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MITSUBISHI HEAVY INDUSTRIES, LTD.

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

September 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-13228

Subject: MHI's Response to US-APWR DCD RAIs No. 1045-7141, Question
03.08.05-57, 60 and 64

Reference: 1) Letter MHI Ref. UAP-HF-13196 from Y. Ogata (MHI) to U.S. NRC,
"US-APWR Update to the Seismic Closure Plan and Submittals related to
DCD Chapter 3," dated August 2 nd, 2013, ML13220A149.

With this letter, Mitsubishi Heavy Industries, Ltd. (MHI) transmits to the U.S. Nuclear
Regulatory Commission (NRC) the document entitled "MHI's Response to US-APWR DCD
RAIs No. 1045-7141, Question 03.08.05-57, -60, and -64" scheduled for submittal in
accordance with Reference 1.

Attachment 1 provides a listing of those RAI responses contained in Enclosure 1.

Attachment 2 provides a listing of the RAI responses, originally due September 7th, which are
being deferred to September 3 0 th. The reason for the deferral is to allow the necessary time
to complete preparation of calculations which support the responses to RAIs.

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 letter.
Mr. Tapia's contact information is provided below.

Sincerely,

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



Enclosure:

1. MHI's Response to US-APWR DCD RAIs No. 1045-7141, Question 03.08.05-57, -60, and
-64

CC: P. Buckberg
J. Tapia

Contact Information
Joseph Tapia, General Manager of Licensing Department
Mitsubishi Nuclear Energy Systems, Inc.
1001 19th Street North, Suite 710
Arlington, VA22209
E-mail: joseph-tapia@mnes-us.com
Telephone: (703) 908-8055
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

09/06/2013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 1045-7141 REVISION 3

SRP SECTION: 03.08.05 - Foundations

APPLICATION SECTION: 3.8.5

DATE OF RAI ISSUE: 07/08/2013

QUESTION NO. 03.08.05-57:

On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide
updated information related to a seismic design change.

In Subsection 3.8.5.4.4, "Analyses of Settlement," the second paragraph (Page 3.8-100)
states, "The tilt induced by differential settlement, used in calculating gap closure, is a rigid
body rotation conservatively calculated as the maximum differential settlement within the
same structure divided by the distance between the points on the basemat where this
differential settlement occurs. Differential settlements between adjacent structures are
defined as the maximum difference between settlements of any two neighboring points on
the basemats, each of them on one of the adjacent structures."

To help the staff better understand the applicant's approach for computing the gap closure,
the applicant is requested to provide the gap closure calculations for the reactor building
(R/B) and adjacent building.

ANSWER:

All gaps between independently founded standard plant structures have been opened to a
minimum of 16 inches. There are no gap closure calculations for the current design.

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.

3.8.5-57-1



Impact on Technical/Topical Report

There is no impact on a Technical/Topical Report.

This completes MHI's response to the NRC's question.

3.8.5-57-2



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

09106/2013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 1045-7141 REVISION 3

SRP SECTION: 03.08.05 - Foundations

APPLICATION SECTION: 3.8.5

DATE OF RAI ISSUE: 07/08/2013

QUESTION NO. 03.08.05-60:

On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide
updated information related to a seismic design change.

In Subsection 3.8.5.4.4, "Analyses of Settlement," the fourth paragraph (Page 3.8-101)
states, "Subgrade settlements consist of immediate settlements that occur at load application
and are elastic-plastic, and time-dependent settlements that develop in time under constant
load (viscous deformations, primary consolidation settlements)."

The applicant is requested to provide detailed information on the following:

1. How the primary consolidation is calculated using ANSYS?

2. Which ANSYS element was used in the modeling?

3. Is the settlement due to secondary consolidation considered?

4. What are the calculated values of differential settlements between buildings and their
corresponding allowable values for piping design?

ANSWER:

1. A detailed description is provided in the answer to Question 03.08.05-59 of RAI
1045-7141.

2. The subgrade was modeled with SOLID45 elements. Transitional, higher order,
SOLID95 elements were also used in the subgrade for mesh gradation.

3. When calculating the equivalent linear (secant) deformation moduli accounting for
time dependent deformations, the time for completion of primary consolidation was
considered equal to the plant life. Secondary consolidation settlements are
calculated starting at the end of primary consolidation (see e.g., Reference 1),
therefore, the settlement due to secondary consolidation was not considered for the
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standard plant. Also, as stated in Reference 1, the secondary consolidation
settlement is only a small component of the total settlement for most inorganic soils.

4. The differential settlements between adjacent buildings were calculated as the
maximum difference between settlements of pairs of adjacent nodes along the
common side at basemat level. As explained in the answer to Question 03.08.05-14
of RAI No. 340-2004 transmitted as letter UAP-HF-09363, the differential settlements
relevant for piping design are those produced during operation, after locking in the
pipe connections. The maximum values for calculated differential settlements are as
follows:

- Between the Reactor Building (R/B) complex and the Turbine Building (T/B): 0.12
in. at predominantly sand sites and 0.40 in. at predominantly clay sites.

