | -0.0026 2 cm separation
3 0.96137 0.00007 -0.0090 | -0.0022 3 cm separation
4 0.96001 0.00006 -0.0104 | -0.0014 4 cm separation
5 0.95885 0.00006 -0.0115 | -0.0012 5 cm separation
6 0.95817 0.00006 -0.0122 | -0.0007 6 cm separation
7 0.95747 0.00006 -0.0129 | -0.0007 7 cm separation
8 0.95667 0.00007 -0.0137 | -0.0008 8 cm separation
9 0.95653 0.00006 -0.0139 | -0.0001 9 cm separation
10 0.95632 0.00007 -0.0141 | -0.0002 10 cm separation
12 0.95584 0.00007 -0.0145 | -0.0002 12 cm separation
14 0.95562 0.00007 -0.0148 | -0.0001 14 cm separation
15 0.95545 0.00007 -0.0149 | -0.0002 15 cm separation
20 0.95528 0.00007 -0.0151 0.0000 20 cm separation
25 0.95509 0.00007 -0.0153 | 0.0000 25 cm separation
30 0.95491 0.00007 -0.0155 | 0.0000 30 cm separation
35 0.95509 0.00006 -0.0153 | 0.0000 35 cm separation

Figure 34.2 Region 2 Interface Gap Model Results

separationsenstivity (d ki m elative to max)

MP2 Region 2 Rack Separation Model
Reilative dK / cm versus Separation Distance

...................................
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Disposition by Direct Calculation of Interface Effects

If a region interface cannot be dispositioned by inspection or separation, a direct
calculation can be used.

Each Region is initially analyzed as an infinite array. Each Region has a calculated ke
representing the “base case” configuration. Allowance for bias and uncertainty ensures
that the infinite Region kex will not exceed the regulatory limit including the effect of
analytical, material, and geometric biases and tolerances. The region 95/95 ke is the
region calculated ke plus total Region bias and uncertainty.

Bias and uncenrtainty is calculated independently for each Region. For a coupled
system of dissimilar Regions, it is not clear what the appropriate bias and uncertainty
should be. NRC Interim Staff Guidance DSS-ISG-2010-01 Rev. 0 [Ref. 34.1] states:
“Absent a determination of a set of biases and uncertainties specifically for the
combined interface model, use of the maximum biases and uncertainties from the
individual storage configurations should be acceptable in determining whether the keff
of the combined interface model meets the regulatory requirements.”

This approach can be unnecessarily conservative as shown by the following example.
Assume Region 1 has 0.02 dk bias and uncertainty and Region 2 has 0.04 dk bias and
uncertainty and both regions have the same 95/95 Ke:

Calculated | Bias and
Region Keft Uncertainty | 95/95 Keg
1 0.97 0.02 0.99
2 0.95 0.04 0.99

If we assume there is a benign interface, the interface evaluation using a “base case”
Region 1 / Region 2 model will have ke < 0.97. System ke will be dominated by the
more reactive Region 1 but will not be higher than 0.97. If the Region 2 bias and
uncertainty is added to the coupled system ke as suggested in the 2010 ISG, the
interface analysis ket would be ~1.01 (£0.97 + 0.04 bias and uncenrtainty). The analyzed
kett is over the limit by 0.01 dk even though the interface is benign. In this case,
applying the higher bias and uncertainty for the coupled system is overly conservative.
Bias and uncertainty calculations for the system using a “base case” model would be
dominated by Region 1 (base case ke = 0.97) and would underweight Region 2 (base
case ket = 0.95) because the system ke is dominated by the higher importance Region
1.

As suggested in the 2010 ISG, bias and uncertainty for the system could be directly
calculated. An alternative is to use 95/95 region models rather than base case region
models to construct the coupled system model. In the example, the coupled 95/95
system ke with a benign interface will be < 0.99. Since the interface does not cause a
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higher ke than highest 95/95 region model ke, the interface is confirmed as benign.
The interface evaluation confirms that the coupled system has at least the amount of
margin to the ket limit as the region with the highest infinite lattice 95/95 ker (margin to
the limit for the O ppm normal configuration is 1.0 — 95/95 Kkeg).

It is not necessary to perform the 95/95 interface evaluation with true 95/95 models.
The key to the 95/95 interface analysis approach is using region models that have the
same infinite lattice key difference (region 2 — region 1) as the 95/95 k¢ difference
(region 2 — region 1). The correct region ke difference can be obtained by arbitrarily
increasing the reactivity of the less reactive region or arbitrarily decreasing the reactivity
of the more reactive region. A benign interface will have system kex less than or equal
to the maximum of the infinite lattice region kex's.  An adverse interface will have
system ke greater than the maximum of the infinite lattice region kes's.

Dispositioning of MPS2 Region Interfaces

The MPS2 SFP Region interfaces are designed to be benign (Figure 34.3). Region 1
has empty cells in a 2-out-of-4 checkerboard. @ The checkerboard 2-out-of-4
configuration is very low reactivity. Region 2 has every other cell empty on the faces
except at the Region 4 interface. Region 4 has every other cell empty along the
interfaces. Benign interface effects will be confirmed for each interface.
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Figure 34.3: Region Assignments in MPS2 Pool

Region 3

Region 4
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Disposition of MPS2 Region 1-2 and 3-4 lnterfacés

Figure 34.3 shows the Region layout for the MPS2 SFP. Region interfaces for
Regions 1-2 and 3-4 can be dispositioned by inspection. The Region 1-2 interface
can be treated as a 2x2 hybrid composed of one Region 1 fresh 4.85 wt% assembly,
one Region 2A depleted assembly, and two empty cells in a checkerboard
arrangement.

Reg 1 Reg 1-2 Reg 2
1 1 2A

2A 2A | 2B

The gap between Region 1 and Region 2 is slightly more than 2 inches, so treating
the interface as a contiguous 2x2 region is conservative. The hybrid Region 1-2 2x2
is less reactive than the Region 1 2x2 because the 2A depleted fuel assembly is less
reactive than a fresh fuel assembly. Region 1 is also less reactive than Region 2 due
to the 2-out-of-4 geometry. Therefore, the interface region is less reactive than either
Region 1 or Region 2. The Region 1-2 interface is benign.

The Region 3-4 interface can be treated as a 2x2 subregion composed of one
Region 4 assembly, two adjacent Region 3 assemblies, and one empty cell.

Reg 4 Reg 3-4 Reg 3

4 | 4 4 | 3 3 3
4 3 3 3

The gap between regions is 2 inches, so treating the interface as a contiguous 2x2
region is conservative. The two Region 3 assemblies in the interface 2x2 are far less
reactive (higher burnup requirement in addition to 3 rodlets or a CEA) than two
Region 4 assemblies in the same position in a Region 4 2x2. Therefore the Region
3-4 interface 2x2 is much less reactive than the Region 4 2x2, which is similar in
reactivity to the Region 3 2x2 (see region margin calculations). In addition, interface
reactivity is reduced by the effect of the finite rack size (full celi wall thickness on both
sides of the region interface) and by the minimum 2 inch rack separation. The
Region 3-4 interface is benign.

Disposition of MPS2 Region 2-3 Interface

There is a 10 inch (25.4 cm) gap at the Region 2-3 interface. The 10 inch gap is
sufficient to preclude any interface effect. The Region 2-3 interface is benign.
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Disposition of the MPS2 Region 1-3 Interface

Region 1 contains only fresh fuel. Region 3 can have a range of enrichment (low to
high) and burmup (low to high). Region 3 may have borated stainless steel rodlets or
CEAs. The Region 1 infinite lattice ket is much lower than the Region 3 infinite lattice
kest. Bias and uncertainty is higher for Region 3. Therefore, for simplicity, the 2010
ISG conservative approach of applying the higher Region 3 bias and uncertainty to
the coupled system “base case” ke Will be used for the Region 1-3 interface analysis.

If the coupled system calculated ke« is less than the Region 3 infinite model then the
interface is benign and the coupled system margin to the keg limit is greater than or
equal to the Region 3 infinite lattice margin.

Both low enrichment fresh fuel and high enrichment depleted fuel is considered for
Region 3. The calculated infinite model ket and margin to the limit come from
Attachment 5 of this letter.

The interface model consists of a 10x10 Region 1 rack, an 11x11 Region 3 rack, a 2
inch gap between racks, a 1 inch gap between racks at the interface, and periodic
boundary conditions. This model is infinite in the X and Y dimensions and larger than
the MPS2 racks. Minimum installed gap between racks is 2 inches. The interface
gap is reduced to 1 inch to eliminate consideration of asymmetric placement at the
interface.

Region 1-3 interface analysis with fresh fuel:

Region 1 infinite model calculated keg: 0.9087 (5.0 wt% fresh)

Region 3 rodlet infinite model calculated kei: 0.9643 (1.6 wit% fresh, rodlets)
Coupled system Region 1-3 ke 0.9562

Difference (system ke — max region ker):  -0.0081

The coupled Region 1-3 model ke is 0.0081 lower than the Region 3 infinite model
case indicating a benign interface.

Region 1-3 interface analysis with depleted Region 3 fuel (Rodlets, NUREG
axial shape):

Region 1 infinite model calculated ke 0.9087 (5.0 wt% fresh)

Region 3 infinite model calculated kes: 0.9552 (4.85 wt% 50 GWdA/MTU,
rodiets)

Coupled system Region 1-3 kes: 0.9477

Difference (system ket — max region keg): <0.0075
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The coupled Region 1-3 model k¢ is 0.0075 lower than the Region 3 infinite model
case indicating a benign interface.

Region 1-3 interface analysis with depleted Region 3 fuel (CEA, uniform axial
shape):

Region 1 infinite model calculated Kkeg: 0.9087 (5.0 wt% fresh)

Region 3 infinite model calculated keg: 0.9408 (4.85 wt% 33 GWI/MTU,
CEA)

Coupled system Region 1-3 Kes: 0.9328

Difference (system ke — max region keg): <0.0080

The coupled Region 1-3 model ke is 0.0080 lower than the Region 3 infinite model
case indicating a benign interface.

Region 1-3 interface analysis with depleted Region 3 fuel (CEA, NUREG axial
shape):

Region 1 infinite model calculated keff: 0.9087 (5.0 wt% fresh)

Region 3 infinite model calculated keff: 0.9596 (4.85 wt% 33 GWdA/MTU,
CEA)

Coupled system Region 1-3 Keg: 0.9518

Difference (system ket — max region keg): -0.0078

The coupled Region 1-3 model ke is 0.0078 lower than the Region 3 infinite model
case indicating a benign interface.

The Region 1-3 coupled system kg is less than the Region 3 infinite lattice Kkes.
Region 3 has the higher bias and uncertainty of the two regions. The interface
analysis indicates the coupled system margin to the ke limit is greater than or equal
to the Region 3 infinite lattice margin to the limit. The Region 1-3 interface is benign.

Disposition of the MPS2 Region 2-4 Interface

Both low enrichment fresh fuel and high enrichment depleted fuel is considered for
Regions 2 and 4. The interface model consists of a 10x10 Region 2 rack, an 11x11
Region 4 rack, a 2 inch gap between racks, a 1 inch gap between racks at the
interface, and periodic boundary conditions. This model is infinite in the X and Y
dimensions and larger than the MPS2 racks. Minimum installed gap between racks
is 2 inches. The interface gap is reduced to 1 inch to eliminate consideration of
asymmetric placement at the interface.

The 95/95 interface evaluation method is used to avoid the complexity of an interface
model-specific bias and uncertainty calculation and to avoid unnecessary excess
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conservatism that could occur using the 2010 ISG maximum region bias and
uncertainty approach.

Fresh fuel only Region 2-4 interface analysis:

Region 2 infinite model calculated keg: 0.9636 (2.9 and 1.9 wt% fresh)
Region 4 infinite model calculated keg: 0.9632 (1.7 wt% fresh)
Ket difference (Region 4 — Region 2): -0.0004

Region 2 infinite model margin to limit: 0.0091 (Attachment 5)
Region 4 infinite model margin to limit: 0.0118 (Attachment 5)

95/95 model ke difference target (4-2): -0.0027

Coupled system Region 2-4 Kkes: 0.9570
Difference (system ket — max region keg): -0.0066

For this case, the base case models may be used. For the 95/95 model approach,
Region 4 infinite lattice model ket should be 0.0027 lower than the Region 2 infinite
lattice model ke. Using base case models, the Region 4 ket is 0.0004 lower than
Region 2 ket. Use of the base case models is therefore conservative because
Region 4 k. is higher than required. No changes to alter the reactivity of the base
case models are required. The coupled system ke will be compared to the Region 2
infinite model ke.

The coupled Region 2-4 model ket is 0.0066 lower than the Region 2 infinite model
case indicating a benign interface.

Region 2-4 interface analysis with depleted Region 4 fuel (NUREG axial shape):

Region 2 infinite model calculated keg: 0.9581 (2.85 and 1.85 wt% fresh)
Region 4 infinite model calculated keg: 0.9569  (4.85 wt% 41 GWd/MTU)
Kei difference (Region 4 — Region 2): -0.0012

Region 2 infinite model margin to limit: 0.0091 (Attachment 5)
Region 4 infinite model margin to limit: 0.0077 (Attachment 5)
95/95 model ki difference target (4-2): 0.0014

Coupled system Region 2-4 ke 0.9515
Difference (system kest — max region kes): -0.0056

The Region 2 model fresh fuel enrichment is reduced by 0.05 wt%. For the 95/95
model approach, the Region 2 infinite lattice model ke should be 0.0014 lower than
the Region 4 infinite lattice model k.  With Region 2 enrichment reduced 0.05 wt%,
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Region 2 ke is 0.0012 higher than Region 4 k.. Region 2 kex is conservatively high.
The coupled system keg will be compared to the Region 4 infinite model kes.

The coupled Region 2-4 model ke is 0.0056 lower than the Region 4 infinite model
case indicating a benign interface.

Region 2-4 interface analysis with depleted Region 2 fuel (NUREG axial shape):

Region 2 infinite model calculated keg: 0.9650 (4.85 wt%, 16 and 33
GWD/MTU)

Region 4 infinite model calculated keg: 0.9632 (1.7 wt% fresh)

Kex difference (Region 4 — Region 2): -0.0018

Region 2 infinite model margin to limit: 0.0051 (Attachment 5)
Region 4 infinite model margin to limit: 0.0118 (Attachment 5)
95/95 model ke difference target (4-2): -0.0067

Coupled system Region 2-4 ke 0.9589
Difference (system ke — max region keg): -0.0061

For the 95/95 model approach, the Region 4 infinite lattice model ke should be
0.0067 lower than the Region 2 infinite lattice model ke¢. Using base case models,
the Region 4 ke is 0.0018 lower than Region 2 ke. Use of the base case models is
therefore conservative because Region 4 ke is higher than required. No changes to
alter the reactivity of the base case models are required. The coupled system kg will
be compared to the Region 2 infinite model keg.

The coupled Region 2-4 model ke is 0.0061 lower than the Region 2 infinite model
case indicating a benign interface.

Region 2-4 interface analysis with depleted Region 2 fuel (Uniform axial shape):

Region 2 infinite model calculated Kkeg: 09632 (4.2/10and 4.85/33)
Region 4 infinite model calculated ke: 0.9632 (1.7 wt% fresh)
Kt difference (Region 4 — Region 2): 0.0000

Region 2 infinite model margin to limit: 0.0067 (Attachment 5)
Region 4 infinite model margin to limit: 0.0118 (Attachment 5)
95/95 model ke difference target (4-2): -0.0051

Coupled system Region 2-4 kes: 0.9569
Difference (system ke — max region ker) -0.0063

For the 95/95 model approach, the Region 4 infinite lattice model kex should be
0.0051 lower than the Region 2 infinite lattice model kes. Using base case models,
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the Region 4 ke is the same as the Region 2 keff. Use of the base case models is
therefore conservative because Region 4 ke is higher than required. No changes to
alter the reactivity of the base case models are required. The coupled system keg will
be compared to the Region 2 infinite model kes.

The coupled Region 2-4 model ket is 0.0063 lower than the Region 2 infinite model
case indicating a benign interface.

