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February 9, 2006

U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852-2738

Attn: Document Control Desk

Subject: Submittal of Supplemental Information for the MAGNASTOR System
Application (TAC No. L23764)

Docket No. 72-1031

—

MAGNASTOR System — Application for Approval, NAC International,

August 31, 2004

2. Acknowledgment Review of the MAGNASTOR System Application, U.S.
Nuclear Regulatory Commission (NRC), November 1, 2004

3. Request for Additional Information for the Review of the NAC MAGNASTOR
System Application, NRC, May 23, 2005

4. Responses to Request for Additional Information on the NAC MAGNASTOR
System Application, NAC International, September 29, 2005

5. NRC/NAC Meeting on the MAGNASTOR System RAI Responses,
October 19, 2005

6. NRC/NAC Conference Call on the MAGNASTOR System RAI Responses,
October 26, 2005

7. NRC/NAC Meeting on the MAGNASTOR System Thermal Analysis
Methodology, December &, 2005

8. Submittal of Supplemental Information for the MAGNASTOR System
Application, NAC International, December 16, 2005

9. Revised Schedule for NAC-MAGNASTOR System Application (TAC No.

L23764), NRC, January 25, 2006

References:

NAC International, Inc. (NAC) herewith provides supplemental information related to the
MAGNASTOR System application in response to discussions and questions during and
subsequent to the NRC/NAC meeting on December 8, 2005 (Reference 7). This submittal
includes four copies of the MAGNASTOR Safety Analysis Report (SAR), Revision 06A,
changed pages. The supplemental information addresses the following areas:

e Thermal analysis and revision of VCC PWR and BWR heat loads/temperatures based on
the determination of flow resistances for PWR and BWR fuel assemblies and use of the
transitional turbulence model for the annulus flow, and annulus flow benchmarking for
the use of low Reynold’s number k-¢ and k-w turbulence modeling (affected Chapters 2,
4,5, 12 and 13).
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e Removed option for alternatives to the described neutron poison qualification testing and
clarified incorporation by reference into the CoC (affected Chapters 10 and 13).

¢ Added Appendix 1-A, MAGNASTOR FUEL DATA, and referenced it in the Chapter 13,
Technical Specifications (affected Chapters 1 and 13).

e Clarified the sequence, test requirements, equipment and acceptance criteria for the
helium leakage testing of the closure lid inner vent and drain port covers (affected
Chapters 9 and 10).

e Added a table in Chapter 9 to define the time limits for completion of additional vacuum
drying cycles following auxiliary cooling for casks when the dryness of the canister is not
achieved during the initial drying sequence.

e Performed various minor editorial changes (affected Chapters 1 and 4, and license
drawing 71160-585).

Consistent with NAC administrative practice, all SAR pages changed in this submittal are
uniquely identified as Revision 06A. Revision bars in the page margin mark each change on the
affected page. A detailed list of the changes in the SAR is provided in Attachment 1. Changes
in the chapter table of contents, list of figures, list of tables, and in text flow are not marked with
revision bars. Upon final approval, the SAR will be reformatted, assigned the appropriate
revision number, and issued as the NAC MAGNASTOR FSAR.

One NAC drawing has been revised in conjunction with this submittal. This drawing (71160-
585, Revision 4) is included in Chapter 1 of the SAR. A detailed description of the drawing
change is provided in Attachment 2.

Included in this submittal are NAC Calculation Packages 71160-3027, “Determination of Flow
Resistances for PWR and BWR Fuel Assemblies,” Revision 1; 71160-3029, “NEWGEN

VCC/PWR Canister Thermal Evaluation with the k-o Turbulence Model,” Revision 0; 71160-
3030, “NEWGEN VCC/BWR Canister Thermal Evaluation with the k-o Turbulence Model,”
Revision 0; and 71660-3031, “Benchmark for the Use of Low Reynold’s Number and
Transitional Turbulence Model for the Annulus Flow,” Revision 0, each containing one copy of
the calculation and one (1) CD containing data input and output files all separately packaged and
identified as proprietary information. The above calculation packages are provided to the NRC
as NAC Proprietary Information. In accordance with 10 CFR 2.390, the supporting Proprietary
Information Affidavit executed by Thomas A. Danner, NAC Vice President, Engineering, is
enclosed.

The MAGNASTOR System is currently being considered by U.S. utilities for near-term
implementation at their operating reactor sites. Therefore, NAC requests that the NRC complete
the review and approval of the MAGNASTOR System in accordance with the revised schedule
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as described in the NRC letter to NAC, dated January 25, 2006 (Reference 9). Any additional
information requested will be promptly provided.

If you have any comments or questions, please contact me on my direct line at (678) 328-1274.

Sincerely,

C R

Anthony L. Patko
Director, Licensing
Engineering

Enclosure, MAGNASTOR Affidavit
Attachment 1, List of SAR Changes
Attachment 2, List of Drawing Changes
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NAC INTERNATIONAL
AFFIDAVIT PURSUANT TO 10 CFR 2.390

Thomas A. Danner (Affiant), Vice President, Engineering, of NAC International, hereinafter referred to as
NAC, at 3930 East Jones Bridge Road, Norcross, Georgia 30092, being duly sworn, deposes and says that:

1. Affiant has reviewed the information described in Item 2 and is personally familiar with the trade
secrets and privileged information contained therein, and is authorized to request its withholding.

2. The information to be withheld includes the following NAC calculation packages that are being
provided in support of the technical review of NAC’s request for approval of the NAC MAGNASTOR

System.

e 71160-3027, “Determination of Flow Resistances for PWR and BWR Fuel
Assemblies,” Revision 1

e 71160-3029, “NEWGEN VCC/PWR Canister Thermal Evaluation with k-
Turbulence Model,” Revision 0

e 71160-3030, “NEWGEN VCC/BWR Canister Thermal Evaluation with k-
Turbulence Model,” Revision 0

e 71660-3031, “Benchmark for the Use of Low Reynold’s Number and Transitional
Turbulence Model for the Annulus Flow,” Revision 0

The subject calculation packages include detailed analysis methods and results that have been
developed by NAC and are being used for the NAC MAGNASTOR System.

NAC is the owner of the information in the calculation packages. Thus, all of the above identified
information is considered NAC Proprietary Information.

3. NAC makes this application for withholding of proprietary information based upon the exemption from
disclosure set forth in: the Freedom of Information Act (“FOIA”); 5 USC Sec. 552(b)(4) and the Trade
Secrets Act; 18 USC Sec. 1905; and NRC Regulations 10 CFR Part 9.17(a)(4), 2.390(a)(4), and
2.390(b)(1) for “trade secrets and commercial financial information obtained from a person, and
privileged or confidential” (Exemption 4). The information for which exemption from disclosure is
herein sought is all “confidential commercial information,” and some portions may also qualify under
the narrower definition of “trade secret,” within the meanings assigned to those terms for purposes of

FOIA Exemption 4.
4. Examples of categories of information that fit into the definition of proprietary information are:
a. Information that discloses a process, method, or apparatus, including supporting data and analyses,
where prevention of its use by competitors of NAC, without license from NAC, constitutes a

competitive economic advantage over other companies.

b. Information that, if used by a competitor, would reduce their expenditure of resources or improve
their competitive position in the design, manufacture, shipment, installation, assurance of quality or
licensing of a similar product.

c. Information that reveals cost or price information, production capacities, budget levels or
commercial strategies of NAC, its customers, or its suppliers.
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AFFIDAVIT PURSUANT TO 10 CFR 2.390 (continued)

d. Information that reveals aspects of past, present or future NAC customer-funded development
plans and programs of potential commercial value to NAC.

e. Information that discloses patentable subject matter for which it may be desirable to obtain patent
protection.

The information that is sought to be withheld is considered to be proprietary for the reasons set forth in
Items 4.a, 4.b, and 4.d.

5. The information to be withheld is being transmitted to the NRC in confidence.

6. The information sought to be withheld, including that compiled from many sources, is of a sort
customarily held in confidence by NAC, and is, in fact, so held. This information has, to the best of my
knowledge and belief, consistently been held in confidence by NAC. No public disclosure has been
made, and it is not available in public sources. All disclosures to third parties, including any required
transmittals to the NRC, have been made, or must be made, pursuant to regulatory provisions or
proprietary agreements, which provide for maintenance of the information in confidence. Its initial
designation as proprietary information and the subsequent steps taken to prevent its unauthorized
disclosure are as set forth in Items 7 and 8 following.

7. Initial approval of proprietary treatment of a document/information is made by the Vice President,
Engineering, the Project Manager or the Director, Licensing — the persons most likely to know the
value and sensitivity of the information in relation to industry knowledge. Access to proprietary
documents within NAC is limited via “controlled distribution” to individuals on a *“need to know”
basis. The procedure for external release of NAC proprietary documents typically requires the
approval of the Project Manager based on a review of the documents for technical content, competitive
effect and accuracy of the proprietary designation. Disclosures of proprietary documents outside of
NAC are limited to regulatory agencies, customers and potential customers and their agents, suppliers,
licensees and contractors with a legitimate need for the information, and then only in accordance with
appropriate regulatory provisions or proprietary agreements.

8. NAC has invested a significant amount of time and money in the research, development, engineering
and analytical costs to develop the information that is sought to be withheld as proprietary. This
information is considered to be proprietary because it contains detailed descriptions of analytical
approaches, methodologies, technical data ard evaluation results not available elsewhere. The precise
value of the expertise required to develop the proprietary information is difficult to quantify, but it is
clearly substantial.

9. Public disclosure of the information to be withheld is likely to cause substantial harm to the
competitive position of NAC, as the owner cf the information, and reduce or eliminate the availability
of profit-making opportunities. The proprietary information is part of NAC’s comprehensive spent fuel
storage and transport technology base, and its commercial value extends beyond the original
development cost to include the developmernt of the expertise to determine and apply the appropriate
evaluation process. The value of this proprietary information and the competitive advantage that it
provides to NAC would be lost if the information were disclosed to the public. Making such
information available to other parties, including competitors, without their having to make similar
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NAC INTERNATIONAL
AFFIDAVIT PURSUANT TO 10 CFR 2.390 (continued)

investments of time, labor and money would provide competitors with an unfair advantage and deprive
NAC of the opportunity to seek an adequate return on its large investment.

STATE OF GEORGIA, COUNTY OF GWINNETT

Mr. Thomas A. Danner, being duly sworn, deposes and says:

That he has read the foregoing affidavit and the matters stated herein are true and correct to the best of his
knowledge, information and belief.

Executed at Norcross, Georgia, this 9" day of February 2006.

%%«a@zgw—-

Thomas A. Danner
Vice President, Engineering
NAC International

Subscribed and sworn before me this C}‘”‘ day of :J/L Wﬂ/b‘f 2006.

Q@a/xxm%mi@//

NotMy Public
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Attachment 1

List of SAR Changes for the
MAGNASTOR Storage System, Revision 06A,
in Response to the
NRC/NAC Meeting on 12/8/05 &

Subsequent NRC/NAC Conference Calls

NAC International

February 2006
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List of MAGNASTOR SAR Changes, Revision 06A, in Response to

theNRC/NAC Meeting on 12/8/05 &
Subsequent NRC/NAC Conference Calls

Chapter/
Page/
Figure/
Table

Description of Change

Note: The affected Chapter Table of Contents, List of Figures and List of Tables have been revised
accordingly to reflect the list of changes detailed below.

Chapter 1

Page 1.8-1 Changed Drawing 71160-585 to Revision 4

Appendix 1-A, | Added Appendix 1-A, MAGNASTOR FUEL DATA, as requested by the NRC

Pages A-1 thru

A-3

Chapter 2

Page 2.2-2 1% full sentence — changed “37 kW” to “35.5 kW”; 3" full sentence — changed “1 kW/
assembly” to “0.96 kW/assembly”

Page 2.2-3 1* full sentence — changed “35.0 kW (average of 0.402 kW/assembly)” to “33.0 kW (average
of 0.379 kW/assembly)”

Page 2.2-4, Information beneath figure — revised Heat Load column

Figure 2.2-1

Page 2.2-6, Changed the Max Decay Heat (Watts) per Storage Location from “1,300” to “1,200” & added

Table 2.2-1 “Preferential”’; added new last bullet beneath table

Page 2.2-7 Changed the Max Decay Heat (Watts) per Storage Location from “402” to “379”

Table 2.2-2

Chapter 4

Page 4.1-1 Section 4.1, last paragraph, 1* sentence — changed “37 kW” to “35.5 kW™; 2" sentence —
changed “1 kW per assembly” to “959 W per assembly”

Page 4.1-2 1* partial paragraph, last sentence — changed “35 kW, or 402 watts,” to “33 kW, or 379 watts”

Page 4.14, Information beneath figure — revised Maximum Heat Load per Assembly (kW) line

Figure 4.1-1

Page 4.1-5, Revised Environmental Temperature (°F) column

Table 4.1-1

Page 4.4-4 Modeling of the Concrete Cask, 2™ paragraph, 2™ sentence — revised throughout;
8" sentence — changed “a fully turbulent model (k-€)” to “a low Reynold’s number turbulence
model (low Re k-g)”
Editorial changes: 8" sentence — changed “two turbulence flow models” to “two turbulent flow
models’’; changed “transitional turbulent model” to “transitional turbulence model”

Page 4.4-5 1* partial paragraph, 1* partial sentence — added “low Reynold’s number”; deleted 1% complete
sentence (i.e., “It is observed ... k-0 model.”); new 1* complete sentence — changed “k-¢
model” to “k-» model” in 2 places; last sentence - changed “k-¢ turbulent model” to “k-o
turbulence model”
Old 1* & 2™ full paragraphs — combined & revised throughout

Page 4.4-9 Heat Generation, 1* paragraph, last sentence — changed “37 kW and 35 kW” to “35.5 kW and

33 kW”; 2™ paragraph, 2™ sentence — changed “37 kW or 1.0 kW” to “35.5 kW or 959 W™
4™ sentence — changed “37 kW” to “35.5 kW”
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Chapter/

Page/
Figure/
Table Description of Change

Page 4.4-10 1* full paragraph, 2™ sentence — changed “35 kW” to “33 kW” & “402 watts” to “379 watts”;
5™ sentence — changed “402 watts” to “379 watts”; 7 sentence — changed “402 watts” to “379
watts”
Pressure of the Helium Backfill, 5™ sentence — deleted “0.047 Ibm/ft>”; changed
“(0.760g/liter)” to “(0.763g/liter)”

Page 4.4-11 Ist partial paragraph, last sentence — changed “under 700°F” to “under 752°F (400°C)”
Mesh Sensitivity Evaluation, 3rd paragraph, deleted 2™ sentence; new 2™ sentence — changed
“to be between 20 and 30” to “to be less than unity”

Page 4.4-12 1* paragraph, 7" sentence — changed “37 kW” to “35.5 kW”

Page 4.4-18 Evaluation of the Water Phase, 1% paragraph, 4" sentence — changed “37 kW” to “40 kW,
which bounds the design basis heat load of 35.5 kW”

Page 4.4-19 4" bullet — revised throughout

Page 4.4-20 4" bullet — revised throughout

Page 4.4-21 1 partial paragraph, 2™ full sentence — changed “1.0 kW” to “9059 W”; 3™ sentence — changed
“(1.0 kW/ 0.40 kW > 2)” to “(922 W/ 379 W > 2)”

Page 4.4-24 2™ full paragraph, last sentence ~ revised throughout

Page 4.4-30, Inserted revised figure

Figure 4.4-2

Page 4.4-33, Inserted revised figure

Figure 4.4-5

Page 4.4-42, Inserted revised figure

Figure 4.4-14

Page 4.4-43, Revised figure title & inserted revised figure

Figure 4.4-15

Page 4.4-47, Table revised throughout

Table 4.4-3

Page 4.4-47, Table revised throughout

Table 4.4-5

Page 4.5-1 Section 4.5, 2™ paragraph, last sentence — changed “37 kW and 35 kW” to “35.5 kW and 33
KW”; both tables following the 3™ paragraph revised throughout

Page 4.5-2 Off-Normal Event TSC Internal Pressure, 2™ sentence — changed “485°F” to “491°F”

Page 4.6-1 Section 4.6.1 — table revised throughout

Page 4.7-2 Added references 23 & 24

Page 4.8.2-2 Paragraph below 1™ equation, 2™ sentence — changed “99,000 cells” to “199,000 cells™;
3" sentence — revised throughout; 5™ & 6™ sentences — revised throughout
Paragraph below 2™ equation, 4™ sentence — changed “263,000 cells” to “332,500 cells”;
5™ sentence — changed “8.76 inches” to “0.37 inches” in 2 places; changed “4.38 inches” to
“0.37 inches”; added new 7" sentence (i.e., “The bounding ... PWR assemblies.”)

Page 4.8.2-3 Paragraph below 1* equation — added new 1* sentence (i.€., “The pressure drop ... set to
zero.”); 2™ sentence ~ changed “eight grids” to “all the grids” & deleted the 2™ “eight”;
2" equation — changed “4.64e5” to “462,087”

Page 4.8.2-4 Paragraph revised throughout

Page 4.8.2-6, Inserted revised figure

Figure 4.8.2-2

Page 4.8.2-7, Inserted revised figure

Figure 4.8.2-3
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Chapter/
Page/
Figure/
Table Description of Change

Page 4.8.3-1 Section 4.8.3, 1* sentence — added “low Reynold’s (low Re)”; deleted next-to-last sentence
from Revision 05A; last sentence — changed “k-e turbulent model” to “k-w turbulence model”
Section 4.8.3.1, next-to-last sentence — added “low Re”

Page 4.8.3-2 Section 4.8.3.4, 2" paragraph, 4™ sentence — changed “or a fully developed turbulent flow
model (k- model)” to “or a low Re turbulent flow model (low Re k-g model)”
Editorial change: 2™ paragraph, 6" sentence — changed “turbulent model” to “turbulence
model”

Page 4.8.3-3 1* partial paragraph, 1* partial sentence — changed “and approximately 30 for the k-€” to “and
for the low Re k- model”’; deleted last sentence
Section 4.8.3.5, 2™ paragraph, deleted 1" & 2™ sentences
Temperature Specification — revised. throughout (continued on next page)

Page 4.8.3-4 Temperature Specification continued — revised throughout
Heat Generation — deleted last 3 sentences
Buoyancy, 2™ paragraph, 2™ sentence — added “for a site elevation of 1,400 m”
Section 4.8.3.7 — deleted 2™ sentence; new 3™ sentence — revised throughout

Page 4.8.3-5 1* partial paragraph, second to last sentence ~ changed “37 kW to “35.5 kW
Section 4.8.3.9, 2™ sentence — changed “k-¢ turbulent flow model” to “k-o turbulent flow
model”; last sentence — changed “inlet temperature” to “ambient temperature”

Page 4.8.3-6, Inserted revised figure

Figure 4.8.3-1

Page 4.8.3-8, Inserted revised figure

Figure 4.8.3-3

Page 4.8.3-9, Inserted revised figure

Figure 4.8.3-4

Chapter S

Page 5.1-1 Section 5.1 — added new 2™ paragraph to clarify dose rate calculations

Page 5.8.3-2 Section 5.8.3.2 — added new last paragraph

Page 5.8.4-2 Section 5.8.4.2 — added new last paragraph

Page 5.8.7-1 Section 5.8.7 — added new last paragraph

Page 5.8.9-1 Section 5.8.9/5.8.9.1 — added new sections titled “Thermal Analysis Limited Cool-Time
Tables” & “PWR”, respectively

Page 5.8.9-2, Added new table titled “Low Burnup PWR Fuel Loading Table”

Table 5.8.9-1

Pages 5.8.9-3 Added new table titled “Loading Table for PWR Fuel — 959 W/Assembly”

thru 5.8.9-14

Table 5.8.9-2

Pages 5.8.9-15 | Added new table titled “Loading Table for PWR Fuel — 1,200 W/Assembly”

thru 5.8.9-26

Table 5.8.9-3

Pages 5.8.9-27 | Added new table titled “Loading Table for PWR Fuel — 922 W/Assembly”

thru 5.8.9-38

Table 5.8.9-4 .

Pages 5.8.9-39 | Added new table titled “Loading Table for PWR Fuel — 800 W/Assembly”

thru 5.8.9-50

Table 5.8.9-5
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Chapter/
Page/
Figure/
Table Description of Change

Page 5.8.9-51 | Added new section titled “BWR”

Page 5.8.9-52, | Added new table titled “Low Burnup BWR Fuel Loading Table”

Table 5.8.9-6

Pages 5.8.9-53 | Added new table titled “Loading Table for BWR Fuel — 379 W/Assembly”

thru 5.8.9-64

Table 5.8.9-7

Chapter 9

Page 9.1-1 Section 9.1, 5 paragraph, 3" senterice ~ added “helium leakage rate tested”

Page 9.1-7 Step 60, 1* Note, 1* sentence — changed “If vacuum drying times greater than those defined in
Table 9.1-3” to “If the dryness verification is not met within the first vacuum drying times
defined in Table 9.1-3”; 2™ sentence — added “subsequent” & “cycle”; 3™ sentence — added
“and cooling periods”

Page 9.1-16, Drain and Blow Down System (DBS), 1* sentence — added “and to refill the cavity and

Table 9.1-1 hydrostatic test the closure lid weld”; 2™ sentence — added “and hydrostatic testing”

(cont’d) Added definition for Helium Mass Spectrometer Leak Detector (MSLD)

Page 9.1-17, Revised table title; removed last line of table & revised new last line of table

Table 9.1-3

Page 9.1-17, Revised table title; removed last line of table & revised new last line of table

Table 9.1-4

Chapter 10

Page 10.1-6 1° paragraph — added new sentences 1-5 & new 2™ paragraph to address helium leakage testing

Page 10.1-7 Section 10.1.6 — added NOTE textbox as requested by the NRC

Page 10.1-8 1* paragraph, 2 sentence — deleted “Neutron transmission”

Page 10.1-11 Section 10.1.6.4.1, 4" sentence — changed “Specification section, which follows” to “following
sections™; deleted old 5 sentence (.e., “The 105 presence ... neutron transmission testing.”);
changed new 6™ sentence from “is cause for rejection” to “is not acceptable”; last sentence —
changed “the surface roughness shall not exceed 125 RMS” to “exposure of the core through
the cladding surface of the sheet is not acceptable”

Section 10.1.6.4.2, 3" sentence —~ changed *“Specification section, which follows” to “following
sections”; deleted old 4" sentence (i.e., “The presence, ... neutron transmission testing.”)
Section 10.1.6.4.3, 3" sentence — changed “Specification section, which follows” to “following
sections™; deleted old 4" sentence (i.e., “The presence, ... neutron transmission testing.”)

Page 10.1-13 Section 10.1.6.4.5 — added NOTE textbox as requested by the NRC
Deleted old 2™ paragraph, including 2 bullets (i.e., “Proposed alternatives ... with 10 CFR 72.”)
New 2" paragraph — added new 3" bullet

Page 10.1-14 | 2™ full bullet, 4™ sentence — changed “(i.e., boron carbide powder, aluminum powder, or
aluminum extrusion)” to “(i.e., boron carbide powder or aluminum powder)”

Page 10.1-15 1*" full bullet — deleted last sentence (i.e., “Any lot of material ... shall be used.”)

Added new 2" bullet; added new 4" bullet
Section 10.1.6.4.6 — added NOTE textbox as requested by the NRC
Page 10.1-16 Deleted old 2™ paragraph, including 2 bullets (i.e., “Proposed alternatives ... with 10 CEFR 72.”)
Page 10.1-17 | Added new 6" bullet
ED20060006 Page 5 of 7




Chapter/

Page/
Figure/
Table Description of Change
Chapter 11
Page 11.3-2 1* paragraph — added new last sentence
Chapter 12
Page 12.1-3 Section 12.1.2.3, table following 2™ paragraph — revised throughout
Partial Section 12.1.2.5, 2™ sentence — added “a conservative 37 kW payload of”
Page 12.1-4 2" full sentence — added “a conservative 35 kW payload of”
Page 12.2-20 Section 12.2.13.5, 3" sentence — added “for a 37 kW payload”
Chapter 13
Page 13A-14 Item 2.1 — changed “Tables 6.4-1 and 6.4-2” to “Appendix 1-A”
Item 2.1.1 — added new item number; moved text from Item 2.3 to Item 2.1.1; changed
“Number of Water Holes (PWR)” to “Number of Guide Tubes (PWR)’; added “Number of
Partial Length Fuel Rods”
Item 2.1.2 — added new item number & text
Page 13A-15 Item 2.2 — changed item title & revised text throughout

Deleted Item 2.3 became Item 2.1.1

Page 13A-20,

Revised Helium Density (g/liter) column

Table 3-1
Page 13A-24 Item 4.1.1 b), 1* sentence — changed “Section 10.1.6” to “Section 10.1.6.4.5 and Section
10.1.6.4.6”; added new 2" sentence
Old Item 4.1.2 deleted
Page 13B-2, Item L.A.1.b. — changed “minimum cool time of 4 years is specified” to “minimum cool time is
Table 2-1 specified in Table 2-11”
Item L.A.1.c. — changed “< 1,300 watts” to “< 1,200 watts”
Page 13B-3, Item F, 1% sentence — changed *“1,000 watts/assembly” to “959 watts/assembly”
Table 2-1
(cont’d)
Page 13B-4, Changed the Max Decay Heat (Watts) per Storage Location from “1,300” to ““1,200"; & added
Table 2-2 “Preferential”’; added new last bullet beneath table
Page 13B-5, WE 14x%14 line — revised
Table 2-4
Page 13B-6, Inner Zone & Middle Zone lines — revised
Table 2-7
Page 13B-8, Item LA.1.b. — changed “minimum cool time of 4 years is specified” to “minimum cool time is
Table 2-8 specified in Table 2-12”
Item L A.1.c. — changed “< 402 watts” to “‘< 379 watts”
Page 13B-9, Changed the Max Decay Heat (Watts) per Storage Location from “402” to “379”
Table 2-9
Page 13B-12, Revised throughout

Tables 2-11 &
2-12

Pages 13B-13

Changed table heading from “1,300 W/assembly” to “959 W/Assembly” & revised table

thru 13B-24 throughout
Table 2-13
ED20060006 Page 6 of 7




Chapter/
Page/
Figure/
Table

Description of Change

Pages 13B-25

Changed table heading from “1,000 W/Assembly” to “1,200 W/Assembly” & revised table

thru 13B-36 throughout

Table 2-14

Pages 13B-37 | Changed table heading from “960 W/Assembly” to “922 W/Assembly” & revised table
thru 13B-48 throughout

Table 2-15

Pages 13B-61 | Changed table heading from “402 W/assembly” to “379 W/Assembly” & revised table
thru 13B-72 throughout

Table 2-17
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Drawing 71160-585, Revision 4 — TSC Assembly, MAGNASTOR

e Revised Assemblies 99 and 98 on title sheet 2, zone B3: IS) TSC Assembly — 37 PWR;
WAS) Assembly — 32 PWR

This is an editorial change to correct the number of fuel assemblies held within the TSC.
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Chapter 1
General Description
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1.8 License Drawings

This section presents the list of License Drawings for MAGNASTOR.
Drawing Revision
Number Title No.

71160-551 | Fuel Tube Assembly, MAGNASTOR - 37 PWR :
71160-560 | Assembly, Standard Transfer Cask, MAGNASTOR

71160-561 | Structure, Weldment, Concrete Cask, MAGNASTOR
71160-562 | Reinforcing Bar and Concrete Flacement, Concrete Cask, MAGNASTOR
71160-571 | Details, Neutron Absorber, Retainer, MAGNASTOR - 37 PWR
71160-572 | Details, Neutron Absorber, Retainer, MAGNASTOR - 87 BWR
71160-574 | Basket Support Weldments, MAGNASTOR - 37 PWR
71160-575 | Basket Assembly, MAGNASTOR - 37 PWR

71160-581 | Shell Weldment, Canister, MAGNASTOR

71160-584 | Details, Canister, MAGNASTOR

71160-585 | TSC Assembly, MAGNASTOR

71160-590 | Loaded Concrete Cask, MAGNASTOR

71160-591 | Fuel Tube Assembly, MAGNASTOR - 87 BWR

71160-598 | Basket Support Weldments, MAGNASTOR - 87 BWR
71160-599 | Basket Assembly, MAGNASTOR - 87 BWR

71160-600 | Basket Assembiy, MAGNASTOR - 82 BWR
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Appendix 1-A

MAGNASTOR FUEL DATA

The following tables show the PWR fuel basket allowable loadings and the BWR fuel basket
allowable loadings for the MAGNASTOR System.

Table 1-A-1 covers the types of assemblies and their characteristics, along with the maximum
initial enrichments, for the PWR 37-assembly fuel basket. The allowable loadings represent the
bounding values for assemblies with, and without, nonfuel hardware in the assembly guide tubes.

Table 1-A-2 covers the types of assemblies and their characteristics, along with the maximum
initial enrichments, for the BWR 87-assembly and 82-assembly fuel baskets.

NAC International A-1
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Table 1-A-1 PWR Fuel Basket Allowable Loading

Max. Initial Enrichment { wt % 235U)
Assembly Min | Min | Max | Max Soluble[Soluble[Soluble[Soluble[Soluble
'YP® | No.of | No.of | Max | Clad | Clad | Pellet | Active | Max |Boron |Boron | Boron | Boron | Boron
Fuel | Guide | Pitch | ‘OD | Thick. | OD |Length| Load | 1500 | 1750 | 2000 | 2250 | 2500

Rods | Tubes?| (inch) | (inch) | (inch) | (inch) | (inch) | (MTU) | ppm | ppm | ppm | pm | ppm

BW15H1 | 208 17 10568 | 043 10.0265|0.3686 | 144.0 | 04858 | 3.8% | 41% | 44% | 47% | 5.0%
BW156H2 | 208 17 10568 | 043 | 0.025 [0.3735| 144.0 | 04988 | 3.7% | 4.1% | 44% | 4.7% | 5.0%
BW15H3 | 208 17 [ 0.568 | 0428 | 0.023 10.3742 | 144.0 | 0.5006 | 3.7% | 4.0% | 43% | 4.7% | 4.9%
BW15H4 | 208 17 1 0.568 | 0.414 { 0.022 }0.3622 | 144.0 | 0.4690 | 3.9% | 4.2% | 4.6% | 4.9% | 5.0%
BW17H1 | 264 25 10502 | 0.377 | 0.022 |0.3252 | 144.0 | 0.4799 | 3.8% | 4.1% | 44% | 47% | 5.0%
CE14H1 176 5 058 | 0.44 | 0.026 | 0.3805 | 137.0 | 0.4167 | 4.6% | 4.9% | 50% | 50% | 5.0%
CE16H1 236 5 10.5063 | 0.382 | 0.025 | 0.325 | 150.0 | 0.4463 | 4.5% | 4.9% | 50% | 5.0% | 5.0%
WE14H1 | 179 17| 0556 | 040 |0.0162)0.3674 | 145.2 | 04188 | 4.7% | 5.0% | 50% | 5.0% | 5.0%

WE15H1 | 204 21 0.563 | 0422 |0.0242 | 0.3669 | 144.0 | 04720 | 3.9% | 42% | 46% | 4.9% | 5.0%
WE15H2 | 204 21 0563 | 0.417 [0.0265 | 0.357 | 144.0 | 0.4469 | 4.0% | 44% | 4.8% | 50% { 50%

WE17H1 | 264 25 | 0.496 | 0.372 | 0.0205 | 0.3232 | 144.0 | 0.4740 | 3.8% | 4.1% | 4.5% | 4.8% | 5.0%
WE1TH2 | 264 25 | 0496 | 036 |0.0225]0.3088 | 144.0 | 0.4327 | 40% | 44% | 48% | 5.0% | 5.0%

¢ Assembly characteristics represent cold, unirradiated, nominal configurations.

e Specified soluble boron concentrations are independent of whether a fuel assembly
contains a nonfuel insert.

