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MITSUBISHI HEAVY INDUSTRIES, LTD.

16-5, KONAN 2-CHOME, MINATO-KU

TOKYO, JAPAN

November 6, 2013

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Attention: Mr. Perry Buckberg

Docket No. 52-021
MHI Ref: UAP-HF-13263

Subject: MHI's Response to US-APWR DCD RAI No. 1054-7235 (SRP 09.01.02)

References: 1) "Request for Additional Information No. 1054-7235 Revision 0, SRP
Section: 09.01.02 - New and Spent Fuel Storage, Application Section:
9.1.2," dated October 3, 2013.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") the document entitled "Response to Request for Additional
Information No. 1054-7235".

Enclosed are the responses to 4 RAI questions (09.01.02-40, -41, -42, -43) contained within
Reference 1.

Please contact Mr. Joseph Tapia, General Manager of Licensing Department, Mitsubishi
Nuclear Energy Systems, Inc. if the NRC has questions concerning any aspect of the
submittal. His contact information is below.

Sincerely,

Yoshiki Ogata,
Executive Vice President
Mitsubishi Nuclear Energy Systems, Inc.
On behalf of Mitsubishi Heavy Industries, LTD.

Enclosure:

1. Response to Request for Additional Information No. 1054-7235



CC: P. Buckberg
J. Tapia

Contact Information
Joseph Tapia, General Manager of Licensing Department
Mitsubishi Nuclear Energy Systems, Inc.
11405 North Community House Road, Suite 300
Charlotte, NC 28277
E-mail: joseph tapia@mnes-us.com
Telephone: (704) 945 - 2710



Docket No.52-021
MHI Ref: UAP-HF-13263

Enclosure 1

UAP-HF-1 3263
Docket Number 52-021

Response to Request for Additional Information No. 1054-7235

November 2013



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

11/06/2013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 1054-7235

SRP SECTION: 09.01.02 - New and Spent Fuel Storage

APPLICATION SECTION: 9.1.2

DATE OF RAI ISSUE: 10/03/2013

QUESTION NO.: 09.01.02-40:

In its response to RAI 7098, Question No. 09.01.02-33, the applicant stated that, "There
is no need to consider the case of all racks completely empty since there is no risk of
fuel damage or a criticality accident without any fuel in the spent fuel pool."
The staff requests that the applicant includes the case of all racks being completely
empty in its analysis and demonstrate that the racks and liner of the spent fuel pool
would not be damaged due to the impact.

ANSWER:

While it is true that the frictional force will be lower on the empty racks, it should also be
noted that the inertial force acting on the racks will also be lower during a seismic event due
to their reduced mass. The fluid coupling effect on the rack, which resists sliding, will remain
the same since the rack dimensions remain constant. Therefore, since the friction force and
inertial force are both reduced commensurate with the reduction in mass, while the fluid
coupling effect is unchanged, the empty racks are expected to undergo less sliding and
produced significantly lower pedestal loads as compared to the fully loaded racks. In the
result of MUAP-07033-P Rev.0, no rack to pool wall impacts occurred in the case of fully
loaded racks. Thus, it is expected that there is no impact between rack to pool wall in the
case of all racks being completely empty.

Additionally, Holtec has performed runs with empty racks in previous applications and it has
been shown that the results for the fully loaded racks are governing. Clinton submittal
(USNRC Docket No. 50-275, 50-323) is one such example.

Impact on DCD

There is no impact on the DCD.

Impact on R-COLA

There is no impact on the R-COLA.

Impact on PRA

There is no impact on the PRA.