Region 2-4 interface analysis depleted Region 2 and 4 fuel (Mixed axial
shapes):

Region 2 infinite model calculated ke: 0.9632 (4.2/10 and 4.85 / 33 uniform)

Region 4 infinite model calculated kes: 0.9569 (4.85 wt% 41 GWd/MTU,
NUREG)

Kei difference (Region 4 — Region 2): -0.0063

Region 4 infinite model calculated ke: 0.9615  (4.85 wit% 40 GWd/MTU,
NUREG)
Kex difference (Region 4 — Region 2):  -0.0017

Region 2 infinite model margin to limit:  0.0067 (Attachment 5)
Region 4 infinite model margin to limit:  0.0077 (Attachment 5)
95/95 model ke difference target (4-2): -0.0010

Coupled system Region 2-4 ke 0.9567
Difference (system kest — max region Keg): -0.0065

For the 95/95 model approach, the Region 4 infinite lattice model ke should be
0.0010 lower than the Region 2 infinite lattice model k. Using base case models,
the Region 4 ket is 0.0063 lower than Region 2 kes. Reducing the Region 4 burnup
by 1 GWd/MTU increases Region 4 ke nearly the desired amount, such that a valid
interface conclusion may be drawn from the coupled system case. The coupled
system kgg will be compared to the Region 2 infinite model Kkeg.

The coupled Region 2-4 model ke is 0.0066 lower than the Region 2 infinite model
case indicating a benign interface.

Consideration of Change in Rack Spacing

A seismic event could shift the racks in such a way as to reduce the spacing between
racks and increase ket. Rack spacing changes within each Region are not of
concern because each Region is analyzed as an infinite array of storage cells. Two
cases were run to confirm that the seismic event is easily bounded by misload
events. The Region 1-3 and Region 2-4 interface models with fresh fuel were re-run
with no space between racks. The change in kg is very small (< 0.0006 dk).
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Region Interface Conclusions

Evaluation of region interfaces and gaps between racks shows that none of the
region interfaces result in loss of analyzed margin to the regulatory limit. There are
five interfaces in the MPS2 SFP:

Region 1-2
Region 1-3
Region 2-3
Region 2-4
Region 3-4

Interfaces 1-2, 2-3, and 3-4 have been dispositioned without need of a calculation.
Interfaces 1-3 and 2-4 have been shown to be benign by direct calculation.

References:

34.1 NRC Interim Staff Guidance (ISG) DSS-ISG-2010-01, “Staff Guidance
Regarding the Nuclear Criticality Safety Analysis for Spent Fuel Pools,” 2011.

RAI-35

Please provide clarification and justification for Section 6.2.1.1. For example, why
are the region specific target ko values so low and why did they need to be adjusted
lower? How was the Region 3 with B-SS rods target kex value determined? How
was the Region 4 target ko value determined? Note that Region 3 with B-SS rods
and Region 4 “target ko’ values appear to be 0.8998, which does not include the
adjustments used to determine the target ke for Region 2 and Region 3 with CEAs.
How was the full pool model target ke value determined?

The last paragraph of Section 6.2.1.1 describes full pool model calculations and
appears to indicate that full pool calculations were performed with only fresh fuel.
Perform similar full pool calculations with all non-restricted fuel locations filled with
the most highly burned fuel combinations on the loading curves and for both Region
3 with B-SS rodlets and Region 3 with CEAs. Alternatively, perform these
calculations for each region to demonstrate that for the infinite array kes with biases
and uncertainties will be no greater than 0.95 when the required soluble boron is
present.
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DNC Response

As discussed in the response to RAI 33, the requirement to consider multiple misload
events has removed the need to have a full pool model for accident analysis.
Section 6.2.1.1 of the December 2012 LAR has been replaced by a simpler
alternative approach that addresses specific target ke values. Using infinite array
models for each region, ke is calculated using a soluble boron concentration (550
ppm) that is bounded by the acceptable value in the boron dilution analysis (600
ppm). Each region ke is shown to be less than 0.95 after adding the appropriate
bias and uncentainty.

Infinite lattice region models for all regions were run with 550 ppm using the highest
and lowest analyzed enrichment and burnup combinations. Region 1 does not
require any soluble boron to meet the 0.95 criterion. Table 35.1 shows the results of
the analysis. The bias and uncertainties shown on Table 35.1 come from the
analysis maximum of either the borated total bias and uncertainty analysis (2000
ppm) or the unborated total bias and uncertainty analysis. These cases confirm that
550 ppm is more than sufficient to achieve ket < 0.95 including maximum bias and
uncertainty, and that this requirement is less than the 600 ppm value assumed in the
MPS2 SFP dilution analysis.

Table 35.1: Boron Requirement Verification Infinite Array Cases

Total bias : R
- - . " Kess With |
: . . Enrichment Burnup -and o o e
Region | ken | Sigma | "0, y%5) | (GWAMTU) | uncertainty | Piasand |
: S : : ) A R uncertainty: -
e : i S - (max,dk) | T ’ S
0.023 0.851 With poison boxes,
1 0.8274 | 0.0001 5.0 0 550 ppm
0.023 0.849 No poison boxes in
1 0.8255 | 0.0001 5.0 0 empty cells, 550
ppm
0.035 0.881 Poison box in all
2 0.8463 | 0.0001 2.90/1.90 0/0 cells, 550 ppm
boron
0.038 0.912 Poison box in all
2 0.8740 | 0.0002 485/4.85 16/ 33 cells, 550 ppm
boron
0.035 0.880 No poison boxes in
2 0.8450 | 0.0001 2.90/1.90 0/0 empty cells, 550
ppm
0.038 0.911 No poison boxes in
2 0.8728 | 0.0002 4.85/4.85 16/33 empty cells, 550
ppm
e | 0-8391 | 0.0001 16 0 0.034 0.873 550 ppm boron
oarts | 08733 | 00001 4.85 50 0.045 550 ppm boron
3CEA | 0.8664 | 0.0001 2.25 0 0.026 0.892 550 ppm boron
3 CEA [ 0.8860 | 0.0001 4.85 33 0.033 40,919 =% 550 ppm boron
4 0.8257 | 0.0001 1.7 0 0.032 0.858 550 ppm boron
4 0.8636 | 0.0001 4.85 41 0.039 0.903 550 ppm boron
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RAI-36
The last paragraph on page 99 states:

Should the removed fuel rod be replaced by another fuel rod, the assembly
average bumup must be recomputed and the fuel assembly must be prequalified
according to the revised burnup, which will be bounded by the criticality safety
analysis.

It is not obvious that simply recalculating the assembly average burnup will

adequately bound the replacement of a burned fuel pin with another fuel pin. Provide
additional justification for this fuel assembly reconstitution procedure.

DNC Response

An analysis of reconstitution is included in Attachment 4 of this letter.

RAI-37

Section 6.2.1.3 includes a list of accident scenarios analyzed Several misleading
scenarios appear to be missing from the list, For the following scenarios, please
either provide an analysis showing acceptable results or provide a justification for no
performing the analysis. If administrative controls are credited, please demonstrate
how multiple independent actions would be necessary to put the SFP in an
unanalyzed condition. Include a detailed description of the controls in place (for
example independent qualified software to check move sheets, locking devices to
prevent movement of assemblies, etc.):

a. Misplacement of multiple fresh fuel assemblies

b. Use of incorrect loading curves

¢. Placement of fuel assemblies into Region 3 without the required CEAs or B-
SS rods (note that it is not clear from the description whether the Region 3
misloads are with or without the required CEAs or B-SS rods)

d.Missing multiple poison boxes in Regions 1 or 2.

DNC Response

Multiple misload events were not considered in the December 2012 LAR, however for
the revised accident analysis, multiple misloads are considered. For Regions 1 and
2, the rack cells (including Restricted Locations) are assumed to contain a fresh 4.85
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wit% U-235 assembly with no burnable absorbers. With this loading, it is shown that
the keg is less than 0.95 with the TS soluble boron. This requires the TS minimum
SFP soluble boron to be raised to 2100 ppm.

A multiple misload with fresh fuel in Regions 3 and 4 is not modeled due to the
existence of multiple and independent error barriers:
e TS prohibit storage of reload new fuel' in Regions 3 and 4
o Move sheet preparation is an administratively controlled process
o Governed by procedures
o Requires training and qualifications
o Requires independent review
o Uses SHUFFLEWORKS QA software
= TS requirements are coded into SHUFFLEWORKS
e Fuel movement requires independent verification
o 3 person verification of correct selection of fuel and storage
locations
=  Fuel handler
= |ndependent verification (spotter)
» Additional independent oversight
e Operator training is independent of move sheets?®
o Fresh fuel is only stored in Region 1 (currently Region B, future
Region 1)
= TS limitations
o Fresh fuel is never stored in Regions 3 and 4 (currently Region C)
* TS limitations
* New and depleted fuel have different appearance
» Rack alignment, size and design is different than Region 1
o Human performance tools
» Questioning attitude
= Stop when unsure
Notes:
1) Reload fresh fuel assemblies have enrichments higher than allowable in
Regions 3 and 4
2) Existing training is to be augmented to emphasize fresh fuel may only be
placed in Region 1 and to stop fuel movement if a move sheet directs
fresh fuel to another Region.

Reload new fuel is not stored in the Regions 3 and 4 racks due to burnup credit
requirements. New fuel appears shiny in the SFP and is noticeably different than
used fuel, which appears dull. This difference in appearance provides a visual
indication that is a human performance barrier against inadvertent multiple misloads
of fresh fuel (shiny) in Regions 3 and 4 (dull) that is independent of administrative
controls. Fuel handler training will reinforce that new fuel is not permitted in Regions
3 and 4 (currently Region C) regardless of move sheet instructions.
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A single misload of a fresh fuel assembly and a multiple misload of high reactivity
depleted fuel in Regions 3 and 4 are included in the analysis. The misloaded fuel is
conservatively assumed to contain no inserts (rodlets or CEAs). The reactivity of the
Region 2A burned fuel assemblies misloaded into Regions 3 and 4 is higher than all
expected once-burned MPS2 fuel. Region 2A is intended to comfortably satisfy
storage requirements for all re-use once-burned fuel temporarily placed in the SFP
during refueling outages and allows storage of higher reactivity depleted fuel than is
expected at MPS2.

For questions a through c of RAI 37:

Multiple Misload Analysis of Regions 1 and 2 with 4.85 wt% U-235 Fresh Fuel

For Regions 1 and 2, the multiple fresh fuel assembly misload analysis bounds all
misload events including those outside the racks and along the rack boundaries. An
assembly placed outside the rack couples with at most two faces of normally stored
rack fuel assemblies. An assembly placed in a rack location intended to be empty
couples the misloaded assembly on three or four sides. An assembly placed on top
of the rack is far enough away from the active fuel due to the length of the upper
plenum, end plug, top nozzle and rack structure as to be uncoupled. The multiple
misload event in Region 1 effectively produces a nearly infinite lattice of fresh fuel,
coupling assemblies of the highest reactivity in the SFP on all sides. The Region 1
multiple misload analysis applies to Region 2, which has the same rack design.

Since the full misload in Region 1 at 2100 ppm may affect the Region biases and
uncenrtainties, calculations for the misload case were rerun at 2100 ppm and with
every cell containing fresh fuel. The results of these calculations are found on Table
37.1. The final cases are run at 150 °F, with and without zircaloy grids, and with
some fuel asymmetrically located in the rack cells and are therefore not shown in
Table 37.1 as biases. The multiple misload analysis used a periodic 8x10 rack model
with 2 inch spacing between racks. Minimum measured rack spacing in the MPS2
SFP is 2 inches.

The first full fresh misload case assumes the assemblies are centered in each cell
location and poison boxes are in each cell. When the spent fuel pool is at 2100 ppm,
removing the cell boxes decreases ket. The next case includes fuel asymmetry (a
4x4 group of assemblies positioned toward a central point).

The Region 1 analysis allows for removal of the poison boxes in the Restricted
Locations. With half of the Region 1 poison boxes removed, asymmetry effects with
misloaded fuel could be worth more than the negative worth of the removing poison
boxes. An asymmetric case was run with half of the poison boxes removed. The
asymmetry analysis, however, was adjusted to be consistent with size and frequency
possible for the misload of fresh fuel.
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The misload analysis for the half poison box case was run with 6 assemblies
asymmetrically loaded toward the middle of the rack. The basis for use of 6
assemblies follows the same logic as presented in the response to RAl 23. The key
differences for the muitiple misload cases are:

1) The number of storage locations involved is smaller. The fresh fuel multiple
misload scenario is limited to the number of fresh fuel assemblies on-site,
normally less than 80. The RAI 23 premise that the SFP is so large that a
small region of maximally asymmetric fuel storage likely exists somewhere
in the SFP is far less likely to be true for a small number of storage
locations.

2) The multiple misload is analyzed for only one event, not two per cycle for 50
cycles of plant life.

Using the asymmetric placement model discussed in the response to RAI 23 of one
out of four chance of fuel being stored fully displaced into one corner of each cell, the
probability of occurrence for six adjacent fuel assemblies to be collocated is (1/4)® x
42 (unique 3x2 regions in the 8x10 rack), or 1.0%. This calculation further assumes
that all 80 fuel assemblies are 4.85 wt% with no gadolinia. MPS2 fuel management
requires use of gadolinia in most fuel assemblies, and most fuel assemblies have
U-235 enrichment well below 4.85 wt%. Therefore, using a region of six collocated
asymmetrically loaded assemblies in the misload model is sufficiently conservative
for the Region 1 fresh fuel multiple misload.

The final results for the analysis of Region 1 and 2 multiple misload of fresh 4.85 wt%
fuel with no burnable poison are presented in Table 37.2. With 2100 ppm soluble
boron, the maximum keg, including bias and uncertainty (0.0192 dk) is 0.9422. The
Region 1 and 2 multiple fresh assembly misload analysis with 2100 ppm boron credit
meets the kex < 0.95 regulatory requirement.

No consideration of region boundary effects is required because the model used is a
repeating array of Region 1 and 2 racks all loaded with fresh fuel. Regions 1, 2, 3
and 4 correctly loaded are much lower reactivity boundaries and would reduce Keg.
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ion 1/2 Full Mlsload

Table 37 1 Uncertalntles and B|ases for Re

Case Type 'Case::*:r e .
Uncertainty Increase fuel density 0.0032
Uncertainty Increase enrichment 0.0027
Uncertainty Increase pellet OD 0.0006
Uncertainty Reduce cell pitch 0.0050
Uncertainty Increase cell wall thickness 0.0012
Uncertainty Reduce clad OD 0.0002
Uncertainty Reduce clad ID* 0.0004
Uncertainty Increase pin pitch 0.0013
Uncertainty Reduce GT OD* 0.0003
Uncertainty Reduce GT ID* 0.0004
Uncertainty Reduce wrapper thickness* 0.0006
Uncenrtainty Code uncertainty 0.0052
Uncertainty 2 x KENO std. dev. . 0.0003

NUREG 7109 Structural
Uncertainty Materials 0.0008
TOTAL UNCERTAINTY 0.0086
Bias Code bias 0.0048
Bias NRC administrative margin 0.0050
High Temperature Validation

Bias Bias 0.0008
TOTAL BIAS 0.0106
TOTAL BIAS AND UNCERTAINTY 0.0192

*Due to low impact these values were not recalculated but taken from Region 1

Table 37.2: Final ket For the Region 1/2 Full Misload*

Enrichment | Poison | Eccentric | Boron ke | Sigma Max keg with
(wt% U235) Box As_ser__nblles o bias and
. o _ R N uncertainty
4.85 All 0 2100 | 0.9066 | 0.0001 0.9258
4.85 All 16 2100 | 0.9194 | 0.0001 0.9386
4.85 All** 16 2100 | 0.9198 | 0.0001 0.9390
4.85 Half 0 2100 | 0.9022 | 0.0001 0.9214
4.85 Half 6 2100 | 0.9224 |0.0001 0.9417
4.85 Half** 6 2100 | 0.9229 | 0.0001 0.9422

*All calculations are done at 150 °F.

**No grids.
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Misloads for Regions 3 and 4

A single fresh fuel misload case and a multiple depleted fuel misload case (wrong
burnup curve, no rodlets or CEAs) will be analyzed for Regions 3 and 4, which have
the same rack design.

Modeling of the multiple depleted fuel misload case assumes:
1) Use of the wrong TS burnup credit curve.

2) TS requirements regarding neutron poisons (Region 3 rodlets or CEAs)
and/or geometry constraints (3-out-of-4 storage in Region 4) are ignored.

For the Region 3 and 4 multiple depleted fuel misload, the limiting case is obtained
assuming the highest reactivity depleted fuel (Region 2A). Region 2A fuel with 4.2
wt% initial enrichment and 10 GWd/MTU burnup is used for the Regions 3 and 4
depleted fuel multiple misload case. Figure 37.1 demonstrates that 4.2 wt% is a
typical batch enrichment for modern MPS2 reload designs and that 10 GWd/MTU is
conservatively lower than the typical end of cycle fresh batch burnup by > 6
GWdA/MTU.

