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U.S. Nuclear Regulatory Commission
ATTENTION: Document Control Desk
Washington, D.C. 20555
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Direct fax:
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Your ref: Docket No. 52-006
Our ref: DCP/NRC2432

April 14, 2009

Subject: AP1000 Response to Request for Additional Information (SRP 9)

Westinghouse is submitting a response to the NRC request for additional information (RAI) on SRP
Section 9. This RAI response is submitted in support of the AP1000 Design Certification.Amendment
Application (Docket No. 52-006). The information included in this response is generic and is expected to
apply to all COL applications referencing the AP1000 Design Certification and the AP1000 Design
Certification Amendment Application.

Enclosure 1 provides the response for the following RAI(s):

RAI-SRP 9.1.2-SEB 1-03
RAI-SRP 9.1.2-SEB1-07

Questions or requests for additional information related to the content and preparation of this response
should be directed to Westinghouse. Please send copies of such questions or requests to the prospective
applicants for combined licenses referencing the AP1000 Design Certification. A representative for each
applicant is included on the cc: list of this letter.

Very truly yours,

Robert Sisk, Manager
Licensing and Customer Interface
Regulatory Affairs and Standardization
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional lnformation (RAG)

RAI Response Number: RAI-SRP 9.1.2-SEB1-03
Revision: 0

Question:

Section 2.8.4.1 "Cell Wall Buckling Evaluation" was revised in TR 44 Rev. 1. A different
buckling equation and different boundary conditions are indicated. The rectangular flat plate
model representing the lower cell wall region is now assumed to be clamped on all 4 edges,
Considering that only 1 edge can truly be treated as clamped, and the other 3 edges can rotate
somewhat due to the flexibility of the adjacent sections, the staff requests Westinghouse to
provide the technical basis for changing the boundary conditions to clamped on all 4 edges.
Also, identify the minimum acceptable factor of safety and the technical basis for its selection.

The staff notes that for K = 7.23, the revised Ocr should be 15,600 psi, not 13,100 psi. Also,
there is a typographical error: "31,100" should have been "13,100." The staff requests
Westinghouse to correct the text of Section 2.8.4.1 accordingly.

The staff also requests Westinghouse to identify the factor of safety based on the Rev. 0
estimate of Ocr = 7,090 psi.

Westinghouse Response:

1) Explain why the buckling equation and boundary conditions changed:

The change was made because the buckling equation and boundary conditions used in
TR44 Rev. 0 were overly conservative. In the previous equation, the factor P3 was set
equal to 4.0, which applies to simply supported rectangular plates whose length is 3
times greater than its width. Although the cell length is more than 3 times the cell width,
the compressive load is not uniform over the entire length of the cell. The maximum
compressive stress occurs at the very base of the cell wall where the maximum bending
moment occurs. Moreover, approximately 6" above the rack base plate, the cell wall is
reinforced by the 0.075" thick boundary sheathing, which is welded in place. For these
reasons, the buckling capacity of the perimeter cell wall was recalculated in TR-44 Rev.
1 for the lowermost 6" of the cell wall (below the boundary sheathing).

The boundary conditions for the cell wall section were also changed in TR44 Rev. 1 from
simply supported on all 4 sides to clamped on all 4 sides since the adjacent sections
restrict the rotation of the cell wall along its boundary edges. The reality is that the
boundary conditions for the cell wall lie somewhere between simply supported and
clamped.

Considering the average of these boundary conditions results in the following changes to
Section 2.8.4 of TR-44:

RAI-SRP9.1.2-SEB1-03
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAG)

2.8.4. Local Stress Considerations

This subsection presents evaluations for the possibility of cell wall buckling and the
-secondary stresses produced by temperature effects.

The allowable local buckling stresses in the fuel rack cell walls (from vertical loading) are
obtained by using classical plate buckling analysis on the lower portion of the cell walls.
The following formula for the critical stress has been used:

F t 2
Kr E

_-V2 b)

Where E = 27.9 x 106 psi, i is Poison's ratio = 0.3, t = 0.075", b = 8.8". The K factor
varies depending on the plate length/width ratio and the boundary support conditions at
the sides of the plate. At the base of the rack, the cell wall acts alone in compression for
a length of about 6 inches up to the point where the poison sheathing is attached.
Above this level, the sheathing provides additional strength against buckling, which is
not considered here. Therefore, the length/width ratio for the 8.8" wide cell wall is taken
as 0.68. Per Table 35 of Reference 16, the value of K is taken as 5.81, which is the
average value for all sides simply supported and all sides clamped.