Impact on Topical Report / Technical Report

There is no impact on the Topical Report / Technical Report.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

11/06/2013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 1054-7235

SRP SECTION: 09.01.02 - New and Spent Fuel Storage

APPLICATION SECTION: 9.1.2

DATE OF RAI ISSUE: 1010312013

QUESTION NO.: 09.01.02-41:

In its response to RAI 7098, Question 09.01.02-34, the applicant stated that "the
coefficient of friction (COF) values are randomly assigned to each support pedestal
based on a Gaussian distribution having a mean value of 0.5 and upper and lower
bound limits of 0.8 and 0.2, respectively."
It is possible that the upper and lower bound limits of 0.2 and 0.8 can be assigned to two
adjacent pedestals; however, this approach may not be realistic. A single value of COF
should be used for every pedestal in one run and its value should be changed in the next
run. Several runs need to be performed to identify the trend.
The applicant is requested to provide the actual value of coefficient of friction (COF)
used in its analyses.

ANSWER:

The Random COF (Gaussian Distribution) is based on the test data published by E.
Rabinowicz [1], which has been cited in numerous spent fuel rack licensing applications.

These tests were performed at MIT involving stainless steel in a wet environment which are
consistent with the condition of actual spent fuel storage racks at NPP. Therefore, the test
results would be applicable to the actual rack design.

Specifically, the COF values for each pedestal used in the actual calculation in MUAP-
07033-P Rev.0 are shown in the following table.

(There are 6 racks in the SFP and each rack has 5 pedestals. Since each pedestal has two
friction springs associated with it, there are 60 COF values associated with each run. So, the
following table shows 60 COF values in a representative run in the actual analysis.)

Rack No. COF Values
Rack 1 (0454, 0.481), (0.587, 0.350), (0.522, 0.571), (0.510, 0.568), (0.733, 0.405)
Rack 2 (0524, 0.655), (0.476, 0.693), (0.598, 0.741), (0.562, 0.524), (0.421, 0.440)
Rack 3 (0590, 0.472), (0.505, 0.414), (0.520, 0.567), (0.544, 0.362), (0.594, 0.319)
Rack4 (0511, 0.426), (0.388, 0.378), (0.541, 0.725), (0.519, 0.524), (0.544, 0.511)
Rack 5 (0382, 0.452), (0.487, 0.442), (0.529, 0.543), (0.615, 0.520), (0.664, 0.210)
Rack 6 (0593, 0.581), (0.769, 0.555), (0.417, 0.454), (0.533, 0.405), (0.588, 0.510)
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This method has been approved by the NRC in previous applications. (Palisades, NRC
Docket No. 50-255).

However, the sensitivity runs with the upper and lower bound limits of 0.2 and 0.8 will be
performed as part of a future revision of MUAP-07033-P. The sensitivity runs will not be
included in the previously scheduled December 2013 revision of MUAP-07033-P.

References:

[1] Rabinowicz, E., "Friction Coefficients of Water Lubricated Stainless Steels for a Spent
Fuel Rack Facility," MIT, a report for Boston Edison Company, 1976.

Impact on DCD

There is no impact on the DCD.

Impact on R-COLA

There is no impact on the R-COLA.

Impact on PRA

There is no impact on the PRA.

Impact on Topical Report I Technical Report

The sensitivity runs with the upper and lower bound limits of 0.2 and 0.8 will be performed
and the results will be documented as part of a future revision of MUAP-07033-P.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

11106/2013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 1054-7235

SRP SECTION: 09.01.02 - New and Spent Fuel Storage

APPLICATION SECTION: 9.1.2

DATE OF RAI ISSUE: 10103/2013

QUESTION NO.: 09.01.02-42:

In its response to RAI 7098, Question 09.01.02-36, the applicant indicated that the
average impact load for a single cell, assuming that all cells are moving in-phase, is
taken to be the impact force for adjacent cells moving out-of-phase. The applicant's
explanation for calculating the weld stresses is not clear to the staff.
The applicant is requested to provide further explanation as to why an out-of-phase force
can be conservatively estimated by an in-phase force.

ANSWER:

The global dynamic response of the rack (i.e., rack displacements, pedestal loads) due to
seismic loading is maximized if the stored fuel assemblies are assumed to rattle in unison.
This is because the momentum transfer between the fuel assemblies and the spent fuel rack
is maximized. This conservative modeling assumption has been used by Holtec in the
WPMR analysis and accepted by the NRC on numerous rack licensing applications over the
past 20 years.