?  Combined number of guide and instrument tubes.
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Table 1-A-2 BWR Fuel Basket Allowable Loading

Number] '
of Min | Min | Max | Max -87-Assy | 82-Assy
Number| Partial | Max | Clad | Clad |Pellet |Active| Max Max Max

Assembly | of Fuel [Length|Pitch| OD | Thick. | OD |Length{ Loading [EnrichmentEnrichment
Type Rods | Rods |[(inch)|(inch)]| (inch) |(inch)| (inch) [ (MTU) [(wt % 25U)|(wt % 25U)

B7_48A 48 N/A [0.7380]0.5700]0.03600]0.4900| 144.0 | 0.1981 4.1% 4.5%

B7_49A 49 N/A 10.7380]0.5630(0.03200/0.4880] 146.0 | 0.2034 3.9% 4.5%

B7_498 49 N/A  10.7380)0.5630]0.032000.4910} 150.0 | 0.2115 3.9% 4.5%

B8_59A 59 N/A 10.6400/0.4930/0.03400/0.4160] 150.0 | 0.1828 4.0% 4.5%

B8_60A 60 N/A [0.6417|0.48400.03150]0.4110] 150.0 | 0.1815 3.9% 4.5%

B8_60B 60 N/A [0.6400/0.4830/0.03000]0.4140] 150.0 | 0.1841 3.9% 4.5%

B8_61B 61 N/A_10.64000.4830/0.03000/0.4140} 150.0 | 0.1872 3.9% 4.5%

B8_62A 62 N/A 10.6417}0.4830]0.029000.4160/| 150.0 | 0.1921 3.9% 4.5%

B8_63A 63 N/A 10.6420]0.4840{0.02725/0.4195| 150.0 | 0.1985 3.8% 4.5%

B8_64A 64 N/A _10.6420/0.4840(0.02725|0.4195| 150.0 | 0.2017 3.9% 4.5%

B8_64B2 | 64 N/A 10.609010.4576}0.02900}0.3913| 150.0 | 0.1755 3.7% 4.4%
BY_72A 72 N/A 10.5720|0.4330}0.02600/0.3740] 150.0 | 0.1803 3.8% 4.5%

B9_74A | T74° 8 10.5720/0.4240|0.02390/0.3760] 150.0 | 0.1873 3.7% 4.4%

B9_76A 76 N/A 10.5720)0.4170]0.02090{0.3750 150.0 | 0.1914 3.6% 4.3%

B9_79A 79 N/A_10.5720)0.4240}0.02390/0.3760] 150.0 | 0.2000 3.7% 4.5%

B9_80A 80 N/A  10.5720/0.4230|0.02950|0.3565] 150.0 | 0.1821 3.9% 4.5%

B10_91A | 91® 8 10.5100}0.3957|0.02385/0.3420| 150.0 | 0.1906 3.8% 4.5%
B10_92A | 92 14 10.5100/0.4040}0.02600{0.3455| 150.0 | 0.1966 3.8% 4.5%
B10_96A2 | 96° 12 10.4880)0.3780/0.02430/0.3224] 150.0 | 0.1787 3.7% 4.4%
4.5%

B10_100A2| 100 | N/A |0.4880{0.3780(0.02430|0.3224| 150.0 | 0.1861 3.7%

Note: -
¢ Assembly characteristics represent cold, unirradiated, nominal configurations.

¢ Maximum channel thickness allowed is 120 mils (nominal).

* Composed of four subchannel clusters.
® Assemblies may contain partial length fuel rods. Partial length rod assemblies are evaluated by

removing partial length rods from the lattice. This configuration bounds an assembly with full length

rods and combinations of full and partial length rods.

NAC international A3
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2.2 Spent Fuel To Be Stored

MAGNASTOR is designed to safely store up to 37 PWR or up to 87 BWR spent fuel assembilies,
contained within a TSC. The fuel assemblies are assigned to two groups of PWR and two
groups of BWR fuel assemblies on the basis of fuel assembly length. Refer to Chapter 1 for the
fuel assembly length groupings. For TSC spent fuel content loads less than a full basket, empty

fuel positions shall include an empty fuel cell insert.
Intact PWR and BWR fuel assemblies having parameters as shown in Table 2.2-1 and Table

2.2-2, respectively, may be stored in MAGNASTOR.

The minimum initial enrichment limits are shown in Table 2.2-1 and Table 2.2-2 for PWR and
BWR fuel, respectively, and exclude the loading of fuel assemblies enriched to less than 1.3 wt%
23y, including unenriched fuel assemblies. Fuel assemblies with unenriched axial end-blankets

may be loaded into MAGNASTOR.

2.2.1 PWR Fuel Evaluation

MAGNASTOR evaluations are based on bounding PWR fuel assembly parameters that
maximize the source terms for the shielding evaluations, the reactivity for criticality evaluations,
the decay heat load for the thermal evaluations, and the fuel weight for the structural evaluations.
These bounding parameters are selected from the various spent fuel assemblies that are
candidates for storage in MAGNASTOR. The bounding fuel assembly values are established
based primarily on how the principal parameters are combined, and on the loading conditions (or
restrictions) established for a group of fuel assemblies based on its parameters. Each TSC may

contain up to 37 intact PWR fuel assemblies.

The limiting parameters of the PWR fuel assemblies authorized for loading in MAGNASTOR
are shown in Table 2.2-1. The maximum initial enrichments listed are based on a minimum
soluble boron concentration of 2,500 ppm in the spent fuel pool water. Lower soluble boron
concentrations are allowed in the spent fuel pool water for fuel assemblies with lower maximum
enrichments. The maximum initial enrichment authorized represents the peak fuel rod
enrichment for variably enriched PWR fuel assemblies. The PWR fuel assembly allowable
loading characteristics are summarized by fuel assembly type in Table 6.4-1. Table 2.2-1
assembly physical information is limited to the critical analysis input of fuel mass, array
configuration, and number of fuel rods. These analysis values are key inputs to the criticality
and shielding evaluations in Chapters 5 and 6. Lattice parameters dictating system reactivity are
detailed in Chapter 6. Enrichment limits are set for each fuel type to produce reactivities at the

NAC International 2.21
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upper safety limit (USL). The maximum TSC decay heat load for the storage of PWR fuel
assemblies is 35.5 kW. Uniform and preferential loading patterns are allowed in the PWR
basket. The uniform loading pattern permits assemblies with a maximum heat load of 0.96
kW/assembly. The preferential loading pattern permits peak heat loads of 1.20 kW, as indicated
in the zone description in Figure 2.2-1. The bounding thermal evaluations are based on the
Westinghouse 17x17 fuel assembly. The minimum cool times are determined based on the
maximum decay heat load of the contents. The fuel assemblies and source terms that produce
the maximum storage and transfer cask dose rates are summarized in Table 5.1-3. A bounding
weight of 1,680 pounds, as shown in Table 2.2-1, based on a B&W 15x15 fuel assembly with
control components inserted, has been structurally evaluated in each location of the PWR fuel

basket.
As noted in Table 2.2-1, the evaluation of PWR fuel assemblies includes thimble plugs (flow
mixers), burnable poison rod assemblies (BPRAs), control element assemblies (CEAs), and/or

solid filler rods. Empty fuel rod positions are filled with a solid filler rod or a solid neutron

absorber rod that displaces a volume not less than that of the original fuel rod.

2.2.2 BWR Fuel Evaluation

MAGNASTOR evaluations are based on bounding BWR fuel assembly parameters that
maximize the source terms for the shielding evaluations, the reactivity for the criticality
evaluations, the decay heat load for the thermal evaluations, and the fuel weight for the structural
evaluations. These bounding parameters are selected from the various spent fuel assemblies that
are candidates for storage in MAGNASTOR. The bounding fuel assembly values are established
based primarily on how the principal parameters are combined, and on the loading conditions or
restrictions established for a group of fuel assemblies based on its parameters. Each TSC may
contain up to 87 intact BWR fuel assemblies. To increase allowed assembly enrichments over
those determined for the 87-assembly basket configuration, an optional 82-assembly loading
pattern may be used. The required fuel assembly locations in the 82-assembly pattern are shown

in Figure 2.2-2.

The limiting parameters of the BWR fuel assemblies authorized for loading in MAGNASTOR
are shown in Table 2.2-2. The minimum initial enrichment represents the peak planar-average
enrichment. The BWR fuel assembly allowable loading characteristics are summarized by fuel
type in Table 6.4-2. Table 2.2-1 assembly physical information is limited to the critical analysis
input of fuel mass, array configuration, and number of fuel rods. These analysis values are key
inputs to the criticality and shielding evaluations in Chapters 5 and 6. Lattice parameters
dictating system reactivity are detailed in Chapter 6. Enrichment limits are set for each fuel type

NAC International 2.2-2
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o 1o produce reactivities at the upper safety limit (USL). The maximum decay heat load per TSC
for the storage of BWR fuel assemblies is 33.0 kW (average of 0.379 kW/assembly). Only
uniform loading is permitted for BWR fuel assemblies. The bounding thermal evaluations are
based on the GE 10x10 fuel assembly. The minimum cooling times are determined based on the
maximum decay heat load of the contents. The fuel assemblies and source terms that produce
the maximum storage and transfer cask dose rates are summarized in Table 5.1-3. A bounding
weight of 704 pounds. as shown in Table 2.2-2, is based on the maximum weight of GE 7x7 and

8x8 assemblies with channels; this weight has been structurally evaluated in each storage

location of the BWR basket.

As noted in Table 2.2-2, the evaluation of BWR fuel envelops unchanneled assemblies and
assemblies with channels up to 120 mils thick. Empty fuel rod positions are filled with a solid
filler rod or a solid neutron absorber rod that displaces a volume not less than that of the original

fuel rod.
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Figure 2.2-1 PWR Fuel Preferential Loading Zones
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Figure 2.2-2 82-Assembly-BWR Basket Pattern
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Table 2.2-1 PWR Fuel Assembly Characteristics

Characteristic Fuel Class

14x14 14x14 15%15 15%15 16x16 17x17

Base Fuel Type? CE, SPC W, SPC W, SPC BW, FCF CE BW, SPC,
W, FCF

Max Initial Enrichment (wt% 235U) 5.0 5.0 5.0 5.0 5.0 5.0
Min Initial Enrichment (wt% 235U) 1.3 1.3 1.3 1.3 1.3 1.3
Number of Fuel Rods 176 179 204 208 236 264
Max Assembly Average Burnup 60,000 60,000 60,000 60,000 60,000 60,000
(MWd/MTU) _
Peak Average Rod Burnup (MWd/MTU) 62,500 62,500 62,500 62,500 62,500 62,500
Min Cool Time (years) 4 4 4 4 4 4
Max Weight (Ib) per Storage Location 1,680 1,680 1,680 1,680 1,680 1,680
Max Decay Heat (Watts) per Preferential 1,200 1,200 1,200 1,200 1,200 1,200
Storage Location

Fuel cladding is a zirconium-based alloy.

All reported enrichment values are nominal preirradiation fabrication values.
Weight includes the weight of nonfuel-bearing components.
Assemblies may contain a flow mixer (thimble plug), a burnable poison rod assembly, a control element assembly, and/or solid

stainless steel or zirconium-based alloy filler rods.

Maximum initial enrichment is based on a minimum soluble boron concentration in the spent fuel pool water. Required
soluble boron content is fuel type and enrichment specific. Minimum soluble boron content varies between 1,500 and 2,500
ppm. Maximum initial enrichment represents the peak fuel rod enrichment for variably-enriched fuel assemblies.

Spacers may be used to axially position fuel assemblies to facilitate handling.

Maximum uniform heat load is 959 watts per storage location.

? Indicates assembly and/or nuclear steam supply system (NSSS) vendor/type referenced for fuel input data. Fuel acceptability for loading is not
restricted to the indicated vendor provided that the fuel assembly meets the limits listed in Table 6.4-1. Table 6.2-1 contains vendor information
by fuel rod array. Abbreviations are as follows: Westinghouse (W), Combustion Engineering (CE), Siemens Power Corporation (SPC),

Babcock and Wilcox (BW), and Framatome Cogema Fuels (FCF).

NAC International
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Table 2.2-2 BWR Fuel Assembly Characteristics
Characteristic Fuel Class
7x7 8x8 9x9 10x10
Base Fuel Type? SPC, GE SPC, GE SPC, GE SPC, GE,
ABB
Max Initial Enrichment (wt% 23°U) 4.5 45 4.5 4.5
Number of Fuel Rods 48 59 72 91c
' 49 60 74cd 92¢
61 76 96¢
62 79 100d
63 80
640

Max Assembly Average Burnup (MWd/MTU) 60,000 60,000 60,000 60,000

Peak Average Rod Burnup (MWd/MTU) 62,500 62,500 62,500 62,500

Min Cool Time (years) 4 4 4 4

Min Average Enrichment (wt% 235U) 1.3 1.3 1.3 1.3

Max Weight (Ib) per Storage Location 704 704 704 704

Max Decay Heat (Watts) per Storage Location 379 379 379 379

e Each BWR fuel assembly may have a zirconium-based alloy channel up to 120 mil thick.
e Assembly weight includes the weight of the channel.
N ¢ Maximum initial enrichment is the peak planar-average enrichment.
e Water rods may occupy more than one fuel lattice location. Fuel assembly to contain
nominal number of water rods for the specific assembly design.
e All enrichment values are nominal preirradiation fabrication values.
e Spacers may be used to axially position fuel assemblies to facilitate handling.

“ Indicates assembly vendor/type referenced for fuel input data. Fuel acceptability for loading is
not restricted to the indicated vendor/type provided that the fuel assembly meets the limits
listed in Table 6.4-2. Table 6.2-2 contains vendor information by fuel rod array.
Abbreviations are as follows: General Electric/Global Nuclear Fuels (GE), Exxon/Advanced
Nuclear Fuels/Siemens Power Corporation (SPC).

b May be composed of four subchannel clusters.

¢ Assemblies may contain partial-length fuel rods.

d Composed of four subchannel clusters.

N
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4.1 Discussion

MAGNASTOR consists of a TSC, concrete cask. and a transfer cask. In long-term storage, the
fuel is loaded in a basket structure positioned within the TSC. The TSC is placed in the concrete
cask, which provides passive radiation shielding, structural protection and natural convection
cooling. The transfer cask is used to handle the TSC. The thermal performance of the concrete
cask containing a loaded TSC with design basis fuel, and the performance of the transfer cask
containing a loaded TSC with design basis fuel are evaluated in this chapter.

The thermal evaluation considers normal conditions and off-normal and accident events of
storage. Each of these conditions can be described in terms of the environmental temperature,
use of solar insolation, and the condition of the air inlets as shown in Table 4.1-1. For the
transfer operation evaluation. a separate model including the optional use of a TSC cooling
system is used, or no additional annulus cooling is used. The evaluation of the different phases
of the transfer operation is accomplished by altering the properties of the medium in the canister

to correspond to water, helium or vacuum.

In order for the heat from the stored spent fuel assemblies to be rejected to the ambient via the
concrete cask or the transfer cask, the decay heat from the spent fuel assemblies must be
transferred to the TSC surface. The MAGNASTOR baskets for the PWR and the BWR fuel
assemblies rely on all three heat transfer modes—radiation, conduction and convection—to
transfer the heat to the TSC surface. The basket design enhances convection heat transfer.
Helium is used as the backfill gas in the TSC because its thermal conductivity is better than other
allowable backfill gases. Since the basket is comprised of full-length carbon steel tubes, it
provides a significant path for conduction heat transfer. Radiation is a significant mode of heat
transfer in the fuel regioh and between the outer surface of the basket and the TSC shell.

The significant thermal design feature of the concrete cask is the passive convective airflow
around the outside of the TSC. Cool (ambient) air enters at the bottom of the concrete cask
through four air inlets. Heated air exits through the four air outlets in the upper concrete cask
body. Radiant heat transfer occurs from the TSC shell to the concrete cask liner, which then
transmits heat to the annular airflow. Conduction through the concrete cask, although not
significant, is included in the analytical model. Natural circulation of air through the concrete
cask annulus, in conjunction with radiation from the TSC surface, maintains the fuel cladding

temperature and all component temperatures below their design limits.

The MAGNASTOR design basis heat load is 35.5 kW for 37 PWR fuel assemblies. The PWR

fuel basket can accommodate a uniform heat load of 959 W per assembly, or a preferential
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loading pattern as shown in Figure 4.1-1. The preferential loading pattern identified in Figure
4.1-1 defines three values of heat generation that place the fuel assemblies with the maximum
heat generation rate in an intermediate region of fuel storage locations. This configuration
enhances convection, while not incurring the penalty from the maximum heat-generating
assemblies being in the center of the basket region. The BWR fuel basket can accommodate 87
fuel assemblies with a uniform design basis total heat load of 33 kW, or 379 watts, per assembly.

The thermal evaluation applied different component temperature limits and allowable stress
limits for long-term conditions versus short-term conditions. Normal storage operation is
considered to be a long-term condition. Off-normal and accident events are considered to be
short-term conditions. Thermal evaluations are performed for the design basis PWR and BWR
fuels for all design conditions. The maximum allowable material temperatures for long-term and

short-term conditions are provided in Table 4.1-2.

During normal conditions of storage and off-normal and accident events, the concrete cask must
reject the decay heat from the TSC to the environment without exceeding the system components
temperature limits. In addition, to ensure fuel rod integrity for normal conditions of storage. the
spent fuel must be maintained at a sufficiently low temperature in an inert atmosphere to
preclude thermally induced fuel rod cladding deterioration. To preclude fuel degradation, the
maximum cladding temperature under normal conditions of storage and canister transfer
operations is limited to 752°F (400°C) per ISG-11 [2]. The maximum cladding temperature for
off-normal and accident events is limited to 1.058°F (570°C). For the structural components of
the storage system, the thermally induced stresses, in combination with pressure and mechanical

load stresses, are limited to the material aliowable stress levels.

Thermal evaluations for normal conditions of storage and canister transfer operations are
presented in Section 4.4. The finite element method is used to compute the effective properties
for the basket and fuel region. The thermal solutions for the concrete cask and transfer cask are
obtained using finite volume methodology. Thermal models used in the evaluation of normal
and transfer conditions are described in Section 4.4.1.

A summary of the thermal evaluation results for normal conditions of storage is provided in
Table 4.4-3 for the PWR and the BWR cases. Table 4.4-4 contains the maximum fuel cladding
temperatures for the different phases of the transfer operations. Thermal evaluation results for
off-normal and accident events are presented in Sections 4.5 and 4.6, respectively. The results
demonstrate that the calculated temperatures are less than the allowable fuel cladding and
component temperatures for all normal (long-term) storage conditions and for short-term events.
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N/ As shown in Chapter 3, the thermally induced stresscs, combined with pressure and mechanical

load stresses, arc also within allowable limits.

i/
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Figure 4.1-1 Definition of the Preferential Loading Pattern for PWR Fuel

C B B B C
7 e
C B A A A B C
C B A A A B C
C B A A A B C
C B B B c
C C C
Zone ldentification | A B C
Maximum Heat Load per Assembly (kW) | 0.922 | 1.20 0.80
Total Number of Fuel Assemblies 9 12 16
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Table 4.1-1 Summary of Thermal Design Conditions for Storage for the MAGNASTOR

Condition of
Environmental Solar Concrete Cask
Condition Temperature (°F) Insolation 2 Inlets

Normal | 76 Yes Allinlets open |

Off-Normal 76 Yes Half inlets blocked |

- Half Air Inlets Blocked

Off-Normal 106 Yes All inlets open

- Severe Heat

Off-Normal -40 No Ali inlets open

- Severe Cold

Accident 133 Yes All inlets open

- Extreme Heat

Accident 76 Yes Allinlets blocked |

- All Air Inlets Blocked

Accident During Fire 1475 Yes All inlets open

- Fire Before and After Fire 76 Yes Allinlets open |

* . Solar Insolation per 10 CFR 71 [3}:

Curved Surface: 400 g cal/em? (1475 Buu/ft®) for a 12-hour period.

Flat Horizontal Surface: 800 g cal/em® (2950 Btu/ft) for a 12-hour period.
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Table 4.1-2  Maximum Allowable Matcrial Temperatures

Temperature Limits (°F)
Material Long Term Short Term Reference
Concrete 200(B)/300(L)2 350 ACI-349 [4]
: ' NUREG-1567 [20]
Fuel Clad
PWR Fuel 752 752/1,0580 ISG-11[2] and
BWR Fuel 752 752/1,0580 PNL-4835 [5]
NS-4-FR - 300 300 JAPC [6]
Chemical Copper Lead 600 600 Baumeister [7]
ASME SA693 17-4PH Type 630 Stainless 650 800 ASME Code [8]
Steel ARMCO [9]
ASME SA240 Type 304 Stainless Steel 800 800 ASME Code [8]
ASTE SA537 Class 1 Carbon Steel 700 700/1,000¢ ASME Code [8]
ASTM A588 Carbon Steel 700 700 ASME Code Case
' N-71-17 [10]
ASTM Standard [19]
ASTM A350 LF2 Carbon Steel 700 700 ASTM Standard [19]
ASTM A36 Carbon Steel 700 700 ASME Code Case
N-71-17 [10]
ASTM Standard [19]

B and L refer to bulk temperaturcs and local tcmpcraturcs, respectively.
®  752°F TSC transfer operations; 1,058°F off-normal and accident events.
¢ 700°F TSC transfcr opcerations; 1,000°F off-normal and accident events.
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entity, porous media is used in the modeling. The porous media model allows the effect of the
reduced flow area of the fuel rods and the fuel assembly grids to be considered in representing
the momentum of the helium flow by including a pressure drop based on the geometry of the fuel
assembly, i.e., the pitch of the fuel rods, the fuel rod diameter, and the fuel assembly grid
geometry. Additional fluid flow analyses are required to determine the constants inherit in the
porous media use for flow between cylindrical-shaped fuel rods and for fuel assembly grids. The
determination of porous media constants is presented in Section 4.8.2. The flow of helium in the
downcomer regions in the TSC does not require special consideration of effective flow
conditions. To confirm that the use of a two-dimensional model for the TSC is an acceptable and
conservative methodology, a benchmark is provided in Section 4.8.1.

The thermal evaluation for the transfer conditions is performed using the two-dimensional
axisymmetric models of the transfer cask and TSC, as presented in Section 4.4.1.5. Similar to
the model of the concrete cask and TSC, the fuel basket and fuel assemblies inside the TSC in
the transfer cask are modeled as homogeneous regions using effective thermal properties.

4411 Two-Dimensional Axisymmetric Concrete Cask and TSC Models

This section describes the finite volume models used to evaluate the thermal performahce of the
concrete cask and TSC for the PWR and BWR fuel configurations. As shown in Figure 4.4-1,
the two-dimensional axisymmetric concrete cask and TSC model includes the following:

e Concrete cask, including lid, liner, pedestal and stand

e Airin the air inlets, the annulus and the air outlet

e TSC shell, lid and bottom plate

e Basket with fuel and neutron absorber

¢ Helium internal to the TSC
The fuel basket, fuel and neutron absorber are modeled as homogeneous regions with effective
properties. The effective thermal conductivities for the TSC internals in the radial and axial
directions are determined using the two-dimensional models as detailed in Section 4.4.1.2.

The two-dimensional axisymmetric concrete cask and TSC model is used to perform
computational fluid dynamic analyses to determine the mass flow rate, velocity and temperature
of the airflow in the annulus region, as well as for the helium flow internal to the TSC. Since the
concrete cask and its components are contained in the model, the température distributions in the
concrete and the concrete cask steel liner are also determined. Two models are generated for the
evaluations—the PWR system and the BWR system, respectively. These models are identical,
except for differences in dimensions of the active fuel region and the effective properties of the
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TSC internals. Figure 4.4-2 shows an overall view of the cells employed in the model
representing both the concrete cask and the TSC containing a design basis fuel heat load.

Modeling of the Concrete Cask

The concrete cask body has four air inlets at the bottom and four air outlets at the top. Since the
configuration is symmetrical, it can be simplified into a two-dimensional axisymmetric model by
using equivalent dimensions for the air inlets and outlets, which are assumed to extend around
the concrete cask periphery. The vertical air gap is an annulus, with a radial width of 3.5 inches.
This radial dimension of the air annulus between the TSC shell and the concrete cask liner is
modified to a smaller effective value to account for the reduction of the airflow cross-sectional
area due to the standoffs welded to the liner. The bottom ends of the standoffs are more than 63
inches from the bottom of the TSC. which means that for over 30% of the length of the annulus,
the standoffs do not exist. The model conservatively represents them as being the full length of
the TSC. The additional axial conductance from the standoffs is conservatively neglected.
Thermal radiation across the annulus gap is considered in the model. and the emissivities of the
TSC surface and the concrete cask liner are reported in Chapter 8. Heat being radiated to the
concrete cask liner is transferred into the annulus by convection, as well as being conducted

through the concrete cask wall.

The most significant mechanism for rejecting heat into the environment is through the movement
of air up through the annulus. The airflow in the vertical annulus is modeled as transitional
turbulent flow using the k- turbulence model in FLUENT [12]. This determination was made
through the use of a thermal test of PWR canistered fuel contained in a vertical concrete cask,
which is described in EPRI Report TR-100305 [21] and provides a description of the test
canister, the concrete cask, the fuel assemblies. and the boundary conditions employed in a series
of tests. The total heat load of the fuel used in the tests was 14.9 kW. Extensive temperature
measurements were made for the basket, fuel, canister and concrete cask for each test conducted.
The thermal test of interest employed the vacuum condition for the canister. This test was
selected since it removed the influence of convection inside the canister and simplified the
thermal model inside the canister. FLUENT was used to perform a two-dimensional steady-state
axisymmetric analysis of the system described in [21] using two turbulent flow models: a low
Reynold’s number turbulence model (low Re k-€) and a transitional turbulence model (k-w).
Technical details for these turbulence models are contained in the documentation for FLUENT.
The thermal models and boundary conditions used in the analyses are detailed in Section 4.8.3.
Results for the temperature profiles for the canister surface and the concrete liner surfaces for
both turbulence models are shown in Figure 4.8.3-3 and Figure 4.8.3-4. The results indicate that
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both turbulence models yield conservative predictions for the temperature profiles and that both
the low Reynold’s number k-¢ and the k- models are appropriate for use in the analysis of air
flow up through the annulus between the canister and the concrete cask. Since the use of the
k-w model provides conservative results for the canister shell and concrete cask for a test
corresponding to 14.9 kW, the use of the k- model is also considered to be appropriate for
analyses having larger heat loads. As the heat load is increased, the turbulence in the annulus air
flow is also expected'to increase. The results of the analysis for the thermal tests are considered
as validation for the use of the k- turbulence model for the annulus region of MAGNASTOR.

The mesh corresponding to the annulus for the analysis is shown in Figure 4.4-2. Increased cell
density is used in the annulus region adjacent to the wall to allow the y+ at the wall to be on the

order of unity, ensuring proper turbulence modeling.

The TSC model is included with the concrete cask model as shown in Figure 4.4-1. Boundary
conditions at the edges of the model to the ambient are applied to the concrete cask surfaces.
The heat flux being transferred from the helium internal to the TSC through the TSC shell and
into the air annulus region is not considered to be a boundary condition for the concrete cask
since all of these components are included in the same model. The boundary conditions applied
to the outer surface of the concrete cask include the following.

e Solar insolation to the outer surfaces of the concrete cask.
o Natural convection heat transfer at the outer surfaces of the concrete cask.
¢ Radiation heat transfer at the concrete cask outer surfaces.

Solar Insolation
The solar insolation on the concrete cask outer surfaces is considered in the model. The incident

solar energy is applied based on 24-hour averages as shown:

2
Side surface: M = 61.46Btu/hr - ft?

24hrs

2950Btu/ft’
24hrs

Top surface: = 122.92Btu/hr - ft*

Natural Convection

Natural convection heat transfer at the outer surfaces of the concrete cask is evaluated by using
the heat transfer correlation for vertical and horizontal plates. This method assumes a surface
temperature and then estimates Grashof (Gr) or Rayleigh (Ra) numbers to determine whether a
heat transfer correlation for a laminar flow model or for a turbulent flow model should be used.
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Since Grashof or Rayleigh numbers are much higher than the values defining the transition from
laminar to turbulent flow, correlation for the turbulent flow model is used as shown in the
following.

Side surface (Kreith) [13]:
Nu =0.13(Gr-Pr)"

‘ for Gr> 10°
h, =Nu -k;/H,q
Top surface (Incropera) [14]:
Nu=0.15Ra"’
! a for Ra> 10’
h, =Nu -k,/L
where:
Gr Grashof number
he Average natural convection heat transfer
coefficient
H e Height of the concrete cask
k¢ Conductivity
L - surface characteristic length,
L = area / perimeter
Nu Average Nusselt number
Pr Prandt]l number
Ra ‘ Rayleigh number

All material properties required in these equations are evaluated based on the film temperature
defined as the average value of the surface temperature and the ambient temperature.

Radiation Heat Transfer

The radiation heat transfer between the outer surfaces of the concrete cask and the ambient
environment is evaluated in the model by calculating an equivalent radiation heat transfer

coefficient.
h = T(le +]T22 )(T; +T,) [14]
Jot et R,
where:
hrad Equivalent radiation heat transfer coefficient
Fi2 : View factor
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T/ & T, -- - - Surface (T)) and ambicnt (T>) temperaturcs
£ & € -- e memmemmeseeesessesseseme—a——————- Surfacc (¢)) and ambicnt (e.=1) cmissivitics
o - -——-- Stefan-Boltzmann Constant

At the concrete cask side, an cmissivity for a concrete surface of €, = 0.9 is used and a calculated
view factor (Fj2) = 0.182 [14] is applicd. Thc view factor is determined by conscrvatively
assuming that the cask is surroundcd by cight casks. At the cask top, an cmissivity, €, 0of 0.8 is
conscrvatively used (emissivity for concrcete is 0.9), and a vicw factor, Fy3, of 1 is applicd.

Modeling of the TSC

The TSC is a closed system designed so that pressurized helium can circulate inside the TSC and
transfer heat from the fuel in the basket to the TSC shell. Additionally, the basket permits heat to
be conducted from the intcrior regions of the basket to the periphery of the basket, then radiated
and convected to the TSC shell surface. The stiffeners at the periphery of the basket do provide
a path of conduction to the TSC shell, cven though a small gap exists between the stiffeners and
the TSC shell. The heat conduction through these stiffeners is neglected in the evaluation, which
is considered to be conscrvative. Radiation is modcled in the fucl assemblics, as well as in gaps
in the basket. Hceat transfer to the TSC lid and bottom plate is considered in the analysis, but it is
not a major contributor to the heat-rcjection process. Two scparate models arc generated—once
for thc PWR fuel configuration and onc for the BWR fuel configuration. The differences
between the two modcls arc in the dimensions of the basket region and the cffective propertics

dcrived for cach basket and fucl region.

The TSC region consists of the following: the TSC shell, thc TSC bottom platc, the TSC lid, the
fucl basket rcgion, and the helium-filled volume outside the fuel basket region. The fucl basket
region is subdivided into three sections to reflect the location of the active fuel region with the

associated heat gencration and the fucl rcgions above and below the active fucl regions. These

threce scparate regions arc shown in Figure 4.1-1.

The cross-scction of the flow path for the helium in the fuel basket and TSC significantly
changes between the flow up through the basket region and the flow down in the downcomer
region next to the TSC shell. For the flow up through the basket, the outlinc of the
cross-sectional arca is comprised of the arca between the squarce basket tubes and circular fucl
pins. Additionally, as the helium flows up through the basket tube, the fucl assembly grids will
provide resistancce to the flow. In thc downcomer region, the cxtcrior boundary is circular, whilc
the interior boundary is the edge of the squarc fucl tubes. This is also an irrcgular-shaped arca.
In a two-dimensional representation of these arcas, the concept of the hydraulic diameter is
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cmployed, which is commonly used to determinc an cquivalent cross-scctional arca for a cross-

scction with complex shapes.