Figure 37.1: First Cycle Discharge Burnup versus Enrichment for Recent MPS2
Cycles
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The analysis of the multiple misload of Regions 3 and 4 uses a 9x10 rack model with
periodic X-Y boundaries. The largest rack module in the MPS2 SFP is 9x10. The
minimum measured inter-gap spacing (2 inches) is used. This model eliminates the
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need to consider edge and boundary effects. Any normally loaded rack adjacent to
the misload rack would represent a far lower reactivity boundary condition than the
periodic boundary represents. Multiple misload cases are run at 150 °F (with
corresponding water density), the maximum normal operating temperature of the
SFP. Unlike the Regions 1and 2 multiple misloads, grids and asymmetric fuel are not
part of the base model and a bias for those effects was calculated.

The biases and uncertainties are recalculated for the Regions 3 and 4 multiple
misload cases and are found on Table 37.3. The temperature bias is set to 0.0008
dk (due to the KENO benchmarking temperature bias of 0.000017 dk / C). The
calculated total bias and uncertainty is 0.0286. Table 37.4 shows the multiple
misload ke calculation results using uniform and NUREG/CR-6801 axial burnup
distributions.

With 2100 ppm soluble boron, the maximum keg including the bias and uncertainty is
0.9451 which is less than the 0.95.

Table 37.3: Uncertainties and Biases for Reglons 3 and 4 Full Misload

Case : - 21 00 ppm boron

Type Case ' ] - (dk)
Uncertainty | Increase fuel density 0.0035

Uncertainty | Increase pellet OD N/A™
Uncertainty | Increase enrichment 0.0040
Uncertainty | Reduce cell pitch 0.0053
Uncertainty | Increase cell wall thickness 0.0005
Uncertainty | Burnup worth (5%) 0.0042
Uncertainty | Burnup record (3.5%) 0.0030
Uncertainty | Increase pin pitch 0.0015
Uncertainty | Increase GT OD* 0.0004
Uncertainty | Increase GT ID* 0.0003
Uncertainty | Code uncertainty 0.0052
Uncertainty | 2 x KENO std. dev. 0.0002
Uncertainty | NUREG 7109 Structural Materials 0.0008
TOTAL UNCERTAINTY 0.0107
Bias Code bias 0.0048
Bias 1.5% minor actinides and FP 0.0005
Bias Temperature from Validation 0.0008
Bias Zr grid worth at 2100 ppm 0.0009
Creep correction (base model includes

Bias creep) 0.0023
Bias Asymmetric fuel placement 0.0024
Bias Use of assembly average enrich. 0.0010
Bias NRC administrative margin 0.0050
TOTAL BIAS 0.0177
TOTAL BIAS AND UNCERTAINTY 0.0284

*Due to low impact these values were not recalculated but taken from Region 3
**Set to zero as part of dimension changes with burnup. See RAI 28.
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Table 37.4: Regions 3 and 4 Multiple Depleted Fuel Assembly Misload

Region | Soluble |- Enrichment | = ke sigma Bias and Max Axial
- boron | andBurnup | - | % Uncertainty-| k. | .. Burnup
CE | (ppm) |- (Wit URRLE sl o (dk) il | Profile
LT GWD/MTU) | - ' .
3/4 2100 4.2/10 0.9165 | 0.00008 0.0284 ~0.9449: Uniform
3/4 2100 4.210 0.9134 | 0.00008 0.0284 0.9418 | NUREG/CR

The bounding single fresh assembly misload in Region 3 or 4 is misloading of a fresh
fuel assembly in the empty cell of a Region 4 2x2 model with periodic boundary
conditions. This case is more limiting than misloading a fresh assembly in Region 3
without a CEA or rodlets because the three correctly loaded assemblies in the
Region 4 2x2 are more reactive than the three correctly loaded assemblies in the
Region 3 2x2.

Modeling of the Region 4 single fresh fuel misload is conservative due to these
considerations:

1)

2)

4)

Use of higher reactivity fuel than permitted by the Region 4 burnup
curve. To reduce run time, 4.85 wt% 40 GWdJ/MTU fuel (1 GWd/MTU
less than required) with reduced isotopic content (28 major nuclides)
was used. This simplification conservatively increases Ke.

The Region 4 misload model is 2x2 with periodic boundary conditions.
Use of an infinite lattice model represents multiple fresh assembly
misloads and places a more reactive 2x2 boundary on all four faces of
the misload 2x2 than any of the normally loaded region boundaries.
This eliminates the need to consider boundary effects on the Region 2-
4 boundary.

The infinite lattice model bounds misplacement of a fresh assembly
between Region 3 or Region 4 and the SFP wall because it provides
neutronic coupling on 4 sides of the fresh assembly rather than one.

The maximum 2000 ppm boron Region 4 total bias and uncertainty is
used. The presence of the fresh misload assembly would significantly
reduce burnup uncertainty of the model.

With 2100 ppm soluble boron, the regulatory requirement for ke < 0.95 is met with
large margin for the fresh fuel misload in Regions 3 and 4.
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Table 37.5: Regions 3 and 4 Single Fresh Fuel 4.85 wt% U-235 Assembly

Misload
Region | Solubl:| - Rack | ke | - sigma:
| .e | Enrichment | & |70 o g
i boron | and Burnup | Profile
| (ppm) | (wit% U/
o . .. |.GWDMTU) | . = fer e |oaded L o
4 2100 4.85/40 0.8744 | 0.00009 0.0394 9138 | NUREG/
CR
4 2100 4.85/40U 0.8741 | 0.00008 0.0394 .9135 | Uniform
4 2100 1.74/0 0.8136 | 0.00009 0.0394 .8530.| Uniform
3 2100 4.85/33 0.8435 | 0.00009 0.0327 .8762 | NUREG/
(=N R I R R I -+ CR
3 2100 4.85/33U 0.8446 | 0.00009 0.0327 0.8773 | Uniform
(CEA) S| TEYeS P ERAb ) BAVARS ) Weel | e

*Maximum Region 4 2000 ppm boron value of Region 3 (CEA) 2000 ppm value used.

d. At 2100 ppm soluble boron, removing poison boxes reduces ket due to the large
negative worth of borated water. Table 37.2 shows that removing half the poison
boxes decreases ke by 0.004. Removing Restricted Location poison boxes has
been evaluated in RAI 35 and RAI 37 responses as well as in Attachment 5 of this

letter.

Special tools are required for poison box removal.

required in cells where fuel is stored in Regions 1 and 2.

RAI-38

The fourth item in the bulleted list on page 102 is:

Poison boxes are

o Misplacement of a 5.0 wt% U-235 fresh fuel assembly between Region 3 and the
new fuel elevator, with a fresh 5.0 wt% U-235 fuel assembly in the new fuel

elevator.

Unless there are controls that are intended to prevent this configuration, fuel handling
should be treated as a normal condition. Describe why this is treated as an abnormal
condition rather than a normal condition. If the analysis is revised to treat it as a
normal condition, include a bias term in the calculation of maximum Kes values.
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DNC Response

Controls are in place to prevent this configuration. With fuel in the new fuel elevator,
station procedure OPS-FH 216 requires that the fuel elevator be in the full down
position prior to movement of any fuel with the platform crane. In addition, there is a
general restriction on fuel spacing that requires at least 12 inches between fuel
assemblies unless the fuel assembly being handled is being lowered into an
approved storage location (OPS-FH 210). Therefore, placement of a fuel assembly
between a storage rack and the new fuel elevator with fuel in the elevator is an
abnormal condition.

RAI-39

Table 6.2-3 provides the full pool model results for many single assembly misloads.
Please justify the following:

a. The Region 1 misloads of assemblies placed into a required empty location along
the Region 3 boundary is missing.

b. Was the Region 1 misload along the Region 2 boundary along the flat or in the
corner?

c. The Region 2 misloads along the Regions 3 and 4 boundaries are missing.

d. Were the Region 3 misloads that were along the Region 1, 2 and 4 boundaries
next to a Region 1/2/4 assembly or a required empty location? Describe the
analysis performed to ensure the most reactive misload position was identified.

e. For the assembly placed between Region 3 and the new fuel elevator, was a
range of locations considered? Note that a small spacing between two
assemblies frequently yields a higher ke« than two assemblies that have no
separation. Describe the analysis performed to ensure that the most reactive
location was identified.

f. Was the Region 4 misload along the Region 2 boundary in a position adjacent to
a high reactivity assembly?

g. Region 4 misloads along the Region 3 boundary are missing.

h. For the misloading of a fresh 5 wt % assembly into the SFP, were various burned
fuel enrichment/burnup combinations considered for the burned fuel already in the
rack? The peak axial fission density distribution for fresh fuel is near the axial
mid-plane of the assembly. Due to similar axial fission density profiles, use of the
zero burnup maximum enrichment point will likely maximize reactivity of the
misload.
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DNC Response

The response to RAl 37 addresses the change of the misload criterion from single
misloads to multiple misloads. The multiple misload event is more limiting than the
single misload event.

For questions a. through d., f. and g. of RAI 39:

The multiple misload of fresh assemblies in Regions 1 and 2 is an infinite array
of misloaded modules. The adjacent misloaded module is more reactive than
any properly loaded region so the multiple misload analysis addresses
concerns about misloading a single assembly near a boundary.

e. The case of a fresh assembly accidentally placed between the new fuel
elevator and Region 3 produces a low ke when the soluble boron is 2100
ppm; however, a few cases were performed where the distance between the
two fresh assemblies were varied as well as the distance between the
assemblies and Region 3. None of the cases produce a ke above 0.90 which
leaves 5% in ke margin to address any concerns in the analysis. The results
of the cases analyzed are found on Table 39.1. Figure 39.1 shows the model
used. Reflective boundary conditions were assumed on all faces.

Table 39.1: Misload of a Fresh 4.85 wt% U-235 Assembly Near the New
Fuel Elevator Containing a Fresh 4.85 wt% U-235 Assembly

Distance Distance Soluble Kot sigma Bias and Max
" from Region | between Fresh. | Boron . _ Uncertainty Kett
3 Assemblies | (ppm): [ |~ ' (dk)
(cm) em) ool | |

2100 0.7855 [ 0.00010 0.0454 0.8309~
2100 0.7829 | 0.00011 0.0454 0.8283
0.7784 | 0.00010 0.0454 0.8238
2100 0.7602 [ 0.00010 0.0454 0.8056
2100 0.7387 | 0.00011 0.0454 0.7841

WIN[(—==O
WIN|[=]O|O
N
—

o
o
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Figure 39.1: Model for Misload Near the New Fuel Elevator

h. The analysis of the single fresh 5 wt% fuel misloaded into Region 4 was
addressed in the response to RAl 37. Two different enrichment/burnup

pairings were used in the analysis. In both cases a large margin to the 0.95
criteria was observed.

RAI-40

The analysis of the soluble boron required for the bounding misload is described on
Page 106. There a couple of questions concerning this analysis.
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a. Justify that using the most highly burned fuel approved for use in Region 4 is
conservative. The 1.74 wt % fuel with zero burnup will yield an axial fission
density profile more similar to that of the misloaded 5 wt % new fuel
assembly. Was the zero burnup fuel also considered in analysis? If not, why
not?

b. The analysis showed that the Region 4 misload yielded the highest k.¢ at zero
soluble boron. However, the soluble boron worth for a Region 3 misload may
be significantly lower due to the reliance on the CEAs and B-SS rods.
Consequently, the amount of soluble boron required for a Region 3 misload
may be higher than what appears to be required for the Region 4 misload.
Either evaluate the soluble boron requirements for other misloads or provide
justification for not doing so.

c. The analysis utilizes the Region 4 target k.« value to determine the required
soluble boron concentration. Depending on the responses to the RAls
provided above, it may be necessary to rework the analysis of soluble boron
required for misload accidents.

DNC Response

The revised misload calculation does not determine a required soluble boron
concentration to address accidents but rather uses the new TS soluble boron (2100
ppm) and shows that kes is less than 0.95 after adding biases and uncertainties.
Addressing multiple misload events means that the single misload events are no
longer limiting. A 1.74 wt% enrichment case was used in the new analysis and the
results are shown on Table 37.5. A case with a single misload of a fresh assembly in
Region 3 has also been analyzed and is shown on Table 37.5. As shown in Table
37.5, the single assembly misloads have considerable margin to ke of 0.95.

RAI-41

The analysis of boundary misalignment is provided starting on page 107. The text
and figures are not clear to support review of this analysis. Please clarify the
boundary misalignment descriptions and provide clearer figures. Address the
following questions/concerns:

a.lt does not look like a Region 2 misalignment was considered wherein the
whole Region 2 pattern is shifted to the west one row, placing a full Region 2
row next to Region 1.
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b. It is does not appear that the misalignment between Regions 3 and 4 were
considered. This scenario might involve moving the Region 4 pattern one column
to the east, thereby placing a full Region 4 row next to Region 3.

c. Figures 6.2-1 through 6.2-4 are of such low quality that it is not possible to see
what was analyzed. For example;

i. Region 3 shows up as solid gray blocks. Does this mean Region 3 was
modeled as empty? Confirm that all fuel storage racks were modeled as
fully loaded.

ii. In Figure 6.2-1, it is not possible to see how the Region 1 misalignment was
modeled. Also, it looks like the Region 2 pattern may have been shifted a
row to the west. Check the base case full pool model to ensure it is
consistent with Figure 6.1-1 (and the TS).

iii. In Figure 6.2-2, it is not clear how the misalignment was modeled. It looks
like only one Region 2 row may have been misaligned. If so, it seems more
appropriate to shift the entire pattern because a break in the pattern would
more likely be identified by operations as incorrect.

iv. In Figure 6.2-3, it looks like the Region 4 pattern was shifted, but it appears
that the Region 2 pattern was also shifted. Thereby avoiding a solid Region
2 row next to a solid Region 4 row.

v. Using Figure 6.2-4, it is not possible to verify by the reviewer that the
boundary misalignment has been properly modeled.

_DNC Response

a.&b. The multiple misload analysis addresses the boundary misalignment cases.
Specifically, with the multiple misload analysis there is no boundary between
Regions 1 and 2 or Regions 3 and 4. The full fresh fuel misload in Regions 1
and 2 with an infinite periodic boundary addresses any alignment with Regions
3 and 4 since fresh fuel is much more reactive than Region 3 or Region 4 fuel.
The fuel loaded in Regions 3 and 4 in the multiple misload case is Region 2A
fuel, so the multiple misload assumption is more limiting that any misalignment
concermn with Region 2. The Region 3 and Region 1 boundary cannot be
misaligned since Region 3 has equivalent assemblies in every cell.

C. Since the boundary misalignment case is less limiting than the multiple
misload analysis, Figures 6.2-1 through 6.2-4 are no longer relevant.
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RAI-42

The following RAls are provided concerning the validation study provided in
Appendix A and the use of the validation study results.

a. Some of the limiting calculated k. values were at 100C. Elevated temperature
calculations have not been validated. Provide validation or adopt appropriate
uncertainty to cover unvalidated elevated temperature calculations. An
acceptable approach would be for the applicant to revise the validation study to
include and use results from International Handbook of Evaluated Criticality
Safety Benchmark Experiments evaluation LEU-COMP-THERM-046 (temperature
variation from 14C to 85C) to estimate potential biases associated with nuclear
data temperature adjustments.

b. MOX experiments are required to validate burned fuel ke calculations. The MOX
experiments documented in Appendix A are restricted to the HTC experiments.
The validation should be supplemented with additional non-HTC MOX
experiments to ensure that an evaluation- or facility-specific bias is not built into
the bias and 95/95 uncertainty generated by the validation study.

DNC Response

Seventeen cases of LEU-COMP-THERM-046 were analyzed and added to the
validation. (The five cases with copper rods were excluded since copper is not in the
spent fuel pool.) Table 42.1 shows the results of the analysis of the 17 cases. Note
that the table shows the corrected k. The correction is needed since the experiments
were not critical. The correction (divide by measured k) corrects the calculations to
critical conditions. The critical experiments show a trend with temperature as shown
on Figure 42.1. The maximum (95% confidence) change in k per degree Kelvin is
-1.7E-05. For the spent fuel pool conditions above room temperature, a validation
temperature bias of 1.7E-05 times the temperature difference (in °C) above room
temperature is added to the calculated kg.

