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February 24, 2012

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

Attention: Mr. Jeffrey A. Ciocco

Docket No. 52-021
MHI Ref: UAP-HF-12050

Subject: MHI's Responses to US-APWR DCD RAI No. 886-6202 REVISION 3 (SRP
03.07.01)

Reference: 1) "Request for Additional Information No. 886-6202 Revision 3, SRP Section:
03.07.01 - Seismic Design Parameters," dated January 10, 2012.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document entitled "Responses to Request for Additional
Information No. 886-6202 Revision 3"

Enclosed is the response to the RAI contained within Reference 1.

As indicated in the enclosed materials, this document contains information that MHI considers
proprietary, and therefore should be withheld from public disclosure pursuant to 10 C.F.R. §
2.390 (a)(4) as trade secrets and commercial or financial information which is privileged or
confidential. A non-proprietary version of the document is also being submitted with the
information identified as proprietary redacted and replaced by the designation "[ ]".

This letter includes a copy of the proprietary version (Enclosure 2), additional proprietary
supporting documentation on CD1 (Enclosure 4), a copy of the non-proprietary version
(Enclosure 3), and the Affidavit of Yoshiki Ogata (Enclosure 1) which identifies the reasons
MHI respectfully requests that all materials designated as "Proprietary" in Enclosure 2 and 4
be withheld from public disclosure pursuant to 10 C.F.R. § 2.390 (a)(4).

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

Sincerely,

Yoshiki Ogata,
Director-APWR Promoting Department
Mitsubishi Heavy Industries, LTD.



Enclosures:

1. Affidavit of Yoshiki Ogata

2. Responses to Request for Additional Information No. 886-6202 REVISION 3 (Proprietary
version)

3. Responses to Request for Additional Information No. 886-6202 REVISION 3
(Non-proprietary version)

4. CD1: The digitized Northridge Mt Baldy seeds and synthetic time histories, and Power
spectral densities (PSDs) of the synthetic time histories and the horizontal target PSD.

- Version containing Proprietary information

The files contained in the CDs are listed in Attachment 1

CC: J. A. Ciocco
J. Tapia

Contact Information
Joseph Tapia, General Manager of Licensing Department
Mitsubishi Nuclear Energy Systems, Inc.
1001 19th'Street North, Suite 710
Arlington, VA 22209
E-mail: joseph-tapia@mnes-us.com
Telephone: (703) 908 - 8055
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MITSUBISHI HEAVY INDUSTRIES, LTD.

AFFIDAVIT

I, Yoshiki Ogata, state as follows:

1. I am Director, APWR Promoting Department, of Mitsubishi Heavy Industries, LTD ("MHI"),
and have been delegated the function of reviewing MHI's US-APWR documentation to
determine whether it contains information that should be withheld from public disclosure
pursuant to 10 C.F.R. § 2.390 (a)(4) as trade secrets and commercial or financial
information which is privileged or confidential.

2. In accordance with my responsibilities, I have reviewed the enclosed document entitled
Responses to Request for Additional Information No. 886-6202 REVISION 3 and the
enclosed CD, all dated February 2012, and have determined that portions of the
document contain proprietary information that should be withheld from public disclosure.
Those pages containing proprietary information are identified with the label "Proprietary"
on the top of the page and the proprietary information has been bracketed with an open
and closed bracket as shown here "[ ]". The first page of the document indicates that
all information identified as "Proprietary" should be withheld from public disclosure
pursuant to 10 C.F.R. § 2.390 (a)(4).

3. The information identified as proprietary in the enclosed document has in the past been,
and will continue to be, held in confidence by MHI and its disclosure outside the company
is limited to regulatory bodies, customers and potential customers, and their agents,
suppliers, and licensees, and others with a legitimate need for the information, and is
always subject to suitable measures to protect it from unauthorized use or disclosure.

4. The basis for holding the referenced information confidential is that it describes the
unique design information and analysis of Seismic Design, developed by MHI and not
used in the exact form by any of MHI's competitors. This information was developed at
significant cost to MHI, since it required the performance of Research and Development
and detailed design for its software and hardware extending over several years.

5. The referenced information is being furnished to the Nuclear Regulatory Commission
("NRC") in confidence and solely for the purpose of information to the NRC staff.

6. The referenced information is not available in public sources and could not be gathered
readily from other publicly available information. Other than through the provisions in
paragraph 3 above, MHI knows of no way the information could be lawfully acquired by
organizations or individuals outside of MHI.