To account for the resistance to flow in the fucl region in the basket due to the wetted perimeter
of the fucl region in the basket, the porous media option for fluids is used. The resistance to flow
duc to the fucl pins and the fucl asscmbly grids is represented in terms of a pressure drop
included in the momentum cquations for cach ccll in the model associated with porous media.
The cxpression for the pressure drop used in FLUENT is given by:

EA_E—_-LV + C(.:],_pyz)

L a-¢
where:
AP/L ‘ pressure drop per unit length (Pa/m)
\% supcrficial fluid velocity (m/s)
TR fluid viscosity (kg/m-s)
p . fluid density (kg/m”)
l/a viscous flow resistance (m™)
€ porosity factor, which is the ratio of the
cross-scctional arca of the flow, to the cross-
scctional arca of the porous media rcgion in
thc FLUENT modcl
C incrtial resistance factor (m™)

In this expression, the viscosity is input as a tempcraturc-dependent matcerial property for the
helium, and the density is computed during the solution bascd on the idcal gas law. The
permcability is bascd on the geometry of the fucl rods and the fucl assembly grid. Since the
velocities arc on the order of 0.03 m/s or Iess, the sccond term comprised of V2 is considered to

* be insignificant as compared to the first term. Thercefore, the calculation for the inertial
resistance factors is neglected. Details of the calculation of the viscous flow resistance factors
arc containcd in Scction 4.8.2. The values uscd for the cvaluation are bascd on the bounding fucl

parametcrs.

The downcomer region of the TSC docs not usc a porous media model. The areas of the
downcomer regions are calculated to be 600 inches” and 550 inches” for thc PWR and the BWR
fucl baskets, respectively. These arcas arc uscd to calculate the cffective outer diamcter of the
fucl basket rcgion, which scrves as the radial boundary for the porous mcdia region for the fuel.

Duc to the large cross-scction for the flow up through the fuel basket, the helium velocity is
cxpected to be sufficiently low to correspond to laminar flow. In the downcomer region, the gas
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velocities would result in the flow being in a transitional regime. Conservatively, all helium

flow in the TSC is taken to be laminar.

The porous media representation of the fuel basket region incorporates orthotropic effective
thermal conductivities. The axial conductance in the fuel basket region is due to the significant
cross-sectional area of the fuel tubes and the fuel assemblies. The in-plane conductance is
associated with the conductance of the fuel tubes, as well as the effective conductivities of the
fuel assembly and neutron absorber. The effective conductivity of the fuel basket region is
determined in two steps. Separate effective thermal conductivities for the two-dimensional fuel
assembly and the neutron absorber are computed for the axial and the in-plane directions using
two finite element models. Details for these models are described in Section 4.4.1.3 for the fuel
assemblies and Section 4.4.1.4 for the neutron absorber. In these sections, both the PWR and the

BWR effective properties calculations are performed.

The resulting conductivities for the fuel assemblies and neutron absorber are then used in a
single two-dimensional planar model of the cross-section of the basket, which is used to

- determine the axial and in-plane conductivities for the fuel basket region associated with the

porous media. This model is described in Section 4.4.1.2. The effective conductivity for the
porous media model uses two conductivities (krks), as identified in the following equation..

Keir = exky + (1-€)xk,

where:
> porosity factor
ky , thermal conductivity of the helium
ke thermal conductivity associated with the

solid portion of the porous media model

Heat Generation

The heat generation for the fuel is applied to the active fuel re.gion of the TSC model (see Figure
4.4-1) for the PWR and the BWR fuel assemblies. The maximum design basis heat loads to be
considered for the PWR and the BWR fuel basket configurations are 35.5 kW and 33 kW,

respectively.

For the PWR fuel basket, two patterns of heat generation are considered. A uniform loading of
35.5 kW or 959 W in each fuel location is considered. The axial power distribution for PWR
fuel, as shown in Figure 4.4-3, is included in applying the heat generation. An optional heat
generation pattern, as shown in Figure 4.1-1 is also considered and has the same total heat load
of 35.5 kW. The application of the heat generation for this condition incorporates an axial
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distribution and a radial distribution. The area over which each fuel assembly heat load is
distributed in Figure 4.1-1 is determined on the basis of the cross-section of the fuel tubes
containing the specific heat loads identified as A, B and C in Figure 4.1-1 . The heat generation
values specified in Figure 4.1-1 are considered to be the maximum permissible heat generation in

each fuel location.

For the BWR fuel basket. only a uniform thermal loading pattern is considered. The design basis
heat load for BWR fuel is 33 kW, which corresponds to a maximum heat load of 379 watts for
each of the 87 fuel assemblies. The axial power distribution for the BWR fuel is shown in
Figure 4.4-4. For some BWR fuel assembly enrichments, the five fuel locations in the center of
the BWR basket will not be loaded. In this configuration. the fuel assembly decay heat is limited
to 379 watts. Fuel storage locations not containing a fuel assembly will have an effective fuel
cell insert installed to prevent the helium flow from bypassing the fuel locations containing fuel
assemblies. The configuration with a partially loaded fuel basket containing BWR fuel
assemblies with a maximum heat load of 379 watts per assembly is considered to be bounded by
the fully loaded BWR fuel basket configuration. Temperatures obtained from analyses
performed using the maximum heat load in conjunction with a fully loaded BWR basket are
considered to bound the results for a partially loaded basket.

Pressure of the Helium Backfill

To drive the convection internal to the TSC, it is necessary to increase the density of the helium.
Since the free volume in the TSC remains constant, the density of the backfill gas can be
increased by backfilling the TSC to a range of pressures and temperatures that would result in an
increase in the density. In the MAGNASTOR design, the TSC is pressurized to 7 atm (gauge)
for the helium backfill for normal conditions. Since the gas in the model is characterized as an
ideal gas. the increased density in the analysis can be indirectly obtained by specifying a pressure
in the TSC region. For the PWR normal condition, the density of helium in the TSC associated
with a pressure of 7 atm (g) is (0.763g/liter). It is important to assess the effect of the helium
density on the performance of the system. The evaluation of the sensitivity of the peak fuel
temperature to the pressure is performed using the PWR model described in this section. The
condition requiring a change is the pressure that is applied to the TSC region of the model. The
results of the model solutions for pressures of I atm (g), 3 atm (g), 5 atm (g) and 7 atm (g) are
shown as a graph in Figure 4.4-5. As shown in F igure 4.4-5, the variation of the peak cladding
temperature with the pressure specified inside the TSC is a nonlinear function. The peak
cladding temperature decreases sharply when the pressure increases from 1 atm to 3 atm.
Subsequent increases in the pressure to 5 atm and 7 atm do not result in the same rate of decrease
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of the clad tecmpcerature as for the | atm and 3 atm cascs. The modecl of the TSC in the concrete
cask has two rcgions of convection scparated by a TSC shell. Hceat can only be transferred
through the shell from the TSC internal region to the annulus region outside the TSC. The flow
characteristics in the annulus region arc primarily affccted by the total heat generation being
transferred through the TSC shell, as well as the gecometry of the annulus. As the pressure (and
the associated mass) of the gas in the TSC is incrcased, the buoyancy force inside the TSC is
incrcased. This incrcascs the mass flow ratc of the TSC gas so that the ability to reject heat from
the fucl is also incrcased. This would tend to reduce the maximum clad temperature. However,
the flow in the annulus is not cxpected to be significantly affected by the velocity of the gas
intcrnal to the TSC. Therefore, regardless of the buoyancy force inside the TSC, the maximum
clad tempcerature is limited by the shell temperature, which is controlled by the annulus flow. At
somgc pressure level, an increasc in the TSC pressure (and mass) of the gas would not
significantly decreasc the fucl clad temperature, which would imply a reduced derivative of the
clad temperaturc with respect to the pressurc. This is the characteristic of the curve in Figurc
4.4-5, which implics that further increcasc in the pressurc docs not result in a significant reduction
of the clad tempcrature. There is an advantage in operating in this regime of the curve in that the
sensitivity of the clad temperaturc duc to a reduction in the helium density is reduced. This
cvaluation demonstrates that even with a 10% loss of density, the pcak clad fucl temperatures

rcmain under 752°F (400°C).

Mesh Sensitivity Evaluation

With respect to the sensitivity of the calculated fucl cladding, concrete cask and TSC
temperatures to the number of divisions of the finite volume cclls, this need only be addressed
for the regions containing fluid flow. For the solid regions, such as the concrete or the steel

componcnts, the sensitivity evaluation of ccll refinement is not required.

There arc two fluid régions in thc model: the airflow annulus rcgion outside the TSC, and the
helium region inside the TSC. Each of these fluid regions uscs a different fluid flow model. The
TSC intcrnal flow is modcled utilizing a laminar flow modcl; the airflow in the annulus region is

modcled using a turbulent flow model.

In the concrete cask annulus region, the modeling accuracy of the turbulent flow depends not on
the usual refined mesh near the wall, as for a laminar flow condition, but on the value of y+, as
previously discussed. The cell divisions in the annulus region have been sct to permit the y+ to
be less than unity, which is acceptablc according to FLUENT documentation. Therefore, further

refinement of the annulus region would not provide a more accurate temperature result.
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For the helium flow in the TSC (laminar flow), the largest velocitics arc in the downcomer
regions and, cssentially, the cntire heat load must be transferred to the TSC shell. The focus of
the scnsitivity cvaluation is the number of cell divisions in the downcomer rcgion. The largest
velocity gradients in the downeomer regions occur in the radial direction, not in the axial
dircction. To determine the sensitivity of the radial divisions in the downcomer region, the
number of radial divisions modcled was increascd by a factor of two. The axial divisions in the
downcomer region remain the same. The mesh refinement in the air annulus and in the concrete
cask remains unchanged. The condition uscd in the evaluation corresponded to the normal
.condition using a uniform hcat loading of 40 kW, which bounds the design basis condition for
the 35.5 kW. The results of this cvaluation showed that the maximum fucl tempcrature changed
by less than 1°F for the increased refincment mesh. The temperaturc of the TSC shell showed a
decrease of 2°F for the mesh with the increased refinement. This indicates that the maximum
fucl temperature 1s relatively insensitive to the mesh refinement in the downcomer region.

Heat Transfer by Radiation
Thermal radiation in all fluid (air and helium) regions has been considered in the modcl,

specifically the following.

¢ Thermal radiation across the air annulus between the TSC shell and the concrete cask

lincr. N

e Thermal radiation across the air gap above the TSC lid and in the isolated air region
below the pedestal of the concrete cask.

e Thcermal radiation across the hclium downcomer region between the fuel basket and the
TSC shell.
The discrete ordinates (DO) radiation model in FLUENT is used to solve the radiative heat
transfer equation with cmissivity valucs applicd on the solid matcrial surfaccs.

Radiation in the porous mecdia fucl region is modcled by using cquivalent thermal conductivitics
that include the cffccts of hcat transfer by radiation. The model of the porous media region in
FLUENT is cnclosed by a vertical wall that separatcs the porous rcgion from the downcomer.
The Wall is compriscd of two sides; one side facing the inner surface of the canister and the other
facing the interior region of the porous media. An cmissivity corresponding to electroless nickel
is applicd to the sidc facing the canister surface. On the side of the wall facing the intcrior region
of the porous media, an cmissivity of zcro is applicd to avoid incorporating the radiation alrcady
taken into account using the effective propertics for the basket.
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44.1.2 Two-Dimensional Fuel Basket Models

The purposc of the two-dimensional fucl basket model is to determine the cffective thermal
conductivity of the basket rcgion in the axial and radial directions. The cffective conductivitics
arc uscd in the two-dimensional axisymmetric concrcte cask and TSC modcls, and the two-
dimensional axisymmectric transfer cask and TSC modcls. Three types of media arc considered
in the TSC: helium, water and vacuum. The fuel assecmblics and ncutron absorbers in the fucl
basket modcl arc shown as homogencous regions with cffective thermal propertics, which are
determined by the two-dimensional fucl assembly models and the two-dimcensional fucl tube
models described in Scctions 4.4.1.3 and 4.4.1.4, respectively. The analyses performed in
Section 4.4.1.3 identify that the PWR fucl assembly with the minimum conductivity is the
14x14. The propertics of thc PWR 14x14 fucl asscmbly arc used in the cvaluation of the
cffective propertics for the PWR basket in this scction. For the BWR assembly, the bounding
fuel assembly typce is the 10x10, which is used to determine the cffective propertics for the BWR

basket.

Since the effective properties for the fucl basket correspond to the basket region, which is
compriscd of full-length fuel tubes, it is only nccessary to consider a cross-scction of the basket
with a two-dimensional planar model. Duc to symmetry of the basket designs, only a 1/8-section
modecl is required for the PWR and the BWR fucl baskets. ANSYS is used to perform the
conduction analysis using thc modcls shown in Figure 4.4-6 for thc PWR fucl basket and Figurc
4.4-7 for thc BWR fucl baskct. The modcls include only radiation and conduction heat transfer.
Radiation hcat transfcr is incorporatcd into the cffective propertics for the fucl asscmblics and
the ncutron absorbers. Each fucl basket modcl takes into account the size of the cells in the
basket — i.c., those cclls formed directly by the fuel tube, and thosc cclls formed by adjacent fucl
tubes. The ncutron poison is contained only in the inner surface of the basket tubes. The
cxterior tubes, which form the boundary of the downcomer rcgion, may not have ncutron
absorbers on the inner surface of thosc fucl tubes. In the condition where the ncutron absorbers
arc not prcsént, aluminum platcs may be substituted, but arc not required. Thc PWR and BWR
fuel basket models evaluated in this scction use the conductivity of the ncutron poison defined in
Chapter 8. The abscnce of neutron absorber on the exterior fuel tubces has an insignificant effect

- on the radial transfer of heat. The removal of the ncutron absorber actually increascs the flow

arca in the tubcs.

Additionally, it is conscrvatively assumed for both the PWR and BWR fucl baskets that a gap
between the fuel tubes cxists for the full length of the tube without any contact, as shown in
Figurc 4.4-6 and Figurc 4.4-7. The gap between the fuel tubes is modeled as being 0.01 inch,
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and the conduction through the gap is bascd on the presence of cither helium or water, depending
on the condition.

The cffective thermal conductivity (Kgr) of the fucl basket region in the radial direction is
dctermined by considering the baskcet region as a solid cylinder with hcat gencration.
Considering the temperature at the center of the TSC to be Ty, the cffective thermal
conductivity (K.¢) is shown: -

Ky =——2 =2 i3]
4nH(T,, -T,) 4nHAT

max

where:
Q total heat generated by the fuel (Btu/hr)
H length of the active fuel region (in)
T, boundary temperature of the basket
AT Tmax = To (UF)

The value of AT is obtained from thermal analysis using the two-dimensional models shown in
Figure 4.4-6 and Figure 4.4-7, with the boundary temperature constrained to be T,. The effective
conductivity (Kc) is then determined by using the stated expression. The analysis is repeated by
applying different boundary temperatures so that temperature-dependent conductivities can be

determined.

4.4.1.3 Two-Dimensional Fuel Assembly Models

The two-dimensional fuel assembly models include the fuel pellets, cladding, and the media
occupying the space between fuel rods. The media is considered to be helium for storage
conditions, and water, vacuum or helium for transfer conditions. The two-dimensional finite
element models of the fuel assemblies are used to determine the effective conductivities for the
PWR and BWR fuel assemblies. The effective conductivities are used in the two-dimensional
fuel basket models described in Section 4.4.1.2. For the PWR fuel assemblies, four separate
types are considered: 14x14, 15x15, 16x16 and 17x17. For the BWR fuel assemblies, four
separate types are considered: 7x7, 8x8, 9x9 and 10x10. For the BWR fuel assembly, a fuel
channel is considered since it may be present and it will result in bounding fuel cladding
temperatures. Therefore, it is only necessary to address a single fuel configuration for each of

the fuel assembly types.

The two-dimensional fuel assembly models include the fuel pellets, cladding, media between
fuel rods, media between the fuel rods and the inner surface of the fuel tube (PWR) or between
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the fuel rods and the inner surface of the fuel channel (BWR), and helium in the gap between the
fuel pellets and cladding. The media are considered to be helium for storage, and water, vacuum
or hehum for transfer conditions. Modes of heat transfer modeled include conduction and
radiation between individual fuel rods for the steady-state condition. ANSYS PLANESS
conduction elements'and MATRIXS50 radiation elements are used to model conduction and
radiation. (Radiation is not considered for the water condition.) Radiation elements are defined
between fuel rods and between the fuel rods and the fuel tube (PWR) or the fuel channel (BWR).
A typical PWR fuel assembly finite element model is shown in Figure 4.4-8, which corresponds .
to the 14x14 fuel assembly. The BWR fuel assembly model only considers the region up to the
inner surface of the channel, and a typical BWR fuel assembly is shown in Figure 4.4-9, which

- corresponds to the 10x10 fuel assembly.

The effective conductivity for the fuel is determined by using an equation defined in a Sandia
National Laboratory Report [15]. The equation is used to determine the maximum temperature
of a square cross-section of an isotropic homogeneous fuel with a uniform volumetric heat
generation. At the boundary of the square cross-section, the temperature is constrained to be
uniform. The expression for the temperature at the center of the fuel is given by:

T, = T. + 0.29468 (Qa’ / Kerr)

where:

Te the temperature at the center of the fuel (°F)

T. - the temperature applied to the exterior of the
fuel (°F)

Q volumetric heat generation rate (Btu/hr-in")

a half length of the square cross-section of the
fuel (inch)

Ko effective thermal conductivity for the

isotropic homogeneous fuel (Btu/hr-in-°F)

Volumetric heat generation (Btu/hr-in") based on the design heat load is applied to the pellets.
The effective conductivity is determined based on the heat generated and the temperature
difference from the center of the model to the edge of the model. Temperature-dependent
effective properties are established by performing multiple analyses using different boundary
temperatures. The effective conductivity in the axial direction and the effective density of the
fuel assembly are calculated on the basis of the material area ratio. The effective specific heat is

computed on the basis of a weighted mass average.
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For the PWR fuel assemblies, the 14x14 fuel assembly is shown to have the effective propertics
that correspond to the minimum values, as shown in Table 4.4-1 for both fuel tube

configurations,

For the BWR fuel assemblies, the 10x10 fuel assembly is shown to have the effective properties

that correspond 1o the minimum values, as shown in Table 4.4-2.

4414 Two-Dimensional Neutron Absorber Models

The two-dimensional neutron absorber model is used to calculate the effective conductivities of
the neutron absorber, the neutron absorber retainer, and the fuel channel (for BWR only). These
effective conductivities are used in the two-dimensional fuel basket models (Section 4.4.1.2). A
total of three neutron absorber models is required: one PWR model (for the PWR 14x14) and
two BWR models—one with the neutron absorber plate and channel, and one with the channel
but without the neutron absorber plate, corresponding to the enveloping configurations of the
10x10 BWR fuel assembly.

The configurations shown in the neutron absorber models in Figure 4.4-10 and Figure 4.4-11 for
PWR and BWR fuel, respectively, incorporate the neutron absorber (and the channel for the
BWR). The configuration shown in Figure 4.4-12 is for the BWR fuel tube with the channel, but

without the neutron absorber.

As shown in Figure 4.4-10, the PWR fuel tube model includes the neutron absorber, the stainless
steel retainer, and the gaps between the neutron absorber and the stainless steel retainer and the
surface of the fuel tube. Three conditions of media are considered in the gaps: helium, vacuum

and water.

ANSYS PLANESS conduction elements and LINK31 radiation elements are used to construct
the model. The model consists of four layers of conduction elements and two sets of radiation
elements (radiation elements are not used for the water condition) that are defined at the gaps
(two for each gap). The thickness of the model (x-direction) is the distance measured from the
outside surface of the stainless steel retainer to the inside surface of the fuel tube (assuming the
neutron absorber is centered between the retainer and the fuel tube, and there is no contact for the
length of the basket). The gap size between the neutron absorber and the adjacent surfaces is

0.002 inch.

The BWR fuel assemblies may include a fuel channel, as compared to the PWR assemblies,
which have no fuel channel. Therefore, two effective conductivity models are necessary for the
BWR: one model with the neutron absorber plate (a total of six layers of materials) and a fuel
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channel; and the other model with a fuel channel, but with a gap replacing the neutron absorber

plate (a total of two layers of materials).

As shown in Figure 4.4-11, the first BWR neutron absorber model includes the fuel channel, the
retainer, the neutron absorber and associated gaps. As shown in Figure 4.4-12, the second BWR .

| neutron absorber model includes the fuel channel and the gap between the fuel channel and the

fuel tube surface.

Heat flux is applied at the left side of the model (retainer for PWR model and fuel channel for
BWR model), and the temperature at the right boundary of the model is specified. The heat flux
is determined based on the design heat load. The maximum temperature of the model (at the left
boundary) and the temberature difference (AT) across the model are calculated by the ANSYS
model. The effective conductivity (Kyx) is determined using the following formula.

q = Ky (A/L) AT

or
K««=q L/(A AT)
where:
Kax effective conductivily (Btu/hr-in-°F) in X
direction in Figure 4.4-10 through Figure
4.4-12

- heat rate (Btu/hr)

q

A - area (inz)

L length (thickness) of model (in)

AT temperature difference across the model (°F)

The temperature-dependent conductivity is determined by varying the temperature constraints at
one boundary of the model and solving for the temperature difference. The effective
conductivity for the parallel path (the Y direction in Figure 4.4-10) is calculated by the

following. A
Ko - Y Kt
yy L
where:
K; - thermal conductivity of each layer
: (Btu/hr-in-°F)
ti thickness of each layer (in)
total length (thickness) of the model (in)
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441.5 Two-Dimensional Transfer Cask and TSC Model

During the transfer condition, the TSC in the transfer cask is subjected to four separate
conditions.

¢ The water phase when the lid is being welded to the TSC.

o The drying phase in which pressurized helium drying or vacuum drying can be used to
remove moisture from the TSC.

e The helium backfilled phase when the TSC closure is completed and the transfer cask
annulus flow system is operating.

e The operation of loading the helium-backfilled TSC into the concrete cask without the
transfer cask annulus flow system operating.

Except for the final operation of placing the TSC into the concrete cask, the first three steps are
considered to be steady-state conditions, if pressurized helium drying is used to remove the
moisture. For vacuum drying operations, the time in vacuum drying is administratively
controlled to maintain the maximum fuel cladding temperatures less than the allowable
temperature. During the operational sequence of TSC loading, an annulus cooling system may
be used to flow water through the annulus to cool and maintain a specified temperature for the
TSC external shell. Alternative cooling methods, including TSC preparations on a pool shelf
partially submerged or placement in an equivalent immersion method, may also be used. The
MAGNASTOR system may also be prepared without annulus cooling methods, although the
allowable preparation times are reduced. The annulus cooling methods, when used, are designed
to accommodate design basis heat loads without additional heat rejection from the transfer cask

to the environment.

Evaluation of the Water Phase

The model that includes water in the TSC treats the entire cavity as though it is filled with water.
Since it is necessary to remove some water from the TSC during the closure lid welding
operation, the water level in the TSC may be below the top of the fuel basket. The fuel tubes are
designed with holes in the sides to permit the water to flow from the center of the TSC to the
downcomer region of the TSC. The two-dimensional axisymmetric transfer cask and TSC model
is used to evaluate the transfer operation for PWR fuel with a heat load of 40 kW, which bounds
the design basis heat load of 35.5 kW. Since the PWR fuel heat load and calculated temperatures -
in the steady-state condition bound those for the BWR fuel, the bounding configuration is
considered to be the TSC containing a design basis PWR fuel heat load. The components
comprising the transfer cask and TSC model are shown in Figure 4.4-13. The TSC portion of the
model is identical to the model employed in Section 4.4.1.1, with the exception that one of the
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conditions in the transfer operations uses water in the TSC instead of helium. The model for the
TSC, described in Section 4.4.1.1, uses effective properties for the fuel basket region. For the
water condition, the methodology described in Sections 4.4.1.2, 4.4.1.3, and 4.4.1.4 is used to
determine the effective properties for the fuel basket region. For the condition of water in the
TSC, no contribution due to radiation was considered; only conduction was taken into account
for the effective properties. The porous media constants for the fuel basket region need not be
recomputed since they are dependent on the fuel assembly and fuel basket geometry only.
However, during the analytical evaluation of the water phase, the pressure drop in the fuel basket
region due to the water requires the use of the viscosity, which is input as a material property.
Since the maximum water temperature in the TSC is significantly below 212°F, the water is
expected to remain in the liquid state, and the use of properties for the liquid state is acceptable.
The transfer cask and the water annulus between the transfer cask and the TSC are also included
in the model. The transfer cask inner shell is represented by effective properties. The model
also contains the shield doors of the transfer cask. While the inlets to the transfer cask are tubes
in the side walls of the transfer cask, they are included in the model as straight sections parallel
to the annulus. The following conditions are applied to the model for the steady-state evaluation
of the water condition.
o The outer surfaces of the transfer cask are considered to be adiabatic and without the
application of solar insolance.
o The inlet water temperature for the annulus between the TSC and the transfer cask is
specified to be 125°F.
e The driving force for the water flow in the annulus between the TSC and the transfer cask
is natural convection.

¢ The heat generation internal to the TSC is conservatively modeled as 40 kW. Regions A,
B and C, as defined in Figure 4.1-1, are comprised of fuel assemblies with heat loads of

1.08 kW, 1.35 kW and 0.88 kW, respectively.
e The flow in the TSC and in the annulus region is treated as being laminar for both the
water and helium conditions of the TSC.

¢ Radiation heat transfer is removed from the solution.

Evaluation of the Drying Phase-Pressurized Helium Drying System

The TSC can be dried of residual moisture following draining by either pressurized helium
drying or vacuum drying methods. A Pressurized Helium Drying (PHD) System is used to force
pressurized helium to circulate through the TSC. The PHD system flows dry helium entering
through the drain tube to the bottom of the TSC, with the moist and heated helium exiting from
the vent port. The circulation of the helium in the TSC during this time will result in helium
flowing up through the fuel assemblies. The pressure employed in the system for the drying and
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recirculation of the helium will result in the helium mass flowing up through the fuel region in
the same manner as it does during the normal conditions of storage. For this reason, the two-
dimensional FLUENT model and the properties developed for the storage condition are also
applied for the condition of the drying phase using pressurized helium. Since the water in the
annulus will normally maintain the TSC shell temperatures to be less than 180°F, the
temperatures for the fuel region will be significantly less than those determined for normal
conditions of storage. The following conditions are applied to the model for the steady-state
evaluation of the drying condition.
e The outer surfaces of the transfer cask are considered to be adiabatic and without the
application of solar insolance.
¢ The inlet water temperature for the annulus between the TSC and the transfer cask is
specified to be 125°F. ,
e The driving force for the water flow in the annulus between the TSC and the transfer cask

is natural convection.

¢ The heat generation internal to the TSC is conservatively modeled as 40 kW. Regions A,
B and C, as defined in Figure 4.1-1, are comprised of fuel assemblies with heat loads of
1.08 kW, 1.35 kW and 0.88 kW, respectively. This evaluation bounds the current design
basis condition for PWR fuel of 35.5 kW and 33 kW for BWR contents.

¢ The flow in the TSC and in the annulus region is treated as being laminar for both the
water and helium conditions of the TSC.

-e Radiation heat transfer is included in the solution.

Evaluation of the Drying Phase-Vacuum Drying System

Alternatively, a Vacuum Drying System (VDS) may be used to evacuate and dry the TSC cavity
by vaporization and removal of the water vapor and other gases from the cavity through the vent .
and drain port openings. Only the PWR system is evaluated herein since it is considered to
bound the BWR system in terms of providing bounding temperatures for a specific time in
vacuum for the same total heat load of the basket, as summarized in the following discussion. In
a vacuum condition, the only mode of heat transfer from the fuel assembly to the basket is by
radiation. While axial conduction provides some mitigation of the peaking effect, the analysis in
this section conservatively considers only radial heat transfer from the basket to the canister.
Additionally, no contact between the basket and the fuel and the neutron absorber is assumed to
exist. The presence of more fuel rods in a fuel assembly only serves to provide increased
interference to reduce the effective thermal conductivity of the fuel assembly. In conjunction
with the lower conductivity, the temperature increase from the edge of the PWR fuel assembly to
the center of the PWR fuel assembly is expected to be significantly larger than the corresponding
increase for the BWR fuel assembly. The éxpreésion for the fuel temperature change (AT=T.-T.)
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in Section 4.4.1.3 is in terms of the volumetric heat generation, the area of the region and the
conductivity. Since the active fuel lengths are considered to be the same for BWR and PWR. the
AT is proportional to the total heat of the fuel assembly. The peak clad temperatures are
expected to be largest at the center of the basket in which the maximum PWR fuel assembly heat
is 959 W in a uniform loading configuration. This indicates that the AT for the PWR would be
more than a factor of two (922 W/ 379 W > 2) greater than the AT for the BWR, without
considering the additional increase due to the lower conductivity of the PWR fuel assembly. It is
also noted that the total basket heat load of the PWR fuel assembly bounds that of the BWR.

The transfer cask model used for the thermal transient analysis is comprised of a three-
dimensional ANSYS model as shown in Figure 4.4-16. Figure 4.4-17 shows further details of
the model with respect to the fuel tubes, the fuel and the neutron absorber. The model does not
contain the canister lid and bottom and, conservatively, neglects any heat being rejected in the
axial direction. During the vacuum drying phase, the annulus cooling system, or alternative
methods, is normally operational and allows the heat from the canister to be rejected in the same
manner as for the water phase. The transfer annulus cooling system is considered to be an
operational convenience since the transfer cask can be placed back into the spent fuel pool at any
point in time during the transfer operation without resulting in thermal shock to the transfer cask
system. A constant temperature of 160°F is applied to the canister surface, which is the
maximum temperature of the annulus cooling system water exiting the transfer cask.

Effective properties for the fuel region and the neutron absorber corresponding to the vacuum
condition are employed, and they are described in Sections 4.4.1.3 and 4.4.1.4, respectively.
This model is used to determine the allowable time in vacuum, depending on the heat load, to
ensure that the fuel cladding temperature limit of 752°F (400°C) is not exceeded. If additional
vacuum drying is required to meet the specified cavity dryness criteria, additional drying cycles
can be performed following 12 hours of cooling the TSC, either with the annulus cooling system
or returning the transfer cask and TSC to the spent fuel pool. TSC cooling is facilitated by
backfilling the TSC cavity with helium to a pressure of 7 atmospheres (gauge). The backfilled
helium will establish a convective heat transfer flow regime, thereby reducing the fuel cladding

and system component temperatures.

A separate transient analysis is required to determine the maximum system temperature
immediately after the backfilled helium condition. The transient analysis is performed in two
steps using the same two-dimensional FLUENT model employed in the water phase condition,
with the exception of altering the properties and boundary conditions. The initial step of the
transient evaluation to simulate the helium backfill condition is to specify an initial temperature
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of the canister and its contents. This is accomplished by first solving a steady-state problem
using effective thermal properties based on the vacuum condition. A heat load of 12 kW was
employed for this steady-state condition, which would establish a maximum temperature of
752°F. This temperature bounds maximum temperatures to be obtained during the vacuum
drying. It also bounds the maximum energy stored in the fuel prior to being rejected during the
helium-backfilled condition. Once this temperature field is determined, it is applied to the same
FLUENT model with the properties being altered to simulate the helium-backfilled condition.
The helium pressure used in the transient analysis for the backfill evaluation was conservatively
specified to be § atm (gauge), as opposed to 7 atm (gauge) specified in the procedures. Lower
pressure corresponds to lower density, which would minimize the heat rejection by convection
internal to the canister. The fuel assembilies in the canister correspond to the uniform heat load.
The design basis heat load provides bounding temperatures and minimum times for vacuum. For
fuel with burnup higher than 45,000 MWd/MTU, the temperature change is limited to 117°F,
and the time in cooling to 12 hours. With the identification of the temperature after the backfill
condition, the time in vacuum for the additional cycles can be determined, since the temperature

time history will follow the same time dependency as for the initial vacuum condition.