Out-of-phase fuel motion, however, is considered when evaluating the stress in the tie bar
welds (see Figure 1) using strength of materials. "Out-of-phase" means that the two fuel
assemblies in neighboring cells are moving in opposite directions, and they simultaneously
impact the cell walls with the same force. This scenario maximizes the tensile load on the tie
bar. As a conclusion, the maximum fuel-to-cell impact loads are used in this local stress
evaluation.

Tie Bar

Figure 1 Tie Bar
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Impact on DCD

There is no impact on the DCD.

Impact on R-COLA

There is no impact on the R-COLA.

Impact on PRA

There is no impact on the PRA.

Impact on Topical Report / Technical Report

There is no impact on the Topical Report / Technical Report.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

11/06/2013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 1054-7235

SRP SECTION: 09.01.02 - New and Spent Fuel Storage

APPLICATION SECTION: 9.1.2

DATE OF RAI ISSUE: 10/03/2013

QUESTION NO.: 09.01.02-43:

In its response to RAI 7098, Question 09.01.02-37, the applicant stated that, "The zero
period acceleration (ZPA) for the vertical earthquake direction in the current technical
report MUAP-07033-P (RO) is less than 1-g. Therefore, the stored fuel assemblies will
not separate from the base plate during a seismic event."
The staff considers this statement to be correct only if the fuel rack responds as a rigid
body in the vertical direction.
The applicant is requested to show that the fundamental frequency of the fuel rack in the
vertical direction is above the frequency where the spectral acceleration returns to the
ZPA to justify the use of the ZPA for the vertical earthquake response; provide the
information for the fundamental frequency of the fuel rack in the vertical direction; and
the design response spectrum for the vertical motion.

ANSWER:

In order to determine the vertical response frequency of the stored fuel assemblies that rest
on the spent fuel rack baseplate, a 3-D finite element model of the rack was created using
ANSYS. A representative 12X12 SFR rack with 5 pedestals (four at each corner and one at
the center) is used in this analysis. Figure 2 shows a plot of the finite element model. A
10,000 lbf force is applied to the SFR baseplate at an interior cell location as shown in
Figure 2 (loaded area is shown in red). For conservative purposes, the central pedestal is
ignored in the model. By dividing the applied force by the maximum local displacement, the
stiffness of the SFR baseplate was determined. Then, using the calculated stiffness and the
mass of a stored fuel assembly, the vertical response frequency of the stored fuel
assemblies was determined be about 100 Hz which is clearly greater than the frequency
where the acceleration returns to the ZPA (50 Hz).

f "= -• ;

Where, F = Applied Force

6 = Maximum Local Displacement in the Z-Direction (Vertical)

K = F•6, Stiffness of the SFR Baseplate

m = Mass of a single fuel assembly
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f = Vertical Response Frequency

Figure 3 shows a contour plot of the vertical (z-direction) displacement of the SFR baseplate
under the applied pressure load.

As described in the response to RAI 1032-7098 Question No.09.01.2-30, the current target
spectrum in MUAP-07033-P (RO) did not take into consideration the soil-structure-interaction
effect. So, the revised design response spectrum for the vertical motion will be provided
in the previously scheduled December 2013 revision of MUAP-07033-P.
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Figure 2: ANSYS Model of Spent Fuel Rack
(applied pressure shown in red)
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Figure 3 : Vertical Displacement of SFR Baseplate Under Applied Pressure Load

Impact on DCD

There is no impact on the DCD.

Impact on R-COLA

There is no impact on the R-COLA.

Impact on PRA

There is no impact on the PRA.

Impact on Topical Report / Technical Report

The design response spectrum for the vertical motion will be provided in the previously
scheduled December 2013 revision of MUAP-07033-P.
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