Table 42.1: LCT-046 with SCALE 6.0 and ENDF/B-VII

Case | Temperature (K) |- Corrected SCALE k | SCALE sigma
1 297.05 0.998901 0.00007
2 310.41 0.998867 0.00007
3 315.43 0.998710 0.00007
4 319.96 0.998915 0.00007
5 324.93 0.998558 0.00007
6 332.53 0.998697 0.00007
7 287.22 0.999163 0.00007
8 315.91 0.998854 0.00006
9 330.27 0.998669 0.00007

10 337.44 0.998566 0.00007
11 351.99 0.998625 0.00007
12 303.60 0.998632 0.00007
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13 312.95 0.998616 0.00007
14 321.16 0.998511 0.00007
15 328.24 0.998258 0.00007
16 338.26 0.998147 0.00007
17 358.31 0.998057 0.00007
Figure 42.1: Calculated Benchmark k as a Function of Temperature
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b. The low enriched mixed oxide fuel (MOX) pin critical experiments (63 critical
experiments) in the International Handbook of Evaluated Criticality Safety
Benchmark Experiments have been analyzed. ENDF/B-VII predicts a higher k
for plutonium bearing experiments than for fresh UO, critical experiments.
The uncertainty weighted mean k of the fresh UO, critical experiments is
0.9973. The uncertainty weighted mean of the MOX critical experiments is
0.9988. Since the bias is larger for UO; fuel than for MOX fuel, it would be
non-conservative to add the MOX experiments to the validation set. This
analysis is required since some of the plutonium content of the burned fuel is
higher than the HTC critical experiments and without this analysis there is no
certainty that the validation is conservative. Figure 42.2 confirms that as the
plutonium content increases the calculated k of the critical system increases.
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Figure 42.2: Predicted k.s as a Function of the Plutonium Content
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Although the MOX critical experiments analysis has been performed, the bias and
uncertainty from the original LAR is maintained since it is more conservative than
using the MOX data.
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1.0 Summary Description

By letter dated December 17, 2012 and supplemented by letters dated February 25,
2013, and May 28, 2013, Dominion Nuclear Connecticut, Inc. (DNC) submitted a
license amendment request (LAR) for Millstone Power Station Unit 2 (MPS2). In
response to the attached request for additional information from the Nuclear
Regulatory Commission, DNC performed additional analyses. Based on the original
December 2012 LAR and the additional analyses, DNC proposes to amend
Operating License DPR-65 by incorporating the enclosed proposed changes into the
Technical Specifications (TS) of MPS2. Note that for convenience the proposed
changes to the TS and TS Bases supersede the changes proposed in the original
December 2012 submittal. DNC is proposing to change or add the following
Technical Specifications:

e TS 1.39 Storage Pattern
e TS 1.40 (New) Non-standard Fuel Configurations
e TS 3/4.9.17 Spent Fuel Pool Boron Concentration
e TS 3/4.9.18 Spent Fuel Pool - Storage
o Figure 3.9-1A Minimum Required Average Fuel Assembly Burnup as a
Function of Initial Enrichment to Permit Storage in
Region 2A
o Figure 3.9-1B Minimum Required Average Fuel Assembly Burnup as a
Function of Initial Enrichment to Permit Storage in
Region 2B
o Figure 3.9-1C Minimum Required Average Fuel Assembly Burnup as a
Function of Initial Enrichment to Permit Storage in
Region 3 (with insertion of 3 Borated Stainless Steel
Poison Rodlets)
o Figure 3.9-1D Minimum Required Average Fuel Assembly Burnup as a
Function of Initial Enrichment to Permit Storage in
Region 3 (with insertion of a full length, full strength
Control Element Assembly)
o Figure 3.9-1E Minimum Required Average Fuel Assembly Burnup as a
Function of Initial Enrichment to Permit Storage in
Region 4
o Figure 3.9-2 Spent Fuel Pool Arrangement
o Figure 3.9-3 Minimum Required Fuel Assembly Exposure as a
Function of Initial Enrichment to Permit Storage in
Region C as Consolidated Fuel (to be DELETED)
o Figure 3.9-4 Minimum Required Fuel Assembly Exposure as a
Function of Initial Enrichment to Permit Storage in
Region A (to be DELETED)
e TS 3/4.9.19 Spent Fuel Pool — Storage Pattern
e TS 5.3.1 Fuel Assemblies
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e TS 5.6.1 Criticality
¢ TS5.6.3 Capacity

The Bases for TS 3/4.9.17 through TS 3/4.8.19 are also being modified to address
the proposed changes and are provided for information only. Changes to the TS
Bases are controlled in accordance with the TS bases control program (TS 6.23).

The proposed changes to the above TS address the following objectives:

e Remove reactivity credit for Boraflex.

e Address recent spent fuel pool (SFP) concerns such as a multiple fuel
assembly misload.

Identify reactivity margin available to accommodate future issues.

Remove requirements for cell blocking devices.

Define “Non-standard Fuel Configurations” and permit storage in non-restricted
SFP storage locations as supported by configuration-specific analyses.

In order to meet the spent fuel pool criticality requirements, the following changes are
being proposed:

Increase the number of regions in the SFP to four.

Designate selected SFP storage locations as Restricted Locations in Regions 1,
2, and 4 (Revised TS Figure 3.9-2) which shall remain empty. Restricted
Locations will be controlled administratively. Cell blocking devices will no
longer be required.

Replace existing burnup credit (enrichment/burnup) curves with five new burnup
credit curves to meet the storage requirements in Regions 2, 3, and 4.

o Region 1 does not have a burnup curve.

o Region 2 has two curves, one for Region 2A and one for Region 2B.

o Region 3 has two curves, one for fuel with 3 borated stainless steel
rodlets (also referred to as rodlets or poison pins) and one for fuel with
a Full Length, Full Strength Control Element Assembly (CEA).

o Region 4 has one curve.

Exempt some Non-standard Fuel Configurations stored in Region 3 from the
requirement for a CEA or rodlets as demonstrated in configuration-specific
analyses.

Increase the minimum SFP boron concentration to 2100 ppm.

Provide storage requirements for Regions 1 and 2 storage locations in which
the Boraflex panel box has been removed.

The changes have been reviewed and confirmed to accommodate fuel currently in
the spent fuel pool and potential future fuel designs.
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2.0 Detailed Description of Proposed Technical Specifications Changes

Details of the analyses supporting the proposed changes are contained in the
RAI responses herein.

2.1 TS 1.39 - Definitions
One definition is being updated to provide addition clarification.

Definition 1.39 — STORAGE PATTERN

Definition 1.39 is updated to clarify that a STORAGE PATTERN is a 2 x 2
storage array (encompassing four fuel storage rack locations), in which there is
at least one location in which a fuel assembly is not to be stored. This definition
is changed to improve clarity and to refer to Regions 1, 2, and 4 to which this
definition applies.

2.2 TS 1.40 - Definitions (New)
A new definition is proposed:

Definition 1.40 - NON-STANDARD FUEL CONFIGURATIONS

This new definition defines Non-standard Fuel Configurations, which
encompasses Consolidated Fuel Storage Boxes (CFSBs); TS 3.9.18, TS Figure
3.9-4, as well as other fuel configurations not specifically identified in TS.

23 TS 3/4.9.17 - S_pent Fuel Pool Boron Concentration

TS 3/4.9.17 will be revised to increase the minimum SFP boron concentration to
2100 ppm. Also, “Consolidated Fuel Storage Boxes” is replaced with “Non-
standard Fuel Configurations” since CFSBs are included as a Non-standard
Fuel Configuration.

2.4 TS 3/4.9.18 — Spent Fuel Pool - Storage

TS 3.9.18 currently has 3 subparts (a), (b), and (c) which specify initial
enrichment and burnup requirements for storage of spent fuel in Regions A and
C and CFSBs in Region C. The proposed changes define new fuel pool storage
Regions 1, 2, 3, and 4, replace the existing burnup credit curves, revise TS
Figure 3.9-2 to account for the new regions, delete TS Figure 3.9-3 since a
burnup credit curve for CFSBs is no longer required, and delete Figure 3.9-4
since Region 1 will not use a burnup curve.
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The proposed changes follow:
LCO 3.9.18

Limiting Condition of Operation (LCO) 3.9.18(a), (b), and (c) are removed and
replaced with new LCO 3.9.18(a), (b), (c), (d), and (e). The new items describe
the burnup credit and poison insert requirements (a full length, full strength CEA
or three rodlets in Region 3 fuel) to store fuel assemblies in each Region based
on the updated spent fuel pool criticality analysis, and the storage requirements
for Non-standard Fuel Configurations.

Region 1 does not have burnup requirements. Therefore, fuel assemblies
meeting the TS enrichment requirement can be stored in Region 1. Regions 2,
3, and 4 have burnup credit requirements that must be met to allow storage in
these regions.

Current Region C credits optional installation of three rodlets. The proposed
Region 3, which is composed of all but two of the current Region C fuel storage
racks, requires that each fuel assembly contain either three rodlets or a CEA. A
footnote is added to this TS stating that the full-length, reduced-strength control
element assemblies and the part-length control element assemblies stored in
the MPS2 spent fuel racks cannot be used for reactivity control in Region 3.

The burnup credit requirements, poison insert requirements, and Restricted
Locations (described in TS 3.9.18) ensure the following:

e under normal operating conditions ket will remain < 0.95 with 600 ppm of
soluble boron in the spent fuel pool, and will remain < 1.0 with O ppm of
soluble boron in the spent fuel pool.

e under all postulated accident scenarios ke will remain_< 0.95 with 2100
ppm of soluble boron in the spent fuel pool.

“Consolidated Fuel Storage Boxes” is replaced with “Non-standard Fuel
Configurations.” Consolidated Fuel Storage Boxes is an example of a Non-
standard Fuel Configuration. Attachment 4 summarizes the analysis
demonstrating that Non-standard Fuel Configurations currently in the SFP can
be stored in any non-restricted location and, with the exception of fuel assembly
P-26, can also be stored in Region 3 without rodlets or a CEA.

The following is a discussion of new and updated figures. The values shown in
these figures are supported by information provided in Attachment 5 of this RAI
response.

TS Figure 3.9-1A
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TS Figure 3.9-1A is revised. This figure shows the minimum required fuel
assembly burnup as a function of initial planar average enrichment to permit
storage of fuel assemblies in Region 2 within storage locations designated as
Type 2A.

TS Figure 3.9-1B

TS Figure 3.9-1B is revised. This figure shows the minimum required fuel
assembly burnup as a function of initial planar average enrichment to permit
storage of fuel assemblies in Region 2 within storage locations designated as
Type 2B. Region 2 Type 2A storage locations can store higher reactivity fuel
assemblies than Region 2 Type 2B.

TS Figure 3.9-1C

TS Figure 3.9-1C is a new figure. This figure shows the minimum required fuel
assembly burnup as a function of initial planar average enrichment to permit
storage of fuel assemblies containing rodlets in Region 3.

TS Figure 3.9-1D

TS Figure 3.9-1D is a new figure. This figure shows the minimum required fuel
assembly burnup as a function of initial planar average enrichment to permit
storage of fuel assemblies containing a CEA in Region 3.

TS Figure 3.9-1E

TS Figure 3.9-1E is a new figure. This figure shows the minimum required fuel
assembly burnup as a function of initial planar average enrichment to permit
storage of fuel assemblies in Region 4.

TS Figure 3.9-2

TS Figure 3.9-2 is revised. This figure illustrates the new region definitions and
storage patterns of the fuel storage racks. It also discusses the requirement
that Restricted Locations are to remain empty.

TS Figure 3.9-3
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Figure 3.9-3 is deleted because consolidated fuel is now considered a type of
Non-standard Fuel Configuration. Non-standard Fuel Configurations are
analyzed on an individual basis. Each Non-standard Fuel Configuration must
have a criticality analysis which may allow storage in one or multiple regions,
and which may or may not require rodlets or a CEA if stored in Region 3.

TS Figure 3.9-4

Figure 3.9-4 is deleted because Region 1 does not use an enrichment/burnup
curve.

Surveillance Requirement 4.9.18

The surveillance requirement is updated to remove reference to consolidated
fuel storage boxes, and to add the requirement to verify by administrative
means that a Non-standard Fuel Configuration is qualified for a proposed
storage region prior to storing it there.

2.8 TS 3/4.9.19 - Spent Fuel Pool - Storage Pattern

The TS 3/4.9.19 title is changed from “Storage Patten” to “Storage
Restrictions.”

LCO 3.9.19

TS 3.9.19 currently has two subparts (1) and (2) which specify requirements for
fuel assemblies stored in Region B when cell blocking devices are installed as
shown in the current TS Figure 3.9-2, or when the blocking devices have been
removed. The proposed change removes requirements for cell blocking
devices, but adds two subparts. Subpart (1) states that Restricted Locations
shall remain empty, and subpart (2) provides the storage restrictions on storage
locations in which the Boraflex panel box has been removed (only non-fuel
components can be stored in these locations). Regions 1, 2, and 4 contain
Restricted Locations in the configuration shown in the proposed TS Figure 3.9-
2.

The footnotes on this page (Page 3/4 9-26) are removed because the proposed
changes will require that all fuel assemblies conform to the same burnup credit
and poison insert requirements for SFP storage. Thus, Batch B must meet the
storage requirements of the other fuel assemblies in the pool, and the current
footnotes no longer apply.
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Non-standard Fuel Configurations and non-fuel components are added to the
“Applicability” portion of the LCO.

A new footnote is added describing the Boraflex panel boxes and states that the
criticality analysis allows them to remain in or be removed from the Restricted
Locations.

Surveillance Requirements 4.9.19

The existing surveillance requirement, which verifies that LCO 3.9.19 is satisfied
prior to removing cell blocking devices, is changed since the new surveillance
requires verification that LCO 3.9.19 is satisfied through the use of
administrative means to assure that a fuel assembly, a Non-standard Fuel
Configuration, or a non-fuel component will not be placed into a Restricted
Location. Also, the LCO is satisfied through administrative means to assure that
a fuel assembly or a Non-standard Fuel Configuration will not be placed into a
Region 1 or 2 location in which the Boraflex panel box has been removed. It is
permissible to store non-fuel components in a location without a Boraflex panel
box if the location is not a Restricted Location.

Maintaining Restricted Locations empty, not allowing storage of fuel assemblies
or Non-standard Fuel Configurations in non-restricted locations in which the
Boraflex panel box has been removed, and using burnup curves will ensure that
under normal operating conditions, ket will remain < 0.95 with 600 ppm of
soluble boron in the spent fuel pool, and will remain < 1.0 with 0 ppm of soluble
boron in the spent fuel pool.

2.9 TS 5.3.1 — Fuel Assemblies

Design Feature 5.3.1

Design Feature 5.3.1 replaces the phrase “nominal average enrichment” with
the phrase “initial planar average enrichment” which provides a more precise
description of enrichment as it is treated in the criticality analysis.

2.10 TS 5.6.1 — Criticality

Design Feature 5.6.1

The following changes were made to Design Feature 5.6.1. These changes are
supported by the information provided in Attachment 4 of the December 2012
LAR criticality safety analysis report, supplemented with the RAI responses, and
described in Attachment 8 of this letter (the proposed criticality analysis).
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e Paragraphs a) and b) - replaces the phrase “nominal average enrichment”
with the phrase “initial planar average enrichment.”

e Paragraphs c) and d) — deletes Westinghouse Report A-MP-FE-0011,
Revision 1 which was not used in the proposed criticality analysis, which
documents that the reactivity and soluble boron design requirements are
met. These paragraphs also add that allowances were made for biases
and uncertainties.

e Paragraph e) — replaces discussion of previous Region A enrichment
burnup requirements with requirements for Region 1. Region 1
requirements include crediting Restricted Locations, specifying the initial
planar average enrichment requirement of 4.85 weight percent U235.

e Paragraph f) - replaces discussion of previous Region B enrichment
burnup requirements with requirements for Region 2. Region 2
requirements include crediting Restricted Locations, Type 2A and Type
2B storage locations, and a burnup credit curve for each Type.

e Paragraph g) - replaces discussion of previous Region C enrichment
burnup requirements with requirements for Region 3. Region 3
requirements include a requirement that each fuel assembly contain either
rodlets or a full length, full strength CEA. There are also two burnup credit
curves for this region, one for fuel assemblies containing rodlets, and one
for fuel assemblies containing a CEA.

e Paragraph h) — replaces discussion of Consolidated Fuel Storage Boxes
with requirements for Region 4. Information provided is similar to the
other paragraphs, including nominal center to center distance, Restricted
Locations, and its burnup credit curve.

e Paragraph i) — new paragraph which provides the requirements for
storage of Non-standard Fuel Configurations.

e Paragraph j) — new paragraph which describes that the Regions 1 and 2
rack locations have boxes that. contain Boraflex panels. If a box is
removed from a non-restricted location, that storage location shall not be
allowed to store fuel assemblies or Non-standard Fuel Configurations. It
is permissible to store non-fuel components in non-restricted locations,
with or without the Boraflex panel box installed.

Paragraph d) boron concentration could be changed, but the current 600 ppm
boron concentration is retained because it bounds the value used in the
criticality analysis (550 ppm) and is the value used in the operator response
time boron dilution analysis.