7. Public disclosure of the referenced information would assist competitors of MHI in their
design of new nuclear power plants without incurring the costs or risks associated with
the design of the subject systems. Therefore, disclosure of the information contained in



the referenced document would have the following negative impacts on the competitive
position of MHI in the U.S. nuclear plant market:

A. Loss of competitive advantage due to the costs associated with development of
the US-APWR Seismic Design. Providing public access to such information
permits competitors to duplicate or mimic the Seismic Design information without
incurring the associated costs.

B. Loss of competitive advantage of the US-APWR created by benefits of enhanced
US-APWR Seismic Design development costs associated with the Seismic
Stability Design.

I declare under penalty of perjury that the foregoing affidavit and the matters stated therein
are true and correct to the best of my knowledge, information and belief.

Executed on this 24th day of February, 2012.

Yoshiki Ogata,
Director-APWR Promoting Department
Mitsubishi Heavy Industries, LTD.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

0212412012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 886-6202 REVISION 3

SRP SECTION: 03.07.01 - Seismic Design Parameters

APPLICATION SECTION: 3.7.1

DATE OF RAI ISSUE: 1/1012012

QUESTION NO. RAI 03.07.01-33:

In October 2011, Mitsubishi Heavy Industries (MHI) submitted a revised report describing the
supporting technical bases for US-APWR DCD Sections 3.7.1 and 3.7.2. This revised technical
report, titled MUAP-10001-P, "Seismic Design Bases of the USAPWR Standard Plant," Revision
4, states that seed motion corresponding to the Mt. Baldy, CA, recording of the January 14, 1994,
Northridge earthquake was replaced with the Site 3 recording of the December 23, 1985,
Nahanni, Canada earthquake. During a November 7, 2011 public meeting on this topic
[ML113186257], MHI stated that the use of the Northridge seed motion resulted in unrealistic
building base shear and overturning moment response, adversely affecting sliding stability and
soil bearing pressures. MHI stated that the Northridge time history set was replaced on the basis
that there were high demands caused by coherent peak accelerations (i.e., maximum
acceleration demands in three directions occurring at the same time). MHI results, presented at
the meeting, indicated that the use of the Nahanni seed motions reduced bearing pressure
demands by as much as 50 percent.

The staff notes that coherent seed motion is plausible based on historic earthquake event
recordings, and it is realistic to expect that design time histories (developed from such seeds)
may have time intervals where maximum response occurs in several directions simultaneously.
The SRP does not address reducing seismic demands using an alternative seed motion, when
developirng a single set of design time histories (Option 1). However, the SRP does recognize that
some applications may need to use multiple sets of time histories (based on multiple seed
motions) to better represent a broad banded design response spectra such as a RG 1.60 based
CSDRS. SRP Section 3.7.1.11.1 B, Option 2, discusses acceptance criteria for the use of multiple
sets of time histories.

Based on the above, the staff finds that the MHI approach for developing design time histories is
not in accordance with SRP guidance; the staff requests additional information to assess whether
the applicant is satisfying NRC regulations (Appendix A to 10 CFR Part 50). To address this issue,
the staff requests MHI to justify the adequacy of the current set of design time histories based on
the Nahanni seed records, and demonstrate that the seismic demands yield results comparable
to an approach that uses multiple set of time histories. Specifically, the staff requests MHI to:

(a) Provide five sets of individual time histories that are developed from separate seed
motions and are considered appropriate for use in computing ISRS needed for
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design evaluation. Included in the five time history sets should be sets developed
from the Northridge and Nahanni seed motions.

(b) Explain how the selected sets of time histories satisfy SRP Subsection 3.7.1.11.1B
(Option 2) guidelines.

(c) Provide the technical basis for concluding that the selected seed motions possess
spectral shapes that are appropriate for fitting to the CSDRS.

(d) Provide response spectra and corresponding PSD functions for both the seed motion
and the synthetic time histories developed to match the CSDRS spectra, for all five
time history sets.

(e) Compare ISRS at the key nuclear island locations that are currently used for
comparing two sets of results, for two seismic analysis cases:

Case 1 - based on the single set of time histories (Nahanni seed motions), and

Case 2 - based on the mean of the five sets of time histories selected in (a).

Assess the significance of any differences in results for the US-APWR design.