For the given data (Ycr < 12,939 psi

It is conservative to apply the above equation to the rack cell wall if 0 cr is compared with
the maximum compressive stress anywhere in the cell wall. This local buckling stress
limit is not violated anywhere in the body of the rack modules since the maximum
compressive stress in the outermost cell is a = (1.2)(25,000) * R6 (which is 0.308) =
9,240 psi, which is less than 12,939 psi. Therefore, rack cell wall buckling is not a
concern.

Since the new fuel does not provide any heat output, differential movement between the
AP1000 New Fuel Storage Rack and the surrounding vault occurs solely from the
difference in thermal expansion coefficients.

2) Identify the minimum acceptable safety factor:

The AP1 000 new fuel rack is analyzed in accordance with the NRC Guidance document
entitled "Review and Acceptance of Spent Fuel Storage and Handling Applications"
(dated April 14, 1978 with January 18, 1979 amendment thereto). Accordingly, the rack
cellular structure is treated as a multi-flange beam, whose area and moment of inertia
properties are equal to that of the gross cellular cross section, and it is subject to the

RAI-SRP9.1.2-SEB1-03
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Gnformation (RAI)

requirements of ASME Subsection NF for Class 3 components. Strictly speaking, the
above referenced NRC document does not require a local buckling evaluation of a
perimeter cell wall near the base of the rack, so there is no specific minimum acceptable
safety factor. However, for defense in depth, a local cell wall buckling evaluation has
been performed and documented in TR-44 Rev. 1. For this local buckling evaluation,
the cell wall is considered as a thin plate structure, rather than a beam type member,
and the critical buckling load is calculated based on the buckling solutions for a
rectangular plate given in Roark's Formulas for Stress & Strain (6th Edition). The fuel
rack design is acceptable if the maximum compressive stress in the cell wall is less than
the critical buckling stress (SF > 1.0).

3) Correct 0 cr errors:

Agreed; Ocr should have been 15,600 psi, not 13,100 psi, and "31,100" should have been
"13,100", but should also have been changed to 15,600 to reflect the corrected Gcr value.

However, with the response to item 1 above, 0 cr should be reported as 12,939 psi in both

places.

4) Identify the factor of safety based on the Rev. 0 estimate of acr = 7,090 psi:

Based on the Rev. 0 estimate of acr = 7,090 psi, which conservatively assumes that all
sides are simply supported and the length/width ratio is greater than 3.0, and the
recalculated results from item 1 above, the safety factor is less than one (SF = 7,090 psi
/ 9,240 psi = 0.77).

However, as explained in the response to item 1, the equation and boundary conditions
used in Rev. 0 were overly conservative.

Note: This RAI and response is similar to RAI-SRP9.1.2-SEB1-07, which applies to the spent
fuel racks.

Reference(s):
1) NRC Guidance document "OT Position for Review and Acceptance of Spent Fuel

Storage and Handling Applications", dated April 14, 1978 with January 18, 1979
amendment.

2) "Roark's Formulas for Stress and Strain", 6th Edition, Warren C. Young, 1989.

Design Control Document (DCD) Revision:
None.

RAI-SRP9.1.2-SEB1-03
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

PRA Revision:
None.

Technical Report (TR) Revision:
The changes to Section 2.8.4 indicated above in response to item 1 should be made to TR-44
however, these changes do not necessitate a subsequent submittal of TR-44 to the NRC for
review as the detailed information is provided in this RAI response.

( Westinghouse
RAI-SRP9.1.2-SEB1-03

Page 4 of 4



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRO 9.1.2-SEBl-07
Revision: 0

Question:

Section 2.8.4.1 "Cell Wall Buckling Evaluation" was revised in TR 54 Rev. 2. A different buckling
equation and different boundary conditions are indicated. The rectangular flat plate model
representing the lower cell wall region i's now assumed to be clamped on all 4 edges. Even with
the assumption of clamped on all 4 edges, a very small safety margin against buckling is
indicated in Rev. 2.

Considering that only 1 edge can truly be treated as clamped, and the other 3 edges can, rotate
somewhat due to the flexibility of the adjacent sections, the staff requests Westinghouse to
provide the technical basis for changing the boundary conditions to clamped on all 4 edges.
Also, identify the minimum acceptable factor of safety and the technical basis for its selection.