211 TS 5.6.3 — Capacity

Design Feature 5.6.3
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Design Feature 5.6.3 updates the number of spent fuel pool storage locations
(which includes Restricted Locations) for the proposed Regions 1, 2, 3, and 4.

3.0 Discussion
3.1 Introduction

DNC proposes to amend Operating License DPR-65 by incorporating the
attached proposed changes into the TS of MPS2. DNC is proposing to change
the following Technical Specifications described in Section 1.0 above.

The proposed amendment implements the following conditions associated with
fuel storage at MPS2:

¢ Eliminate reactivity credit for Boraflex in current regions A and B of the spent
fuel pool.

¢ Revise alphanumeric designation of spent fuel regions from A, B,Cto 1, 2, 3,
4 to clearly distinguish from existing designations:
o Regions 2, 3, and 4 will have new burnup credit curves. Regions 2 and
3 will each have two burnup credit curves.
o Region 1 will not have a burnup credit curve. Any MPS2 fuel assembly
can be stored in Region 1.

¢ Revise allowed storage patterns for fuel assemblies in the spent fuel pool to
meet ke requirements under normal and accident conditions:

o Restricted Locations will be required to remain empty. Restricted
Locations may not contain fuel assemblies, Non-standard Fuel
Configurations, or non-fuel components (proposed TS Figure 3.9-2).

o Region 1 will allow fuel assemblies, Non-standard Fuel Configurations,
and non-fuel components to be stored only in a 2 out of 4 storage
pattern.

o Regions 2 and 4 will allow storage in a 3 out of 4 storage pattern.

o Region 3 is the only region that will allow storage in any location.

eRequire use of a full length, full st'rength CEA or three rodlets in fuel
assemblies stored in Region 3.

e Eliminate requirement to use spent fuel rack cell blocking devices.
o Regions 1, 2, and 4 will have Restricted Locations that will be required
to remain empty (proposed TS Figure 3.9-2).
o Cell blocking devices are not credited in the fuel misload analysis.
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e Allow storage of Non-standard Fuel Configurations in specifically analyzed
non-restricted locations:

o Each of the Non-standard Fuel Configurations must have a separate
criticality analysis which may allow storage in one or multiple regions,
and which may or may not require rodlets or a CEA if stored in Region
3.

e Prohibit storage of fuel assemblies and Non-standard Fuel Configurations in
non-restricted locations in Regions 1 and 2 which do not contain a Boraflex
box. Regions 1 and 2 racks are equipped with boxes that contain Boraflex
panels. Boraflex will no longer be credited for neutron absorption, but the
box structure is modeled as part of the non-restricted location design.
Boraflex boxes can be physically removed from non-restricted and
Restricted Locations. The criticality analysis permits removal of Boraflex
boxes from Restricted Locations. If a Boraflex box is removed from a non-
restricted storage location, the location will not be permitted to store fuel
assemblies or Non-standard Fuel Configurations. It will be permissible to
store non-fuel components in non-restricted locations with or without a
Boraflex box.

e Increase the minimum SFP soluble boron concentration to 2100 ppm.

3.2 Current MPS2 Spent Fuel Pool Configuration

The MPS2 spent fuel pool currently consists of three regions of spent fuel
storage racks, designated Regions A, B and C. Existing TS Figure 3.9-2
provides a schematic of the pool layout. Regions A and B racks contain
Boraflex as the active neutron absorber in a flux trap design. Region C racks
have an egg crate design with no fixed neutron absorber. Fuel may be stored in
three types of configurations in Region C per current TS. Fuel assemblies
stored in Region C may be stored with or without rodlets, and consolidated fuel
storage boxes are also allowed to be stored in Region C. The consolidated fuel
storage box has essentially the same dimensional envelope as a fuel assembly.
Forty Region B fuel storage locations contain certain low reactivity fuel
assemblies underneath cell blocking devices for added reactivity control.

Soluble boron is currently credited in the spent fuel pool for reactivity control for
both normal and accident conditions.

The maximum initial planar average enrichment used is the currently licensed
value of 4.85 weight percent U-235.
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4.0 Technical Evaluation Summary
4.1 Introduction

The analyses and results summarized in this section are provided in the
proposed criticality analysis. Boraflex will no longer be credited. Fuel storage
loading requirements will continue to be maintained by administrative means.
Use of the cell blocking devices will no longer be required. Cell blocking
devices are not credited in the proposed criticality analysis as a means to
preclude a fuel misload accident.

The MPS2 spent fuel pool has been analyzed to accommodate the following

postulated scenarios (the fuel is assumed to contain no gadolinia or other

burnable poison):

e Multiple misloads of 4.85 weight percent U-235 fresh fuel assemblies into
Region 1 and 2 storage locations.

e Multiple misloads of higher than typical reactivity depleted fuel assemblies
(initial enrichment of 4.20 weight percent U-235 and 10 GWD/MTU burnup)
into Region 3 and 4 storage locations.

e Misload or dropping of a single 4.85 weight percent U-235 fresh fuel
assembly into a Region 4 storage location.

e Dropping or misloading a 4.85 weight percent U-235 fresh fuel assembly
between Region 3 and the new fuel elevator, with a 4.85 weight percent U-
235 fresh fuel assembly in the new fuel elevator.

e Three 4.85 weight percent U-235 fresh fuel assemblies are allowed to touch
edge to edge. This bounds a scenario in which two fresh fuel assemblies
are in the fuel transfer cart and another fresh fuel assembly, by some
undefined means, is allowed to come edge to edge with the fuel assembly in
the transfer cart. '

Loss of pool cooling resulting in SFP temperature increase and voiding.

e Dropping of a fuel assembly or Non-standard Fuel Configuration which
comes to rest on top of the racks in a horizontal position.

¢ Lateral rack movement due to a seismic event affecting the spacing between
racks of any of the regions.

For reactivity control under normal storage conditions spent fuel pool soluble
boron concentration of 550 ppm is credited in the proposed criticality analysis.
Previous analysis (Amendment 274) has shown that there is adequate time for
operators to respond to a SFP dilution event to prevent boron concentration
from declining from 1720 ppm to below 600 ppm. Operator action time is
greater for a dilution from 2100 ppm to 600 ppm than for a dilution from 1720
ppm to 600 ppm. Since 600 ppm boron is more than enough for criticality
control, and since more operator time is available to respond to a dilution event,



Serial No. 14-625
Docket No. 50-336
Attachment 3, Page 12 of 21

assurance is provided that a spent fuel pool soluble boron dilution event will not
result in loss of criticality control.

The proposed design changes do not result in any hardware changes to the
plant. The cell blocking devices are of a removable design and not an integral
part of the storage racks. There are no changes in how rodlets are used in
Region 3 of the spent fuel pool, or how CEAs are placed and stored in fuel
assemblies. There are no changes in how fuel, Non-standard Fuel
Configurations, and non-fuel components are moved, or the process used to
qualify and verify fuel storage in the pool other than the updated
enrichment/burnup curves and not placing fuel assemblies or any other
equipment in Restricted Locations in the fuel pool.

From an operational perspective, the proposed design changes are transparent
except that the SFP’s minimum soluble boron concentration requirements will
increase from 1720 ppm to 2100 ppm. The changes in burnup credit curves
lead to the proposed TS Figures 3.9-1A through 3.9-1E and the deletion of
Figures 3.9.3 and 3.9-4. However, there are no changes in how fuel and other
components are moved. Administrative means will continue to be used to
ensure fuel and non-fuel components are not misloaded. Existing training will
be augmented to emphasize that fresh fuel may only be placed in Region 1 and
to stop fuel movement if a move sheet directs fresh fuel to another region.

The dropping of a fuel transfer cask was not analyzed because MPS2 has
installed a single failure mode crane which is used for cask handling operations.
However, TS 3/4.9.17 surveillance requirement to confirm proper boron
concentration before commencing cask operations in the SFP will
conservatively remain in this surveillance.

4.2 New Fuel Storage Rack Analysis

DNC performed the criticality analysis for the new fuel storage racks so that the
analysis methods used are consistent with the methods used in the criticality
analysis for the SFP (no TS changes are required for the new fuel storage
racks). This new fuel storage rack criticality analysis assumes that the
maximum reactivity fuel assembly is a fresh (no burnup) fuel assembly, with a
maximum initial planar average enrichment of 5.0 weight percent U-235 (which
is conservative vs. the licensed maximum of 4.85 weight percent). No credit is
taken for any gadolinia burnable absorber loading, which typically exists in fresh
fuel. The MPS2 fuel design is described in more detail in Section 4.3.
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Two scenarios, flooding and optimized moderation, were analyzed. A tolerance
and uncertainty analysis is provided for both scenarios. In both scenarios the
analysis confirms that ke# remains less than or equal to 0.95.

The criticality analysis bounds the possible water loss in the concrete reflector
and the uncertainties due to fuel assembly placement/orientation. The analysis
demonstrates that, for anticipated normal and abnormal configurations of fuel
assemblies in the new fuel storage rack, ke is below the criticality design criteria
of 0.95 at a 95 percent probability, 95 percent confidence level when the fuel
racks are flooded with full density unborated water. The analysis also
demonstrates the ke is less than 0.95 at a 95 percent probability, 95 percent
confidence level assuming optimum moderation conditions.

Note that no TS changes associated with fuel storage in the new fuel storage
racks are proposed.

4.3 Spent Fuel Pool Criticality Analysis - General

The criticality analysis to support the proposed changes was performed by
DNC.

This criticality analysis assumes that the maximum reactivity fuel assembly in
the SFP is a fresh (zero burnup) fuel assembly, with a maximum initial planar
average enrichment of 4.85 weight percent U-235. No credit is taken for any
gadolinia burnable absorber loading, which typically exists in fresh fuel. The
most reactive normal spent fuel pool water temperature is used for each region.
A tolerance and uncertainty analysis is provided.

MPS2 design of fuel assemblies typically has different fuel rod enrichments in
the radial direction as well as axial blankets. The maximum initial planar
average enrichment is 4.85 weight percent U-235 (maximum of any axial zone
in a fuel assembly). Individual fuel rods may have enrichments as high as 5.0
weight percent U-235. The criticality analysis models the fuel assembly with
fuel rods at the average radial enrichment. Modeling the average radial fuel rod
enrichment is either conservative relative to modeling the distributed radial fuel
rod enrichments, or a conservative bias is used. The criticality analysis bounds
the use of reduced enrichment axial blankets.

In addition, DNC performed criticality analyses on the MPS2 Non-standard Fuel
Configurations currently in the SFP for storage in the non-restricted SFP
locations (Attachment 4), including storage in Region 3 without insertion of
rodlets or a CEA. The items analyzed for storage in the MPS2 SFP are listed in
Table 4.0-1, Attachment 4 of this letter.
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4.4 Spent Fuel Pool Criticality Analysis - Normal Storage Conditions

Region 1 of the spent fuel storage pool is designed for normal conditions to
ensure ke < 1.0 with no boron in the SFP, and ke < 0.95 with the spent fuel pool
filled with water borated to a minimum concentration of 550 ppm. Fresh fuel
assemblies stored in this region may have a maximum initial planar average
enrichment of 4.85 weight percent U-235 (no gadolinia). This region contains
Restricted Locations and stores fuel assemblies in a 2 out of 4 configuration as
shown in proposed TS Figure 3.9-2.

Region 2 of the spent fuel storage pool is designed for normal conditions to
ensure ke < 1.0 with no boron in the SFP, and ke < 0.95 with the spent fuel pool
filled with water borated to a minimum concentration of 550 ppm. Region 2
contains two types of storage locations, Type 2A (higher reactivity) and Type 2B
(lower reactivity), as shown in TS Figure 3.9-2. Fuel assemblies stored in this
region must comply with Figure 3.9-1A (Type 2A) or Figure 3.9-1B (Type 2B) to
be in the acceptable burnup domain. This region contains Restricted Locations
and stores fuel assemblies in a 3 out of 4 configuration as shown in proposed
TS Figure 3.9-2.

Region 3 of the spent fuel storage pool is designed to ensure a ke < 0.95 with
the storage pool filled with water borated to a minimum concentration of 550
ppm for normal conditions. Fuel assemblies stored in Region 3 must contain
either three rodlets or a full-length full strength CEA. Full-length reduced-
strength and the part length CEAs existing in the fuel pool racks cannot be used
to satisfy the CEA requirement for Region 3 (see proposed change to TS 3.9.18,
including the TS Basis). Fuel assemblies stored in this region must comply with
Figure 3.9-1C (containing three rodlets) or Figure 3.9-1D (containing a CEA) to
be in the acceptable burnup domain. Non-standard Fuel Configurations are
analyzed on a case-by-case basis and may not require rodlets or a CEA when
stored in Region 3. The RAI responses show that Non-standard Fuel
Configurations currently in the MPS2 SFP can be stored in any location where
fuel assemblies can be stored and, with the exception of fuel assembly P-26, do
not require rodlets or a CEA if stored in Region 3. This region does not contain
Restricted Locations.

Region 4 of the spent fuel storage pool is designed to ensure a ket < 1.0 with no
soluble boron, and ket < 0.95 with the storage pool filled with water borated to a
minimum concentration of 550 ppm for normal conditions. Fuel assemblies
stored in this region must comply with Figure 3.9-1E to be in the acceptable
burnup domain. This region contains Restricted Locations and stores fuel
assemblies in a 3 out of 4 configuration as shown in proposed TS Figure 3.9-2.
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Non-standard Fuel Configurations currently in the SFP (see Attachment 4) and
non-fuel components may be stored in all non-restricted locations in the SFP.
Each Non-standard Fuel Configuration must have a criticality analysis which
may allow storage in one or multiple regions, and which may or may not require
rodlets or a CEA if stored in Region 3

The above analyses show that, for the regions of the SFP, 550 ppm of soluble
boron is sufficient under normal conditions to assure that the spent fuel pool keg
< 0.95 (including biases and uncertainties). Also, the criticality analysis shows
that with O ppm of soluble boron, under normal conditions the spent fuel pool keg
is less than 1.00 (including biases and uncertainties).

4.5 Spent Fuel Pool Criticality Analysis - Accident Conditions

The spent fuel pool criticality analysis has analyzed the following postulated
accident conditions listed in Section 4.1 using a 4.85 weight percent U-235 initial
planar average enrichment and no gadolinia. For these accident conditions,
credit for soluble boron is acceptable per the double contingency principle.

Based on the criticality analysis described in the response to RAI Question 37,
the limiting accident is a multiple misload of fuel assemblies with a 4.20 weight
percent initial enrichment and 10 GWd/MTU burnup in Regions 3 and 4. The
analysis shows that a 2100 ppm boron concentration ensures that keg is < 0.95,
including the uncertainties and biases, for this postulated accident which bounds
the other less limiting accidents.

The current TS require a minimum concentration of 1720 ppm soluble boron at
all times that fuel is in the spent fuel pool. The proposed change would increase
this concentration to 2100 ppm.

Analysis in Attachment 4 demonstrates that the reactivity of existing Non-
standard Fuel Configurations is bounded by standard fuel assemblies. The
probability and consequence of a misload of Non-standard Fuel Configurations
is bounded by a misload of fuel assembilies.

4.6 Boron Dilution Analysis

An analysis of potential boron dilution scenarios was previously performed to
demonstrate that sufficient time is available to detect and mitigate a boron
dilution event prior to reaching the minimum soluble boron to maintain kes < 0.95
under normal storage conditions. That dilution analysis assumed a
conservatively high final boron concentration of 600 ppm and an initial
concentration of 1720 ppm.
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The current TS minimum spent fuel pool soluble boron limit is 17720 ppm. The
proposed change would increase this concentration to 2100 ppm. The
proposed criticality analysis indicates that 550 ppm of soluble boron is sufficient
under normal conditions to assure ket < 0.95 under normal storage conditions.
With the initial boron increased from 1720 to 2100 ppm, there is more operator
time available to respond to a dilution event than in the dilution analysis of
record. Therefore, sufficient operator response time will continue to be available
for the postulated boron dilution event with the proposed minimum TS
requirement of 2100 ppm soluble boron.

4.7 Boraflex Material Monitoring

Regions 1 and 2 spent fuel racks contain Boraflex which will no longer be
credited as a neutron absorber. Therefore, the Boraflex monitoring program will
be discontinued.

4.8 Decreased Fuel Storage

The proposed change decreases the number of fuel assemblies that can be
stored in the fuel pool due to implementation of Restricted Locations (there are
a greater number of proposed Restricted Locations than current cell blocker
locations). Since the spent fuel pool will be licensed to store fewer assemblies,
the current mechanical and seismic analyses, as well as the current design
basis heat load analysis, remain bounding.