Evaluation of the Helium Phase

Following the completion of drying and final cavity evacuation (for vacuum drying only), the
TSC is backfilled and pressurized with helium to establish the cavity atmosphere conditions for
the normal condition of storage. The transfer cask and TSC remain in this helium phase
condition until the TSC is placed into the concrete cask. During the helium phase, the transfer
cask annulus cooling system will normally be in operation until the TSC preparations for transfer
to the concrete cask are completed. Since the water in the annulus will maintain the TSC shell
temperatures at less than 180°F, the temperatures for the fuel region will be significantly less
than those determined for normal conditions of storage. The evaluation of this condition is
required to determine the initial conditions for the operation in which the TSC is placed into the
concrete cask with the transfer cask annulus flow system not in operation. Since the conditions
are identical to those for the drying phase, an additional evaluation is not required. The results
obtained for the evaluation of the drying phase are applicable for the helium phase.

Evaluation of Moving the TSC into the Concrete Cask

The transfer cask is used to load the TSC into the concrete cask. During this phase, there is no
active auxiliary cooling of the transfer cask. Therefore, the annulus is filled with ambient air and
this operation is time-limited, as natural convection cooling of the transfer cask is limited. The
thermal performance of the transfer cask in this condition is similar to the concrete cask accident
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cvent in which all of the air inlets are blocked. The TSC for this opcrational condition is
identical, with one exception, to the condition of the TSC in the concrete cask for the condition
of all air inlets blocked. The exccpti'on is that the initial fuel and TSC component temperatures
for this operational condition are significantly lower than the design basis temperatures for the
normal conditions of sto‘fage. While the concrete cask has significantly more mass to absorb
heat than the transfer cask, the conductivity of the concrete is only approximately 4% of the
conductivity of lead or carbon steel. Thus, the transfer cask has the ability to effectively absorb
more heat than the concrete cask for a limited period of time. The transient solution for the
concrete cask for the all air inlets blocked condition provides bounding fuel temperatures for this
TSC transfer condition. The transient solution performed for the all inlets blocked condition can
be used to identify a “temperature rate change,” which establishes the time limit for moving the
TSC into the concrete cask once the transfer cask annulus water cooling system has been shut
off. During this TSC transfer condition, the duration of time to complete the movement and
placement in the concrete cask will be limited to assure that the fuel temperatures remain less

than 752°F (400°C).

4.4.2 Test Model

MAGNASTOR is conservatively designed by analysis. Therefore, no physical model is
employed for thermal analysis. The benchmark provided in Section 4.8.1 provides confirmation
that the analysis methodology employed for the MAGNASTOR design is conservative.

443 Maximum Temperatures for PWR and BWR Fuel Configurations

Normal Conditions of Storage

The temperature distribution and maximum component temperatures for MAGNASTOR for
normal conditions of storage are provided in this section. System components containing PWR
and BWR fuels are addressed separately. The temperature distributions for the BWR design
basis fuel are similar to those of the PWR design basis fuel and are, therefore, not presented.

The temperature distribution for the concrete cask and the TSC containing the PWR design basis
fuel for normal conditions of storage, with a uniform heat load, is shown in Figure 4.4-14. The
air velocity distribution in the annulus between the TSC and the concrete cask liner for the
normal conditions of storage for PWR fuel is shown in Figure 4.4-15. The maximum component
temperatures for the normal conditions of storage for the PWR and BWR design basis fuel are
shown in Table 4.4-3. It is noted that the thermal performance of MAGNASTOR provides

NAC International 4.4-23



MAGNASTOR System February 2006
Docket No. 72-1031 Revision 06A

significant thermal margins with the conservative ambient design basis tempcrature defined
approximately 24°F higher than any existing ISFSI site in the United States.

As shown in Figure 4.4-14, the peak fuel temperature for the normal storage condition occurs
near the top of the fuel basket and, based on the uniform spacing of the isotherms at the
centerline of the TSC,' the temperature varies monotonically from the TSC bottom to the peak
near the top of the fuel basket. This is indicative that the dominant mode of heat rejection from
the fuel is by convection due to the helium flow circulating within the TSC.

The calculated temperatures at the TSC surface for the normal storage condition are higher than
the concrete liner or surface, indicating that radiation heat transfer occurs across the concrete
TSC cask annulus. As shown in Table 4.4-3, the maximum local temperature in the concrete can
reach 270°F for PWR design basis fuel, which is less than the 300°F allowable temperature.

Transfer Condition

The maximum component temperatures for MAGNASTOR during the transfer operation are
reported in this section. Since the PWR fuel configuration is considered to be bounding, it is
conservative to identify these temperature results for the PWR fuel design basis heat ioad as the
maximum temperatures for the BWR fuel design basis heat load. The transfer operation is
comprised of four separate phases: the water phase, the drying phase, the helium phase, and the
TSC loading phase. The only phases considered to be limited by time are vacuum drying of the
TSC and the final phase of loading the TSC into the concrete cask. The reason that indefinite
time limits are permitted for the water phase, the helium drying phase, and the helium phase is
the normal use of the transfer cask annulus cooling water system, partially submerged loading
conditions, or equivalent immersion system. The transfer annulus cooling system is considered to
be an operational convenience since the transfer cask can be placed back into the spent fuel pool
at any point in time during the transfer operation without resulting in thermal shock to the
transfer cask system. The annulus cooling water system (or the alternative cooling methods)
maintains the canister shell at a temperature significantly lower than the temperature
corresponding to the normal conditions of storage. The maximum temperature for the PWR fuel
cladding is reported for each of the separate transfer phases in Table 4.4-4. It is observed that the
PWR fuel cladding temperatures shown in Table 4.4-4 are bounded by the PWR fuel cladding
temperatures for the normal storage steady-state conditions in Table 4.4-3. This indicates that
the normal condition PWR fuel cladding and component temperatures, such as for the fuel basket
and the TSC, bound the maximum temperatures for any phase of the transfer condition for the
fuel basket and TSC components. The times for the vacuum drying are administratively
controlled to maintain the fuel cladding temperature below the 752°F limit. The TSC loading
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phase is administratively limited to 36 hours to cnsure that the maximum fuel cladding
temperature is bounded by the normal condition storage temperature. The 36 hours is
determined using the fuel cladding temperature rise for the “‘all air inlets blocked™ accident event

and the peak fuel cladding temperature lirit of 752°F.

The off-normal condition for use of the annulus cooling system corresponds to loss of cooling by
the annulus cooling system. This can occur during the water phase or the drying phase of
transfer operations. 1f loss of cooling occurs during the water phase, a conservative energy
balance treating the canister surface as being adiabatic shows that the canister temperature can be
maintained for 7 hours without exceeding 212°F. If the water phase exceeds this time limit, the
cask is to be returned to the spent fuel pool. In the event the loss of cooling occurs during the
drying phase using vacuum drying, the canister is first backfilled with helium. Using the
transient evaluation in Section 4.4.1.5 for the transfer cask model, it is determined that a time of
11 hours is permitted to return the annulus cooling system to service or return the canister to the
pool. The condition of the loss of annulus cooling for the option of the pressurized helium
drying system is bounded by the loss of ccoling occurring during the vacuum drying phase.

The loading procedures in Chapter 9 provide operational sequence alternatives and time
limitations if the annulus cooling system is not operating. In all cases, the final corrective action
is to backfill the TSC with helium to 7 atm gauge pressure and return the system to the spent fuel
pool. These operational sequences, time limits and corrective actions will ensure that the fuel

-~ cladding and system component temperatures do not exceed design allowable values.
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444 Maximum Internal Pressures for PWR and BWR fSCs |

The maximum TSC internal operating pressures for normal conditions of storage are calculated
in the following sections for the TSCs containing PWR and BWR design basis fuel assemblies.

Maximum Internal Pressure for the TSC Containing PWR Fuel

The internal pressure of a TSC containing PWR fuel asscmblies is a function of fuel type,
burnup, initial enrichment, cool time, fuel condition (failure fraction), presence or absence of
nonfuel hardware, TSC length, and the backfill gases in the TSC. Gases included in the pressure
evaluation of a TSC containing PWR fuel include fuel rod fission, decay and backfill gases, gas
generated by the nonfuel hardware components (assembly control components contain boron as
the absorber material), and TSC backfill gases. Each of the PWR fuel types is separately
evaluated to determine a bounding pressure for a TSC containing PWR fuel assemblies.

Fission gases include all fuel material generated gases, including helium generated by long-term
actinide decay. Based on detailed SAS2H calculations, the quantity of fission and decay gases
rises as burnup and cool time are increased and enrichment is decreased. The maximum gas
available for release is conservatively calculated based on 70,000 MWd/MTU burnup cases at an
enrichment of 1.9 wt % “>*U and a cool time of 40 years for maximum fissile material assemblies
in each major PWR fuel class. For other PWR fuel assembly types, fission and decay gases are
determined by ratioing the fissile material mass to the maximum fissile material mass

assemblies.

Fuel rod backfill pressure varies significantly among the PWR fuel types. Based on a literature
review, a 500 psig backfill is assigned to Westinghouse and CE core fuel types. A maximum
backfill pressure of 435 psig is assigned to B&W core assemblies. Backfill gas quantities are
based on the fresh fuel free volume between the fuel pellet stack and the fuel rod cladding,
including the plenum volume, and a backfill temperature of 68°F.

Burnable poison rod assemblies (BPRAs) placed within the TSC may contribute additional gas
quantities due to n-alpha reaction of '°B during in-core operation. A portion of the neutron
poison population is formed by '“B. Other neutron poisons, such as gadolinium and erbium, do
not produce a significant amount of helium nuclides (alpha particles). The principal BPRAs in
use include the Westinghouse Pyrex (borosilicate glass) and WABA (wet annular burnable
absorber) configurations, as well as B& W BPRAs and shim rods used in CE cores. The CE shim
rods replace standard fuel rods to form a complete assembly array. The quantity of helium
available for release from the BPRAs is directly related to the initial boron content of the fuel
rods and the release fraction of gas from the matrix material. The gas released from either of the

NAC International 4.4-26



MAGNASTOR System February 2006
Docket No. 72-1031 , Revision 06A

“ y Figure 4.4-1 Two-Dimensional Model of Concrete Cask Loaded with PWR TSC
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| Figure 4.4-2 Computational Mesh for the Two-Dimensional Axisymmetric CFD Model of
the Concrete Cask N—
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Figufe 4.4-5 PWR Peak Fuel Cladding Temperature versus TSC Internal Pressure
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Figure 4.4-6 Two-Dimensional Finite Element Model of the PWR Fuel Basket
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Figure 4.4-13 Two-Dimensional Model of Transfer Cask Loaded with a PWR TSC
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Figure 4.4-14 Temperature (°F) Distribution for the Concrete Cask and TSC Containing a _
Design Basis PWR Heat Load
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N Figure 4.4-15 Air Velocity (m/s) in the Concrete Cask Annulus for the Design Basis PWR
. Heat Load
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Figure 4.4-16 Three Dimensional ANSYS Model of the PWR Canister Vacuum Condition
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Table 4.4-3 Maximum Con;ponen't Temperatures for Normal Condition Storage of

v
o Design Basis PWR and BWR Heat Loads
Allowable
Component PWR BWR Temperature (°F)
Fuel Cladding 696 665 752
Fuel Basket 2 696 665 700
TSC Shell 455 429 800
270 (local) 242 (local) 300 (local)
Concrete 160 (bulk) 153 (bulk) 200 (bulk)
Table 4.4-4 Maximum Fuel Temperatures for the Transfer Operations for
Design Basis Heat Load
Transfer Phase Maximum Fuel Cladding
Temperature (°F)
Water 157
-Pressurized Drying 514
Helium 514
TSC Loading into 690
Concrete Cask
Vacuum 715
N b Table 4.4-5 Helium Mass Per Unit Volume for MAGNASTOR TSCs
: Fuel Type | Helium Density
(g/liter)
PWR 0.763
BWR 0.774
®  The maximum fuel cladding temperature is conservatively used.
™
s 4.4-47
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4.5 Off-Normal Storage Events

This scction cvaluates postulated off-normal storagce events that might occur once during any
calendar ycar of opcration. The actual occurrence of any of these cvents is, therefore, infrequent.

The conercte cask and TSC model described in Section 4.4.1.1 is usced for the evaluation of the
concrete cask and TSC for the off-normal cvents: scvere ambient temperature conditions (106°F
and -40°F) and the half-blocked air inlcts condition. The cvaluation of the off-normal cvents for

variations in thc ambicnt temperature only requires a change to the boundary condition
temperature. For the half-blocked air inlets condition, the air inlet condition is modified to

“permit only half of the air flow into the inlet. The design basis heat loads of 35.5 kW and 33 kW

are used in the evaluations of the concrete cask and TSC containing PWR and BWR fucls,

respectively.

The principal component temperatures for each of the off-normal events, discussed previously,

are summarized in the following tables, along with the allowable temperaturcs. Notc that the
maximum fucl cladding temperatures are conservatively used as the maximum fuel basket
temperatures. As the tables show, the component temperatures for the concrete cask and TSC
containing PWR and BWR fuels arc within the allowable values for the off-normal storagc

events.
Principal Component Temperatures - Off-Normal Storage of PWR Fuel
76°F
106°F Ambient, -40°F Ambient, Ambient/Half
Maximum Maximum Blocked Air Inlets Aliowable
Temperatures Temperatures Temperatures Temperature

Component (°F) (°F) (°F) (°F)
Fuel Cladding 733 585 699 1,058
Fuel Basket 733 585 699 1,000
TSC Shell 483 334 457 800
Concrete 310 87 273 350

Principal Component TemPeratures ~ Off-Normal Storage of BWR Fuel
106°F Ambient, -40°F Ambient, T6°F
Maximum Maximum Ambient/Half Allowable
Temperatures Temperatures | Blocked Airinlets | Temperature

Component (°F) (°F) Temperatures (°F) (°F)
Fuel Cladding 701 551 667 1,058
Fuel Basket 701 551 667 1,000
TSC Shell 457 309 431 800
Concrete 281 62 245 350
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There are no adverse consequences due to these off-normal events. The maximum component
temperatures are less than the allowable temperature limits.

Off- Normal Event TSC Internal Pressures

Off-normal event TSC internal pressures are evaluated using the method and inputs documented
in the normal condition pressure evaluations (Section 4.4.4). The off-normal event TSC internal
pressure analysis considers a 10% rod failure fraction and a TSC backfill temperature at 491°F
and a pressure of 104 psig. The higher backfill temperature, and associated pressure, is the result
of the “‘severe heat” off-normal thermal evaluation. The maximum TSC internal pressures
calculated for off-normal events are 114 psig for the PWR system and 110 psig for the BWR

system.
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4.6 Accident Events

. This section presents the evaluations of the thermal accident design events, which address very

low probability events that might occur once during the lifetime of the ISFSI or hypothetical
events that are postulated because their consequences may result in the maximum potential
impact on the surrounding environment. Three thermal accident events are evaluated in this
section: maximum anticipated heat load, fire accident and full blockage of the air inlets. The
maximum TSC internal pressure for the bounding accident conditions is evaluated in Section
4.64.

The concrete cask and TSC model described in Section 4.4.1.1 is used for the evaluation of the
concrete cask and TSC for these thermal accident events.

4.6.1 Analysis of Maximum Anticipated Heat Load

This section evaluates the concrete cask and the TSC for the postulated accident event of an
ambient temperature of 133°F. A steady state condition is considered in the thermal evaluation

of the system for this accident event.

Using the same methods and thermal models described in Section 4.4.1.1 for the normal
conditions of storage, thermal evaluations are performed for the concrete cask and the TSC with
its contents for this accident condition. All boundary conditions in the model are the same as
those used for the normal condition evaluation, except that an ambient temperature of 133°F is
used. The maximum calculated temperatures of the principal PWR and BWR cask component,
with the corresponding allowable temperatures, are as follows. '

PWR BWR
Maximum Maximum Allowable
Component Temp (°F) Temp (°F) Temp. (°F)
Fuel Cladding 766 734 1,058
Fuel Basket 766 734 1,000
TSC Shell 508 482 800
Concrete 346 316 350

Note that the maximum fuel cladding temperatures are conservatively considered to be the
maximum basket temperatures. This evaluation shows that the component temperatures are
within the allowable temperatures for the extreme ambient temperature conditions.

4.6.2

Fire Accident

A fire may be caused by flammable material or by a transport vehicle. While it is possible that a
transport vehicle could cause a fire while transferring a loaded storage cask at the ISFSI, this fire
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will be confined to the vehicle and will be rapidly extinguished by the persons performing the
transfer operations or by the site fire crew. Fuel in the fuel tanks of the concrete cask transport
vehicle and/or prime mover (maximum 50 gallons) is the only flammable liquid that couild be
near a concrete cask, and potentially at, or above, the elevation of the surface on which the cask
is supported. The fuel carried by other onsite vehicles or by other equipment used for ISFSI
operations and maintenance, such as air compressors or electrical generators, is considered not to
be within the proximity of a loaded cask on the ISFSI pad. Site-specific analysis of fire hazards
will evaluate the specific equipment used at the ISFSI and determine any additional controls

required.

The analyzed area is a 15x15-foot square, less the 136 in-diameter footprint of the concrete cask,
corresponding to the center-to-center distance of the concrete casks on the ISFSI pad. The
potential depth (D) of the 50-gallon pool of flammable liquid is calculated as follows.

50x231

= ~ =0.6 in.
15x15x144 —-3.14x128° /4

With a burning rate of 5 in/hr, the fire would continue for 7.2 minutes. The fire accident
evaluation in this section conservatively considers an 8-minute fire. The temperature of the fire

is taken to be 1,475°F, which is specified for the fire accident event in 10 CFR 71.73¢ [3].

The fire condition is an accident event and is initiated with the concrete cask in a normal
operating steady-state condition. To determine the maximum temperatures of the concrete cask
components, the two-dimensional axisymmetric model of the concrete cask and TSC for the
PWR configuration described in Section 4.4.1.1 is used to perform a transient analysis. The PWR
configuration is considered to bound the BWR configuration due to the higher initial

temperatures of the normal condition.

The initial condition of the fire accident transient analysis is based on the steady-state analysis
results for the normal condition of storage, which corresponds to an ambient temperature of
100°F in conjunction with solar insolation (as specified in Section 4.4.1.1). The fire condition is
implemented by applying a boundary temperature condition of 1,475°F at the air inlet and the
lower surface of the steel plate forming the top of the air inlet for eight minutes. This boundary
condition temperature is applied as a stepped boundary condition. During the eight-minute fire,
solar insolation is also applied to the outer surface of the concrete cask. At the end of the eight
minutes, the temperature at the inlet is reset to the ambient temperature of 100°F. The cooldown
phase is continued for an additional 10.7 hours to observe the maximum TSC shell temperature
and the average temperature of the TSC contents. -
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4.8.2 - Methodology to Compute the Porous Media Constants

This section presents the methodology used to determine the porous media constants, which will
simulate the flow resistance due to the fuel assembly and fuel assembly grids to be taken into
account for the basket tube/fuel region of the two-dimensional axisymmetric TSC model.

To simulate the flow resistance in the porcus media models, the following FLUENT porous

media pressure drop [12] is employed.

AP u 1. .,
~—~—=LV + C(=pV-
L ac (2p )

where
AP/L pressure drop per unit length (Pa/m)
\% superficial fluid velocity (m/s)
p ’ the fluid viscosity (kg/m-s)
p fluid density (kg/m’)
a permeability parameter (m?)
C inertial resistance factor (m™)

In this representation, the pressure drop for the porous media consists of two terms: one being
proportional to the velocity and the other proportional to the velocity squared. Since the
velocities are on the order of 0.03 m/s in the porous media region, the contribution due to the V2
term is neglected. The pressure drops for the fuel rods and the fuel assembly grids are taken into
account in the first term. For the first term, the viscosity () is obtained from the material
properties defined for the gas, while the factor (a), referred to as the permeability, is computed
on the basis of laminar flow. The purpose of this section is to determine an a for the BWR and
the PWR fuel assemblies, which represents not only the resistance for the axial flow along the
fuel rods, but also the additional resistance through the fuel assembly grids. The porous cells in
the FLUENT program are 100% open in the porous media model [12]. Therefore, the factor for
V must include the porosity factor with the values specified for 1/a. The input of 1/a into
FLUENT!s adjusted based on the porosity of the porous media [12]. The permeability for the
BWR and the PWR fuel assemblies is determined separately. Separate models are considered
for the spacing, size of the fuel rods, and the number of fuel rods in the PWR and the BWR fuel

assemblies.

Permeability (a) for the PWR Fuel Asisembly

For the PWR fuel assembly, the configuration that is considered to provide a bounding value for
a is the 17x17 fuel assembly. The calculation for the 1/a for the entire PWR fuel assembly
requires three FLUENT models. A quarter-symmetry model of the cross-section of the 17x17

NAC International 4.8.2-1
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“fuel assembly is generated using FLUENT and the cross-section of the model is shown in Figure
4.8.2-1. The length of this fuel assembly model is 0.20 m in the axial direction, and consists of
approximately 1.3 million cells. The purpose of this model is to determine the pressure drop per
unit length (AP/L)rop along the fuel rod. For this reason, only the momentum equation is
required to be solved. A velocity (U) for the gas entering the model is specified to be 0.03 m/s,
which represents the velocity observed in the canister evaluation. Since the flow is considered to
be laminar, the actual value used in the evaluation is not significant. Using the AP/L determined
from the three-dimensional model, the 1/a for the fuel rods is computed by

l/QROD = (AP/L)ROD / (p. U)
A second three-dimensional model is generated to determine the pressure drop of the gas through
a 60 mm-long fuel assembly grid. A periodic model of a single cell is considered, which is
shown in Figure 4.8.2-2, and consists of approximately 199,000 cells. The length of the model is
60 mm, which represents the full length of the 60 mm grid. The boundary conditions on the
axial faces used in the fuel rod model are applied to each end of the periodic model of the fuel
assembly grid. The model result is the determination of the average pressure at the outlet end of
the grid, which is determined by computing the area averaged pressure acting on the outlet. This
is used to compute the pressure drop per unit length (AP/L)grip, which is used to compute the
1/aGrip for the fuel assembly grid by

Vagrip = (AP/L)erip / (1 U)
Since the grid model is periodic, it simulates the condition in which the fuel assembly grid
extends for the entire width of the basket slot region. This is not the geometry of the PWR fuel
assembly grid in the basket, but rather there is a minimum of a 0.17-inch gap between the largest
PWR fuel assembly and the smallest basket slot in the PWR basket. As the helium gas flows
vertically up through the fuel rods, gas will not only flow through the fuel assembly grid, but
also around the grid. To determine the distribution of the flow, a third three-dimensional
quarter-symmetry FLUENT model consisting of approximately 332,500 cells is developed, as
shown in Figure 4.8.2-3. A porous region with a length of 9.37 inches represents a section of
fuel rods of 9.37 inches prior to the fuel assembly grid, and a section corresponding to a length of
9.37 inches is modeled after the fuel assembly grid. Both of these regions use the porous media
constants determined for the bounding PWR fuel rod configuration. The bounding configuration
was identified in two DOE reports ([23] and [24]) for the configuration with the largest
combined grid length for all PWR assemblies. As shown in Figure 4.8.2-3, a nonporous gas
region with a thickness of 0.17 inch is modeled in parallel with the region representing the fuel
assembly grid. The porous media data for this model uses the results of the calculation of the
porous media just for the fuel assembly grid. From the solution of the momentum equation, the
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effective 1/agpr corresponding to the pressure drop (AP/L)grr over the axial region containing the

M.Jw"

fuel assembly grid is computed using

Vogrr = (AP/L)gre / (n U)
The pressure drop is the difference between the averaged pressure on the outlet surface (area
averaged) and the inlet, which is set to zero. To combine the permeabilities into a single
quantity, the pressure drops over all the grids [(AP/L)grr)] are added to the pressure drop
[(AP/L)grop] over the remaining length of the fuel assembly (total fuel assembly length less the
length of the fuel assembly grids) to calculate the total pressure drop due to fuel assembly grids '
and the fuel rods. Using an expression similar to the ones above, the 1/a for the PWR fuel

assembly is computed to be
1/otpwr = (APior/Lior) / (1 U) = 462,087 1/m’ l

Permeability (a) for the BWR Fuel Assembly _

For the BWR fuel assembly, the configuration that is considered to provide a bounding value for
a is the 10x10 fuel assembly. The calculation for the 1/a for the entire BWR fuel assembly
requires two FLUENT models. A quarter-symmetry model of the fuel rods of the 10x10 fuel
assembly was generated using FLUENT, and the cross section of the model is shown in Figure
4.8.2-4. The length of this fuel assembly model is 0.20 m in the axial direction, and consists of
approximately 0.6 million cells. The walls of this model correspond to the BWR channel. This
assumes that no helium gas flow is occurring between the BWR channel and the wall of the fuel
tube. The model in Figure 4.8.2-4 does not contain any water tubes that are present in the BWR
fuel assembly design. This is considered to be conservative since the cross-sectional area for
flow is reduced by not considering gas flow through the water tubes.

‘\IJ‘,J‘V

This model is used to determine the pressure drop per unit length (AP/L)rop along the fuel rod,
as was performed for the PWR fuel. A velocity (U) for the gas entering the model was specified
to be 0.03 m/s, which represents the velocity.observed in the canister evaluation. Since the flow
is considered to be laminar, the actual value employed in the evaluation is not significant. Using
the AP/L determined from the three dimensional model the 1/a for the fuel rods is computed by

l/arop = (AP/L)rop / (1 U)

For the fuel assembly grid for the BWR, the pressure drop determined for the PWR fuel
assembly grid was used. The evaluation of the effect of the grid for the PWR corresponds to a
17x17 fuel assembly which would inherently have more obstructions for flow as compared to a
worst case 10x10 BWR fuel assembly. The pressure drop across the PWR fuel assembly grid is
therefore considered to bound the pressure drop associated with the fuel assembly grid for the

BWR design.

|- ‘
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To combine the permeabilities into a single quantity, the pressure drop over multiple grids is
computed. The bounding configuration was identified in references [23] and [24] for the
configuration with the largest combined grid length for all BWR assemblies. The combined
pressure drop was calculated by adding ((AP/L)crip) to the pressure drop ((AP/L)rop ) over the
remaining length of the fuel assembly (total fuel assembly length less the total length of the fuel
assembly grids). The 1/a for the entire BWR fuel assembly is computed to be

/ogwr = (APw/Lia) / (1 U) = 566,550 1/m’
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Figure 4.8.2-1

Cross-Sectional View of the Three-Dimensional Fluent Model of a 17x17

PWR Fuel Assembly
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Figure 4.8.2-2  Three-Dimensional Fluent Model of a Fuel Assembly Grid
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Vs Figure 4.8.2-3  Three-Dimensional Fluent Quarter-Symmetry Model for the Flow
Around the Grid
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Figure 4.8.2-4  Cross-Sectional View of the Three-Dimensional Fluent Model of a 10x10
BWR Fuel Assembly
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L

483 - Benchmark Evaluation of the Two-Dimensional Axisymmetric
Methodology for Annular Cooling in the Concrete Cask for

MAGNASTOR

In this section. a berichmark evaluation is performed to evaluate the adequacy of the k-w and the
low Reynold’s (low Re) k- turbulent flow models that can be used in the evaluation of the flow
in the annulus between the canister and the concrete cask. A thermal evaluation using two-
dimensional modeling methodology is performed for a system for which a thermal test has been
conducted. The thermal test is described in EPRI TR-100305 {21]. The results of the thermal
evaluation using the two-dimensional methodology performed in this section show that both
turbulent flow models provide conservative temperatures for the canister surface and the
concrete cask liner. This thermal benchmark evaluation confirms that the use of the k-
turbulence model, in conjunction with the two-dimensional methodology, is conservative and,
therefore, acceptable for use in the thermal evaluation of MAGNASTOR.

4.8.3.1 Introduction

The thermal design of MAGNASTOR rejects heat from the canister surface to the ambient
environment via convection and radiation. Ambient air enters the base of the concrete cask,
removes heat via convection from the canister surface, as well as from the surface of the concrete
liner, and exits the top of the concrete cask through radial outlets. Radiation of heat from the
canister surface to the concrete liner also occurs, which allows the heat to then be convected into
the annulus region or conducted through the thickness of the concrete cask. The annulus region
is axisymmetric, with the exception of the air inlet and the air outlet, thus lending itself to
representation by a two-dimensional axisymmetric model. While the air inlet and air outlet are
rectangular in shape, the cross-sectional area of the air inlet and air outlet in an axisymmetric
model can vary radially to account for the constant cross-sectional area in the actual test article.
A single height for the inlets and outlets can be used, provided the modeled height does not
represent more cross-sectional area than the actual inlet and outlet. An important consideration
for the analysis of the annulus air flow is the identification of the turbulent flow models. Two
models are available: k- and low Re k-¢ turbulent flow models, which are described in the
FLUENT documentation [12]. Selection of the turbulent flow model for MAGNASTOR is
based on the thermal test data provided in EPRI TR-100305 [21].

\&Mv’

4.8.3.2 Purpose

The purpose of this section is to provide a thermal benchmark, which will demonstrate that the
. k-€ turbulent flow model used in the MAGNASTOR thermal evaluation is conservative.

NAC International 4.8.3-1
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4833 Description of the Thermal Test

In EPRI TR-100305 {21], thermal testing was performed for a vertical concrete cask loaded with
a canister containing 17 PWR fuel assemblies with a total heat load of 14.9 kW. The basket
contained in the cask during testing was comprised of 17 square slots in which the basket walls
were constructed of carbon steel. A series of thermal tests were performed that corresponded to
different canister conditions, as well as different air inlet and air outlet conditions. To minimize
the uncertainty introduced by other thermal behavior, either inside the canister or outside the
canister, the test using the vacuum condition with fully opened vents was employed. This test
was conducted inside a large structure, which removed the uncertainty of solar insolance
affecting the surface temperatures. Additionally, the method and location in which the inlet
temperatures were measured were also documented. Axial profiles of the temperatures for the
canister surface, as well as the concrete liner surface, were provided in the results published for
the thermal test. The temperature profile provides the basis for the comparison of the
performance of the different turbulent flow models.

4.8.34 Fluent Model Description

The FLUENT two-dimensional axisymmetric model of the VSC-17 is comprised of the canister
and the concrete cask. The definition of the regions and the cells comprising the model is shown
in Figure 4.8.3-1. Since the vacuum condition is being modeled in the canister, the only region
to support fluid flow is the air annulus region between the canister and the concrete liner. The
edge of the model corresponds to the outer surface of the concrete cask. The model contains the
same changes in direction in the air inlet and the air outlet as exist in the concrete cask used in
the thermal test. The heights of the air inlet and air outlet for each segment are selected to allow
the physical cross-sectional area to bound the area contained in the FLUENT model.