ANSWER:

In lieu of further evaluation of the time histories based on the Nahanni seed records, MHI
has decided to reinstate the Northridge Mt Baldy set of design time histories previously
described in Revision 3 of Technical Report MUAP-10001 with the supporting evaluations.
As described in Revision 3 of MUAP-10001 the time histories developed from the Northridge
seeds are compliant with the requirements of NUREG 0800, Section 3.7.1.11.1B, Option 1,
Approach 2.

The digitized Northridge Mt Baldy seeds and synthetic time histories (compatible with
CSDRS) are provided on the attached CD ROM ("Northridge TH Seeds (11.0-33.09s).xls"
and "Northridge TH matching CSDRS.xls"). Power spectral densities (PSDs) of the synthetic
time histories and the horizontal target PSD are included in the CD ROM as well ("PSD of
Northridge Time Histories.xls" and "80% Horizontal Target PSD.xls").

A comparison of the Northridge Mt Baldy based time histories to the Nahanni based time
histories follows:

CSDRS Response Spectra Match

Figures 1, 2 and 3, show the response spectra based on the Northridge and Nahanni seeds
in the three directions along with the target CSDRS. These Figures show that the response
spectra from the Northridge seeds are generally conservative relative to those from the
Nahanni seeds.
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Power Spectral Densities for Northridge Time Histories

Figures 4, 5 and 6, show the smoothed (± 20%) PSDs of the Northridge seeded time histories
compatible with the CSDRS in each of the three directions. The horizontal target PSD
presented in Figures 4 and 5 is based on NUREG-0800 SRP 3.7.1 Appendix A, Equation (2)
which is for the Regulatory Guide 1.60 horizontal spectrum. No vertical target PSD is
provided in the NUREG document. The target PSD below 0.3 Hz or above 24 Hz is not
shown since power in these frequency ranges is inconsequential. The plots demonstrate that
the time history PSD of H1(180) is always above the 80% target PSD. Although the time
history PSD of H2(090) is below the 80% target PSD at frequency band of 0.35 Hz to 0.55 Hz,
it is structurally inconsequential since major responses are significantly above this frequency
range, as shown in the ISRS plots (Figures 7 to 18).
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Figure 1 - Component X - North South Spectra
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Northrldge Mt Baldy and Nahanni Seeds Horizontal Spectra - Component Y
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Figure 2 - Component Y - East West Spectra

Northridge Mt Baldy and Nahanni Seeds Vertical Spectra -Component Z
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Figure 3 - Component Z - Vertical Spectra
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Figure 4 - HI (180) Converted Time History PSD vs 80% Target PSD

Figure 5 - H2 (090) Converted Time History PSD vs 80% Target PSD
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Figure 6 - Vertical Converted Time History PSID

Three Dimensional Seismic Demand - Stability

The time histories from the Northridge seeds produce a more significant three dimensional
demand than the time histories developed from the Nahanni seeds. Tables 1 to 3 show the
factors of safety against sliding and overturning, bearing pressures, and contact area ratios for
the two time histories for the as developed time histories and for the as developed time histories
with the sign of the vertical component reversed. The values provided are for the Reactor Building
complex, i.e., Reactor Building, Prestressed Concrete Containment Vessel and the Containment
Internal Structure as described in MUAP-10001 Rev 3 and Rev 4 (but without the shear key
proposed in Rev 4). The data in Tables 1 and 2 show that the controlling Factors of Safety
(shown in bold in the tables) for the analyses using the Northridge Seeds are all lower, i.e., more
conservative, than the factors of safety for the analyses using the Nahanni Seeds. Further, the
data in Table 3 show that the controlling bearing pressure and contact area ratios (shown in bold
in the tables) for the analyses using the Northridge Seeds are all more conservative, i.e., higher
bearing pressure and lower contact area ratio, than the values using the Nahanni Seeds.

The process of using two vertical time histories for the assessment of stability, one as developed
and one with the sign reversed, is an accepted practice when using one time history. This
process eliminates any uncertainty regarding the phasing of the three components.

It is recognized that the values presented in the tables are not compliant with the DCD stipulated
acceptable values. Design changes are being implemented to correct this condition. First, the R/B
Complex, A/B and PS/Bs will be joined and share a common basemat. This will resolve concerns
with overturning, bearing pressure, and contact area ratio, Second, a non-linear sliding analysis
will be completed to quantify the anticipated displacement of the combined structure and
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establish a design criteria so that the interconnections can be constructed with an acceptable
factor of safety.