4.9 Implementation

DNC will implement the revised TS within 120 days of NRC approval of the
proposed changes.

4.10 Conclusions

Implementation of the proposed changes is safe and will have no effect on
current plant operation. There are no hardware changes made to the plant due
to these proposed changes. There are no changes in how fuel assembilies,
Non-standard Fuel Configurations, or non-fuel components are handled whether
in the new fuel storage rack or the SFP, or the process used to qualify and verify
storage in the SFP.

The cell blocking devices are removable, and can be removed from the spent
fuel racks. Cell blocking devices are not credited in the criticality analysis. Fuel
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storage loading requirements will continue to be maintained by administrative
means as they have throughout the unit’s operations.

DNC'’s analysis supports the proposed modifications. MPS2 will increase the
spent fuel pool minimum soluble boron concentration to 2100 ppm. Potential
boron dilution events have been previously reviewed. Operator response time
to detect and mitigate the postulated dilution event with a TS minimum TS boron
concentration of 2100 ppm is greater than that previously analyzed.

The spent fuel racks were originally designed to store fuel in all rack locations,
and the current design basis seismic/structural and heat load analyses already
bound the proposed reduction in fuel storage capacity.

The proposed criticality analysis no longer credits Boraflex for neutron
absorption. Thus, it will no longer be necessary to continue the Boraflex
monitoring program.

Non-standard Fuel Configurations currently stored in the MPS2 SFP have been
analyzed and qualified for storage in all locations in the SFP that fuel
assemblies can be stored and, with the exception of fuel assembly P-26, do not
require rodlets or a CEA if stored in Region 3.

If a Boraflex panel box is removed from a non-restricted Region 1 or 2 storage
location, the location will not be allowed to store fuel assemblies or Non-
standard Fuel Configurations. Non-fuel components may be stored in non-
restricted locations with or without a Boraflex panel box.

Reanalysis of the new fuel storage rack using the updated methods (including
computer codes) used for the SFP concludes that ke will remain less than or
equal to 0.95 for both postulated flooding and optimized moderation scenarios.

Regulatory Evaluation
5.1 Applicable Regulatory Requirements and Criteria

Appendix A to Title 10 of the Code of Federal Regulations, Part 50 (10 CFR 50),
General Design Criterion (GDC) 62, "Prevention of Criticality in Fuel Storage
and Handling," states that “criticality in the fuel storage and handling system
shall be prevented by physical systems or processes, preferably by use of
geometrically safe configurations.”

10 CFR 50.68, "Criticality Accident Requirements," states in subpart (b)(4) that
"if credit is taken for soluble boron, the ke of the spent fuel storage racks loaded
with fuel of the maximum fuel assembly reactivity must not exceed 0.95, at a 95
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percent probability, 95 percent confidence level, if flooded with borated water,
and the ket must remain below 1.0 (subcritical), at a 95 percent probability, 95
percent confidence level, if flooded with unborated water."

5.2 No Significant Hazards Consideration

DNC has evaluated whether or not a significant hazards consideration is
involved with the proposed amendment by addressing the three standards set
forth in 10 CFR 50.92, “Issuance of Amendment,” as discussed below:

1.

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

Response: No.

The proposed change does not involve a significant increase in the
probability or consequences of an accident previously evaluated.

The proposed change will not affect the physical plant, including the
spent fuel pool (SFP), spent fuel racks, or fuel handling equipment.
While there will be more regions to consider in the SFP, the
administrative controls for identifying fuel storage locations will not
change, however, the regionalization and burnup curves will be revised.
Also, the administrative controls associated with fuel assemblies, Non-
standard Fuel Configurations, and non-fuel components will not
change. Thus, the probability of a fuel assembly or component
misloading or drop will not significantly increase with the proposed
change.

Multiple postulated accidents were reviewed for the proposed change
which included single and multiple fuel misloading scenarios as well as
a fuel assembly drop (summarized in Section 4.1). Based on the
response to RAI Question 37, the limiting accident is a multiple misload
of fuel assemblies with a 4.20 weight percent initial enrichment and 10
GWd/MTU burnup in Regions 3 and 4. The analysis shows that with
the proposed increased 2100 ppm boron concentration, Ke is < 0.95,
including the uncertainties and biases, for this postulated accident.

A boron dilution accident was reviewed. There are no changes to plant
equipment or operations required by the proposed change. The
increase in TS minimum SFP soluble boron results in the
consequences of a dilution event that is bounded by the existing
analysis. Thus, there is no increase in the probability or consequences
of a boron dilution accident.
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In the case of each accident, ke continues to be less than the licensing
limit of 0.95. Thus, it is concluded that the consequences of a
previously evaluated accident remains the same.

The probability and consequence of a misload of Non-standard Fuel
Configurations is bounded by a misload of fuel assemblies.

The proposed change will not allow fuel assemblies or Non-standard
Fuel Configurations to be stored in Regions 1 and 2 storage locations
which have had Boraflex panel boxes removed. Non-fuel components
may be stored in non-restricted locations with or without a Boraflex
panel box. DNC will use the administrative controls discussed above to
assure that this storage requirement is met.

Since the proposed change reduces the number of fuel assemblies that
can be stored in the fuel storage racks, the current seismic/structural
and heat load analyses bound the proposed change.

Storage in the new fuel storage rack is not affected by the proposed
change. However, the analysis was updated using the same methods
used for the SFP and concludes that ke will remain < 0.95 for both the
postulated flooding and the postulated optimized moderation scenarios.

. Does the proposed change create the possibility of a new or different
kind of accident from any accident previously evaluated?

Response: No.

The proposed change does not create the possibility of a new or -
different kind of accident from any accident previously evaluated.

There is no change to the physical plant, including the equipment and
procedures used to handle fuel assemblies, Non-standard Fuel
Configurations, non-fuel components, or any heavy load over fuel
storage racks. The accidents previously evaluated relate to fuel
misload events and fuel handling events over the storage racks. As
requested by the NRC, DNC analyzed additional fuel misload events
concerning multiple misload scenarios listed in Section 4.1 and
summarized in the response to RAI Question 37. K < 0.95 (including
uncertainties and biases) is maintained for the multiple misload
scenarios. While this is the first time that DNC has analyzed multiple
misload scenarios, the proposed change does not create the possibility
of a multiple misload event. Thus, there are no new accidents created
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over and above the existing postulated accidents of a fuel or
component misload or drop onto the SFP racks.

Use of cell blocking devices will no longer be required. The cell
blocking devices are removable and can be removed from the spent
fuel racks. Fuel and component storage loading requirements will
continue to be maintained by administrative means. Thus, removing
the requirement to use cell blocking devices will not create a new
accident over and above the existing postulated accidents of a fuel or
component misload or drop onto the SFP racks.

Reducing the number of fuel assemblies that can be stored in the fuel
storage racks will not create any new or different type of accident.

. Does the proposed change involve a significant reduction in a margin of
safety?

Response: No.

The proposed change does not involve a significant reduction in a
margin of safety

The licensing requirement for the SFP is that ket remain less than or
equal to 0.95 under all postulated accident conditions (misloads,
dropped fuel assembly or component, loss of cooling, and boron
dilution). These accidents were analyzed for the proposed change and
the ke < 0.95 requirement is met in all cases. In addition, the criticality
analysis concluded that, under normal conditions, the SFP kex will
remain < 1.0 with 0 ppm boron in the SFP, and < 0.95 with 550 ppm
boron in the SFP.

Since the proposed change reduces the number of fuel assemblies that
can be stored in the fuel storage racks, the current seismic, structural
and heat load analyses’ margin of safety bound the proposed change.

There will be no change to the storage of fuel assemblies in the new
fuel storage rack. However, the analysis for the new fuel storage racks
was updated using the same methods used for the SFP and concludes
that ke will remain < 0.95 for both the postulated flooding and optimized
moderation scenarios.
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Based on the above information, DNC concludes that the proposed
changes involve no significant hazards consideration under the criteria set
forth in 10 CFR 50.92(c) and, accordingly, a finding of no significant
hazards consideration is justified.

6.0 Environmental Considerations

DNC has reviewed the proposed license amendment for environmental
considerations. The proposed license amendment does not involve (i) a significant
hazards consideration, (ii) a significant change in the types or significant increase in
the amounts of any effluent that may be released offsite, or (iii) a significant increase
in individual or cumulative occupational radiation exposure. Accordingly, the
proposed amendment meets the eligibility criterion for categorical exclusion from an
environmental assessment as set forth in 10 CFR 51.22(c)(9). Therefore, pursuant to
10 CFR 51.22(b), no environmental impact statement or environmental assessment
need be prepared in connection with the proposed amendment.

7.0 References
1. NRC Letter to Dominion Nuclear Connecticut, Inc., “Millstone Power Station, Unit

No. 2 — Issuance of Amendment RE: Spent Fuel Pool Requirements (TAC NO.
MB3386),” April 1, 2003
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Analysis of Non-Standard Fuel Configurations and Non-fuel Components

4.0

Non-standard Fuel Configurations

A standard arrangement of fuel is a 14x14 array of fuel pins with five guide tubes. If any
of the fuel pins have been removed or replaced this is a non-standard arrangement of
fuel. Single fuel pins or collections of fuel pins in a consolidated fuel storage box or in a
special container are non-standard arrangements of fuel.

The RAls associated with storage of non-standard fuel configurations are as follows:

RAI

Subject summary

Provide supplementary analysis or justification for consolidated fuel
storage boxes

Define non-standard fuel configurations (NSFC).

Remove discussion of new NSFC or provide full analysis

Q||| —

Correct statement on storage of NSFC in restricted locations

16

Evaluate the effects of NSFC including applicability of validation study,
accident conditions, conservatism, neutronic interaction with fuel
assemblies

Non-standard fuel configurations (NSFC) in the Millstone Power Station Unit 2 (MPS2)
spent fuel pool (SFP) will be individually identified and analyzed. Table 4.0-1 provides a
brief description of each NSFC.
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Table 4.0-1
Non-Standard Fuel Configurations
ltem En;i\ﬂl;n)ent (M\?\;‘c:;]MuEI)'U) ';luuer?gi?\rso/f Description
° lattice
Failed fuel storage cage. Normal
G-56 =3.3 27.4 30/14x14 | \1psp fuel lattice spacing.
16 and 5 NUSCO 40 failed rod storage basket.
B&W FRSC <3.84 27.7 fragments/ | Contains 16 failed fuel rods and a
7x7 tube with five fuel pellet fragments.
CESB 1.93 >15.0 352 / close Consolldateq fue_zl from two depleted
packed fuel assemblies in each basket.
Hollow stainless steel tube stored in
IRSC 3.3 >20.1 1/14x14 a fuel assembly guide thimble with
one failed fuel rod inside.
Donor cage has normal assembly
50 12/ pitch and lattice, 52 depleted fuel
8FR 3.99,0.7 >39.1,0 14")(14 pins, 12 natural enrichment pins, 86
non-fuel filler rods, and 26 empty
locations.
Reconstituted fuel with some fuel
Reconstituted rods replaced by stainless steel pins
fuel Various Various 14x14 or natural enrichment fuel rods.*
assemblies Assembly P-26 with one pin
removed.
Fuel transfer <4.85 >0 14x14 Fuel traqsfer cart may ho]d two fuel
cart assemblies at the same time.

*Analysis in Section 4.6 shows that reconstituted fuel with some fuel rods replaced by
stainless steel pins or natural enrichment fuel rods is not considered non-standard fuel and
may be stored in the SFP as a normal fuel assembly.

** This is not a non-standard fuel configuration but is a unique MPS2 SFP storage geometry.
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4.1 Failed fuel storage grid cage G-56

G-56 failed fuel storage grid cage contains 30 fuel rods in a standard assembly cage.
The fuel rods in G-56 are from “F” or “G” assemblies which accumulated a minimum of
7428 MWdJ/MTU assembly average burnup in any cycle of use. The maximum initial
fuel pin enrichment in “F” or “G” assemblies is 3.3 weight percent (wt%). Fuel pins were
loaded into G-56 in 1984.

Figure 4.1-1 shows the orientation of fuel pins in G-56. For the KENO model of G-56,
the fuel pins are conservatively modeled as 3.3 wt% fresh fuel. Based on burnup worth
calculations performed for bias and uncertainty calculations, the fresh fuel conservatism
is worth roughly 0.03 dK for G-56. A 2x2 Region 3 (rodlets) KENO rack model is used to
demonstrate that the reactivity of G-56 with no rodlets is much lower than a 1.6 wt% fuel
assembly with three rodlets installed. The model contains three 1.6 wi% fresh fuel
assemblies and G-56. Figure 4.1-2 shows the orientation of the KENO model.

Results in Table 4.1-1 confirm that ke of the G-56 2x2 model is 0.06 dk lower than the
same model with four intact 1.6 wt% fresh fuel assemblies. Several cases were run to
demonstrate that irregular lattice effects (resonance treatment and Dancoff factors
governed by LATTICELL input) are not significant. Because Region 3 (rodlets) is the
most restrictive for fuel reactivity of any of the MPS2 SFP regions, these cases confirm
that G-56, without rodlets or a control element assembly (CEA), may be stored anywhere
fuel is permitted in the MPS2 SFP.

Fuel rods in G-56 are held in grids, therefore a drop accident for G-56 is similar to the
dropping of a fuel assembly. Analysis confirms that G-56 is much less reactive than a
fresh 4.85 wit% fuel assembly, therefore the reactivity effect of a G-56 drop or
misplacement accident is bounded by the fresh fuel assembly drop or misplacement.
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Figure 4.1-2 — KENO3D Representation of G-56 2x2 Model

Table 4.1-1 — G-56 Region 3 (Rodlets) 2x2 KENO Model Results

Soluble Kot Intact Fuel | Intact Fuel
boron Kest uncertainty Enrich. Burnup Notes
(ppm) (dK) (wWt%) (GWd/MTU)
0 0.96211 0.00008 16 0 Four intact fuel a'sse'mblies (FA? in 2x2 with 3
rodlets each, periodic boundaries
G-56 and 3 intact FA in 2x2, periodic
0.90112 0.00009 1.6 0 boundaries, normal pin lattice "latticell" G-56
input
G-56 and 3 intact FA in 2x2, periodic
;90211 0.00008 18 0 boundaries, no "latticell" G-56 input
G-56 and 3 intact FA in 2x2, periodic
0.90108 0.00008 1.6 0 boundaries, 6x6 pins/assembly "latticell" G-56
input
G-56 and 3 intact FA in 2x2, periodic
0.90164 0.00008 1.6 0 boundaries, no "latticell" G-56 input, water in
gap
G-56 and 3 intact FA in 2x2, periodic
0.90064 0.00009 1.6 0 boundaries, 6x6 pins/assembly "latticell" G-56

input, water in gap
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4.2 B&W failed rod storage container

The B&W failed rod storage container (also known as NUSCO 40 rod basket) contains
16 fuel rods and a tube containing five fuel pellet fragments. The storage container
consists of an assembly of grid plates and upper section guide tubes in an array that
results in a 7x7 pin lattice with the center nine locations occupied by container structure
and a handling fixture. Guide plates, tubes and structural corner brackets are made of
Aluminum 6061. Fuel rod pitch is 1.12 inches. The storage canister has forty short
guide tubes made of 6061-T6 Aluminum and forty full length fuel rod tubes. Fuel rod
tubes have a .625 inch outside diameter (OD) and a .590 inch inside diameter (ID) (0.035
inch wall thickness) and are made of stainless steel. A KENO 3D representation of the
container is shown in Figure 4.2-1. The structural components have been modeled as
water. The 40 failed fuel storage locations have been modeled as fresh 5.0 wt% U-235
fuel.

The BWSC model is very conservative because the fuel enrichment modeled is higher
than any fuel pin in the container, and because all fuel burnup is ignored. Results in
Table 4.2-1 confirm that ke of the BWSC model fully loaded with fresh 5.0 wi% fuel pins
is significantly lower (~ 0.02 dk) than the same rack model with four intact 1.6 wt% fresh
fuel assemblies. A case with an infinite array of BWSCs has a ke ~ 0.10 dk lower than
the intact fuel case. Because Region 3 (rodlets) is the most restrictive for fuel reactivity
of any of the MPS2 SFP regions, these cases confirm that the BWSC, without rodlets or
a CEA, may be stored anywhere fuel is permitted in the MPS2 SFP.