There are two parameters of interest that influence the heat rejection into the annulus region.
Since the heat is being radiated from the canister to the inner liner of the concrete cask, the
emissivity of the two facing surfaces (the outer surface of the canister and the inner surface of
the liner of the concrete cask) can directlyl influence the heat transfer. In this evaluation, an
emissivity value of 0.7 was used for the carbon steel surfaces. More important is the selection of
one of the turbulent flow models for the air flow up through the annulus region: a transitional
turbulent flow model (k-® model) or a low Re turbulent flow model (low Re k-g€ model). In
FLUENT, either turbulent flow model can be selected. Unlike the specification of emissivity as
a property of the surface. the use of a particular turbulence model defines certain requirements
for the cells adjacent to the wall. The radial size of the cell divisions near the wall is typically
compared to a dimensionless quantity defined as y+ [12]. Guidelines contained in Reference 12

NAC International 4.8.3-2
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recommend using a y+ of near unity for the transitional model (k-w) and for the low Re k-¢
model. This implies that the near wall cell divisions for the models are significantly refined near

the wall.

4.8.3.5 Effective Properties for the Basket and Fuel Region

For the regions corresponding to the basket, effective properties are employed in the analysis.
The effective thermal properties for the basket region are computed using an ANSYS model
shown in Figure 4.8.3-2. In Reference 21, the description of the basket indicates that a
cylindrical shell (connected to the outer basket tubes) forms part of the surface facing the inner
surface of the canister. Outside of the axial locations that do not have the cylindrical shell, the
outer surface of the outer basket slots faces the inner surface of the canister shell directly. The
model shown in Figure 4.8.3-2 models the cylindrical shell for the full length of the basket. The
cylinder shell, where it does exist in the canister used in the thermal test, provides an additional
radiation shield that reduces the effectiveness of the radiation heat transfer from the outer basket
tubes to the canister shell. This would result in higher basket temperatures in the analyses. In
the FLUENT model in Figure 4.8.3-1, there is a gap between the outer radius of the cylindrical
shell and the inner surface of the canister. Between these two surfaces, radiation is simulated
using conduction properties that have a cubic temperature dependency.

The basket cross-section model contains the carbon steel basket and the fuel regions, which are
modeled with homogeneous orthotropic thermal conductivities. To determine the temperature-
dependent effective thermal conductivity of the basket region, a series of temperatures is applied
to the boundary of the model (as shown in Figure 4.8.3-2). Solutions for each boundary
condition determine the maximum temperature of the basket and the associated change in
temperature from the boundary to the maximum temperature location. The effective thermal
conductivities are determined using the same expression employed for MAGNASTOR in

Section 4.4.1.2.

4.8.3.6 Boundary Conditions

The outer edges of the model correspond to the outer surface of the concrete cask. Two cases are
presented in this section to assess the performance of each turbulent flow model. The boundary
conditions employed for each model were identical, with the exception of the selection of the

turbulent flow model.

Temperature Specification

The edge of the model includes not only the air inlet and the air outlet, but also the remainder of
the concrete cask surface. For the air inlets, the average temperature of the test recorded
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ambients for the vacuum test for the fully opened inlets, (Run No. 6 in [21]) was applied as the
temperature for the air inlet in the model. For the remainder of the concrete cask surface, a
temperature of 26°C was used for computation of the heat transfer by natural convection from the
side and top of the concrete cask. A film coefficient was also specified for the bottom surface of
the model to maximize the heat transfer to the base, thereby reducing the heat flux to the canister

surface.

Heat Generation

The total heat load applied to the active fuel region of the model was 14.9 kW, and a user
specified function reflected the power profile curve for the fuel in EPRI TR-100305 [21]. The
power distribution has a peaking factor of 1.2. The heat generation was assumed to be uniformly
distributed over the radial direction from the basket centerline to the outer radius of the porous

media region.

Buoyancy

Since the annulus gas was specified as an ideal gas, the only condition required to enact
buoyancy as a driving force for the air is to set the gravity acceleration as —9.8 m/sec’.

An additional parameter that must be specified is the “operating” density at the air inlet. Since
the annulus gas is being treated as an ideal gas, the “operating” density was specified to be the
density of the gas at the inlet temperature for a site elevation of 1,400 m.

4.8.3.7 Analysis Results

The temperature profiles for the two turbulent flow models for the canister surface and for the
concrete cask liner surface are shown in Figure 4.8.3-3 and Figure 4.8.3-4, respectively. The
results confirm that both turbulent flow models conservatively predict the temperatures on both
the canister surface and the concrete liner surface. The temperature profiles for the low Re k-¢
model provided a slight improvement over the k-o turbulent flow model. '

4.8.3.8 Application of the Benchmark to the MAGNASTOR Evaluation

The primary purpose of the preparation of this benchmark is to confirm the selection of the
turbulent flow model, and for this reason, the vacuum test in EPRI TR-100305 [21] was selected,
which minimized the uncertainties of the thermal behavior internal to the canister. The air flow
in the annulus is primarily controlled by the height, the radial thickness of the annulus and the
heat load. Since the test in EPRI TR-100305 [21] employed actual fuel assemblies, the height of
the annulus in the thermal test and in the MAGNASTOR design are sufficiently similar. The
thicknesses of the annulus region for the thermal test and for the MAGNASTOR are 3 inches and
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3.75 inches, respectively. A metric for buoyancy-driven flows for vertical parallel surfaces is a
modified Rayleigh’s number in which the standard Rayleigh number is factored by the ratio
(D/L) of the gap thickness (D) and the length (L). Since D/L is actually larger for the
MAGNASTOR design, this would indicate that the modified Rayleigh number is larger for
MAGNASTOR, resulting in increased convection. Likewise, the design basis heat load for
MAGNASTOR is 35.5 kW, as compared to the thermal test using 14.9 kW. Increased heat load

would only increase the level of turbulence in the annulus region.

4.8.3.9 Conclusions

In this section, a thermal evaluation has been performed for the thermal test described in EPRI
TR-100305 [21]. The analysis results indicate that the two-dimensional axisymmetric modeling
methodology using the k- turbulent flow model is acceptable to determine a bounding
maximum fuel temperature and bounding concrete temperatures. The benchmark also confirms
the use of the operating density associated with the ambient temperature for the concrete cask.
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Figure 4.8.3-
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Figure 4.8.3-2 - ANSYS Model for Effective Properties Calculation
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Figure 4.8.3-3  Temperature Profiles for the Canister Surface
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Figure 4.8.3-4  Temperature Profiles for the Concrete Liner Surface
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5.1 Cask Shielding Discussion and Dose Results

The TSC is loaded and sealed inside a transfer cask and then moved into a concrete cask for
placement on the ISFSI pad. Dose evaluations are performed for the various TSC contents when

the TSC is inside the transfer cask or the concrete cask.

With the exception of the offsite dose discussion, the dose results are presented based on
bounding heat loads and corresponding source terms based on a 37 kW PWR cask heat load and
a 35 kW BWR cask heat load. Offsite dose results are produced by similar bounding values of a
40 kW PWR cask heat load and a 38 kW BWR cask heat load. Thermal evaluations restrict
PWR payloads to 35.5 kW and BWR payloads to 33 kW. Cool time tables for the thermally
restricting payloads are listed in Section 5.8.9. All dose rates calculated at higher cask heat loads
are bounding for the reduced heat load produced by the Section 5.8.9 cool time tables. For any
fuel type, burnup, initial enrichment, and cool time combination allowed, additional cool time
and, therefore, reduced sources are associated with the lower cask heat load. This conclusion
applies also to the PWR preferential loading pattern where outer and intermediate zone heat
loads and, therefore, sources were decreased with the inner zone remaining constant at 800

watts.

5.1.1 Transfer Cask Shielding Discussion and Dose Results

The transfer cask radial shield is comprised of steel inner and outer shells connected by solid
steel top and bottom forgings. The shell encloses a lead gamma shield and a solid borated
polymer (NS-4-FR) neutron shield. The TSC shell and the basket internal structure provide
additional radial shielding. The transfer operation bottom shielding is provided by the TSC

bottom plate and solid steel transfer cask doors. The TSC closure lid provides radiation
shielding at the top of the TSC.

The three-dimensional transfer cask shielding analysis provides a complete, nonhomogenized
representation of the transfer cask and TSC structure. The model assumes the following
TSC/ransfer cask configuration for all dose rate evaluations.

¢ Dry canister cavity
The majority of the TSC operations, in particular closure lid welding, are performed with

the TSC cavity filled with water. Evaluating a dry canister cavity is conservative. Note
that the water filling the TSC/transfer cask annulus between the inflatable seals is

modeled.

NAC International 5.1-1
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e 6-in auxiliary weld shield
Closure lid weld operations are typically performed with an automated weld system that
is mounted on a weld platform. The presence of this platform provides significant
auxiliary shielding during the TSC closure operation. ‘

e Homogenization of the fuel assembly into five source regions
While TSC and concrete cask features are discretely modeled, the fuel assembly is
homogenized into upper and lower end-fitting (nozzle) regions, upper and lower plenum
regions (lower plenum regions are modeled only for B& W fuel assemblies), and an
active fuel region. For shielded applications, such as in the heavily shielded spent fuel
transfer and concrete casks, homogenizing the fuel region does not introduce a significant

bias in the dose results presented.

The transfer cask maximum calculated dose rates are shown in Table 5.1.3-1. Payload types
producing maximum surface dose rates are listed in Table 5.1.3-3. TSC surface contamination
release dose rates are shown in Section 5.6.5. Dose rates are based on a three-dimensional
Monte Carlo analysis using surface detectors. Uncertainty in Monte Carlo results is indicated in
parentheses. Further detail on the detector geometry is included in Section 5.5. There is no
design basis off-normal or accident event that will affect the shielding performance of the

transfer cask.

Maximum transfer cask top-, side-, and bottom-surface average dose rates are 250 (2%)
mrem/hr, 895 (<1%) mrem/hr, and 3,158 (<1%) mrem/hr, respectively. Access to the bottom of
the cask is limited to pool-to-workstation transfer operations and the workstation-to-vertical
concrete cask transfer operations. Site ALARA plans should specify limited access to areas
below and around the loaded transfer cask during lifting and transfer operations.

51.2 Concrete Cask Shielding Discussion and Dose Results

"The concrete cask is composed of body and lid components. The body contains the air inlets, air
outlets. and the cavity for TSC placement. The lid provides environmental closure for the TSC.
The radial shield design-is comprised of a carbon steel inner liner surrounded by concrete. - The
concrete contains radial and axial rebar for structural support. As in the transfer cask, the TSC
shell provides additional radial shielding. The concrete cask top shiclding design is comprised
of the TSC lid and concrete cask lid. The concrete cask lid incorporates both concrete and steel
plate to provide additional gamma shielding. The bottom shielding is comprised of the stainless
steel TSC bottom plate, the pedestal/air inlet structure, and a carbon steel base plate. Radiation
streaming paths consist of air inlets located at the bottom and air outlets located above the top of
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the TSC, and above the annulus between the concrete cask body and the TSC. Air inlets and
outlets arc radial openings to the concrete cask. The inlets and outlets arc axially offsct from the

source regions to minimize dosc and mect ALARA principles.

No auxiliary shiclding is considered in the concrete cask shiclding cvaluation. All componcnts
rclevant to safcty performance arc explicitly included in-the concrete cask model.
Homogecnization of materials used in the models is limited to the fucl assembly as described in

Scction 5.1.1.

Refer to Table 5.1.3-2 for a summary of the concrete cask normal condition and accident cvent
maximum calculated dosc rates. Listed maximum dosc rates include fucl and nonfucl hardwarc
contributions. Payload types producing maximum surfacc dosc ratcs arc listed in Table 5.1.3-3.
Refer to Scction 5.6.5 for TSC surface contamination rcleasc dosc rates. Dosc rates arc bascd on
thrce-dimensional Monte Carlo analysis using surfacc detectors. Further detail on the detector

geometry is included in Scction 5.5.

The maximum concrete cask side (cylindrical) average surface dose rate is 60 (<1%) mrcm/hour.
On the concrete cask top (disk), the average surface dosc rate is 104 (2%) mrem/hour. The
maximum inlct and outlct dosc ratcs arc 448 and 59 mrem/hr, respectively. No design basis

normal condition or accident cvent cxposcs the bottom of the concrete cask.

513 Offsite Dose Discussion and Results

Contributions from concrete casks to site radiation dosc cxposurc arc limited to cither radiation
cmitted from the concrete cask surface or a hypothetical rclcasc of surface contamination from
thc TSC. As documented in Scction 5.6.5, there is no significant site dose cffect from the
expected surface contamination of the system. The TSCs are welded and tested to mect Icaktight

critecria. Thercfore, there is no significant effluent source from the TSC contents.

Controlled arca boundary cxposurc from the concrete cask surface radiation is cvaluated using
the NAC-CASC code. (As previously stated, NAC-CASC is a modificd version of SKYSHINE-
I11.) NAC-CASC primary cnhancements to SKYSHINE-III allow the input of an éngular surface
current and the accounting of concrete cask self-shiclding in the abrray. Both a single cask and a
2x10 array of casks arc cvaluated. Each cask in the array is assigned the maximum dose (surface
current) sourcc allowed by the cask loading tables. A combination of the maximum cask side
and top dosc cascs provides for a conscrvative cstimate on the controlled arca boundary
exposure, since the different fuel types produce the highest cask surface dosc components.

The full year exposurc is bascd on 8,760 hcurs.

NAC International 5.1-3
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Table 5.1.3-1 Summary of Transfer Cask Maximum Dose Rates

Transfer Cask Surface 1 Meter from Surface
_(mrem/hr with relative uncertainty) (mrem/hr with relative uncertainty)
Source Side Top Bottoma Side Top Bottom
Neutron 1,266 (2.0% ) 13 (3.3%) 1,234 (4.3%) 396 (1.6%) 4 (3.7%) 295 (6.1%)
Gamma 238 (1.4%) 663 (1.5%) 5,051 (3.6%) 105 (0.8%) 172 (2.7%) 2,518 (2.3%)
Total 1,504 (1.7%) 676 (1.5%) 6,285 (2.9%) 501 (1.3%) 176 (2.7%) 2,813 (2.1%)
Table 5.1.3-2 Summary of Concrete Cask Maximum Dose Rates
Cask Surface 1 Meter from Surface
(mrem/hr with relative uncertainty) (mrem/hr with relative uncertainty)
Condition Source Side® Top Sideb Top
Neutron 1(8.2%) 5 (11.6%) 1(54%) 1(8.8%)
Normal Gamma 81 (1.8%) 425 (3.2%) 42 (1.3%) 109 (3.3%)
Total 82 (1.6%) 430 (3.1%) 43 (1.1%) 110 {3.3%)
Design Basis | Neutron 9(2.5%) N/Ae 4 (2.1%) N/Ae
Accident ¢ Gamma 546 (6.7%) N/Ae 282 (5.1%) N/Ac
Total 555 (6.5%) N/Ac 286 (5.0%) N/A

* Includes fuel, thimble plug, and BPRA contribution. A full loading of 9 CEAs will increase bottom dose by 3.150 mrem/hr on contact.

" Not including air inlet and outlet streaming paths. Maximum air inlet and outlet dose rates including fuel, BPRA, and thimble plug contributions are 448
(1.3%) and 59 (1.2%) mremvhr, respectively. At a distance of 1 m from the cask surface the air inlet and outlet maximum dose rates are 75 (2.6%) and 6.3
(2.4%) mrem/hr, respectively. CEAs may add an additional 32.3 mremvhr to the inlet dose. There is no CEA contribution to the outlet dose.

¢ Dose effect is enveloped by the concrete cask side dose. Conservatively calculated for a 40 kW PWR and 38 kW BWR payload.

¢ At the missile impact area.

NAC International 5.1-4
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5.8.3 37-Assembly PWR System

This scction presents the detailed cvaluations of the concrete and transfer casks loaded with

PWR fucl asscmblics.

5.8.3.1 PWR Fue! and Basket Models

The three-dimensional shiclding cvaluation includes a homogenized fucl assembly model and a

dctailed threce-dimensional basket model.

5.8.3.1.1 Fuel Assembly Model

Bascd on the fucl assembly physical paramcters provided in Table 5.8.1-1 and thc hardwarc
masses in Tablc 5.8.1-2, homogenized treatments of fuel assembly source regions are developed.
The homogenized fucl assembly is represented in the model as a stack of boxcs with width cqual
to the fucl asscmbly width. The height of cach box corresponds to the modceled height of the

corresponding assembly region.

Sample fuel and nonfucl hardwarc homogznizations for the source regions for the 17a asscmbly
arc shown in Tablc 5.8.3-1 and Table 5.8.3-2. Similar composition scts arc gencerated for the

remaining fuel asscmbly hybrids.

5.8.3.1.2 . Basket Model

The basket is composcd of coated carbon steel tubes, pinned together at the corners, and held
togcether by side and corner weldments. Twenty-one fucl tubcs, in combination with the
weldments, form 37 fucl openings. The corner weldments provide structural support, but do not
scrvc as a physical restraint to the fucl asscmblics. Pin spacers maintain the tubce axial spacing
within the TSC cavity. Each fucl tube nominally contains four metallic composite ncutron

absorber sheets. 1n dry storage and transfcr, the presence of the ncutron absorber shects provides
minimal shiclding and could, therefore, be removed without a significant increasc in cxposurc.
Key basket characteristics arc shown in Table 5.8.3-3. Radial and axial sketches of the basket
within the TSC arc shown in Figurc 5.8.3-1 and Figure 5.8.3-2, respectively.

NAC International 5.8.3-1
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5.8.3.2

Minimum Cool-time Specification

SAS2H gencerates heat loads for all PWR fuel types listed in Scction 5.8.1.1. Bascd ona 37 kW
per cask (1 kW per assembly) heat load, minimum allowed cool times for cach fucl type arc
calculated. Calculated heat loads account for fucl matcrial (actinide and fission product) and
hardware (light clement) generated sources. Minimum cool times are conservatively rounded up

to the ncarcest one-tenth of a year. A sample minimum cool time calculation for the 17a
asscmbly is shown in Table 5.8.3-4. The resulting minimum cool times arc listed in asscmbly
specific loading tables (scc Table 5.8.3-5). Notc that cool times for maximum assembly average
burnups less than or cqual to 25,000 MWd/MTU arc not tabulated since they arc cqual to four
ycars for all scven PWR fucl types. However, the following minimum cnrichments for these

asscmbly average burnups must be invoked.

Max. Assembly Avg. Min. Assembly Avg.
Burnup Initial Enrichment
(MWdAIMTU) (wt% 235U)
10,000 1.3
15,000 1.5
20,000 1.7
25,000 1.9

The loading tablc removes combinations of high assembly average burnup and low cnrichment
(c.g., 60 GWd/MTU and 1.9 wi% 233U) from the contents definition. Source term data covering
these combinations produccs unrcalistic source terms duc to the complete consumption of fissile
uranium carly in the burnup cycle and the SAS2H input of a fixed power density. To maintain
power density, ORIGEN-S (SAS2H) will substantially increase flux levels, which would not
occur during corc operation of thc asscmbly, to producc fissile material and to producc power by
nonthcrmal fission. The increased flux level “breeds™ higher actinides, which in turn increasc
source significantly. Sincc a high burnup and low cnrichment combination would requirc

repeated reinsertion of a burned asscmbly, the combination is excluded.

Minimum cool timc tables for the thermal analysis limited heat load are included in Scction

5.8.9.

NAC International 5.8.3-2
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5.8.4 8§7-Assembly BWR System

This section presents the detailed evaluation of the concrete and transfer casks loaded with BWR

fuel assemblies.

5.8.4.1 BWR Fuel and Basket Models

The three-dimensional shielding evaluation includes a homogenized fuel assembly model and a

detailed three-dimensional basket model.

5.84.1.1 Fuel Assembly Model

Based on the fuel assembly physical parameters provided in Table 5.8.1-4 and the hardware
masses in Table 5.8.1-5, homogenized treatments of fuel assembly source regions are developed.
The homogenized fuel assembly is represented in the model as a stack of boxes with width equal
to the fuel assembly width. The height of each box corresponds to the modeled height of the
corresponding assembly region.

Sample fuel and nonfuel hardware homogenizations for the source regions for the 08b assembly
are shown in Table 5.8.4-1 and Table 5.8.4-2, respectively. The resulting fuel compositions on
an atonvbarn-cm basis are shown in Table 5.8.4-3. Similar compositions sets are generated for
the remaining fuel assembly hybrids. Note that the Zirc-2 fuel assembly channel is not included

in the model.

5.8.4.1.2 Basket Model

The basket is composed of coated carbon steel tubes, pinned together at the corners, and held
together by side and corner weldments. Forty-five fuel tubes, in combination with the
weldments, form 89 fuel openings. Two openings are located below the vent port covers. To
minimize exposure and mect ALARA constraints, basket capacity is reduced to 87 assemblies.
Pin spacers maintain the tube axial spacing within the TSC cavity. Each tube contains four
metallic composite neutron absorber sheets. In dry storage and transfer, the presence of the
necutron absorber sheets provides minimal shielding and could, therefore, be removed without a
significant increase in exposure. Key basket characteristics are shown in Table 5.8.4-4. Radial

and axial sketches of basket within the TSC are shown in Figure 5.8.4-1 and Figure 5.8.4-2.

NAC International ‘ 5.8.4-1
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5.8.4.2 Minimum Cool-time Specification

SAS2H generates heat loads for all BWR fuel types listed in Section 5.8.1.2. Based on a 35 kW
per cask (0.402 kW per assembly) heat load, minimum allowed cool times for each fuel type are
calculated. Calculated heat loads account for fuel material (actinide and fission product) and
hardware (light element) generated sources. Minimum cool times are conservatively rounded up
to the nearest one-tenth of a year. A sample minimum cool time calculation for the 09b hybrid
BWR assembly is shown in Table 5.8.4-5. The resulting minimum cool times are listed in an
assembly specific loading table (see Table 5.8.4-6). Note that cool times for maximum assembly
average burnups less than or equal to 30,000 MWd/MTU are not tabulated since they are equal
to four years for all seven BWR fuel types. However, the following minimum enrichments for

these assembly average burnups must be invoked.

Max. Assembly Avg. Burnup Min. Assembly Avg. Initial Enrichment
(MWd/MTU) (wt % 235U)
10,000 1.3
15,000 1.5
20,000 1.7
25,000 1.9
30,000 2.1

Note that the loading table removes combinations of high burnup and low enrichment (e.g.,

60 GWd/MTU and 1.9 wt% ***U) from the payload definition. Source term data covering these
combinations is generated, but produces unrealistic source terms due to the complete
consumption of fissile uranium early in the burnup cycle and the SAS2H input of a fixed power
density. To maintain power density, ORIGEN-S (SAS2H) will substantially increase flux levels,
which would not occur during core operation of the assembly, to produce fissile material and to
produce power by nonthermal fission. The increased flux level “breeds” higher actinides, which
in turn increase source significantly. Since a high burnup and low enrichment combination
would require repeated reinsertion of a burned assembly, the combination is excluded.

Minimum cool time tables for the thermal analysis limited heat load are included in Section
5.8.9.

5.8.4.3 Transfer Cask Dose Rates

Using the dose response method, cask dose rates are tabulated for all allowed cool time,
assembly average burnup, and initial enrichment combinations for each of the assembly types.
Maximum dose rates as a function of distance from the cask surface are shown in Figure 5.8.4-3

NAC International 5.8.4-2
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for the cask radial surface, Figure 5.8.4-5 for the cask top, and Figure 5.8.4-7 for the cask
bottom. Breakdowns of the cask surface radial and top dose rates into the source components are
shown in Figure 5.8.4-4 and Figure 5.8.4-6. Refer to Table 5.8.4-7 for the maximum transfer
cask radial, top, and bottom surface rates, and the contents that develop those dose rates.

58.4.4 Concrete Cask Dose Rates

Using the dose response method, concrete cask dose rates are tabulated for all allowed cool time,
assembly average burnup. and initial enrichment combinations for each of the assembly types.
Maximum dose rates as a function of distance from the concrete cask surface are shown'in
Figure 5.8.4-8 for the cask radial surface, Figure 5.8.4-10 for the cask top, and Figure 5.8.4-12
and Figure 5.8.4-13 for the cask air outlet and inlets, respectively. Breakdowns of the cask
surface radial and top dose rates into the source components are shown in Figure 5.8.4-9 and
Figure 5.8.4-11. Refer to Table 5.8.4-8 for the maximum concrete dose surface rates and the

contents that develop those dose rates.

5.8.4.5 NAC-CASC / Site Boundary Evaluation

Detailed direct and skyshine dose rates as a function of distance are calculated for a single
concrete cask and a 2x10 array of concrete casks based on the model description and method
outlined in Section 5.5.3. All alfowable payload combinations (i.e., fuel type, initial enrichment,
assembly average burnup, and cool time) that meet per assembly heat load limits were reviewed
to determine the payloads producing maximum top (axial) and side (radial) dose rates. These
payload cases were then run through MCNP using a “direct™ solution approach (full source

spectrum), rather than the response function method, to generate cask top and side surface
radiation currents. The surfaces were treated independently to generate a conservative hybrid

source model for a design basis analysis cask.

The maximum TSC heat load applie'd in the site boundary evaluation is 38 kW versus the 35 kW
applied in the cask surface dose evaluations. The site boundary results obtained from the 38 kW
pattern conservatively bound those of the maximum 35 kW pattern.

Table 5.8.4-9 lists the surface current description of the bounding BWR source for the cask
radial and axial surfaces. The resulting boundary required to meet a 25 mrem/yr limit for an
8,760-hr exposure is listed in Table 5.8.4-10. Figure 5.8.4-16 contains a contour plot of the 25
mrem/yr boundary. Yearly exposure as a function of distance is plotted in Figure 5.8.4-14 for a
single cask and in Figure 5.8.4-15 for the cask array. A breakdown of the neutron, gamma, and

NAC International 5.8.4-3
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neutron induced gamma radiation components as a function of distance is provided below each

plot.

A sample BWR NAC-CASC input file is provided in Section 5.8.8. The detector location grid is
truncated in the listed input file.

NAC International 5.8.44
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5.8.7 Preferential Loading of PWR Fuel

In order to envelop fuel assemblies with heat loads higher than 1 kW, a three-zone preferential

loading pattern is proposed as follows.

Heat Load
Zone Description | Designator | [W/assy] | # Assemblies
Inner Ring A 960 9
Middle Ring B 1,300 12
Outer Ring C 800 16

Preferential and uniform loading patterns himit total cask heat load to 37 kW. As will be seen in

the results section, the maximum dose rate for the preferential loading pattern is less than that

calculated for a uniform pattern.
A sketch of the PWR basket and loading pattern is shown in Figure 5.8.7-1.

Minimum cool time tables for the thermal analysis limited preferential heat load pattern are

included in Section 5.8.9.

5.8.7.1 Input File Setup

Based on a three-zone pattern, the source and tally descriptions are modified in the MCNP
models to consider the sources in the appropriate basket locations with the proper scaling on the
tally cards. For cach cask/dctcctor combination, three sets of runs (A, B and C) are needed to

‘characterize the dose rate response.

5.8.7.2 Results

Maximum and average surface dose rates for the preferential pattern are shown in Table 5.8.7-1,
with the corresponding limiting results for the uniform pattern. The maximum dose rate for the
analyzed preferential loading pattern is less than that calculated for a uniform pattern at each

detector surface for both casks.

The concrete cask radial and top axial average dose rates are less in the preferential pattern,
indicaling the conservatism inherent in using the uniform pattern to characterize the restricted
area and controlled area boundaries. Although the transfer cask average dose rates are slightly
higher for the preferential pattern, the maximum dose rates on the top of the cask, which are
higher for the uniform pattern, are the dominant contributor to occupational exposures. As such,

the occupational exposure evaluations for TSC transfer are also conservative.

NAC International 5.8.71
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5.8.7.3 Cool-time Tables

Cool times for the three preferential loading pattern heat loads are shown in Table 5.8.7-2
through Table 5.8.7-4. Results are not shown if all cool times for a given assembly average
burnup are 4.0 years. The minimum enrichments (as a function of burnup) from Section 5.8.3.2

must be invoked.

NAC International 5.8.7-2
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5.8.9 Thermal Analysis Limited Cool-Time Tables
5.8.9.1 PWR

Fuel assembly loading tables are generated for a cask heat load of 35.5 kW with preferential (1.2
kW max) and uniform (959 W/assy) heat load patterns. Minimum cool times are summarized for

the uniform and preferential heat load patterns.

The three-zone preferential loading pattern for the 35.5 kW PWR cask is proposed as follows.

Heat Load
Zone Description | Designator | [W/assy] | # Assemblies
Inner Ring A 922 9
Middle Ring B 1,200 12
Outer Ring C 800 16

The sketch of the PWR basket and preferential loading pattern is shown in Figure 5.8.7-1.

Allowed low burnup (up to 30,000 MWd/MTU) fuel loadings are shown in Table 5.8.9-1. Note
that the listed minimum cool times at each burnup step are bounding for all fuel types and initial
enrichments above the minimum enrichment specified. Collapsing the fuel type and initial
enrichment-dependent minimum cool time matrix to a single value may result in a minimum cool
time longer than individual values presented for higher burnups in the detailed tables that follow.

Table 5.8.9-2 contains the minimum cool times for a uniform heat load of 959 W/assy for a total
cask heat load of 35.5 kW. Tables 5.8.9-1 through 5.8.9-5 contain the minimum cool times for
the preferential loading of a 35.5 kW cask.

Decay heat associated with loading nonfuel components requires an increase in the minimum
fuel assembly cool time. Reductions in cask heat load did not change the incremental cool time

increase documented in Section 5.8.3.

NAC International 5.8.9-1
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Table 5.8.9-1 Low Burnup PWR Fuel Loading Table
Minimum Cool Time

Max. Assembly Avg.

Min. Assembly Avg.

