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MITSUBISHI HEAVY INDUSTRIES, ILTD.

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

December 28, 2010

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

Attention: Mr. Jeffery A. Ciocco

Docket No. 52-021
MHI Ref: UAP-HF-10358

Subject: MHI's Responses to US-APWR DCD RAI No. 662-5131 Revision 2 (SRP 03.08.03)

Reference: 1) "Request for Additional Information No. 662-5131 Revision 2, SRP Section:
03.08.03 - Concrete and Steel Internal Structures of Steel or Concrete Containments," dated
11/15/2010.

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. 662-5131, Revision 2."

Enclosed are the responses to 7 RAIs contained within Reference: 1. This transmittal
completes the response to this RAI.
Please contact Dr. C. Keith Paulson, Senior Technical Manager, Mitsubishi Nuclear Energy
Systems, Inc. if the NRC has questions concerning any aspect of this sLibmittal. His contact
information is provided below.

Sincerely,

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

Enclosure:

1. Affidavit of Atsushi Kumaki

2. Response to Request for Additional Information No. 662-5131, Revision 2 (Proprietary)

3. Response to Request for Additional Information No. 662-5131, Revision 2
(Non-Proprietary)



CC: J.A. Ciocco
C. K. Paulson

Contact Information
C. Keith Paulson, Senior Technical Manager
Mitsubishi Nuclear Energy Systems, Inc.
300 Oxford Drive, Suite 301
Monroeville, PA 15146
E-mail: ck_paulson@mnes-us.com
Telephone: (412) 373-6466



Enclosure 1

Docket No. 52-021
MHI Ref: UAP-HF-10358

MITSUBISHI HEAVY INDUSTRIES, LTD.

AFFIDAVIT

I, Atsushi Kumaki, state as follows:

1. I am Group Manager, Licensing Promoting Group in 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) and 10
C.F.R. § 9.17(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. 662-5131, Revision 2," and have
determined that portions of the document contain proprietary information that should be
withheld from public disclosure. All pages contain proprietary information as 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 documents 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 and methodology developed by MHI as it provides the analytical and
testing basis for the qualification of steel concrete modules.

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 the development
of the unique design parameters.

B. Loss of competitive advantage of the US-APWR created by the benefits of the
steel concrete module 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 2 8th day of December, 2010.

Atsushi Kumaki,
Group Manager- Licensing Promoting Group in APWR Promoting Department
Mitsubishi Heavy Industries, LTD.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

12/28/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 662-5131 REVISION 2

SRP SECTION: 03.08.03 - Concrete and Steel Internal Structures of Steel or
Concrete Containments

APPLICATION SECTION: 3.8.3

DATE OF RAI ISSUE: 11/15/10

QUESTION NO. RAI 03.08.03-26:

The staffs evaluation of MHI's amended response to Question 03.08.03-1 is unchanged from that
for the initial response. In that initial response MHI stated that "creep, shrinkage, and cracking of
concrete are insignificant and are therefore not included in the stiffness 'calculation. The staff
disagreed with this statement. Acceptance criteria 4.D of SRP 3.8.1 states that concrete cracking
should be considered. In the response, MHI further stated that reducing the stiffness does not
significantly affect the results of moment forces. MHI is requested to provide numerical data to
support this claim. Also, in the response to Question 03.08.03-7 Part (c), MHI states that
temperature gradient in SC modules will cause concrete to crack. If this statement is true, why is
the concrete assumed to be uncracked in the stiffness calculation?

03.08.03-1



ANSWER:

03.08.03-2



-1

Impact on DCD

The DCD is to be updated to be consistent with the approach described in this response and with
the analysis results documented in Technical Report CIS-13-05-160-003.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.

03.08.03-3



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

12128/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 662-5131 REVISION 2

SRP SECTION: 03.08.03 - Concrete and Steel Internal Structures of Steel or
Concrete Containments

APPLICATION SECTION: 3.8.3

DATE OF RAI ISSUE: 11115110

QUESTION NO. RAI 03.08.03-27:

The staffs evaluation of MHI's amended response to Question 03.08.03-3 is unchanged from that
for the initial response. In Part (a) of the question, MHI states that "ThKis three level support
system has increased ... This response is described in details in Subsection 3.7.2.4". The staff
was not able to find any description on this support system in Subsection 3.7.2.4. MHI is
requested to provide this description in the DCD. For Part (b), the information provided by MHI is
acceptable in general. However, the figure provided in the answer causes another concern. It
appears that the pins at the hinge joints will subject quite a large force, on the heavy steam
generator (SG). MHI is requested to provide a free-body diagram (sketch) of the SG showing the
weight of SG and the reaction forces from the supports. Also, MHI is requested to provide the
design calculation for the pin and the details of the connection of the support columns to the
supporting concrete.

ANSWER:

Part a)

Please refer to DCD Subsection 3.8.3.1.2, DCD Figure 3.8.3-2, and the response for RAI 491-
3733 Question 03.08.03-17 Part a) for a description of the support system.

Part b)

Please refer to the response for RAI 491-3733 Question 03.08.03-17 Part b) for a free-body
diagram of a SG supports and a description of the connection of the support columns to the
supporting concrete.

Impact on DCD

There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.

03.08.03-4



Impact on PRA

There is no impact on the PRA.