- Between the R/B complex and the Access Building (AC/B): 0.23 in. at

predominantly sand sites and 0.20 in. at predominantly clay sites.

The allowable differential settlement for piping design is 0.50 in.

References

1. Foundation Analysis and Design, J.E. Bowles, Fifth Edition, McGraw-Hill, 1996.

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 TechnicallTopical Report

There is no impact on a Technical/Topical Report.

This completes MHI's response to the NRC's question.

3.8.5-60-2



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

09/06/2013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 1045-7141 REVISION 3

SRP SECTION: 03.08.05 - Foundations

APPLICATION SECTION: 3.8.5

DATE OF RAI ISSUE: 07/08/2013

QUESTION NO. 03.08.05-64:

On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide
updated information related to a seismic design change.

In Subsection 3.8.5.5.1, "Overturning Acceptance Criteria," the last paragraph (Page 3.8-
105) states, "The overturning safety factors are calculated at each time step of the design
earthquake excitation as the ratio between the resisting moments and the driving/overturning
moments."

The staff notices that in Subsection 3.8.5.4.2, "Analyses .for Basemat Loads during
Operation," the fourth paragraph (Page 3.8-98) states, "the dead loads and SSE [safe
shutdown earthquake] loads are applied as static acceleration to the node of the FE [finite
element] model.. .The SSE loads are applied as equivalent static loads." Based on these
statements, the staff believes that the analyses performed for the reactor building (R/B)
complex basemat are static analyses; not dynamic analyses. The applicant is requested to
provide detail information for calculating the overturning safety factor at each time step in a
static analysis.

ANSWER:

The overturning safety factors are calculated at each time step for six soil profiles with
ground water level at one ft. below the plant grade, since higher buoyancy reduces the
restoring moments and produces lower overturning safety factors. Both cracked and
uncracked concrete section properties are considered. Furthermore, since the Reactor
Building (R/B) Complex is an asymmetric structure, all eight permutations of the seismic load
directional combinations (±X, ±Y, ±Z) are considered in the calculation.

The method to determine the overturning factor of safety is described below.

i. Obtain nodal masses in each of the three directions for each node of the dynamic
finite element (FE) model through the ANSYS analyses. The nodal masses are
comprised of the self-weight of the R/B Complex and 25 percent live load.

3.8.5-64-1



ii. Obtain nodal acceleration time histories in two horizontal directions and one
vertical direction for each node and each time step from the dynamic FE model
by post-processing the soil-structure interaction (SSI) SASSI analyses using the
design earthquake time histories.

iii. Compute the inertia forces at each node at each time step in two horizontal
directions and one vertical direction, using the nodal accelerations at each time
step multiplied by the corresponding nodal masses.

iv. Only the static soil pressure (at-rest lateral earth pressure) is considered at the
resisting side of the R/B Complex.

v. Although the dynamic soil pressure may exist on either the driving or resisting
side of the R/B Complex at each time step, it is conservatively applied only at the
driving side in order to produce the minimum overturning safety factors.

vi. In addition to the static and dynamic soil pressures described above, a lateral
force due to surcharge of 450 psf is conservatively applied at the driving side
only.

vii. Compute the overturning moment due to the inertia forces and the lateral earth
pressures at the driving side, with respect to the four edges at the bottom of the
basemat at each time step as shown in Figure 1.

viii. Compute the restoring moments generated from the gravity loads minus
buoyancy and the lateral earth pressures at the resisting side, with respect to the
four edges at the bottom of the basemat at each time step. The gravity loads
include the self-weight of the R/B Complex and 25 percent live load.

ix. At each time step of the design earthquake excitation, the overturning safety
factors are calculated as the ratio between the resisting moments and the
driving/overturning moments.

x. Repeat the computation for all six soil profiles, cracked and uncracked concrete
section properties, and eight permutations of the seismic load directional
combinations (±X, ±Y, ±Z).
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Calculate the
overturning and
restoring
moments with
respect to the four
edges of the RIB
Complex

Figure 1, Overturning Stability with Respect to the Four Edges of the R/B
Complex

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 Technical/Topical Report

There is no impact on a Technical/Topical Report.

This completes MHr's response to the NRC's question.

3.8.5-64-3



Docket No. 52-021
MHI Ref: UAP-HF-13228

ATTACHMENT - 1

LIST OF RAI RESPONSES

RAI Question No.RAIeRAI No. Question No. Qeto o
Letter No. (Sub-number)

1045 7141 03.08.05-57
1045 7141 03.08.05-60
1045 7141 03.08.05-64

ATTACHMENT - 2

LIST OF DEFERRED RAI RESPONSES

RAI Qeto oLte eRAI No. Question No. QuestionSubmittal Date
Letter No. (Sub-number)

1045 7141 03.08.05-51 9/30/20131
1045 7141 03.08.05-54 9/30/20131
1045 7141 03.08.05-55 9/30/20131
1045 7141 03.08.05-56 9/30/20131

Note
1 These RAI responses were scheduled for submittal by September 7th, 2013 in accordance

with the "US-APWR Update to the Seismic Closure Plan and Submittals related to DCD
Chapter 3" (UAP-HF-13196, August 2 nd, 2013).