Burnup Initial Enrichment (yrs)
(MWd/MTU) (wt% 25U)
Heat Load per Assy - 959 W | 800W {922 W | 1,200 W
10,000 1.3 4.0 4.0 4.0 4.0
15,000 1.5 4.0 4.0 4.0 4.0
20,000 1.7 4.0 4.0 4.0 4.0
25,000 1.9 4.0 4.3 4.0 4.0
30,000 2.1 44 5.2 4.5 4.0
NAC International 5.8.9-2
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Table 5.8.9-2 Loading Table for PWR Fuel — 959 W/Assembly

N Minimum Initial 30 < Assembly Average Burnup < 32.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 4.1 4.1 4.6 4.7 4.4 4.7 47
23<E<25 4.0 4.1 45 47 44 46 46
25<E<27 4.0 4.0 4.5 4.6 43 46 4.6
27<E<29 4.0 4.0 4.5 4.5 4.3 4.5 4.5
29<E<3.1 4.0 4.0 4.4 4.5 4.2 4.5 4.5
31<E<33 4.0 4.0 4.4 4.5 42 45 4.5
33<E<35 4.0 4.0 4.3 4.4 4.2 4.4 4.4
35<E<37 4.0 4.0 43 44 4.1 44 44
3.7<E<39 4.0 4.0 4.3 44 4.1 4.4 4.4
3.9<E<41 4.0 4.0 4.2 4.3 4.0 4.3 4.3
41<E<43 4.0 4.0 4.2 43 40 4.3 43
43<E<45 4.0 4.0 4.2 4.3 4.0 4.3 4.3
45<E<47 4.0 4.0 4.1 4.2 4.0 4.2 4.2
47<E<49 4.0 4.0 4.1 42 4.0 42 42

E>49 4.0 4.0 4.1 42 4.0 4.2 4.2
Minimum Initial 32.5 < Assembly Average Burnup < 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
LK Enrichment CE WE WE | Baw CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - -

23<E<25 4.3 44 50 5.1 4.7 5.0 5.0
25<E<27 4.3 44 4.9 5.0 4.7 5.0 5.0
27<E<29 4.2 4.3 4.8 5.0 4.6 4.9 4.9
29<E<3.1 4.2 4.3 4.8 4.9 4.6 4.9 4.9
31<E<33 4.1 4.2 4.7 4.9 4.5 48 4.8
33<E<35 4.1 4.2 4.7 4.8 4.5 4.8 4.8
35<E<37 4.1 4.1 4.6 4.8 4.4 4.7 4.7
37<E<39 4.0 4.1 4.6 4.7 4.4 4.7 4.7 -
39<E<4.1 40 | 4.1 4.6 4.7 4.4 4.7 4.7
41<E<43 4.0 4.0 4.5 4.7 4.3 4.6 4.6
43<E<45 4.0 4.0 45 4.6 4.3 46 4.6
45<E<47 4.0 4.0 4.5 4.6 4.3 4.6 46
47<E<49 4.0 40 | 44 4.6 4.3 4.5 4.5
E>49 4.0 4.0 4.4 4.5 4.2 4.5 4.5

b NAC International 5.8.9-3
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Table 5.8.9-2 Loading Table for PWR Fuel — 959 W/Assembly (continued)

Minimum Initial 35 < Assembly Average Burnup < 37.5 GWd/MTU

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 28U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 4.7 4.8 5.5 5.7 5.2 56 56
25<E<27 4.6 4.7 5.4 5.6 5.1 55 5.5
27<E<29 4.6 4.7 5.3 55 5.0 5.4 5.4
29<E<31 4.5 4.6 53 5.4 5.0 54 54
31<E<33 4.5 4.5 52 5.4 4.9 53 5.3
33<E<35 4.4 4.5 5.1 5.3 4.9 52 5.2
3IS5<E<37 4.4 4.5 5.0 5.2 4.8 5.2 5.2
37<E<39 4.3 4.4 5.0 5.2 4.8 5.1 5.1
39<E<4.1 4.3 4.4 5.0 5.1 4.7 5.1 5.1
41<E<43 4.3 4.4 4.9 5.1 4.7 5.0 5.0
43<E<45 4.2 4.3 4.9 5.0 4.7 5.0 5.0
45<E<47 4.2 4.3 4.9 5.0 4.6 5.0 5.0
47<E<49 4.2 4.3 4.8 5.0 4.6 4.9 4.9

E>4.9 4.1 4.2 4.8 49 45 4.9 4.9
Minimum Initial 37.5 < Assembly Average Burnup < 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - -

23<E<25 - - - - - - -
25<E<27 5.0 5.2 5.9 6.1 5.6 6.0 6.0

27<E<29 5.0 5.1 59 6.0 5.5 59 59
29<E<31 4.9 5.0 5.8 6.0 5.5 59 5.9
31<E<33 | 49 4.9 5.7 5.9 5.4 5.8 5.8
33<E<35 4.8 4.9 5.7 5.8 5.3 5.7 5.7
35<E<37 4.7 4.8 5.6 5.8 5.2 5.7 5.7
37<E<39. | 47 4.8 5.5 5.7 5.2 56 5.6
3J9<E<41 4.6 4.8 5.5 5.7 5.1 56 5.6
41<E<43 4.6 4.7 5.4 5.6 5.1 3.5 5.5
43<E<45 4.5 4.7 5.4 5.6 5.0 5.5 55
45<E<47 4.5 4.6 53 5.5 5.0 54 5.4
47<E<49 4.5 4.6 53 5.5 5.0 54 54
- E249 4.5 4.5 5.2 54 4.9 54 54
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40 < Assembly Average Burnup < 41 GWd/MTU

Table 5.8.9-2 Loading Table for PWR Fuecl - 959 W/Assembly (continued)

NAC International

Minimum Initial

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 5.3 5.4 6.2 6.4 58 6.3 6.3
27<E<29 5.2 5.3 6.1 6.3 5.7 6.2 6.2
29<E<31 5.1 5.2 6.0 6.2 5.7 6.1 6.1
31<E<33 5.0 5.1 5.9 6.1 5.6 6.0 6.0
33<E<35 4.9 5.1 5.9 6.0 5.5 5.9 59
35<E<37 4.9 5.0 5.8 6.0 5.5 59 5.9
37<E<39 4.8 4.9 57 59 54 5.8 5.8
39<E<41 48 4.9 57 59 53 5.8 5.8
41<E<43 4.7 4.9 5.6 5.8 5.3 5.7 5.7
43<E<45 47 | 48 5.8 5.8 5.2 5.7 5.7
45<E<47 4.7 4.8 55 5.7 5.2 5.6 5.6
47<E<49 46 4.7 5.5 5.7 5.1 56 56

E>49 4.6 47 55 56 51 | 56 56

Minimum Initial 41 < Assembly Average Burnup < 42 GWd/MTU

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 55 5.6 6.5 6.7 6.0 6.6 6.6
27<E<29 54 5.5 6.4 6.6 59 6.5 6.5
29<E<3.1 5.3 54 6.3 6.5 59 6.4 6.4
31<E<33 52 53 6.2 6.4 5.8 6.3 6.3
33<E<35 5.1 53 6.1 6.3 5.7 6.2 6.2
35<E<37 5.0 5.2 6.0 6.2 57 6.1 6.1
37<E<39 5.0 5.1 59 6.2 56 6.0 6.0
39<E<41 4.9 5.1 59 6.1 5.5 6.0 6.0
41<E<43 4.9 5.0 58 6.0 5.5 59 5.9
43<E<45 49 5.0 5.8 6.0 5.4 59 5.9
45<E<47 4.8 49 5.7 5.9 54 58 5.8
47<E<49 4.8 4.9 57 59 5.3 5.8 5.8

E>49 4.7 4.9 5.7 59 5.3 5.8 5.8
5.8.9-5
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial 42 < Assembly Average Burnup < 43 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 35U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 | - : - - - : :

23<E<25 - - - -
25<E<27 5.7 5.8 6.8 7.0 6.3 6.9 6.9

27<E<29 5.6 5.7 6.7 6.9 6.2 6.8 6.8
29<E<31 55 5.6 6.6 6.8 6.0 6.7 6.7
31<E<33 54 5.6 6.5 6.7 6.0 6.6 6.6
33<E<35 5.3 55 6.4 6.6 59 6.5 6.5
35<E<37 5.3 54 6.3 6.5 5.9 6.4 6.4
37<E<39 5.2 5.3 6.2 6.5 5.8 6.3 6.3
3J9<E<41 5.1 5.3 6.1 6.4 5.7 6.2 6.2
41<E<43 5.0 5.2 6.0 6.3 5.7 6.2 6.1
43<E<45 5.0 5.2 6.0 6.2 5.6 6.1 6.1
45<E<47 5.0 5.1 59 6.2 5.6 6.0 6.0
47<E<49 4.9 5.0 59 6.1 5.5 6.0 6.0

E>49 4.9 5.0 58 6.0 55 6.0 59
Minimum Initial 43 < Assembly Average Burnup < 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 | - : . i i :

23<E<25 - - - - -
25<E<27 5.9 6.0 7.1 74 6.6 7.2 1.2

27<E<29 5.8 5.9 7.0 7.3 6.5 7.0 7.0
29<E<31 5.7 5.8 6.9 7.1 6.4 6.9 6.9
31<E<33 5.6 58 6.8 7.0 6.2 6.8 6.8
33<E<35 5.5 5.7 6.7 6.9 6.1 6.8 6.7
35<E<37 5.5 56 6.6 6.8 6.0 6.7 6.7
37<E<39 5.4 56 6.5 6.8 6.0 6.6 6.6
3J9<E<41 5.3 55 6.4 6.7 59 6.5 6.5
41<E<43 53 54 6.3 6.6 59 6.4 6.4
43<E<45 52 54 6.2 6.5 5.8 6.4 6.4
45<E<47 5.1 53 6.2 6.5 5.8 6.3 6.3
47<E<49 514 -] 53 6.1 6.4 5.7 6.2 6.2

E>49 5.0 5.2 6.0 6.3 5.7 6.2 6.2

NAC International 5.8.9-6
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Table 5.8.9-2 Loading Table for PWR Fuel — 959 W/Assembly (continued)

44 < Assembly Aveiage Burnup <45 GWd/MTU

Minimum Initial
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 6.0 6.2 7.3 7.7 6.7 74 7.4
29<E<31 59 6.0 7.2 7.6 6.6 7.3 7.3
31<E<33 5.8 6.0 7.0 74 | 865 7.2 7.1
33<E<35 5.7 5.9 6.9 7.3 6.4 7.0 7.0
35<E<37 5.7 5.8 6.8 7.2 6.3 6.9 6.9
37<E<39 5.6 5.8 6.8 7.0 6.2 6.9 6.9
39<E<41 55 5.7 6.7 7.0 6.2 6.8 6.8
41<E<43 55 5.6 6.6 6.9 6.1 6.7 6.7
43<E<45 54 5.6 6.5 6.8 6.0 6.7 6.6
45<E<47 5.3 55 6.5 6.7 6.0 6.6 6.6
47<E<49 5.3 55 6.4 6.7 59 6.5 6.5
E>49 5.2 5.4 6.3 6.6 5.9 6.5 6.5
Minimum Initial 45 < Assembly Average Burnup < 46 GWd/MTU
Assembly Avg. | Minimum Cooling Time (years)
Enrichment CE WE | WE B&W CE - WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - -
25<E<27 - - - - - - -
27T<E<29 6.2 6.5 7.7 8.1 7.0 7.8 7.8
29<E<31 6.1 6.3 7.6 79 6.9 7.7 7.7
31<E<33 6.0 6.2 7.4 7.8 6.8 75 7.5
33<E<35 5.9 6.1 7.3 7.7 6.7 74 74
35<E<37 5.9 6.0 72 7.6 6.6 7.3 7.3
37<E<39 5.8 6.0 7.0 74 6.5 7.2 7.2
39<E<4.1 5.7 59 7.0 13 6.4 7.1 7.1
41<E<43 5.7 58 6.9 7.2 6.4 7.0 7.0
43<E<45 5.6 5.8 6.8 7.1 6.3 6.9 6.9
45<E<47 5.5 57 6.7 7.0 6.2 6.9 6.9
47<E<49 5.5 5.7 6.7 7.0 6.2 6.8 6.8
£E>49 5.4 5.6 6.6 6.9 6.1 6.7 6.7
5.8.9-7
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Table 5.8.9-2 Loading Table for PWR Fuel — 959 W/Assembly (continued)

Minimum Initial | 46 < Assembly Average Burnup < 47 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 | - - - - . . -
23<E<25 | - - - . : . :

25<E<27 - - - - - -
27<E<29 6.5 6.8 8.1 8.6 74 8.2 8.2

29<E<31 6.4 6.6 8.0 8.4 7.2 8.1 8.0
31<E<33 6.3 6.5 7.8 8.3 7.1 79 79
3J3<E<35 6.2 6.4 1.7 8.1 7.0 7.8 7.8
35<E<37 6.1 6.3 7.6 7.9 6.9 1.7 7.7
3.7<E<39 6.0 6.2 74 7.8 6.8 76 7.5
39<E<41 59 6.1 73 7.7 6.7 7.5 74
41<E<43 5.9 6.0 72 7.6 6.6 7.3 7.3
43<E<45 5.8 6.0 7.1 75 6.6 7.3 7.2
45<E<47 5.7 5.9 7.0 74 6.5 7.2 7.1
47<E<49 5.7 5.9 7.0 7.3 6.4 7.1 7.1

E>49 5.6 5.8 6.9 7.3 6.4 7.0 7.0
Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 35U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - -
23<E<25 - - - - - - -

25<E<27 | - - . - - - :
27<E<29 | 68 | 70 | 86 | 92 | 78 | 87 | 87

29<E<31 6.7 6.9 8.4 8.9 7.6 8.6 8.5
31<E<33 6.6 6.8 8.2 8.8 7.5 8.4 8.4
33<E<35 6.5 6.7 8.0 8.6 7.3 8.2 8.2
35<E<3T 6.3 6.6 79 8.4 7.2 8.0 8.0
37<E<39 6.2 6.5 78 8.3 7.1 79 7.9
39<E<4.1 6.1 6.4 7.7 8.1 7.0 7.8 7.8
41<E<43 6.0 6.3 7.6 8.0 6.9 7.7 1.7
43<E<45 6.0 6.2 7.5 79 6.8 76 7.6
45<E<47 59 6.1 74 7.8 6.8 7.5 7.5
47<E<49 5.9 6.1 7.3 7.7 6.7 7.5 7.4

E>49 5.8 6.0 7.2 7.6 6.6 74 7.4

NAC International 5.8.9-8
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Table 5.8.9-2 Loading Table for PWR Fuel — 959 W/Assembly (continued)

s Minimum Initial 48 < Assembly Average Burnup < 48 GWd/MTU

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt%BSU(E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 7.1 7.4 92 98 8.2 9.3 9.3

C29<E<31 7.0 7.3 8.9 95 8.0 9.0 9.0
31<E<33 6.9 7.1 8.7 9.3 7.9 8.9 8.8
3.3<E<35 6.7 7.0 8.6 91 7.7 8.7 8.7
35<E<37 6.6 6.9 8.4 8.9 7.6 8.5 8.5
3.7<E<39 6.5 6.8 8.2 8.8 7.5 8.4 8.4
39<E<41 6.4 6.7 8.1 8.6 7.3 8.2 8.2
41<E<43 6.3 6.6 8.0 8.5 7.2 8.1 8.1
43<E<45 6.2 6.5 79 8.3 7.1 8.0 8.0
45<E<47 6.1 6.4 7.8 8.2 7.0 7.9 79
47<E<49 6.1 6.3 7.7 8.1 7.0 7.8 7.8

E>49 6.0 6.3 7.6 8.0 6.9 7.7 7.7

Minimum Initial 49 < Assembly Average Burnup < 50 GWd/MTU

| Assembly Avg. Minimum Cooling Time (years)

b Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 7.3 7.5 9.5 10.2 8.5 9.6 9.6
31<E<33 7.2 74 9.3 9.9 8.3 94 94
33<E<35 7.0 1.2 9.0 9.7 8.1 9.2 9.2
35<E<37 6.9 71 8.9 9.5 8.0 9.0 9.0
3.7<E<39 6.8 7.0 8.7 93 7.8 8.9 8.8
39<E<41 6.7 6.9 8.6 9.1 7.7 8.7 8.7
41<E<43 6.6 6.8 84 9.0 7.6 8.6 8.6
43<E<45 6.5 6.7 8.3 8.8 7.5 8.4 8.4
45<E<47 6.4 6.6 8.2 8.7 74 8.3 8.3
47<E<49 6.3 6.5 8.0 8.6 7.3 8.2 8.2

E>49 6.3 6.5 79 8.5 7.2 8.1 8.1
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Table 5.8.9-2 Loading Tablc for PWR Fuel — 959 W/Assembly (continued)

Minimum Initial 50 < Assembly Average Burnup < 51 GWd/MTU
Assembly Avg. Minimum Cooling Time (years) :
Enrichment CE WE WE B&W CE WE B&W
wt% 28U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - .
23<E<25 - - - - - - .
25<E<27 - - - - - - .

27<E<29 - - - - - -
29<E<31 7.6 79 10.1 1.0 9.0 10.3 10.2

31<E<33 74 7.8 99 10.6 8.8 10.0 10.0
33<E<35 12 7.6 9.6 104 8.6 9.8 98
35<E<37 7.1 7.4 94 10.1 8.4 9.6 9.6
37<E<39 7.0 7.3 9.2 9.9 8.2 9.4 94
39<E<41 6.9 7.2 9.0 9.7 8.1 9.2 9.2
41<E<43 6.8 7.0 8.9 95 8.0 9.0 9.0
43<E<45 6.7 7.0 8.8 9.4 7.9 8.9 8.9
45<E<47 6.6 6.9 8.6 9.2 7.8 8.8 8.8
47<E<49 6.5 6.8 8.5 9.1 7.7 8.7 8.7

E>49 6.4 6.7 8.4 9.0 7.6 8.6 8.6
Minimum Initial 51 < Assembly Average Burnup < 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment | CE | WE | WE | B&W | CE | WE | B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 : - i - - i -
23<E<25 - . - - : - -
25<E<27 : - - : - - -
2.7 <E<29 - - - .
290<E<31 | 79 | 83 | 109 | 114 | 95 | 110 | 110
31<E<33 | 78 | 81 | 106 | 111 | 93 | 107 | 107
33<E<35 | 76 | 80 | 103 | 108 | 90 | 104 | 104
35<E<37 | 74 | 78 | 100 | 106 | 89 | 102 | 102
37<E<39 | 73 | 77 | 98 | 103 | 87 | 100 | 99
39<E<41 | 72 | 75 | 96 | 101 | 85 | 98 | 98
41<E<43 | 70 | 74 | 94 | 99 | 84 | 96 | 96
43<E<45 | 69 | 73 | 93 | 98 | 83 | 95 | 94
45<E<47 | 69 | 72 | 91 96 | 8.1 93 | 93
47<E<49 | 68 | 74 90 | 95 | 80 | 92 | 9
E>49 67 | 70 | 89 | 93 | 79 | 90 | 90

NAC International 5.8.9-10
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Table 5.8.9-2 Loading Table for PWR Fuel — 959 W/Assembly (continued)
52 < Assembly Average Burnup < 53 GWd/MTU

Minimum Initial

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 8.4 8.8 1.3 12.2 10.1 1.7 1.7
31<E<33 8.1 8.6 11.0 1.9 9.9 1.4 114
33<E<35 8.0 8.4 10.7 11.6 9.6 11.2 11.2
35<E<37 7.8 8.2 10.4 1.3 9.4 10.9 10.9
37<E<39 7.7 8.1 10.2 11.1 9.2 10.7 10.6
39<E<41 7.5 7.9 9.9 10.8 9.0 10.4 104
41<E<43 7.4 7.8 9.8 10.6 8.8 10.2 10.2
43<E<45 7.3 7.7 9.6 10.4 8.7 10.0 10.0
45<E<47 741 7.6 85 | 102 8.6 9.9 9.8
47<E<49 7.0 74 9.3 10.0 8.5 9.7 9.7

E>49 7.0 7.3 9.2 9.9 8.3 9.6 9.6

Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU

~ssembly Avg. Minimum Cooling Time {years)
Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 8.8 9.3 12.0 13.1 10.8 12.5 12.5
3.1<E<33 8.6 9.1 1.7 12.7 10.5 12.2 121
33<E<35 | 84 8.9 114 12.3 10.2 1.9 1.9
35<E<37 8.2 8.7 1.1 12.0 10.0 11.6 11.6
37<E<39 8.0 8.5 10.9 11.8 9.8 1.4 1.4
39<E<41 1.9 8.3 10.6 11.5 9.6 1.1 1.1
41<E<43 1.7 8.2 104 | 113 94 10.9 10.9
43<E<45 76 8.0 10.2 1.1 9.2 10.7 10.7
45<E<47 7.5 79 10.0 10.9 9.0 10.5 10.5
47<E<49 74 7.8 9.9 10.7 8.9 10.3 10.3

E>49 7.3 79 97 10.6 8.8 10.2 10.1
5.8.9-11
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Table 5.8.9-2 Loading Table for PWR Fuel — 959 W/Assembly(continued)

Minimum Initial 54 < Assembly Average Burnup < 55 GWd/MTU .
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -

29<E<3.1 - . - : - . .
31<E<33 | 91 | 97 | 125 | 136 | 112 | 130 | 130

33<E<35 8.8 9.4 121 13.2 10.9 12.7 12.7
35<E<37 8.7 9.2 11.8 12.9 10.7 12.4 12.4
37<E<39 8.5 9.0 11.6 12.6 10.4 12.1 12.0
3.9<E<41 8.3 8.8 1.3 12.2 10.1 11.8 11.8
41<E<43 8.1 8.6 1.1 12.0 9.9 11.6 116
43<E<45 8.0 8.5 10.9 11.8 9.7 114 1.4
45<E<47 7.9 8.3 10.7 116 9.6 11.2 1.2
47<E<49 7.7 8.2 10.5 114 94 11.0 11.0

E>49 7.6 8.1 10.3 11.3 9.3 10.9 10.8
Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 | - . - . - - .
23<E<25 | - - - - - - -
25<E<27 | - - - - - - .
27<E<29 | - - - - - - -

29<E<31 - - - - - -
31<E<33 9.6 10.3 13.3 14.5 11.6 139 | 138

33<E<35 9.4 10.0 13.0 14.1 11.3 13.6 13.5
35<E<37 9.1 9.7 12.6 13.8 11.0 13.3 132
37<E<39 8.9 9.5 12.3 134 108 | 129 12.9
39<E<41 8.7 93 12.0 13.2 10.5 12.7 12.6
41<E<43 8.6 9.1 1.8 12.9 10.3 124 12.3
43<E<45 8.4 8.9 11.6 12.6 10.0 | 121 12.1
45<E<47 8.2 8.8 114 12.4 9.9 119 119
47<E<49 8.1 8.6 1.2 12.2 9.7 1.7 1.7

E>49 8.0 8.5 1.0 12.0 9.6 11.5 11.5

NAC International 5.8.9-12
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Table 5.8.9-2 Loading Table for PWR Fuel — 959 W/Assembly (continued)

Minimum Initial 56 < Assembly Average Burnup < 57 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 - - - - - - -
31<E<33 10.2 10.9 14.2 15.4 12.4 14.9 14.8
33<E<35 9.9 10.7 13.8 15.0 12.0 14.5 14.4
35<E<37 9.6 10.3 13.4 14.7 1.7 14.1 14.0
37<E<39 94 10.0 13.1 14.3 11.4 13.8 13.7
39<E<4.1 9.2 9.8 12.8 14.0 11.2 13.5 13.4
41<E<43 8.0 9.6 125 13.7 10.9 13.2 13.2
43<E<45 8.8 94 12.3 135 10.7 13.0 12.9
45<E<47 8.7 9.3 12.0 13.2 10.5 12.7 12.7
47<E<49 8.5 9.1 11.8 13.0 10.3 12.4 12.4
E>49 8.4 89 11.6 12.8 101 12.2 12.2
Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 - - - - - - -
31<E<33 10.8 11.6 15.1 16.4 13.2 15.8 15.8
33<E<35 10.5 1.3 14.7 16.0 12.8 154 15.4
35<E<37 10.2 11.0 14.3 15.6 124 15.0 15.0
37<E<39 9.9 10.7 14.0 15.3 12.1 14.7 14.6
39<E<41 9.7 10.5 13.7 14.9 11.8 14.3 14.3
41<E<43 9.5 10.2 134 14.6 11.6 14.0 14.0
43<E<45 9.3 10.0 13.1 14.3 11.4 13.8 13.7
45<E<47 9.1 9.8 12.8 14.0 11.1 13.5 13.5
47<E<49 | 89 9.6 126 | 138 | 110 | 133 | 133
E>49 8.8 9.4 12.4 13.6 10.8 13.0 13.0
5.8.9-13
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Table 5.8.9-2 Loading Table for PWR Fuel — 959 W/Assembly (continued)

Minimum Initial 58 < Assembly Average Burnup < 59 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W | CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -

29<E<31 - - - - - - -
31<E<33 11.5 124 16.0 174 14.0 16.7 16.7

3.3<E<35 11.2 12.0 15.6 17.0 13.6 16.3 16.3
35<E<37 10.8 1.7 15.2 16.6 13.2 16.0 15.9
37<E<39 10.6 114 14.9 16.2 12.9 15.6 15.6
39<E<41 10.3 11.1 14.5 15.9 12.6 15.3 15.3
41<E<43 10.0 10.9 14.2 15.5 12.3 14.9 14.9
43<E<45 9.8 106 | 139 156.3 12.0 14.7 14.6
45<E<47 9.6 10.4 13.7 15.0 11.8 14.4 143
47<E<49 9.4 10.2 134 14.7 11.6 14.1 14.1

E>49 9.3 10.0 13.2 14.4 1.4 13.9 13.8
Minimum Initial 59 < Assembly Average Burnup < 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 | - : . - : . :
23<E<25 | - - - - . - .
25<E<27 | - - . - . . .
27<E<29 | - - : - - - .
29<E<31 | - - . - . . .

31<E<33 | - - - - - : .
33<E<35 | 118 | 128 | 165 | 17.9 | 144 | 169 | 1638

35<E<37 11.5 12.4 16.1 17.6 14.0 16.5 16.4
37<E<39 11.2 12.0 15.8 17.2 13.7 16.1 16.0
39<E<41 10.9 11.8 15.4 16.8 134 15.8 16.7
41<E<43 10.7 11.5 15.1 16.5 13.1 154 154
43<E<45 10.4 11.3 14.8 16.1 12.8 15.1 15.1
45<E<47 10.1 11.1 14.5 15.9 12.5 14.9 14.8
47<E<49 10.0 10.8 14.2 15.6 12.3 14.6 14.6

E>49 9.8 10.6 13.9 15.4 12.0 14.3 143
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Table 5.8.9-3 Loading Table for PWR Fuel — 1,200 W/Assembly
Minimljm Initial 30 < Assembly Average Burnup < 32.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 4.0 4.0 4.0 4.0 4.0 4.0 4.0
23<E<25 4.0 4.0 4.0 4.0 4.0 4.0 4.0
25<E<27 4.0 4.0 4.0 4.0 4.0 4.0 4.0
27<E<29 4.0 4.0 4.0 4.0 4.0 4.0 4.0
29<E<3.1 4.0 4.0 4.0 4.0 4.0 4.0 4.0
31<E<33 4.0 4.0 4.0 4.0 4.0 4.0 4.0
33<E<35 4.0 4.0 4.0 4.0 4.0 4.0 4.0
35<E<37 40 4.0 4.0 4.0 4.0 4.0 4.0
37<E<39 4.0 4.0 4.0 4.0 4.0 4.0 4.0
39<E<4.1 4.0 4.0 4.0 4.0 4.0 4.0 4.0
41<E<43 4.0 4.0 40 4.0 4.0 4.0 4.0
43<E<45 4.0 4.0 4.0 4.0 4.0 4.0 4.0
45<E<47 4.0 4.0 40 4.0 4.0 4.0 4.0
47<E<49 4.0 4.0 4.0 4.0 4.0 4.0 4.0

E>49 4.0 4.0 4.0 40 4.0 4.0 4.0
\o Minimum Initial 32.5 < Assembly Average Burnup < 35 GWd/MTU
. Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE ' WE B&W CE WE B&W
wt% 25U (E) | 14x14 | 14x14  15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - -
23<E<25 4.0 40 4.0 4.1 4.0 41 41
25<E<27 4.0 40 4.0 4.1 4.0 4.0 4.0
27<E<29 4.0 4.0 40 4.0 4.0 40 4.0
29<E<31 4.0 4.0 4.0 4.0 4.0 4.0 4.0
31<E<33 4.0 4.0 4.0 4.0 40 4.0 40
33<E<35 4.0 4.0 4.0 4.0 4.0 4.0 4.0
35<E<37 4.0 4.0 4.0 4.0 40 4.0 40
37<E<39 4.0 4.0 4.0 4.0 4.0 4.0 4.0
39<E<4.1 4.0 4.0 4.0 4.0 4.0 4.0 4.0
41<E<43 4.0 4.0 40 40 40 4.0 4.0
43<E<45 4.0 4.0 4.0 4.0 4.0 4.0 4.0
45<E<47 4,0 40 4.0 4.0 4.0 40 4.0
47<E<49 4.0 4.0 4.0 4.0 4.0 4.0 4.0
E>49 4.0 4.0 4.0 4.0 4.0 4.0 4.0
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Table 5.8.9-3 Loading Table for PWR Fuel — 1,200 W/Assembly (continucd)

Minimum Initial 35 < Assembly Average Burnup < 37.5 GWd/MTU

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 4.0 4.0 4.3 4.4 4.2 44 4.4
25<E<27 4.0 4.0 4.3 4.4 4.1 44 44
27<E<29 4.0 4.0 42 4.3 4.1 4.3 4.3
29<E<3.1 4.0 4.0 42 4.3 4.0 43 4.3
31<E<33 4.0 4.0 4.1 4.2 4.0 4.2 4.2
33<E<35 40 4.0 4.1 42 4.0 4.2 4.2
35<E<37 4.0 4.0 4.0 42 | 40 4.2 4.2
3.7<E<39 4.0 4.0 4.0 4.1 4.0 4.1 4.1
39<E<41 4.0 4.0 40 4.1 4.0 4.1 4.1
41<E<43 40 | 40 4.0 4.0 4.0 4.0 4.0
43<E<45 4.0 4.0 4.0 4.0 4.0 4.0 4.0
45<E<47 4.0 4.0 4.0 4.0 4.0 4.0 4.0
47<E<49 40 4.0 4.0 4.0 4.0 4.0 4.0

E>49 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Initial 37.5 < Assembly Average Burnup < 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE | B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - -

23<E<25 - - - - - -
25<E<27 4.0 4.1 46 4.8 44 4.7 4.7

27<E<29 4.0 4.0 4.6 4.7 4.4 4.7 4.7
29<E<31 4.0 4.0 4.5 4.6 4.3 4.6 4.6
31<E<33 4.0 4.0 4.5 4.6 43 4.5 4.5
33<E<35 4.0 4.0 44 4.5 42 4.5 4.5
35<E<37 4.0 4.0 4.4 45 4.2 4.5 44
37<E<39 4.0 4.0 43 44 4.1 44 4.4
39<E<41 4.0 4.0 43 4.4 4.1 44 4.4
41<E<43 4.0 4.0 4.2 4.3 41 43 43
43<E<45 4.0 4.0 42 43 4.0 43 4.3
45<E<47 4.0 4.0 4.2 43 4.0 4.3 4.3
47<E<49 4.0 4.0 4.1 4.3 40 4.3 4.3

E>49 4.0 4.0 4.1 42 | 40 4.2 4.2

NAC International 5.8.9-16
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40 < Assembly Average Burnup < 41 GWd/MTU

Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

NAC International

Minimum Initial

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 4.2 4.2 4.8 4.9 4.5 4.9 49
27<E<29 4.1 42 4.7 4.8 4.5 48 4.8
29<E<31 4.0 41 4.7 4.8 4.4 48 4.7
31<E<33 4.0 4.1 4.6 47 44 4.7 4.7
33<E<35 4.0 4.0 4.5 4.7 4.4 4.6 4.6
35<E<37 4.0 4.0 4.5 46 4.3 4.6 4.6
3.7<E<39 4.0 4.0 4.4 4.5 4.2 4.5 4.5
39<E<41 4.0 4.0 4.4 4.5 4.2 4.5 4.5
41<E<43 4.0 4.0 44 4.5 4.2 4.5 4.5
43<E<45 4.0 4.0 4.3 4.4 4.1 4.4 44
45<E<47 4.0 4.0 4.3 4.4 4.1 4.4 44
47<E<49 4.0 4.0 4.3 4.4 41 44 4.4

E>4.9 4.0 4.0 42 4.3 4.0 44 4.3

Minimum Initial 41 < Assembly Average Burnup < 42 GWd/MTU

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 4.3 44 49 5.1 4.7 5.0 5.0
27<E<29 4.2 4.3 49 5.0 4.6 5.0 5.0
29<E<31 4.2 4.2 4.8 4.9 4.6 4.9 4.9
31<E<33 4.1 4.2 47 4.9 45 4.8 4.8
33<E<35 4.0 41 4.7 4.8 4.5 4.8 4.8
35<E<37 4.0 4.1 46 4.8 44 4.7 4.7
37<E<39 4.0 4.1 4.6 4.7 4.4 4.7 4.7
39<E<4.1 4.0 4.0 4.5 4.6 4.3 4.6 4.6
41<E<43 4.0 4.0 4.5 4.6 4.3 4.6 4.6
43<E<45 4.0 4.0 4.4 4.6 4.3 45 4.5
45<E<47 4.0 4.0 44 4.5 4.2 4.5 4.5
47<E<49 4.0 4.0 4.4 4.5 4.2 4.5 4.5

E>49 4.0 4.0 4.3 4.5 4.2 4.5 4.5
5.8.9-17
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 42 < Assembly Average Burnup < 43 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt%B5U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - -

23<E<25 - - - -
25<E<27 4.4 4.5 5.1 53 4.9 5.2 5.2

27<E<29 44 4.4 5.0 5.2 48 5.1 5.1
29<E<31 43 44 5.0 5.1 4.7 5.0 5.0
31<E<33 4.2 43 4.9 5.0 4.7 5.0 5.0
33<E<35 4.2 4.3 4.8 5.0 4.6 4.9 4.9
35<E<37 4.1 4.2 4.8 4.9 4.5 49 4.9
37<E<39 41 4.2 47 .| 49 4.5 48 4.8
39<E<41 4.0 4.1 47 48 44 4.8 48
41<E<43 4.0 41 4.6 4.8 44 4.7 4.7
43<E<45 4.0 4.0 4.6 4.7 4.4 4.7 47
45<E<47 4.0 4.0 4.5 4.7 4.3 4.7 4.6
4.7<E<49 4.0 4.0 4.5 4.6 4.3 46 46

E>49 4.0 4.0 4.4 4.6 4.3 4.6 4.5
Minimum Initial 43 < Assembly Average Burnup <44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - -

23<E<25 - - -
25<E<27 4.5 4.6 5.3 55 5.0 5.4 5.4

27<E<29 4.5 46 5.2 54 4.9 5.3 5.3
29<E<31 44 4.5 5.1 53 4.9 5.2 52
31<E<33 4.4 4.4 5.0 5.2 4.8 5.2 9.2
33<E<35 4.3 44 5.0 5.1 4.7 5.1 5.1
35<E<37 4.2 43 4.9 51 | 47 5.0 5.0
37<E<38 4.2 4.3 4.9 5.0 4.6 5.0 5.0
39<E<41 41 4.3 4.8 5.0 4.6 4.9 49
41<E<43 4.1 4.2 4.8 4.9 4.5 49 4.9
43<E<45 4.1 4.2 4.7 4.9 4.5 4.8 4.8
45<E<47 4.0 4.2 4.7 4.8 4.5 4.8 4.8
47<E<49 4.0 4.1 4.6 4.8 44 4.8 47
- E>49 4.0 4.1 4.6 4.8 44 47 4.7

NAC International 5.8.9-18
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44 < Assembly Average Burnup < 45 GWd/MTU

Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

NAC International

Minimum Initial
Assembly Avg.. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - -
25<E<27 - - - - - - -
27<E<29 4.6 4.7 5.4 5.6 5.1 5.5 55
29<E<3.1 4.5 4.6 53 55 5.0 54 54
31<E<33 4.5 46 5.2 5.4 49 5.4 5.4
33<E<35 4.4 4.5 5.2 54 49 5.3 5.3
35<E<37 44 4.5 5.1 5.3 4.8 5.2 52
37<E<39 4.3 44 5.0 52 4.8 5.1 5.1
39<E<41 | 43 44 5.0 5.1 4.7 5.1 5.1
41<E<43 4.2 4.3 4.9 5.1 47 5.0 5.0
43<E<45 4.2 4.3 4.9 5.0 4.6 5.0 5.0
45<E<47 4.1 4.2 4.8 5.0 4.6 4.9 4.9
47<E<49 4.1 4.2 4.8 4.9 4.5 4.9 4.9
E>49 4.0 4.2 4.7 49 45 49 48
Minimum Initial 45 < Assembly Average Burnup < 46 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 4.8 4.9 56 5.8 5.3 5.7 57
29<E<3.1 4.7 4.8 55 5.7 52 5.6 5.6
 31<E<33 | 486 4.7 55 5.6 5.1 5.6 55
33<E<35 4.5 4.7 54 5.6 5.0 5.5 5.5
35<E<37 4.5 4.6 5.3 5.5 5.0 5.4 5.4
3.7<E<39 4.4 4.5 5.2 54 49 5.3 5.3
39<E<4.1 4.4 4.5 5.1 5.3 4.9 53 5.3
41<E<43 4.4 4.4 5.1 5.3 4.8 52 5.2
43<E<45 4.3 4.4 5.0 5.2 4.8 5.1 5.1
45<E<47 4.3 44 | 50 5.1 4.7 5.1 5.1
47<E<49 4.2 4.3 4.9 5.1 4.7 5.0 5.0
E>49 4.2 4.3 4.9 5.0 4.6 5.0 5.0
5.8.9-19
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 46 < Assembly Average Burnup < 47 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - -

27<E<29 49 5.0 58 6.0 55 59 59
29<E<31 4.8 4.9 57 59 54 58 58
31<FE<33 4.8 49 57 5.8 5.3 57 58
33<E<35 47 4.8 5.6 57 52 57 57
35<E<37 4.6 47 55 5.7 5.1 56 56
37<E<39 | 46 47 5.4 5.6 5.1 55 55
39<E<41 4.5 46 53 55 50 55 55
41<E<43 4.5 4.6 53 55 4.9 54 54
43<E<45 44 4.5 52 54 49 53 53
45<E<47 44 4.5 5.1 5.3 49 53 52
47<E<49 4.3 44 5.1 53 48 52 52

E>49 4.3 4.4 5.0 5.2 4.8 5.2 52
Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - -
23<E<25 - - - - - - .

25<E<27 - - - - - - -
27<E<29 5.1 5.2 6.0 6.3 5.7 6.1 6.1

29<E<31 5.0 51 | 59 6.1 5.6 6.0 6.0
31<E<33 4.9 5.0 5.8 6.0 5.5 59 59
33<E<35 48 5.0 5.8 5.9 5.4 59 5.9
35<E<37 4.8 4.9 5.7 5.9 5.3 5.8 5.8
37<E<39 4.7 4.8 5.6 5.8 5.3 5.7 5.7
39<E<41 4.7 48 5.5 5.7 5.2 5.7 5.6
41<E<43 4.6 4.7 55 5.7 5.1 56 5.6
43<E<45 4.5 4.7 5.4 5.6 5.0 5.5 5.5
45<E<47 4.5 46 5.3 5.6 5.0 5.5 5.5
47<E<49 4.5 4.6 5.3 5.5 4.9 54 5.4

E>49 44 4.5 52 5.4 4.9 24 63

NAC International 5.8.9-20
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Minimum Initial
Assembly Avg.

Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

48 < Assembly Average Burnup <49 GWd/MTU

Minimum Cooling Ti

me (years)

NAC International

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - -
25<E<27 - - - - - - -
27<E<28 5.3 54 6.3 6.6 59 6.4 6.4
29<E<31 5.2 53 6.2 6.4 58 6.3 6.3
31<E<33 5.1 5.2 6.0 6.3 5.7 6.1 6.1
33<E<35 5.0 5.1 6.0 6.2 5.6 6.0 6.0
35<E<37 4.9 5.0 59 6.1 55 6.0 6.0
37<E<39 4.9 5.0 58 6.0 5.5 5.9 59
39<E<4.1 4.8 49 5.7 59 5.4 58 5.8
41<E<43 47 49 57 59 53 58 5.8
43<E<45 4.7 4.8 5.6 58 5.2 57 5.7
45<E<47 4.6 4.8 5.5 5.7 5.2 5.7 57
47<E<49 4.5 4.7 55 5.7 5.1 5.6 56
E>49 4.5 46 54 5.6 5.0 55 5.5
Minimum Initial 49 < Assembly Average Burnup < 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % B5U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 54 55 6.4 6.7 6.0 6.5 6.5
31<E<33 5.3 54 6.3 6.6 59 6.4 6.4
33<E<35 5.2 53 6.2 6.5 5.8 6.3 6.3
35<E<37 5.1 52 61 | 64 5.7 6.2 6.2
J7<E<39 2.0 5.1 6.0 6.2 56 6.1 6.1
39<E<41 49 5.0 5.9 6.1 5.6 6.0 6.0
41<E<43 49 5.0 58 6.0 5.5 5.9 5.9
43<E<45 4.8 4.9 5.8 6.0 54 59 59
45<E<47 4.8 49 57 59 53 5.8 5.8
47<E<49 4.7 4.8 5.7 59 5.3 5.8 5.8
E>49 4.7 4.8 56 58 5.2 5.7 5.7
5.8.9-21
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 50 < Assembly Average Burnup < §1 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 35U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 | - - - - . : .
23<E<25 | - . - - - : .
25<E<27 | - . - . - - :

27<E<29 | - - - - - - :
29<E<31 | 55 | 57 | 67 | 70 | 62 | 68 | 68

31<E<33 54 5.6 6.6 6.9 6.1 6.7 6.7
33<E<35 5.3 5.5 6.5 6.7 6.0 6.6 6.6
35<E<37 5.2 5.4 6.3 6.6 5.9 6.5 6.5
37<E<39 5.1 53 6.2 6.5 5.8 6.4 6.4
3J9<E<41 5.0 5.2 6.1 6.4 5.7 6.3 6.3
41<E<43 5.0 5.1 6.0 6.3 5.7 6.2 6.2
43<E<45 4.9 5.0 6.0 6.2 5.6 6.1 6.1
45<E<47 4.9 5.0 5.9 6.1 9.5 6.0 6.0
47<E<49 48 4.9 5.8 6.0 55 6.0 6.0

E>49 4.8 4.9 5.8 6.0 5.4 59 5.9
Minimum Initial 51 < Assembly Average Burnup < 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - -
23<E<25 - . - - . .
25<E<27 - - - - - - -

27<E<29 - - - - - - -
29<E<31 5.7 5.8 7.0 7.2 6.5 7.1 7.1

31<E<33 5.6 57 6.8 7.0 6.3 7.0 6.9
33<E<35 55 5.7 6.7 6.9 6.2 6.8 6.8
35<E<37 5.4 5.6 6.6 6.8 6.1 6.7 6.7
37<E<39 5.3 5.5 6.5 6.7 6.0 6.6 6.6
39<E<41 5.2 54 6.4 6.6 59 6.5 6.5
41<E<43 5.1 5.3 6.3 6.5 5.9 6.4 6.4
43<E<45 5.0 5.2 6.2 6.4 5.8 6.3 6.3
45<E<47 5.0 5.2 6.1 6.3 5.7 6.3 6.2
47<E<49 4.9 5.1 6.0 6.2 5.7 6.2 6.2

E>49 49 5.0 6.0 6.1 5.6 6.1 6.1

NAC international 5.8.9-22
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Table 5.8.9-3 Loading Table for PWR Fuel — 1,200 W/Assembly (continued)
52 < Assembly Average Burnup < 53 GWd/MTU

Minimum Initial

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<3.1 59 6.0 7.2 76 6.7 7.4 7.4
31<E<33 5.8 5.9 7.0 74 6.6 7.3 7.3
33<E<35 5.7 5.8 6.9 7.2 6.5 71 7.1
35<E<37 5.6 5.8 6.8 7.1 6.4 7.0 7.0
37<E<39 55 57 6.7 7.0 6.2 6.9 6.9
39<E<41 54 5.6 6.6 6.9 6.1 6.8 6.8
41<E<43 53 5.5 6.5 6.8 6.0 6.7 6.7
43<E<45 5.2 5.4 6.4 6.7 6.0 6.6 6.6
45<E<47 5.2 5.4 6.3 6.6 59 6.5 6.5
47<E<49 5.1 5.3 6.2 6.5 58 6.4 6.4

E>49 5.0 5.2 6.1 6.4 5.8 6.3 6.3

Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU

Assembly Avg. _ Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

C21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 6.0 6.3 75 79 7.0 7.8 7.8
31<E<33 5.9 6.1 74 7.8 6.9 7.6 76
3.3<E<35 5.8 6.0 7.2 76 6.7 15 1.5
35<E<37 58 59 7.0 74 6.6 7.3 7.3
37<E<39 57 5.9 6.9 7.3 6.5 7.2 7.2
39<E<4.1 5.6 5.8 6.8 7.1 6.4 7.0 7.0
41<E<43 5.5 5.7 6.7 7.0 6.3 6.9 6.9
43<E<45 54 56 €6 6.9 6.2 6.9 6.8
45<E<47 5.3 5.6 6.5 6.8 6.1 6.8 6.8
47<E<49 5.3 5.5 6.4 6.8 6.0 6.7 6.7

E>49 5.2 5.5 6.4 6.7 6.0 6.6 6.6
5.8.9-23
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Table 5.8.9-3 Loading Table for PWR Fuel — 1,200 W/Assembly (continued)

Minimum Initial 54 < Assembly Average Burnup < 55 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - -
23<E<25 - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - -

29<E<31 - -
31<E<33 6.2 6.4 7.7 8.1 7.1 8.0 8.0

33<E<35 6.0 6.3 7.5 7.9 7.0 7.8 7.8
35<E<37 5.9 6.2 74 7.8 6.9 1.7 7.7
37<E<39 59 6.0 7.2 7.6 6.8 7.5 7.5
39<E<41 5.8 6.0 7.1 1.5 6.7 7.4 74
41<E<43 5.7 5.9 7.0 7.4 6.6 7.2 7.2
43<E<45 5.6 5.8 69 7.2 6.5 7.1 7.1
45<E<47 5.6 5.7 6.8 7.1 6.3 7.0 7.0
47<E<49 55 5.7 6.7 7.0 6.3 6.9 6.9

E>49 54 5.6 6.6 6.9 6.2 6.9 6.8
Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 35U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - -
23<E<25 - -
25<E<27 - - - - - -
27<E<29 - - - - - -

29<E<31 - - - - - - -
31<E<33 6.4 6.7 8.1 8.6 7.3 8.4 8.4

33<E<35 6.3 6.6 7.9 8.4 7.2 8.2 8.2
35<E<37 6.2 6.4 7.7 8.2 7.0 8.0 8.0
37<E<39 6.0 6.3 7.6 8.0 6.9 79 79
39<E<41 6.0 6.2 74 7.9 6.8 7.7 1.7
41<E<43 5.9 6.1 7.3 7.7 6.7 76 7.6
43<E<45 5.8 6.0 7.2 7.6 6.6 7.5 74
45<E<47 5.7 59 7.0 1.5 6.5 7.3 7.3
47<E<49 5.6 5.8 6.9 74 6.4 1.2 7.2

E>49 5.6 5.8 6.9 7.2 6.3 741 7.1

NAC International 5.8.9-24
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Minimum Initial
-Assembly Avg.

56 < Assembly Average Burnup < 57 GWd/MTU

Minimum Cooling Time (years)

Table 5.8.9-3 Lolading Table for PWR Fuel - 1,200 W/Assembly (continued)

NAC International

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17,
21<E<23 - - - - - - -
23<E<25 - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 - - - - - - -
31<E<33 6.7 6.9 8.5 9.0 7.7 8.8 8.8
33<E<35 6.6 6.8 8.3 8.8 7.5 8.6 8.6
35<E<37 6.4 6.7 8.1 8.6 7.3 84 8.4
37<E<39 6.3 6.6 79 8.4 7.2 8.2 8.2
39<E<4.1 6.2 6.5 7.8 8.2 7.0 8.1 8.0
41<E<43 6.0 6.3 76 8.1 6.9 79 7.9
43<E<45 6.0 6.2 15 7.9 6.8 7.8 7.8
45<E<47 5.9 6.1 74 7.8 6.7 7.7 7.7
47<E<49 5.8 6.0 7.2 7.7 6.6 76 75
E>49 58 6.0 71 7.6 6.6 75 74
Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - -
27<E<29 - - - - - - -
29<E<31 - - - - - - -
3.1<E<33 7.0 7.3 9.0 9.6 8.0 93 9.3
3.3<E<35 6.8 7.1 8.7 9.3 7.9 9.1 9.0
35<E<37 6.7 6.9 8.5 9.1 1.7 8.9 8.9
37<E<39 6.5 6.8 8.3 8.9 7.5 8.7 8.7
39<E<4.1 6.4 6.7 8.1 8.7 74 8.5 8.5
41<E<43 6.3 6.6 8.0 8.5 7.2 8.3 8.3
43<E<45 6.2 6.5 78 8.3 7.1 8.2 8.1
45<E<47 6.1 6.4 7.7 8.2 7.0 8.0 8.0
47<E<49 6.0 6.3 7.6 8.0 6.9 7.9 7.9
E>49 5.9 6.2 75 7.9 6.8 7.8 7.8
5.8.9-25
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Table 5.8.9-3 Loading Table for PWR Fucl - 1,200 W/Assembly (continued)

Minimum Initial 58 < Assembly Average Burnup < 53 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE | WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - .- -
23<E<25 - - - - - - -
25<E<27 - - - - - -
27<E<29 - - - - - -

29<E<31 - - - - - -
J1<E<33 7.3 7.6 9.5 10.1 8.4 9.9 9.8

33<E<35 7.1 74 9.2 9.9 8.2 9.6 9.6
35<E<37 6.9 7.3 9.0 9.6 8.0 94 9.3
37<E<39 6.8 7.1 8.8 94 7.9 9.1 9.1
39<E<4.1 6.7 7.0 8.6 9.1 7.7 8.9 8.9
41<E<43 6.6 6.8 8.4 8.9 7.6 8.7 8.7
43<E<45 6.4 6.7 8.2 8.8 74 8.6 8.6
45<E<47 6.3 6.6 8.0 8.6 7.3 8.4 84
47<E<49 6.2 6.5 7.9 8.4 7.2 8.3 8.3

E>49 6.1 6.4 7.8 8.3 7.0 8.1 8.1
Minimum Initial 59 < Assembly Average Burnup < 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23
23<E<25 - - - - - -
25<E<27 - - - - - -
27<E<29 - - - - - -
29<E<31 - - - - - -

J31<E<33 - - - -
33<E<35 74 7.8 9.7 10.5 8.7 9.9 9.9

35<E<37 7.2 76 9.5 10.1 8.4 9.6 9.6
37<E<39 7.0 74 9.2 9.9 8.2 94 94
JI9<E<41 6.9 7.3 9.0 9.7 8.0 92 | 91
41<E<43 6.8 7.1 8.8 9.4 79 9.0 9.0
43<E<45 6.7 7.0 8.6 9.2 7.7 8.8 8.8
45<E<47 6.6 6.9 8.5 9.0 7.6 8.7 8.6
47<E<49 6.5 6.8 83 | 89 7.5 8.5 8.5

E>49 6.4 6.7 8.1 8.7 74 8.4 8.3

NAC International 5.8.9-26
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Table 5.8.9-4 Loading Table for PWR Fuel — 922 W/Assembly
Minimum Initial 30 < Assembly Average Burnup < 32.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 | 42 4.3 48 49 4.6 4.9 49
23<E<25 4.2 4.2 4.7 48 4.5 4.8 4.8
25<E<27 4.1 4.2 4.7 4.8 4.5 48 4.8
27<E<29 41 4.1 4.6 4.7 4.4 47 4.7
29<E<31 4.0 4.1 4.6 4.7 44 4.7 4.7
31<E<33 4.0 4.0 4.5 46 4.3 4.6 4.6
33<E<35 4.0 4.0 4.5 4.6 4.3 46 4.6
35<E<37 4.0 4.0 45 4.5 4.3 4.5 4.5
37<E<39 4.0 4.0 4.4 4.5 4.2 4.5 4.5
39<E<41 4.0 4.0 4.4 4.5 4.2 4.5 4.5
41<E<43 4.0 4.0 4.4 4.5 4.2 4.4 44
43<E<45 4.0 4.0 4.3 44 4.2 44 1 44
45<E<47 4.0 4.0 43 4.4 41 4.4 4.4
47<E<49 4.0 4.0 4.3 44 4.1 4.4 44

E>49 4.0 4.0 4.3 44 4.1 44 44
N, Minimum Initial 32.5 < Assembly Average Burnup < 35 GWd/MTU
e Assembly Avg. Minimum Cooling Time (years)

- Enrichment CE WE WE B&W CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - -
23<E<25 4.5 4.6 52 53 49 5.3 53
25<E<27 4.4 4.5 5.1 5.3 4.9 5.2 5.2

27<E<29 4.4 4.5 5.0 5.2 4.8 5.1 5.1
29<E<31 4.4 4.4 5.0 5.1 4.8 5.1 5.1

31<E<33 43 4.4 4.9 5.0 47 5.0 5.0
33<E<35 4.3 4.3 4.9 5.0 4.7 5.0 5.0
35<E<37 4.2 43 4.8 5.0 46 49 49
37<E<39 4.2 4.3 4.8 4.9 46 49 4.9
39<E<41 4.1 4.2 4.8 4.9 4.5 4.9 4.9
41<E<43 4.1 4.2 4.7 49 4.5 48 4.8
43<E<45 4.1 4.2 4.7 4.8 45 48 4.8

45<E<47 4.0 4.1 4.7 4.8 4.5 48 4.8
47<E<49 4.0 4.1 4.6 4.8 4.4 47 4.7
E>49 4.0 4.1 4.6 4.7 44 4.7 4.7

Ny NAC International 5.8.9-27




MAGNASTOR System February 2006
Docket No. 72-1031 ' Revision 06A

Table 5.8.9-4 Loading Table for PWR Fuel — 922 W/Assembly (continued)

Minimum Initial 35 < Assembly Average Burnup < 37.5 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 23U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - -
23<E<25 4.9 5.0 57 5.9 5.4 5.8 58
25<E<27 4.8 4.9 5.7 5.8 5.3 5.7 57
27<E<29 4.8 4.9 5.6 58 5.3 5.7 57
29<E<31 4.7 4.8 5.5 5.7 5.2 5.6 56
31<E<33 4.6 4.7 5.4 56 5.1 5.5 5.5
33<E<35 4.6 4.7 5.4 5.6 5.0 55 55
35<E<37 4.5 4.6 5.3 55 5.0 5.4 54
37<E<39 | 45 4.6 53 54 5.0 54 54
39<E<41 4.5 4.6 5.2 54 4.9 5.3 53
41<E<43 4.4 45 52 54 4.9 53 5.3
43<E<45 4.4 4.5 5.1 5.3 4.9 52 5.2
45<E<47 44 4.5 5.1 53 48 5.2 5.2
47<E<49 43 4.4 5.0 52 48 52 5.2
E>49 4.3 4.4 5.0 5.2 48 5.1 5.1
Minimum Initial 37.5 < Assembly Average Burnup < 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 -

23<E<25 - - - -
25<E<27 5.3 5.4 6.2 6.5 5.9 6.3 6.3

27<E<29 52 5.3 6.1 6.4 5.8 6.2 6.2
29<E<31 5.1 5.3 6.0 6.3 8.7 6.1 6.1
J1<E<33 5.0 5.2 6.0 6.2 5.6 6.0 6.0
33<E<35 5.0 5.1 5.9 6.1 5.6 6.0 60
35<E<37 4.9 5.0 5.9 6.0 5.5 5.9 5.9
37<E<39 49 5.0 5.8 6.0 5.5 59 5.9
39<E<41 4.8 5.0 5.7 59 54 5.8 5.8
41<E<43 | 48 4.9 57 59 54 5.8 58
43<E<45 4.8 4.9 5.7 5.8 5.3 5.8 5.7
45<E<47 4.7 4.8 5.6 58 53 5.7 5.7
47<E<49 4.7 48 5.6 5.8 5.2 5.7 5.7
E>49 4.6 4.8 55 5.7 5.2 5.6 5.6

NAC International 5.8.9-28
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Table 5.8.9-4 Loading Table for PWR Fuel — 922 W/Assembly (continued)
40 < Assembly Average Burnup < 41 GWd/MTU

Minimum Initial

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 35U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 55 5.6 6.6 6.8 6.0 6.6 6.6
27<E<29 54 5.6 6.4 6.7 6.0 6.5 6.5
29<E<31 53 5.5 6.3 6.6 59 6.4 6.4
31<E<3.3 53 54 6.2 6.5 5.8 6.3 6.3
33<E<35 5.2 53 | 6.1 6.4 5.8 6.3 6.2
35<E<37 51 5.3 6.1 6.3 57 6.2 6.2
3.7<E<39 5.0 5.2 6.0 6.2 57 6.1 6.1
39<E<41 | 50 5.1 59 6.2 56 6.0 6.0
41<E<43 5.0 5.1 59 6.1 5.6 6.0 6.0
43<E<45 4.9 5.0 5.9 6.0 55 59 5.9
45<E<47 49 5.0 5.8 6.0 55 59 5.9
47<E<49 4.8 5.0 58 6.0 54 5.9 5.9

E>49 4.8 49 57 5.9 54 58 58

Minimum Initial 41 < Assembly Average Burnup < 42 GWd/MTU

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 23U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 5.7 59 6.9 7.1 6.4 6.9 6.9
27<E<29 56 5.8 6.7 7.0 6.2 6.8 6.8
29<E<31 2.6 57 6.6 6.9 6.1 6.7 6.7
31<E<33 55 56 6.5 6.8 6.0 6.6 6.6
33<E<35 54 55 6.4 6.7 6.0 6.6 6.5
35<E<37 53 55 6.4 6.6 59 6.5 6.5
37<E<39 5.3 54 6.3 6.6 5.9 6.4 6.4
39<E<41 5.2 54 6.2 6.5 58 6.3 6.3
41<E<43 5.1 5.3 6.1 6.4 5.8 6.3 6.2
43<E<45 5.1 5.2 6.0 6.3 5.7 6.2 6.2
45<E<47 5.0 5.2 60 | 6.3 5.7 6.1 6.1
47<E<49 5.0 51 6.0 6.2 5.6 6.1 6.1

E>49 4.9 51 59 6.2 5.6 60 |. 6.0
5.8.9-29
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Table 5.8.9-4 Loading Table for PWR Fuel — 922 W/Assembly(continued)

Minimum Initial 42 < Assembly Average Burnup <43 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - -
23<E<25 - - - - - -
25<E<27 5.9 6.1 7.2 7.5 6.7 7.3 7.3
27<E<29 5.8 6.0 7.0 74 6.5 7.1 7.1
29<E<31 5.8 5.9 6.9 7.3 6.4 7.0 7.0
31<E<33 57 | 58 6.8 7.1 6.3 6.9 6.9
33<E<35 56 5.8 6.7 7.0 6.2 6.8 6.8
35<E<37 5.5 5.7 6.7 6.9 6.1 6.8 6.7
3.7<E<39 5.5 5.6 6.6 6.8 6.1 6.7 6.7
39<E<41 5.4 5.6 6.5 6.8 6.0 6.6 6.6
41<E<43 9.3 55 6.4 6.7 6.0 6.5 6.5
43<E<45 5.3 5.5 6.4 6.6 5.9 6.5 6.5
45<E<47 52 5.4 6.3 6.6 5.9 6.4 6.4
47<E<49 5.2 53 6.2 6.5 5.8 6.4 6.4

E>49 5.1 5.3 6.2 6.5 5.8 6.3 6.3
Minimum Initial 43 < Assembly Average Burnup < 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - -

23<E<25 - - - -
25<E<27 6.2 6.4 7.6 8.0 6.9 1.7 1.7

27<E<29 6.0 6.2 74 7.8 6.8 7.5 7.5
29<E<31 6.0 6.1 7.3 7.7 6.7 14 74
31<E<33 3.9 6.0 7.2 7.5 6.6 7.3 7.3
33<E<35 5.8 6.0 7.0 74 6.5 7.1 7.1
35<E<37 5.8 59 6.9 7.3 6.4 7.0 7.0
37<E<39 5.7 5.8 6.9 72 6.3 7.0 7.0
39<E<41 5.6 5.8 6.8 7.1 6.3 6.9 6.9
41<E<43 55 5.7 6.7 7.0 6.2 6.8 6.8
43<E<45 5.5 5.7 6.7 6.9 6.1 6.8 6.8
45<E<47 5.4 56 6.6 6.9 6.0 6.7 6.7
47<E<49 54 5.6 6.5 6.8 6.0 6.6 6.6
E>49 5.3 5.5 6.5 6.8 6.0 6.6 6.6
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44 < Assembly Average Burnup < 45 GWd/MTU

Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly (continued)

NAC International

Minimum Initial

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 6.3 6.6 7.8 8.3 7.1 79 79
29<E<31 6.2 6.4 7.7 8.1 7.0 7.8 7.8
31<E<33 6.1 6.3 76 79 6.9 1.7 7.7
33<E<35 6.0 6.2 74 7.8 6.8 75 7.5
35<E<37 5.9 6.1 7.3 7.7 6.7 74 74
37<E<39 59 6.0 7.2 76 6.6 73 73
39<E<41 5.8 6.0 7.1 7.5 6.6 7.2 7.2
41<E<43 5.7 5.9 7.0 7.4 65 | 7.1 7.1
43<E<45 57 5.9 6.9 7.3 6.4 7.0 7.0
45<E<47 5.6 5.8 6.9 7.2 6.3 7.0 7.0
47<E<49 5.6 5.8 6.8 7.1 6.3 6.9 6.9

E>49 5.5 5.7 6.7 7.0 6.2 6.9 6.9

Minimum Initial 45 < Assembly Average Burnup < 46 GWd/MTU

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 6.6 6.8 8.3 8.8 7.5 8.4 8.4
29<E<31 6.5 6.7 8.1 8.6 14 82 8.2
31<E<33 6.4 6.6 7.9 84 7.2 8.0 8.0
33<E<35 6.3 6.5 78 | 83 71 79 79
35<E<37 6.2 6.4 7.7 8.1 7.0 78 7.8
37<E<39 6.1 6.3 7.6 8.0 6.9 1.7 7.7
39<E<41 6.0 6.2 7.5 7.9 6.8 76 7.6
41<E<43 59 6.1 74 7.8 6.8 75 7.5
43<E<45 5.9 6.0 7.3 7.7 6.7 74 74
45<E<47 5.8 6.0 7.2 76 | 66 7.3 7.3
47<E<49 | 58 59 7.1 75 | 66 7.2 7.2

E>49 5.7 5.9 7.0 74 6.5 7.2 7.1
5.8.9-31
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Table 5.8.9-4 Loading Table for PWR Fuel — 922 W/Assémbly (continued)

Minimum Initial 46 < Assembly Average Burnup < 47 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 23U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - -
23<E<25 - - - - - - .

25<E<27 - - - -
27<E<29 6.9 7.2 8.8 94 79 8.9 8.9

29<E<31 6.8 7.0 8.6 9.1 7.8 8.7 8.7
31<E<33 6.7 6.9 8.4 8.9 7.6 8.5 8.5
33<E<35 6.6 6.8 8.3 8.8 7.5 8.4 8.4
35<E<37 6.5 6.7 8.1 8.6 74 8.2 8.2
37<E<39 6.4 6.6 8.0 8.5 7.2 8.1 8.1
39<E<41 6.3 6.5 79 8.3 7.1 8.0 8.0
41<E<43 6.2 6.4 1.7 8.2 7.0 7.9 79
43<E<45 6.1 6.3 7.7 8.1 7.0 7.8 7.8
45<E<47 6.0 6.3 7.6 8.0 6.9 1.7 7.7
47<E<49 6.0 6.2 7.5 79 6.8 786 7.6

E>4.9 5.9 6.1 74 78 |. 68 7.6 7.5
Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - -
23<E<25 - - - - - - -

25<E<27 - - - -
27<E<29 7.3 7.6 9.3 10.0 8.4 9.5 9.5

29<E<31 7.1 74 9.1 9.8 82 9.2 9.2
31<E<33 7.0 7.2 8.9 95 .| 80 9.0 9.0
33<E<35 6.8 7.1 8.7 93 79 89 8.8
35<E<37 6.7 7.0 8.6 9.1 7.7 8.7 8.7
37<E<39 6.6 6.9 8.4 9.0 7.6 86 8.6
39<E<41 6.5 6.8 8.3 8.8 7.5 8.4 8.4
41<E<43 6.5 6.7 8.1 8.7 74 8.3 8.3
43<E<45 6.4 6.6 8.0 8.6 7.3 8.2 8.2
45<E<47 6.3 6.5 7.9 8.5 7.2 8.1 8.1
47<E<49 6.2 6.5 7.8 8.4 7.1 8.0 8.0

E>49 6.1 6.4 7.8 83 7.0 7.9 7.9

NAC International 5.8.9-32
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Table 5.8.9-4 Loading Table for PWR Fuel — 922 W/Assembly (continued) -

o Minimum Initial 48 < Assembly Average Burnup <49 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W

wt % B5U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 | - | - - - - - .
23<E<25 | - - - - - .