Region 3 2x2 KENO Model with BWSC Fully Loaded
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Table 4.21
Region 3 2x2 KENO Model Results with BWSC Fully Loaded
Soluble Kett Intact Fuel | Intact Fuel
boron Keft uncertainty Enrich. Burnup Notes
(ppm) (dk) (wt%) (GWd/MTU)
0 0.96211 0.00008 16 0 Fou'r m'tact FAin ?xz with 3 rodlets each,
periodic boundaries
0 093881 0.00008 16 0 BWSC an‘d 3intact FA in 2x2, periodic
boundaries
0 0.93826 0.00008 16 0 BWSC an.d 3intact .FA |r.1 2x2, perlf)dlc
boundaries, water in failed fuel pin gap
BWSC only in 2x2, periodic boundaries, all fuel
0 0.85834 0.00009 N/A N/A pins 5.0 wt% fresh
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4.3 Consolidated Fuel Storage Boxes

Three consolidated fuel storage boxes (CFSB) contain fuel rods from fuel assemblies A-
001, A-002, A-029, A-030, A-063, and A-065. Each storage box has 352 fuel rods that
were loaded in 1987. Batch A assemblies were originally 1.93 wt% U-235. The storage
canister is a stainless steel box, 8.575 inches outer dimension and 0.120 inch thick.

CFSB BURNUPS

Burnup
Assembly ID  (MWD/MTU)
A001 15028
A002 15028
A029 16458
A030 16458
A063 15409
A065 15409

Consolidation of fuel is not anticipated for the future, so analysis of the CFSBs uses the
specific fuel in these boxes. Due to the reduced moderator in these boxes, low
enrichment, and their burnup, the reactivity of the boxes is low.

Region 3 loading requirements are the most restrictive in the spent fuel pool. Analysis of
the CFSB ke uses a 3x3 rack model with six Region 3 fuel assemblies and three CFSBs.
Two arrangements of the CFSBs are modeled, lumped together (cluster) and spread out
(diagonal). Since the Region 3 burnup curve determination includes 2.1 wt% U-235 fuel
with 10 GWd/MTU burnup (uniform shape), use of this burnup and enrichment
combination is convenient to conservatively represent the fuel in the CFSBs. The
isotopic content of the CFSB fuel is conservatively represented using 28 major nuclides
to shorten the run times of the cases. The enrichment modeled is higher than actual.
The burnup modeled is lower than actual.

Although the consolidated fuel pins are loaded into the box as a close packed
(hexagonal) array, the CFSB does not have any structure in the box to maintain this
geometry. The CFSBs are modeled as a rectangular array of 19x19 pins with 9 pins
removed (Figure 4.3-1). This approach preserves the fuel to moderator ratio in the
CFSB. The pin pitch is set to match the inner diameter of the CFSB box with 19 pins in a
row. There are no guide tubes, so there are no rodlets or CEAs credited in the CFSBs.

Figures 4.3-1 and 4.3-2 show the CFSB models (clustered and diagonal). The models
use periodic boundary conditions, which effectively represent the CFSBs as occupying
one third of Region 3. Depleted standard fuel (4.85 wt%, 50 GWd/MTU) was
conservatively modeled using 28 major nuclides to reduce run time. Table 4.3-1
provides the calculated ke for the CFSB cases. Even when modeled using a higher
enrichment and lower burnup than actual, the CFSBs reduce k.4 below the normal
Region 3 ke for the configurations (clustered or diagonal, fresh or depleted intact fuel
with rodlets or CEAs). The arrangement of the CFSBs has a small effect on Keg.
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The ket reduction observed between the reference calculation without CFSBs and the
calculation with CFSBs is substantial for all cases. It is also clear from the Region 3
(rodlet) cases that the CFSBs exhibit much lower reactivity than a normal fuel assembly
with the same enrichment and burnup. The CFSBs lower ke substantially even without
rodlets. These observations support the conclusion that if the CFSBs reduce ke in
Region 3 with rodlets (the most restrictive region of the SFP), the CFSBs will reduce ke
when stored anywhere they replace a normal fuel assembly in the SFP.

Two cases were run to demonstrate that 550 ppm soluble boron is sufficient to ensure
ket < 0.95 with CFSBs present. Normal fuel assemblies in the 3x3 array were modeled
with the highest enrichment and burnup combination analyzed for Region 3 (4.85 wt%,
50 GWd/MTU). Although the CFSB hardens the neutron spectrum and displaces
borated water which reduces boron worth, both 550 ppm cases shown in Table 4.3-1
show that ke is less than 0.89. Total bias and uncertainty in all regions of the MPS2
SFP is less than 0.046 dk, thus, the keff <0.95 criterion is met with 550 ppm soluble
boron.

Since the reactivity of the CFSBs is less than the least reactive fuel required by the
burnup curves for any region, the CFSBs do not introduce an interface concern. Further,
as shown by comparing the clustered and diagonal results on Table 4.3-1, the
positioning of these CFSBs does not introduce a reactivity effect large enough to change
these conclusions.

The highest Energy of the Average Lethargy causing Fission (EALF) for the cases shown
on Table 4.3-1 is 0.66 eV. EALF of the critical experiments used in the validation ranged
between 0.0605 and 0.8485 eV. Code bias increases with EALF. The EALF used to
select the bias and uncertainty for the SFP was 0.65 eV. K bias as a function of EALF
derived from the analysis presented in the LAR Appendix A is:

Bias= 1- 0.998983 + 0.00588*EALF

For 0.66 eV, the bias is 0.00490. The bias used for the spent fuel pool analysis in
general is 0.00484. The difference in bias is not significant compared to the margin
shown on Table 4.3-1.

This analysis of the CFSB allows these boxes to be placed anywhere in the SFP where
normal fuel is allowed. CFSBs do not require rodiets or CEAs.

Due to weight restrictions, a loaded CFSB cannot be moved with the SFP platform crane
and would require a special procedure to be moved. The general requirement for
movement of objects over the SFP racks is that the height of the object above the fuel
rack decreases proportionally by more than the weight increases. Therefore if the
CFSBs were to be moved, the potential damage to the fuel racks would be similar to or
less than that for a single fuel assembly drop. It would be possible during movement that
if the CFSB is dropped, the top could come off and fuel pins could fall out. Analysis in
Section 4.9 demonstrates that the reactivity increase from dropping any or all of the
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CFSB fuel pins into a restricted storage location is bounded by the fresh fuel assembly

misload event analysis.

Figure 4.3-1
3x3 Region 3 Rack Model with 3 CFSBs (Diagonal Orientation)
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Table 4.3-1
KENO Region 3 3x3 CFSB Model Results
Soluble
. Enrich. Burnup CFSB Kest
Region (wt%) | (GWd/MTU) | orientation Ket Uncert. boron EALF Notes
(ppm)
3 1.6 0 N/A 0.96211 0.00008 0 0.15 | Base case
(rodlets)
3 3 CFSBs with 2.1
1.6 0 Diagonal 0.94874 0.00008 0 0.29 | wt% 10
(rodlets)
GWd/MTU
3 3 CFSBs with 2.1
(rodlets) 1.6 0 Cluster 0.94703 0.00008 0 0.28 | wt% 10
GWd/MTU
3 4.85 50 N/A 0.97785 0.00009 0 0.26 | Base case
(rodlets)
3 3 CFSBs with 2.1
(rodlets) 4.85 50 Diagonal 0.94911 0.00008 0 0.46 | wt% 10
GWd/MTU
3 3 CFSBs with 2.1
(rodlets) 4.85 50 Cluster 0.95029 0.00009 0 0.44 | wt% 10
GWd/MTU
3 3 CFSBs with 2.1
(rodlets) 4.85 50 Diagonal 0.87976 0.00008 550 0.59 | wt% 10
GWd/MTU
3 (CEA) 2.2 0 N/A 0.96045 0.00009 0 0.18 | Base case
3 CFSBs with 2.1
3 (CEA) 2.2 0 Diagonal | 0.94192 | 0.00009 0 0.36 | wt% 10
GWd/MTU
3 (CEA) 4.85 33 N/A 0.97599 0.00009 0 0.31 | Basecase
3 CFSBs with 2.1
3 (CEA) 4.85 33 Diagonal 0.94717 0.00009 0 0.53 | wt% 10
GWd/MTU
3 CFSBs with 2.1
3 (CEA) 4.85 33 Diagonal 0.88636 0.00008 550 0.66 | wt% 10
GWd/MTU

Note: Depleted fuel conservatively modeled with 28 nuclides. CFSBs have no rodlets or CEAs.

4.4 Individual Rod Storage Containers

The MPS2 SFP contains two individual fuel rod containers (IFRC) that were subsequently
inserted in a guide tube of other fuel assemblies. The fuel rods inserted in these containers
are broken. One individual fuel rod container contains fuel rod K-5 from fuel assembly F-75
and is stored in fuel assembly G-48. One individual fuel rod container contains fuel rod M-13
from fuel assembly F-42 and is stored in fuel assembly G-46.

¢ Fuel Rod Container Tube is 304 Stainless Steel.
¢ Fuel Rod Container Tube has an OD of 0.75 inches.
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* Fuel Rod Container Tube has a thickness of .065 inches.

Table 4.4-1 contains enrichment and burnup information for the IFRC.

Table 4.4-1
Individual Storage Rod Container Fuel Enrichment and Burnup

Initial Fuel
Fuel ID Enrichment Burnup
(Wt%) (MWdJ/MTU)
F-75 (RW19) 3.3 20802
F-42 (RW12) 3.3 20131
G-48 3.2 22913
G-46 3.2 22913

The impact of storing a failed fuel rod in an IFRC in a normal fuel assembly is determined
using a single assembly Region 3 KENO model and a Region 2 2x2 KENO model. For
convenience, the failed fuel rods are modeled as 3.5 wt% fresh fuel pins, which very
conservatively bounds the actual pin enrichment and burnup. Figures 4.4-1 through 4.4-
3 show IFRC models.

Results in Table 4.4-2 show that the addition of the IFRC reduces ket by approximately
0.002 dk in Region 3. Region 3 has the most restrictive fuel reactivity requirement of the
MPS2 SFP regions. Because the normal fuel reactivity permitted in Region 3 is lower
than in any other region, and because the failed fuel is modeled as fresh fuel, the Table
4.4-2 ko reduction is a conservative estimate of the reduction for any other region in the
MPS2 SFP. Confirmation of this is provided via the Region 2 2x2 cases. K drops
approximately 0.001 dk with one IFRC in the Region 2B assembly, and 0.002 dk with two
IFRCs in the Region 2B assembly.

For failed pins of less than or equal to 3.5 wt% enrichment, one or both IFRCs may be
stored in any normal fuel assembly or assemblies with available guide thimbles (not fuel
requiring CEAs). Because the IFRC reduces fuel reactivity, no changes to the region
interface evaluation are required.

An IFRC or a fuel pin being loaded into one of the IFRCs could be dropped during
handling. Analyses in Section 4.8 demonstrate that the reactivity increase from dropping
a small number of 5.0 wt% fresh fue! pins into a restricted storage location is bounded by
the fresh fuel assembly misload.
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Figure 4.4-1
KENO Region 3 IFRC Model (1 IFRC)

Figure 4.4-2
KENO Region 2 IFRC Model (1 IFRC)
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Figure 4.4-3
KENO Region 2 IFRC Model (2 IFRCs)

Table 4.4-2
KENO Region 2 and 3 IFRC Model Results
Soluble
. Enrich. Burnup k
Region wt% | (GWd/MTU) Kest Unce: e boron Notes
(ppm)
3
(rodlets) 1.6 0 0.96431 | 0.00008 0 Base case w/rodlets
3 Base case plus one 3.5 wt% fresh pin in
(rodlets) 1.6 0 0.96249 | 0.00008 0 container
3
(rodlets) | 4.85 50 0.95523 | 0.00009 0 Base case w/rodlets
3 Base case plus one 3.5 wt% fresh pin in
(rodlets) | 4.85 50 0.95225 | 0.00009 0 container
2 1.9/2.9 0/0 0.96355 0.00010 0 Base case Region 2
1 failed rod stored in Region 2B
2 1.9/2.9 0/0 0.96258 0.00010 0 assembly
2 failed rods stored in Region 2B
2 1.9/2.9 0/0 0.96158 | 0.00009 0 assembly

Note: Each IFRC is modeled containing one fresh 3.5 wt% fuel rod
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4.5 Storage Cage 8FR

Storage cage 8FR contains 52 fuel rods, 12 natural enrichment rods, and 86 cage filler
rods. Figure 4.5-1 shows the location of the rods in 8FR. Filler rods are comprised of
standard fuel cladding with a short internal stainless steel rod. The rod is included to
prevent empty clad rods from being buoyant. The stainless steel rods are ignored
(modeled as void).

Fuel assemblies T73, T74, T75, and T76 were reconstituted by removing 13 fuel rods,
each susceptible to a failure mechanism, and replacing them with natural enrichment fuel
rods. Fuel assemblies T73-T76 have initial enrichment of 3.99 wt%. Table 4.5-1 shows
fuel assembly burnup at the time of the reconstitution prior to Cycle 19.

Table 4.5-1
Fuel Assembly Burnup after Cycle 17 (before reconstitution)
Fuel ID | Initial Enrichment Burnup
(Wt%) (GWd/MTU)
T73 3.99 46.0
T74 3.99 45.9
T75 3.99 46.2
T76 3.99 45.8

Replacement of fuel rods in the T assemblies does not affect their qualification for
storage in the MPS2 SFP because natural enrichment fuel rods are much lower
enrichment than the lowest enrichment fuel evaluated for the MPS2 SFP (Region 3 with
rodlets) and are much lower reactivity than any fuel reactivity limit in the SFP.

T73-T76 occupied core interior locations in Cycles 15 and 16, but resided with one face
to the core baffle in Cycle 17. Crediting the average assembly burnup for the removed
fuel rods may be non-conservative due to the Cycle 17 fuel assembly burnup gradient.
To allow for this possibility for the 8FR evaluation, the assembly average fuel burnup at
the end of the previous cycle is credited. Table 4.5-2 shows the assembly average
burnup at the end of the previous cycle (Cycle 16).
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Table 4.5-2

Fuel Assembly Burnup after Cycle 16

Fuel ID Initial Enrichment Burnup
(Wt%) (GWd/MTU)

T73 3.99 39.2

T74 3.99 39.1

T75 3.99 39.3

T76 3.99 39.1

The most restrictive burnup curve proposed for the MPS2 SFP is Region 3 (rodlets). The
burnup requirement by interpolation of the Region 3 (rodlets) loading curve is 39.1
GWd/MTU for 3.99 wt% fuel, which matches the Table 4.5-2 enrichment and burnup. At
4.1 wt%, the interpolated burnup requirement is 40.6 GWd/MTU. The T assembly fuel
pins in the 8FR donor cage are modeled as 4.1 wt% with 40 GWd/MTU using a reduced
set of isotopes (NUREG/CR-6801 28 major isotope set). This model is conservative
because the Cycle 17 burnup addition is ignored, the modeled burnup is slightly less
than required, and use of the reduced set of isotopes increases keff.

The KENO model for 8FR consists of three types of pins: Natural enrichment rods, T
assembly fuel rods, and filler rods. For this analysis, the filler rods are conservatively
modeled without the internal stainless steel rod. A Region 3 single assembly rack model
is used without rodlets. Figure 4.5-2 shows KENO 8FR cage model in a Region 3 rack
cell. Zircaloy guide thimbles were omitted for convenience to simplify model setup.

Table 4.5-3 shows that ket for 8FR in Region 3 without rodlets is very low. Therefore,
8FR may be stored anywhere in the SFP where fuel is permitted. 8FR does not require
rodlets or a CEA, and no interface effects will be introduced by 8FR.

Fuel rods in 8FR are held in grids, therefore, a drop accident for 8FR is similar to the
dropping of a fuel assembly. Analysis confirms that 8FR is much less reactive than a
fresh 4.85 wt% fuel assembly. Therefore, the reactivity effect of a drop or misplacement
accident is bounded by the fresh fuel assembly drop or misplacement analysis.
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Table 4.5-3
Donor Cage 8FR in Region 3 Results
“T" rods "T" rods Soluble
enrich. burnup LATTICELL Keft boron
(wt%) (GWd/MTU) | treatment Keti Uncert. (ppm) Notes (case name)
Region 3 single cell, normal latticell
Normal input, 86 filler rods, 52 "T" rods, 12
4.1 40 fuel lattice | 0.77619 0.00008 0 natural enriched rods
Region 3 single cell, no latticell
input, 86 filler rods, 52 "T" rods, 12
4.1 40 None 0.78473 0.00008 0 natural enriched rods
Figure 4.5-1
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Figure 4.5-2
KENO 8FR Donor Cage Model
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4.6 Reconstituted Assemblies

A number of fuel assemblies in the MPS2 SFP have been reconstituted either by
replacement of fuel rods (as few as 1 and as many as 13) with natural enrichment fuel
rods or with stainless steel rods. Replacement of the removed rods with natural
enrichment fuel rods or with stainless steel rods does not impact the storage
requirements for these reasons:

1) Natural enrichment fuel reactivity is far below any of the Region 1-4 fuel reactivity
limits

2) Stainless steel pins reduce fuel assembly reactivity

Table 4.6-1 shows the results of a case that demonstrates that stainless steel
replacement pins reduce kes. Figure 4.6-1 shows the position of the replacement pins.
No recalculation of fuel burnup is required.