Westinghouse Response:

1) Provide technical basis for changing the buckling equation and boundary conditions:

The change was made because the buckling equation and boundary conditions used in
TR54 Rev. 1 were overly conservative. In the previous equation, the factor P was set
equal to 4.0, which applies to simply supported rectangular plates whose length is 3
times greater than its width. Although the cell length is more than 3 times the cell width,
the compressive load is riot uniform over the entire length of the cell. The maximum
compressive stress occurs at the very base of the cell wall where the maximum bending
moment occurs. Moreover, approximately 6" above the rack base plate, the cell Wall is
reinforced by the 0.075" thick boundary sheathing, which is welded in place. For these
reasons, the buckling capacity of the perimeter cell wall was recalculated in TR-54 Rev.
2 for the lowermost 6" of the cell wall (below the boundary sheathing).

The boundary conditions for the cell wall section were also changed in TR54 Rev.. 2 from
simply supported on all 4 sides to clamped on all 4 sides since the adjacent sections
restrict the rotation of the cell wall along its boundary edges. The reality is that the
boundary conditions for the cell wall. lie somewhere between simply supported and
clamped.

Considering the average of these boundary conditions results in the following changes to
Section 2.8.4.1 of TR-54:

RAI-SRP9.1.2-SE131-07
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

2.8.4.1 Cell Wall Buckling Evaluation

The allowable local buckling stresses in the fuel rack cell walls (from vertical loading) are
obtained by using classical plate buckling analysis on the lower portion of the cell walls.
The following formula for the critical stress has been used:

ar=K . .(t)
_-V2 b)

Where E = 27.6 x 106 psi, u is Poison's ratio = 0.3, t = 0.075", b = 8.8". The K factor
varies depending on the plate length/width ratio and the boundary support conditions at
the sides of the plate. At the base of the rack, the cell wall acts alone in compressionfor
a length of about 6 inches up to the point where the poison sheathing is attached.
Above this level, the sheathing provides additional strength against buckling, which is
not considered here. Therefore, the length/width ratio for the 8.8" wide cell wall is taken
as 0.68. Per Table 35 of Reference 25, the value of K is taken as 5.81, which is the
average value for all sides simply supported and all sides clamped.

For the given data Ucr < 12,800 psi

It is conservative to apply the above equation to the rack cell wall if ocr is compared with
the maximum compressive stress anywhere in the cell wall. This local buckling stress
limit is not violated anywhere in the body of the rack modules since the maximum
compressive stress in the outermost cell is a = (1.2)(21,300) * R6 (which is 0.499) =
12,754 psi, which is less than 12,800 psi. Therefore, rack cell wall buckling is not a
concern.

2) Identify the minimum acceptable safety factor:

The AP1 000 spent fuel racks are analyzed in accordance with the NRC Guidance
document entitled "Review and Acceptance of Spent Fuel Storage and Handling
Applications" (dated April 14, 1978 with January 18, 1979 amendment thereto).
Accordingly, the rack cellular structure is treated as a multi-flange beam, whose area
and moment of inertia properties are equal to that of the gross cellular cross section, and
it is subject to the requirements of ASME Subsection NF for Class 3 components.
Strictly speaking, the above referenced NRC document does not require a local buckling
evaluation of a perimeter cell wall near the base of the rack, so there is no specific
minimum acceptable safety factor. However, for defense in depth, a local cell wall
buckling evaluation has been performed and documented in TR-54 Rev. 2. For this local
buckling evaluation, the cell wall is considered as a thin plate structure, rather than a
beam type member, and the critical buckling load is calculated based on the buckling
solutions for a.rectangular plate given in Roark's Formulas for Stress & Strain (6th

RAI-SRP9.1.2-SEB1-07
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Edition). The fuel rack design is acceptable if the maximum compressive stress in the
cell wall is less than the critical buckling stress (SF > 1.0).

Note: This RAI and response is similar to RAI-SRP9.1.2-SEB1-03, which applies to the new fuel
rack.

Reference(s):
1) NRC Guidance document "OT Position for Review and Acceptance of Spent Fuel

Storage and Handling Applications", dated April 14, 1978 with January 18, 1979
amendment.

2) "Roark's Formulas for Stress and Strain," 6 th Edition, Warren C. Young, 1989.

Design Control Document (DCD) Revision:
None.

PRA Revision:
None.

Technical Report (TR) Revision:
The changes to Section 2.8.4.1 indicated above in response to item 1 should be made to TR-54;
however, these changes do not necessitate a subsequent submittal of TR-54 to the NRC for
review as the detailed information is provided in this RAI response.

OWestinghouse
RAI-SRP9.1.2-SEB1-07
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