25<E<27 - - - - - -
27<E<29 76 8.0 10.0 10.8 8.9 10.1 10.1

29<E<31 7.5 1.8 97 10.4 8.7 9.9 9.8
31<E<33 7.3 76 95 10.2 8.5 9.6 9.6
33<E<35 7.1 7.5 9.3 9.9 8.3 9.4 9.4
35<E<37 7.0 7.3 9.1 9.7 8.1 9.2 9.2
37<E<39 6.9 7.2 8.9 9.6 8.0 9.0 9.0
39<E<41 6.8 7.1 8.8 94 7.9 89 89
41<E<43 6.7 7.0 8.6 9.2 7.8 8.8 8.8
43<E<45 6.6 6.9 8.5 9.1 7.7 8.7 8.7
45<E<47 6.6 6.8 8.4 8.9 7.6 8.6 8.5
47<E<49 6.5 6.8 8.3 8.8 7.5 8.5 8.4

E>49 6.4 6.7 8.2 8.7 7.4 8.4 8.3
Minimum Initial 49 < Assembly Average Burnup < 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
N Enrichment CE WE WE B&W CE WE B&W
il wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
" 21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - -

29<E<31 7.8 8.1 10.4 11.2 9.2 10.5 10.6
- 31<E<33 7.7 7.9 10.1 11.0 8.9 10.3 10.3
33<E<35 7.5 7.7 9.9 10.7 8.8 10.0 10.0
35<E<37 74 7.6 9.7 10.4 8.6 9.8 9.8
3.7<E<39 7.2 7.5 95 | 102 8.4 96 | 96
39<E<41 71 7.3 9.3 10.0 8.3 9.5 94
41<E<43 7.0 7.2 9.1 9.8 8.1 93 9.3
43<E<45 6.9 7.1 9.0 9.7 8.0 9.2 9.1
45<E<47 6.8 7.0 89 9.5 7.9 9.0 9.0
47<E<49 6.7 7.0 8.8 9.4 7.8 8.9 8.9
E>49 6.7 6.9 8.7 9.3 7.8 8.8 8.8

\L NAC international 5.8.9-33
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Table 5.8.9-4 Loading Table for PWR Fuel — 922 W/Assembly (continued)

Minimum Initial 50 < Assembly Average Burnup < 51 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W .
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - . -
23<E<25 - - - - - - .
25<E<27 - - - - - - .

27<E<29 - - - - - .
29<E<31 8.1 8.5 11.2 12.0 9.7 11.3 11.3

31<E<33 79 8.3 10.9 1.7 9.5 11.0 11.0
33<E<35 7.8 8.1 10.6 114 9.3 10.8 10.7
35<E<37 7.6 8.0 10.3 11.2 9.1 10.5 10.5
37<E<39 7.5 7.8 10.1 10.9 8.9 10.3 10.2
J9<E<41 7.3 7.7 9.9 10.7 8.8 10.0 10.0
41<E<43 7.2 76 9.7 10.5 8.6 99 9.9
43<E<45 7.1 75 | 96 10.3 8.5 9.7 9.7
45<E<47 7.0 74 94 10.1 8.4 9.6 96
47<E<49 6.9 7.3 9.3 10.0 8.2 9.5 9.4

E>49 6.9 7.2 9.1 9.9 8.1 9.3 9.3
Minimum Initial 51 < Assembly Average Burnup < 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - R
23<E<25 - - - - - - .
25<E<27 - - - - - . .

27<E<29 | - - - : : : -
29<E<31 | 86 | 90 | 119 | 126 | 104 | 120 | 120

31<E<33 8.3 8.8 11.6 12.2 10.1 11.8 1.7
33<E<35 8.1 8.6 11.3 1.9 9.9 11.5 11.5
35<E<37 8.0 8.4 1.1 11.6 9.7 1.3 11.2
37<E<39 7.8 8.3 10.8 1.4 9.5 11.0 11.0
39<E<41 7.7 8.1 10.6 1.2 93 10.8 10.8
41<E<43 7.6 8.0 10.3 11.0 9.1 10.6 10.6
43<E<45 7.5 7.9 10.1 10.8 9.0 104 104
45<E<47 74 7.7 10.0 10.6 8.8 10.2 10.2
47<E<49 7.2 7.6 9.8 104 8.7 10.0 10.0
E>49 7.1 7.5 9.7 10.3 8.6 99 9.9

NAC International 5.8.9-34
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Table 5.8.9-4 Loading Table for PWR Fuel — 922 W/Assembly (continued)
52 < Assembly Average Burnup < 53 GWd/MTU

NAC International

5.8.9-35

Minimum Initial

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% BSU(E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 9.0 9.6 12.4 13.5 11.1 12.9 12.9
31<E<33 8.8 9.4 12.0 13.1 10.9 12.6 12.6
33<E<35 8.6 9.1 11.8 12.8 10.6 12.3 12.2
35<E<37 8.4 8.9 11.5 12.5 10.3 12.0 1.9
37<E<39 8.2 8.8 11.2 12.2 10.0 1.7 1.7
39<E<41 8.0 8.6 1.0 11.9 9.8 1.5 1.5
41<E<43 7.9 8.4 10.8 1.7 9.6 11.3 11.3
43<E<45 7.8 8.2 10.6 1.5 9.5 1.1 1.1
45<E<47 7.7 8.1 10.4 11.3 9.3 10.9 10.9
47<E<49 7.6 8.0 10.2 1.2 9.2 10.7 10.7

E>49 7.5 7.9 10.0 11.0 8.0 10.6 10.6
Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU
_Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 85U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 9.6 10.2 133 14.4 11.8 13.8 13.8
31<E<33 9.3 - 99 12.9 14.0 11.5 135 134
33<E<35 9.1 9.7 12.5 13.7 1.3 13.2 13.1
35<E<37 8.9 94 12.2 13.3 11.0 12.8 12.8
37<E<39 | 87 9.2 119 | 130 | 107 125 12.5
39<E<41 8.5 9.0 1.7 12.8 10.5 12.2 12.2
41<E<43 8.3 8.9 1.5 12.5 10.3 12.0 12.0
43<E<45 8.2 8.7 1.3 12.2 10.0 11.8 11.8
45<E<47 8.0 8.6 1.1 12.0 9.9 11.6 11.6
47<E<49 7.9 8.4 10.9 11.9 9.7 11.5 11.4
E>49 78 86 10.8 1.7 9.6 11.3 1.3
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly(continued)

Minimum Initial 54 < Assembly Average Burnup < 55 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 | - - - - - - i
23<E<25 | - - - - - - .
25<E<27 | - - . ] . ) i
27<E<29 | - i . . ] ] i

29<E<31 - : - - - - .
31<E<33 | 99 | 106 | 137 | 150 | 123 | 144 | 144

3J3<E<35 9.6 10.3 13.4 14.6 11.9 14.0 14.0
35<E<37 9.4 10.0 13.1 14.2 1.7 13.7 13.7
3.7<E<39 9.2 9.8 12.8 13.9 1.5 13.4 13.4
39<E<4.1 9.0 9.6 12.5 13.6 1.2 131 131
41<E<43 8.8 9.4 122 13.4 11.0 12.9 12.8
43<E<45 |- 87 9.2 12.0 13.1 10.8 12.6 12.6
45<E<47 8.5 9.1 11.8 12.9 10.6 124 12.3
4.7<E<49 8.4 8.9 11.6 12.7 10.3 12.2 121

E>49 8.3 8.8 11.4 12.5 10.2 12.0 11.9
Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -

29<E<31 - - - - - -
31<E<33 10.6 11.3 14.7 16.0 12.8 16.3 15.4

33<E<35 10.2 11.0 14.3 15.6 124 15.0 14.9
35<E<37 9.9 10.7 13.9 15.2 12.1 14.6 14.6
37<E<39 9.7 10.4 13.6 14.9 11.8 14.3 14.2
39<E<41 9.5 10.2 13.3 14.6 11.6 14.0 13.9
41<E<43 93 9.9 13.0 14.3 114 13.7 13.7
43<E<45 9.1 9.8 12.8 14.0 11.1 13.5 134
45<E<47 8.9 9.6 12.5 13.8 10.9 13.2 13.2
47<E<49 8.8 9.4 12.3 13.6 10.7 13.0 13.0

E>49 8.7 9.3 12.1 134 10.6 12.8 12.8

NAC International 5.8.9-36
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56 < Assembly Average Burnup < 57 GWd/MTU

Table 5.8.9-4 Loading Table for PWR Fucl - 922 W/Assembly (continued)

NAC International

Minimum Initial

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 28U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 - - - - - - -
31<E<33 11.2 12.0 15.6 17.0 13.6 16.3 16.3

33<E<35 10.9 11.7 15.2 16.6 13.3 16.0 15.9
35<E<37 10.6 114 14.9 16.2 12.9 15.6 15.5
37<E<39 | 103 11.1 14.5 15.9 12.6 15.2 15.2
39<E<41 10.0 10.9 14.2 15.5 12.2 14.9 14.9
41<E<43 9.8 10.6 13.8 15.2 12.0 14.6 14.6
43<E<45 9.6 10.4 13.6 149 11.8 14.4 14.3
45<E<47 9.4 10.2 134 14.7 11.6 14.1 14.0
47<E<49 9.3 10.0 13.2 14.4 114 13.8 13.8

E>49 9.1 9.8 12.9 14.2 11.2 13.6 13.6

Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU

Assembly Avg. Minimum Cooling Time (years)
Enrichment | CE WE WE B&W CE WE B&W
wt% 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<3.1 - - - - - - -
31<E<33 1.9 12.8 16.6 18.0 145 17.3 17.3
33<E<35 11.6 124 16.2 17.6 14.0 16.9 16.9
35<E<37 1.3 12.0 15.8 17.2 13.7 16.6 16.5
37<E<39 11.0 11.8 15.5 16.8 134 16.2 16.2
39<E<41 10.7 1.5 15.1 16.5 131 15.9 15.8
41<E<43 10.4 11.3 14.8 16.2 12.8 15.6 15.5
43<E<45 10.2 1.1 14.5 15.9 12.5 15.3 15.2
45<E<47 10.0 10.9 14.2 15.6 12.3 15.0 15.0
47<E<49 98 10.6 14.0 154 12.0 14.8 14.7

E>49 9.6 10.4 13.8 15.1 119 14.5 14.5
5.8.9-37
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Table 5.8.9-4 Loading Table for PVWR Fuel - 922 W/Assembly (continued)

Minimum Initial 58 < Assembly Average Burnup < 59 GWd/MTU N—
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 28U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - -
27<E<29 - - - - - -

29<E<31 - - - - - . .
31<E<33 12.6 13.6 17.6 19.0 15.4 18.3 18.3

33<E<35 12.2 13.2 17.2 18.6 15.0 17.9 17.9
35<E<37 1.9 12.9 16.8 18.2 14.6 176 17.5
37<E<39 11.6 12.6 16.4 17.8 14.2 17.2 17.2
J9<E<41 113 12.2 16.0 17.5 13.9 16.9 16.8
41<E<43 1.1 12.0 15.7 17.2 13.6 16.5 16.5
43<E<45 10.8 1.7 15.4 16.9 13.3 16.2 16.2
45<E<47 10.6 11.5 15.2 16.6 131 15.9 15.9
47<E<49 104 1.3 14.9 16.3 12.8 15.7 15.6

E>49 10.2 1.1 14.6 16.1 12.6 15.4 15.4
Minimum Initial 59 < Assembly Average Burnup < 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W \/
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17 ~
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 - - - - - - .
31<E<33

33<E<35 13.0 14.0 18.1 19.6 159 | 185 18.5
35<E<37 | 126 13.7 17.7 19.2 155 | 18.1 18.0
37<E<39 | 123 13.4 17.4 18.9 15.1 17.7 17.7
39<E<41 12.0 131 17.0 18.5 148 17.4 17.3
41<E<43 | 117 12.7 16.6 18.1 | 144 17.0 17.0
43<E<45 | 115 12.4 16.3 17.9 14.1 16.7 16.7
45<E<47 | 1.2 12.2 16.0 17.5 13.9 16.4 16.4
47<E<49 | 110 11.9 15.8 17.3 13.6 16.1 16.1

E>49 10.8 11.8 15.5 17.1 134 15.9 15.8

NAC International 5.8.9-38 \.
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly
Minimum Initial 30 < Assembly Average Burnup < 32.5 GWd/MTU
Assembly Avg. : Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 28U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 48 4.9 5.6 5.7 5.2 5.6 5.6
23<E<25 4.7 4.8 5.5 5.7 5.2 5.6 56
25<E<27 47 4.8 5.4 5.6 51 5.5 5.5
27<E<29 4.6 4.7 5.4 55 5.0 5.5 5.5
29<E<31 4.6 4.7 53 55 5.0 54 5.4
31<E<33 4.5 4.6 5.3 54 5.0 5.3 53
33<E<35 4.5 4.6 5.2 5.4 4.9 5.3 5.3
35<E<37 | 45 4.5 5.1 5.3 4.9 5.2 5.2
37<E<39 4.4 4.5 5.1 53 4.8 5.2 5.2
39<E<41 44 | 45 5.0 5.2 4.8 52 5.1
41<E<43 4.4 4.4 5.0 5.2 4.8 5.1 5.1
43<E<45 4.3 4.4 5.0 5.1 4.8 5.1 5.1
45<E<47 4.3 44 5.0 5.1 4.7 5.0 5.0
47<E<49 4.3 4.4 49 5.1 4.7 5.0 5.0

E>49 4.3 4.3 4.9 5.0 4.7 5.0 5.0
b Minimum Initial 32.5 < Assembly Average Burnup < 35 GWd/MTU
i Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - -
23<E<25 52 5.3 6.0 6.3 5.7 6.1 6.1
25<E<27 | 51 52 6.0 6.2 5.7 6.0 6.0
27<E<29 5.0 52 59 6.1 5.6 6.0 6.0
29<E<3.1 5.0 5.1 5.9 6.0 5.5 59 5.9
31<E<33 49 5.0 58 6.0 55 59 59
33<E<35 49 50 58 5.9 54 58 58
35<E<37 49 49 57 59 5.4 5.8 5.8
37<E<39 48 49 57 58 |. 53 58 58
39<E<4.1 4.8 49 56 58 53 57 57
41<E<43 4.7 48 56 58 5.2 57 57
43<E<45 47 4.8 55 57 52 5.6 5.6
45<E<47 4.7 48 55 57 52 56 56
47<E<49 | 46 4.7 55 5.7 5.1 5.6 56
E>49 4.6 4.7 54 5.6 5.1 55 55

(" NAC International 5.8.9-39
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Table 5.8.9-5 Loading Table for PWR Fuel — 800 W/Assembly (continued)

Minimum Initial 35 < Assembly Average Burnup < 37.5 GWd/MTU

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - -
23<E<25 58 5.9 6.9 7.1 6.4 6.9 6.9
25<E<27 5.7 5.8 6.8 7.0 6.3 6.8 6.8
27<E<29 56 5.7 6.7 6.9 6.2 6.7 6.7
29<E<31 55 57 6.6 6.8 6.1 6.7 6.7
31<E<33 5.5 5.6 6.5 6.8 6.0 6.6 6.6
33<E<35 5.4 55 6.4 6.7 6.0 6.5 6.5
35<E<37 | 53 5.5 6.3 6.6 59 6.5 6.4
37<E<39 53 5.4 6.3 6.5 5.9 6.4 6.4
39<E<4.1 5.2 54 6.2 6.5 5.8 6.3 6.3
41<E<43 5.2 53 6.1 6.4 5.8 6.3 6.3
43<E<45 5.1 53 6.1 64 57 6.2 6.2
45<E<47 5.1 52 6.0 6.3 5.7 6.2 6.2
47<E<49 5.0 52 6.0 6.3 5.7 6.1 6.1

E>49 5.0 5.1 6.0 6.2 5.6 6.1 6.1
Minimum Initial 37.5 < Assembly Average Burnup < 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 | - . - . . : :

23<E<25 - - - - -
25<E<27 6.3 6.5 7.7 8.1 7.0 7.8 7.8

27<E<29 6.2 6.4 7.6 8.0 6.9 7.7 7.7
29<E<31 6.1 6.3 7.5 7.8 6.9 76 7.6
31<E<33 6.0 6.2 7.4 7.7 6.8 74 74
J3<E<35 5.9 6.1 7.2 7.6 6.7 7.3 7.3
35<E<37 59 6.0 7.1 1.5 6.6 7.3 7.2
37<E<39 5.8 6.0 7.1 1.4 6.5 12 7.1
39<E<41 5.8 59 7.0 74 6.5 7.1 7.1
41<E<43 5.7 5.9 6.9 7.3 6.4 7.0 7.0
43<E<45 5.7 5.8 6.9 72 6.4 7.0 7.0
45<E<47 5.6 58 | 68 7.1 6.3 6.9 6.9
47<E<49 5.6 5.7 6.8 7.1 6.3 6.9 6.9

E>49 5.5 5.7 6.7 7.0 6.2 6.8 6.8

NAC International 5.8.9-40
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Table 5.8.9-5 Loading Table for PWR Fuel — 800 W/Assembly (continued)

Minimum Initial

40 < Assembly Average Burnup < 41 GWd/MTU

Minimum Cooling Time (years)

Assembly Avg.
Enrichment CE WE WE B&W CE WE B&W
wt % 255U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 6.6 6.8 8.2 8.7 74 8.3 8.3
27<E<29 6.5 6.7 8.0 8.5 7.3 8.1 8.1
29<E<3.1 6.4 6.6 79 8.3 7.2 8.0 8.0
31<E<33 6.3 6.5 7.8 8.2 7.1 79 7.9
33<E<35 6.2 6.4 1.7 8.0 7.0 7.8 7.8
35<E<37 6.1 6.3 76 8.0 6.9 7.7 1.1
3.7<E<39 6.0 6.2 7.5 79 6.8 76 7.6
39<E<4.1 6.0 6.1 74 7.8 6.8 75 7.5
41<E<43 5.9 6.1 7.3 7.7 6.7 74 7.4
43<E<45 59 6.0 7.2 1.6 6.7 74 7.3
45<E<47 5.8 6.0 7.1 7.6 6.6 7.3 7.3
47<E<49 58 59 7.1 7.5 6.6 7.2 7.2

E>49 5.7 5.9 7.0 74 6.5 7.2 7.2

Minimum Initial 41 < Assembly Average Burnup < 42 GWd/MTU

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 6.9 71 8.7 9.3 7.8 8.8 8.8
27<E<29 6.8 7.0 8.6 9.0 7.7 8.6 8.6
29<E<31 6.7 6.9 8.4 8.9 7.6 8.5 8.5
31<E<33 6.6 6.8 8.2 8.7 75 8.3 8.3
33<E<35 6.5 6.7 8.1 8.6 7.3 8.2 82
35<E<37 6.4 6.6 8.0 8.5 7.2 8.1 8.1
3.7<E<39 6.3 6.5 79 8.3 7.1 8.0 8.0
39<E<4.1 6.2 6.5 7.8 8.2 7.1 79 79
41<E<43 6.1 6.4 7.7 8.1 7.0 7.8 7.8
43<E<45 6.1 6.3 76 8.0 6.9 7.8 7.7
45<E<47 6.0 6.3 7.6 8.0 6.9 7.7 7.7
47<E<49 6.0 6.2 7.5 7.9 6.8 76 7.6

E>49 5.9 6.1 74 7.8 6.8 76 7.6
5.8.9-41
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Table 5.8.9-5 Loading Table for PWR Fuel — 800 W/Assembly (continued)

Minimum Initial 42 < Assembly Average Burnup <43 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 35U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 | - . - - - - -

23<E<25 | - i ] ]
25<E<27 | 73 | 75 | 93 | 99 | 83 | 94 | 94

27<E<29 7.1 74 9.1 9.7 8.1 9.2 9.2
29<E<31 7.0 7.2 8.9 9.5 8.0 9.0 9.0
31<E<33 6.9 7.1 8.8 9.3 7.9 8.9 8.8
33<E<35 | 68 7.0 8.6 9.2 7.8 8.7 8.7
35<E<37 6.7 6.9 8.5 9.0 7.7 8.6 8.6
J7<E<39 6.6 6.8 8.4 8.9 7.6 8.5 8.5
39<E<4.1 6.5 6.8 8.2 8.8 7.5 8.4 8.4
41<E<43 6.5 6.7 8.1 8.7 74 | 83 8.3
43<E<45 6.4 6.6 8.0 8.6 7.3 8.2 8.2
45<E<47 6.3 6.6 8.0 8.5 7.2 8.1 8.1
47<E<49 6.2 6.5 79 8.4 7.2 8.0 8.0

E>49 6.2 6.4 7.8 8.3 7.1 8.0 8.0
Minimum Initial 43 < Assembly Average Burnup < 44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - -

23<E<25 - - - - - -
25<E<27 7.7 8.0 10.0 10.8 8.8 10.0 10.1

27<E<29 7.5 7.8 9.7 10.5 8.7 9.9 9.8
29<E<31 74 7.7 9.5 10.2 8.5 9.7 9.6
31<E<33 7.2 7.5 9.3 10.0 8.3 9.5 94
33<E<35 7.1 74 9.2 9.8 8.2 93 | 93
35<E<37 7.1 7.3 9.0 9.7 8.0 9.1 9.1
37<E<39 6.9 7.2 8.9 9.5 8.0 9.0 9.0
39<E<41 6.8 7.1 8.8 9.4 79 8.9 8.9
41<E<43 6.7 7.0 8.7 9.2 7.8 8.8 8.8
43<E<45 6.7 6.9 8.5 9.1 7.7 8.7 8.7
45<E<47 6.6 6.9 85 | 90 7.6 8.6 8.6
47<E<49 6.6 6.8 8.4 8.9 7.6 85 |. 85

E>49 6.5 6.8 8.3 8.9 7.5 8.5 8.4

NAC international 5.8.9.42
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44 < Assembly Average Burnup < 45 GWd/MTU

Table 5.8.9-5 Loading Table for PWR Fuel — 800 W/Assembly (continued)

NAC International

Minimum Initial

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 7.9 8.2 10.5 1.4 9.2 10.6 10.6
29<E<31 7.8 8.1 10.2 1.1 9.0 10.4 104
31<E<33 7.6 7.9 10.0 10.8 88 10.1 10.1
33<E<35 7.5 7.8 9.8 10.6 8.7 9.9 9.9
35<E<37 7.3 1.7 9.6 10.4 8.6 98 9.8
37<E<39 7.2 7.6 9.5 10.2 84 9.6 9.6
39<E<41 71 7.5 9.3 10.0 8.3 9.5 9.5

- 41<E<43 7.0 7.4 9.2 9.9 82 94 9.3
43<E<45 7.0 7.3 9.1 9.8 8.1 9.2 9.2
45<E<47 6.9 7.2 9.0 9.7 8.0 9.1 9.1
47<E<49 6.8 71 8.9 9.6 7.9 8.0 9.0

E>49 6.8 7.0 8.8 9.5 79 9.0 8.9
Minimum Initial 45 < Assembly Average Burnup < 46 GWd/MTU

Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 23U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 8.4 8.8 11.3 12.1 9.8 114 11.4
29<E<3.1 8.2 8.6 1.0 1.9 9.6 1.2 11.2
31<E<33 8.0 84 10.8 11.6 94 10.9 10.9
33<E<35 7.9 8.2 10.6 1.4 9.2 10.7 10.7
35<E<37 7.7 | 81 10.3 11.2 9.0 10.5 10.5
37<E<39 7.6 8.0 10.1 11.0 89 10.3 10.3
39<E<4.1 75 7.9 10.0 10.8 8.8 10.1 10.1
41<E<43 7.4 7.8 9.8 10.7 8.7 10.0 9.9
43<E<45 7.3 7.7 9.7 10.5 8.6 9.9 9.9
45<E<47 7.2 7.6 9.6 104 85 98 97
47<E<49 7.1 7.5 95 10.2 8.4 9.7 96

E>49 7.1 74 94 10.1 8.3 9.6 9.5
5.8.9-43
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Table 5.8.9-5 Loading Table for PWR Fuel — 800 W/Assembly (continued)

Minimum Initial 46 < Assembly Average Burnup < 47 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - -
23<E<25 - - - - - - -

25<E<27 - - - - - -
27<E<29 8.9 94 12.1 13.2 10.6 12.3 12.3

29<E<31 8.7 9.1 11.8 12.8 10.3 12.0 12.0
31<E<33 8.5 89 116 12.6 10.0 1.7 1.7
33<E<35 8.3 8.8 113 122 9.8 11.5 11.5
35<E<37 8.2 8.6 1.1 12.0 9.7 113 11.3
37<E<39 8.0 85 | 109 1.8 9.5 111 11.1
39<E<41 79 8.3 10.8 11.6 9.4 10.9 10.9
41<E<43 7.8 8.2 10.6 11.5 9.2 10.8 10.7
43<E<45 7.7 8.1 10.4 11.3 9.1 10.6 10.6
45<E<47 76 8.0 10.2 11.2 9.0 10.5 104
47<E<49 75 7.9 10.1 11.0 8.9 10.3 10.3

E>49 74 7.8 10.0 10.9 8.8 10.2 10.2
Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. : Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 9.5 10.0 13.1 14.2 114 13.3 13.2
29<E<31 9.2 9.8 12.7 13.8 111 12.9 12.9
31<E<33 9.0 9.5 124 13.5 10.8 12.6 12.6
33<E<35 8.8 9.3 12.1 13.2 10.6 124 12.3
35<E<37 8.6 9.1 119 13.0 10.4 12.0 12.1
37<E<39 8.5 9.0 1.7 12.7 10.1 11.9 11.9
3.9<E<41 8.3 8.8 11.5 12.5 10.0 1.7 11.7
41<E<43 8.2 8.7 113 12.3 9.8 11.5 11.5
43<E<45 8.1 8.6 11.2 121 9.7 1.4 11.4
45<E<47 8.0 8.5 11.0 119 9.6 1.3 11.2
47<E<49 7. 8.3 10.9 1.8 9.5 1.1 111

E>49 7.8 8.2 10.7 1.7 94 11.0 1.0

NAC International 5.8.9-44
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Table 5.8.9-5 Loading Table for PWR Fuel — 800 W/Assembly (continued)
48 < Assembly Average Burnup < 49 GWd/MTU

Minimum Initial
Assembly Avg. Minimum Cooling Time (years

Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 10.1 10.8 14.0 15.3 12.1 14.2 14.2
29<E<31 9.8 10.5 13.7 14.9 11.9 13.9 13.9
31<E<33 9.6 10.2 13.4 14.6 11.6 13.6 13.5
33<E<35 94 9.9 13.1 14.2 11.4 13.3 13.3
35<E<37 9.1 9.7 12.8 13.9 11.2 13.1 13.0
37<E<39 9.0 9.6 12.5 13.7 10.9 12.8 12.8
39<E<4.1 8.8 9.4 12.3 13.5 10.7 12.6 12.5
41<E<43 8.7 9.2 12.1 13.2 10.5 12.3 12.3
43<E<45 | - 86 9.1 1.9 13.0 10.4 12.1 121
45<E<47 8.5 8.9 11.8 12.9 10.2 12.0 12.0
47<E<49 8.4 8.8 1.6 12.7 10.0 11.8 11.8

E>4.9 8.2 8.7 11.5 12.5 9.9 1.7 1.7
Minimum Initial 49 < Assembly Average Burnup < 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 10.5 11.0 14.7 16.0 12.8 14.9 14.9
3.1<E<33 10.2 10.7 144 15.6 12.4 14.6 14.6
33<E<35 10.0 10.5 14.0 15.3 12.1 14.3 14.2
35<E<37 9.8 10.2 13.7 15.0 11.9 14.0 14.0
37<E<39 9.6 10.0 13.5 14.7 11.6 13.7 13.7
39<E<4.1 94 9.8 13.2 14.4 11.5 13.5 13.5
41<E<43 9.2 9.6 13.0 14.2 1.3 13.3 13.2
43<E<45 9.1 8.5 12.8 14.0 11.1 13.1 13.1
45<E<47 8.9 93 | 126 13.8 11.0 12.9 12.9
47<E<49 8.8 9.2 12.4 13.7 10.8 127 | 127

E>49 8.7 9.1 12.3 13.5 10.7 12.6 12.5

NAC International
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Table 5.8.9-5 Loading Table for PWR Fuel — 800 W/Assembly (continued)

Minimum Initial 50 < Assembly Average Burnup < 51 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)
Enrichment CE WE WE B&W CE WE B&W
wt % 35U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - . - - - - :
23<E<25 - . - - - : :
25<E<27 - - - - - - -

27<E<29 - - - - -
29<E<31 11.0 11.8 15.8 17.2 13.7 16.0 16.0

31<E<33 10.7 11.5 15.4 16.8 134 15.7 15.6
33<E<35 104 11.2 15.1 16.4 131 15.3 15.3
35<E<37 10.1 10.9 14.8 16.1 12.8 15.0 15.0
37<E<39 9.9 10.7 14.4 15.8 12.5 14.8 14.7
39<E<41 97 10.5 14.2 15.5 12.2 14.5 14.4
41<E<43 96 10.3 13.9 15.3 12.0 14.2 14.2
43<E<45 94 10.1 13.7 15.1 11.8 14.0 13.9
45<E<47 9.3 9.9 13.5 14.9 11.7 13.8 13.8

47<E<49 9.1 9.8 134 14.6 11.5 13.6 13.6
E>49 9.0 9.7 13.2 14.4 1.4 134 135
Minimum Initial 51 < Assembly Average Burnup < 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt % 25U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17

21<E<23 - - - - - .
23<E<25 - - - - - .
25<E<27 - - - - - - -

27<E<29 - - - - - - -
29<E<31 1.7 12.6 16.9 17.9 14.7 17.2 171

31<E<33 114 12.3 16.5 17.5 14.3 16.8 16.7
33<E<35 1.1 11.9 16.1 17.1 14.0 16.4 16.4
35<E<37 10.9 1.7 15.8 16.8 13.7 16.1 16.1
37<E<39 10.6 1.5 15.5 16.5 13.4 15.8 15.8
39<E<41 10.4 11.2 15.2 16.2 13.2 19.5 15.5
41<E<43 10.2 11.0 15.0 15.9 12.9 153 15.2
43<E<45 10.0 10.8 14.7 15.7 12.7 15.1 15.0
45<E<47 9.8 10.6 14.5 15.5 12.5 14.8 14.8
47<E<49 9.7 10.5 14.3 15.3 12.3 14.6 14.6

E>49 9.6 10.3 14.0 15.1 12.1 14.4 14.4

NAC International 5.8.9-46
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly (continued)
52 < Assembly Average Burnup < 53 GWd/MTU

. . cee oy |
Minimum Initial

Minimum Cooling Time (years)

NAC International

Assembly Avg.
Enrichment CE WE WE B&W CE WE B&W
wt % 235U (E) | 14x14 | 14x14 | 15x15 | 15x15 | 16x16 | 17x17 | 17x17
21<E<23 - - - - - - -
23<E<25 - - - - - - -
25<E<27 - - - - - - -
27<E<29 - - - - - - -
29<E<31 12.5 13.5 17.6 19.0 167 | 183 18.2
31<E<33 12.1 13.1 17.2 18.6 15.3 17.9 17.8
33<E<35 11.9 12.8 16.8 18.2 15.0 17.5 17.5
35<E<37 11.6 12.5 16.4 17.9 14.6 17.2 17.2
37<E<39 11.3 124 16.1 17.6 14.4 16.9 16.8
39<E<4.1 1.1 12.0 15.8 17.3 14.0 16.6 1