The reactivity of natural enrichment fuel is well below the lowest reactivity fresh fuel
considered in the MPS2 SFP criticality analysis (1.6 wt% U-235, Region 3 with rodlets).
Reconstitution with natural enrichment fuel pins will either reduce fuel reactivity, or fuel
reactivity is already so low as to be well below the lowest reactivity requirement of any
region. Therefore, no recalculation of burnup or enrichment is needed.
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Table 4.6-1
Stainless Steel Replacement Rod Effect
Soluble
Enrichment Burnup Stainless Kett boron
(wt%) (GWd/MTU) | Steel Pins Keft Uncert. (ppm) Notes (case name)
Base case Region 3 with
1.6 0 0 0.96431 | 0.00008 0 rodlets
Base case with 4 fuel pins
1.6 0 4 0.94710 | 0.00008 0 replaced by SS-304 pins
Figure 4.6-1
Stainless Steel Replacement Rod Model
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During reconstitution, the reconstitution assembly is isolated from other fuel assemblies
and does not affect SFP ke Isolation is ensured by removing fuel from the 8 storage
locations that face adjacent or diagonal to the reconstitution assembly and by the
restriction that no other fuel assemblies may be within 12 inches of a fuel assembly
raised out of the rack cell. Dropping a reconstitution assembly (depleted fuel) into a rack
cell is bounded by a single fresh fuel misload. Although reconstitution is infrequently
performed (1984, 1987, and 2004), the normal reconstitution process is to replace one
fuel pin at a time with a natural enrichment fuel rod or a stainless steel rod. With the
reconstitution assembly isolated, the reconstitution process has no effect on SFP keff.

One fuel assembly (P-26) in the MPS2 SFP has a pin removed that has not been
replaced. Assembly P-26 is 3.83 wt%, 41.33 GWd/MTU. This enrichment/burnup
combination is well above the burnup credit curves for Regions 2-4, but is closest to the
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Region 3 (rodlets) burnup curve. Fuel pin B-3 is adjacent to a guide thimble. To
evaluate the current configuration of P-26, a Region 3 model with a similar enrichment
and burnup (4.1 wt% with 40 GWd/MTU) that was used for development of the burnup
curve was modified to remove one fuel pin. The base cases and P-26 models appear to
have high ke, but this is an artifact of using only major actinides to model the fuel content
for this pin-removal sensitivity. Results in Table 4.6-2 show that the reactivity of P-26 is
reduced by the removal of pin B-3. No special restrictions are required for P-26 as a
result of the removal of fuel pin B-3.

Table 4.6-2

Fuel Assembly P-26 Removed Fuel Rod Effect in Region 3 (rodlets)
Enrich Burnup S:;:Z:! K Kets Uncert Condition
wt% GWd/MTU o dk
(wise) | | opm) (dk)
4.10 40 0 1.06132 0.00010 Normal fuel, major actinides only
4.10 40 0 1.05853 0.00009 Same with missing pin next to rodlet
4.10 40 0 1.05667 0.00009 Same with missing pin next to GT
4.10 40 2000 0.78248 0.00008 Normal fuel, major actinides only
4.10 40 2000 0.77985 0.00008 Same with missing pin next to rodiet

Reconstituted assemblies with removed fuel rods replaced with un-enriched fuel rods or
stainless steel rods, and fuel assembly P-26 have been shown to be less reactive than
normal fuel assemblies. Therefore, the reactivity effect of a drop or misload accident is
bounded by the fresh fuel assembly drop and misload analyses.
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4.7 Fuel Transfer Cart

The MPS2 fuel transfer cart is designed to allow simultaneous loading of two fuel
assemblies. Fuel assemblies are secured in baskets with 12.2 cm minimum separation.
Calculation of separation distance is shown in Table 4.7-1.

Table 4.7-1
Fuel Transfer Cart Fuel Assembly Spacing

Distance between inside basket plate
surfaces between storage cells
Thickness of two basket plates 0.25inch
Minimum distance between adjacent
fuel assembly faces

4.5625 inches

4.81 inches (12.2 cm)

Table 4.7-2 shows the results of a KENO model with two fresh 4.85 wt% fuel assemblies
in unborated water for several separation distances. Total bias and uncertainty for such
a simple configuration is estimated from the Region 1 analysis to be less than 0.02 dk.
Table 4.7-2 demonstrates that 10 cm spacing is more than sufficient to ensure ket < 1.0
with no soluble boron. The transfer cart fuel separation of 12.2 cm is sufficient. Figure
4.7-1 depicts the KENO model.

Table 4.7-3 shows the results of a KENO model with three fresh 4.85 wt% fuel
assemblies in unborated water for two separation distances. These cases have 2100
ppm soluble boron and are a bounding model for an assembly mishandling or drop
accident in the vicinity of the fuel cart loaded with two fresh fuel assemblies. Both
spacings in Table 4.7-3 are sufficient to ensure ket < 0.95 with 2100 ppm soluble boron
with over 0.1 dk available for bias, uncertainty and margin. Bias and uncenrtainty is
estimated from the Region 1 uncertainty and bias calculations to be less than 0.02 dk.
Figure 4.7-2 depicts the KENO model.

Table 4.7-2
Two Fresh 4.85 wt% Fuel Assemblies in Un-borated Water
Assembly
separation (cm) Kes Keg Uncert. Notes
7 0.97619 0.00011 Two assemblies in water separated by 7 cm
8 0.96298 0.00012 Two assemblies in water separated by 8 cm
9 0.95195 0.00011 Two assemblies in water separated by 9 cm
10 0.94265 0.00011 Two assembilies in water separated by 10 cm
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Table 4.7-3
Three Fresh 4.85 wt% Fuel Assemblies in Water (2100 ppm soluble boron)

Notes
Three assemblies in water separated by 0 cm
Three assemblies in water separated by 2 cm

Kest Uncert.
0.00010

0.00010

keff
0.84154

0.80599

Assembly
separation (cm)

4.71

igure

F
Two Fresh Fuel Assembl

in Water

ies in

u]h»awfl, Gl
e
] .

Figure 4.7-2
Three Fresh Fuel Assemblies in Water
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4.8 Non-fuel ltems

Region 1 and Region 4 infinite lattice cases show that displacement of water by zircaloy
can substantially increase kes. Unrestricted storage of non-fuel materials in normally
empty cells is not generically supported. Specific analysis of non-fuel items that are
neutron absorbers, particularly adjacent to the SFP wall, may be acceptable if it
demonstrates that region ke does not increase and if no new region boundary effects are
created. A Region 4 sensitivity case (Table 5.4-1 in Attachment 5 to this letter) confirms
the expectation that storage of full-length full-strength CEAs in Restricted Locations
decreases ke and is acceptable.

Storage of non-fuel items in locations analyzed for fuel storage increases spacing
between fuel assemblies and is permitted. Cases in Table 4.8-1 confirm for the MPS2
SFP region with the greatest neutron absorber credit (Region 3 with CEA), introducing an
empty cell with no neutron absorber (50% void and 100% void in the empty cell of the
2x2 model) reduces ke substantially.

Table 4.8-1
Region 3 (CEA) 2x2 Model with One Empty Storage Location
Empty cell
Enrichment Burnup void Soluble
{wt%) {(GWd/MTU) fraction Kest Kesf Uncert. boron (ppm) Notes
Base Case Region 3

2.2 0 N/A 0.96045 0.00009 0 with CEA
Region 3 CEA 2x2

2.2 0 100 0.94289 0.00009 0 with 1 empty cell
Region 3 CEA 2x2

2.2 0 50 0.91034 0.00010 0 with 1 empty cell
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4.9 Accident Analysis for Non-standard Fuel Configurations

For non-standard fuel configurations in which the fuel pins are not firmly held in place (as
they are in standard fuel assemblies by the grids), it is possible to have an accident while
moving non-standard fuel because multiple fuel pins may be dropped. For this accident,
it is assumed that the non-standard fuel is up to 196 pins of fresh 5.0 wt% U-235 rods or
up to 361 rods of fresh 2.0 wi% U-235 and that the optimum number of these rods fall
into the location that can increase ke the most. Further, the arrangement of these pins
in the empty cell is optimized. This analysis shows that with the soluble boron level at
the minimum concentration allowed by the Technical Specifications (2100 ppm), the ket
will be less than 0.95 including biases and uncertainties.

The most limiting location for a misload of fuel is in a cell that is required to be empty.
This occurs in Regions 1, 2, and 4. For each misload case, fuel pins are allowed to fill
the empty cell. There is some number of fuel pins that maximizes kes. For each region
this optimum number of fuel pins is determined.

For Regions 2 and 4, the dropped pins analysis assumes high enrichment depleted
standard fuel is stored in the racks with the normal storage geometry (3-out-of-4). Boron
requirements are higher for higher enrichment depleted fuel than for low enrichment
fresh fuel. In general, the optimum pin arrangement is a uniform pitch that matches the
available space in the cell. A pin lattice with some vacant locations could occur. With
2100 ppm soluble boron, the worth of removing a fuel pin from a lattice is close to zero
and is negative in most of the analysis.

Table 4.9-1 shows the results of the analysis for Region 4 using a 4x4 model with pins
dropped into one empty cell. Soluble boron of 2100 ppm is used for all cases. The fuel
surrounding the dropped pins is 4.85 wt% U-235 with 40 GWd/MTU burnup. A number
of test cases were performed. For the 196 pin case, the fuel pins were expanded as far
as possible for the first case (centered). Then the case was rerun with a small pin pitch
and a mid pin pitch without changing the origin of the array. This resulted in placing the
pins tightly and less tightly in one corner. The placement toward the corner lowered Keg.
This was repeated for the 225 pin case and again the highest k. came from the case
with fuel pins uniformly expanded to the edges of the cell. The next test was to check if
removing some fuel pins could raise ke. The first test removed 20 fuel pins as 5 groups
of 4 pins. This was followed by removing single pins evenly spaced. The results showed
that a higher ke came from removing isolated single rods.

The results of the Region 4 analysis are shown on Figure 4.9-1. The peak ke is 0.874
with about 250 fuel pins dropped into the empty cell. The bias and uncertainty for this
region is less than 0.04 dk. This means the highest analysis ket is less than 0.914 with
2100 ppm soluble boron, which is much less than the criterion of ket < 0.95. Further
study of this case is not warranted.
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4x4 model with one cell used for accident
(2100 ppm soluble boron, reduced isotopics)
Pitch

Case Pins | (cm) Kot sigma ealf
Centered 7x7 49 3.22 | 0.72931 | 0.000093 | 4.50E-01
Centered 10x10 100 2.26 | 0.75980 | 0.000086 | 4.00E-01
Centered 12x12 144 1.88 | 0.80849 | 0.000091 | 3.75E-01
Centered 14x14 196 1.61 0.85598 | 0.00011 | 4.15E-01
Corner 14x14 196 1.20 | 0.75976 | 0.0001 5.83E-01
Mid pitch 14x14 196 1.40 |0.81107 | 0.00011 | 5.12E-01
Centered 16x16 256 1.41 0.87379 | 0.00012 | 5.36E-01
Centered 18x18 324 1.25 | 0.85811 | 0.00011 | 7.33E-01
centered 15x15 225 1.50 |0.86915| 0.00011 | 4.65E-01
mid pitch 15x15 225 1.40 0.8422 | 0.00011 | 5.20E-01
centered 15x15 20

holes (CE type) 205 1.50 |[0.84673 | 0.00011 | 4.36E-01
centered 15x15 20

holes (scattered) 205 1.50 | 0.85669 | 0.00011 | 4.29E-01
centered 15x15 40

holes (scattered) 185 1.50 | 0.84124 | 0.00012 | 4.04E-01
Centered 17x17 30

holes (scattered) 259 1.33 | 0.87168 | 0.00013 | 5.42E-01
Centered 18x18 40

holes (scattered) 284 1.25 | 0.87281 ( 0.00011 | 6.03E-01
centered 17x17 289 1.33 | 0.86958 | 0.00011 | 6.28E-01
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Figure 4.9-1
Kess vs Number of 5 wt% Pins Placed in a Region 4 Empty Cell

Dropped 5 wt% Rods Into an Empty Region 4 Cell
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The Region 2 analysis uses 4.85 wt% U-235 fuel and burnups of 16 and 33 GWd/MTU. All
cases have 2100 pm soluble boron. This model is a 6x6 model with a 4x4 set of assemblies
asymmetrically located in the cell. The Region 2 results are shown on Table 4.9-2 and
Figure 4.9-2.

If all the dropped rods are 5 wt% U-235, then the peak ke is 0.916. Region 2 bias and
uncertainty is above 0.03 dk. K. including bias and uncertainty is close to the regulatory
limit, therefore, confirmation of the bias and uncertainty for this case would be needed to
generically support any number of 5.0 wt% fresh fuel pins in one empty cell. However, only
the consolidated fuel boxes contain more than 196 fuel rods, and those fuel rods are less
than 2 wt% U-235. With 196 fuel pins (20 more than in a standard fuel assembly) the
maximum ke is 0.867. There is over 0.08 dk margin to the limit available to accommodate
bias and uncertainty, which is approximately 0.03 dk. No further analysis of Region 2
dropped 5 wt% fuel pins is needed.
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Table 4.9-2
Region 2 with Dropped 5 wt% Pins
Pitch
Case Pins | (cm) Keft sigma ealf

Centered 13x13 169 | 1.888 | 0.83876 | 0.00013 | 3.59E-01
Centered 14x14 196 | 1.754 | 0.86731 | 0.00013 | 3.69E-01
Centered 15x15 225 | 1.637 | 0.89066 | 0.00015 | 3.95E-01
Centered 16x16 256 | 1.534 | 0.90693 | 0.00014 | 4.38E-01
Centered 17x17 289 | 1.444 | 0.91543 | 0.00017 | 4.99E-01
Centered 18x18 324 | 1.364 | 0.91551 | 0.00015 | 5.81E-01
Centered 19x19 361 | 1.292 | 0.90828 | 0.00014 | 6.83E-01
Centered 18x18

40 rods

withdrawn 284 | 1.364 | 0.91092 | 0.00016 | 4.84E-01
Centered 18x18

20 rods

withdrawn 304 | 1.364 | 0.91458 | 0.00014 [ 5.28E-01
Centered 18x18

16 rods

withdrawn 308 | 1.364 | 0.9152 | 0.00015 | 5.39E-01
Centered 19x19

52 rods

withdrawn 309 | 1.292 | 0.91463 | 0.00014 | 5.34E-01
Centered 19x19

40 rods

withdrawn 321 | 1.292 | 0.91479 | 0.00014 | 5.68E-01
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Figure 4.9-2
Kert vs. Number of 5 wt% Pins Placed in a Region 2 Empty Cell

Dropped 5 wt% Pins Into a Region 2 Empty Cell
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To analyze the CFSBs, the dropped rod enrichment was reduced to 2 wt% U-235 and
additional cases were run. Table 4.9-3 and Figure 4.9-3 shows the results. At 2 wt% U-
235 the maximum reactivity is not met before 361 (19x19) pins. There are 352 pins in a
consolidated fuel box. The maximum keg for < 361 pins (2 wt% fresh fuel) is 0.809. After
allowing for biases and uncertainties keg is much less than 0.95, so dropping any number
of pins from the consolidated fuel boxes is easily covered by the TS minimum soluble
boron (2100 ppm).

Table 4.9-3
Region 2 with Dropped 2 wt% Pins
Pitch
Case Pins | (cm) Kefr sigma ealf
Centered
16x16 256 | 1.534 | 0.78643 | 0.00011 | 4.23E-01
Centered
17x17 289 | 1.444 | 0.79711 | 0.00012 | 4.37E-01
Centered
18x18 324 | 1.364 | 0.80509 | 0.00012 | 4.62E-01
Centered
19x19 361 | 1.292 | 0.80949 | 0.00014 | 4.97E-01
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Figure 4.9-3
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The analysis was repeated for Region 1. For the Region 1 case, the Region 2 model
used for this accident was modified to replace the burned fuel with 5 wt% fresh U-235
fuel. To be consistent with Region 1 requirements, the checkerboard of empty cells were
put into the model. This model still contains the asymmetric features, but due to the
checkerboard there are only 8 asymmetric Region 1 assemblies. This is less asymmetry
than assumed for the normal Region <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>