Table 1 - Sliding Stability

Table 2 - Overturning Stability

-.1)
Table 3 - Bearing Pressures and Contact Area Ratios
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ISRS Comparisons

Finally, the ISRS are presented from the analyses using the Northridge seeds and the analyses
using the Nahanni Seeds. The curves presented for both seeds are envelopes of the analyses
using the six recently modified soil profiles and for both cracked and uncracked concrete
properties. Representative ISRS are provided for the Top of the Reactor Cavity (Figures 7 to 9),
the Spent Fuel Pit (Figures 10 to 12), the New Fuel Pit (Figures 13 to 15), and the Sump Strainer
(Figures 16 to 18).
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Figure 7 - Top of Reactor Cavity - X (North South) ISRS
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R/B Complex Top of Reactor Cavity 5% Damping ISRS

2.5

2

z 1.5
0
P

uJ

Uj

0.5

0-
0.1

2.5

z 1.5
0
P

-Ju 1

0.5

0 L

J

10

FREQUENCY [Hz]

Figure 8 - Top of Reactor Cavity - Y (East West) ISRS
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R/B Complex Spent Fuel Pit 6% Damping ISRS
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Figure 10 - Spent Fuel Pit - X (North South) ISRS
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RIB Complex Spent Fuel Pit 5% Damping ISRS
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Figure 12- Spent Fuel Pit - Z (Vertical) ISRS
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RIB Complex New Fuel Pit 5% Damping ISRS

0.1 1 10
FREQUENCY [Hz]

Figure 13 - New Fuel Pit- X (North South) ISRS
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R/B Complex New Fuel Pit 5% Damping ISRS
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Figure 14 - New Fuel Pit - Y (East West) ISRS
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Figure 15 - New Fuel Pit - Z (Vertical) ISRS
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RIB Complex Sump Strainer 5% Damping ISRS
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Figure 16 - Sump Strainer - X (North South) ISRS
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Figure 17 - Sump Strainer - Y (East West) ISRS
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R/B Complex Sump Strainer 6% Damping ISRS
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Figure 18 - Sump Strainer - Z (Vertical) ISRS

Inspection of the above ISRS reveals that within the range one would expect from different
motions matching the same response spectrum, the ISRS for the Northridge seed are generally
equal to or greater than the ISRS for the Nahanni seed.
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Conclusion

The Northridge Mt Baldy based time histories satisfy SRP 3.7.1.11.1B, Option 1, Approach 2,
create higher demand for stability, and produce similar (or slightly higher) ISRS than the Nahanni
based time histories. Therefore, using the Northridge Mt Baldy based time histories is a
conservative approach for the design and evaluation USAPWR Seismic Category 1 structures.

The comparison of ISRS, overturning, bearing pressure and contact area ratio results between
Nahanni and Northridge will be repeated for the combined structure consisting of the Reactor
Building, Containment Internal Structure, Pre-stressed Concrete Containment Vessel, Auxiliary
Building and the two Power Source Buildings. This will be documented in a revision to this RAI
response after the Technical Reports for the combined structure are submitted.

The non-linear sliding analysis will be documented in a new Technical Report. Since this analysis
must consider at least five different time histories, both the Northridge and Nahanni time histories
will be included.

The new and revised Technical reports are scheduled to be submitted by the end of June. This
RAI will be updated by July 31, 2012.

Impact on DCD

There is no impact on the DCD.

Impact on R-COLA

There is no impact on the R-COLA.

Impact on S-COLA

There is no impact on the S-COLA.

Impact on PRA

There is no impact on the PRA.

Impact on Technical/Topical Report

The Technical Reports are being updated to reflect design and analysis changes discussed
above (as well as other changes.). The Northridge - Mt. Baldy based time histories will be used
in those reports. This RAI response demonstrates the acceptability of that approach. It does not
result in a change to the Technical Reports.

This completes MHI's responses to the NRC's questions.

3.7.1-15



Docket No. 52-021
MHI Ref: UAP-HF-12050

ATTACHMENT 1

FILES CONTAINED IN CD 1

CD1 The digitized Northridge Mt Baldy seeds and synthetic time histories, and
Power spectral densities (PSDs) of the synthetic time histories and the
horizontal target PSD

File Name

Northridge TH Seeds (11.0-33.09s).xls

Northridge TH matching CSDRS.xls"

PSD of Northridge Time Histories.xls

80% Horizontal Target PSD.xls

Size

260KB

408KB

368KB

23KB

Sensitivity Level

Proprietary

Proprietary

Proprietary

Proprietary