03.08.03-5



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

12/28/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 662-5131 REVISION 2

SRP SECTION: 03.08.03 - Concrete and Steel Internal Structures of Steel or
Concrete Containments

APPLICATION SECTION: 3.8.3

DATE OF RAI ISSUE: 11/15/10

QUESTION NO. RAI 03.08.03-28:

MHI's Amended Response to Question 03.08.03-05, (dated September 2009) is essentially
unchanged from their initial response, dated 5/21/09. However, as stated in its evaluation of
MHI's initial response to this question, the staff determined that the acceptability of the response
to Question 3.8.3-5 was largely dependent on the acceptability of MHI's response to Question
3.8.3-9. This dependency also exists for the Amended Response. It is noted that MHI's Amended
Response for this question includes English translations of several Japanese technical papers.
The thrust of the initial Question 3.8.3-05 is for the applicant to demonstrate that the structural
integrity of the SC module walls is assured when they are subjected to design loads at elevated
temperatures caused by accidents or fire. The Amended Responses to Questions 3.8.3-05 and
3.8.3-09 have been reviewed by the staff, including a review of several technical papers that have
been translated into English. As stated later in its evaluation of MHI's Amended Response to
Question 3.8.3-09, the staff finds that, in general, these tests show that properly designed SC
module walls (designed with adequate margins of safety) will retain adequate strength and
ductility to resist the applied design loads when subjected to elevated temperatures due to
accidents and/or fire. However, the staff continues to be concerned about the adequacy and
completeness of the various tests conducted to show the structural soundness of the SC module
walls when subjected to high temperatures in fires. The staff has therefore developed several
questions that MHI is requested to address with regard to this aspect of the question.

Specifically, MHI is requested to furnish the following information:

1. Statements made in the Amended Response conclude that, in the aggregate, the results
of all relevant tests conducted (in Japan) on fire resistance of the SC modules show that
the fire resistance of the SC modules is equivalent to that of conventional reinforced
concrete walls. This conclusion may not be entirely correct. Since the rebar in
conventional reinforced concrete is enclosed within the concrete, it takes longer for the
steel rebar to reach temperature at which loss of strength occurs, then it does for the
exposed steel faceplates. An important aspect of this issue is the fire resistance rating in
terms of hours as per standard codes that are used to design buildings. The staff has
found conflicting statements concerning the fire rating of the SC module type of structure.
For example, in Reference 9, Part 2, it states that "We confirmed the structure studied in
this work had a fire resistance time of over three hours as well as adequate flame and
heat blocking capabilities." Compare that with the statement in Reference 9, Part 6, which
states: "We presented an experimental program and results for experiments on heating of

03.08.03-6



under load. For SC bearing walls that have high H/T values, a fire resistance time of two
hours or more can be obtained by controlling the loading axial force ratio." It is noted that
for critical structural elements such as columns and bearing walls in important structures
it is required to have at least a three-hour rating. MHI is requested to show clearly that
these SC modules, when acting as bearing walls and subject to in-plane and out-of-plane
shear loads and bending moments, exhibit a fire resistance time of three hours.

2. In addition to addressing the staffs concerns in (1) above, MHI is requested to describe
the design parameters that need to be controlled to assure satisfactory structural
behavior during a fire, such as the ratio of shear rib cross-sectional area to shear stress
per cross-sectional area of the steel plate between ribs, and the ratio of design strength
to ultimate strength of the SC module wall.

3. The staff is unable to find any extended discussion of fire resistance of the SC modules in
the US-APWR DCD. MHI is requested to address this area in a subsequent revision to
the DCD, including a specification of the required fire resistance ratings for the SC
module walls.

The staff notices that a draft standard for the design of SC modules for fire conditions exists in
Korea. Is there a similar code in use in Japan, and was it used on the design of the SC module
walls for the US-APWR? If such a code was used for the US-APWR design, was it based on the
results of tests cited in the technical reports sent to NRC in this Amended Response?

ANSWER:

03.08.03-7



Impact on DCD

There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.

03.08.03-8



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

1212812010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 662-5131 REVISION 2

SRP SECTION: 03.08.03 - Concrete and Steel Internal Structures of Steel or
Concrete Containments

APPLICATION SECTION: 3.8.3

DATE OF RAI ISSUE: 11/15/10

QUESTION NO. RAI 03.08.03-29:

The only change in the text of the Amended Response to Question 03.08.03-07 (dated
September 2009) from that given in MHI's initial response is a renumbering of two references
cited in Part (d) of the response, from Reference Nos. 6 and 7 to Reference Nos. 1 and 2. The
staff reviewed the amended response, including the two technical papers that were translated into
English. The staff finds that Parts (b) and (c) of the amended response are acceptable.

For Part (a) of the amended response: As stated in its initial evaluation the staff notices that all of
the temperature plots begin with the calculated temperatures one (1) hour after the accident, and
in all cases the maximum concrete temperature is shown to be 300F or less. However, it is not
obvious that this temperature of 300F will not be exceeded at any time during the first hour
following the accident. MHI is requested to show a typical temperature profile through one of the
SC module walls for the first 60 minutes following the accident which shows that the temperature
of the concrete surface does not, in fact, exceed at any time the 300F maximum shown for one
(1) hour after the accident.

For Part (d) of the Amended Response: The staff reviewed the two referenced papers, Ref. 1 and
Ref. 2 (in Attachment 1 of the Amended Response), and notices that the tests described in these
technical papers appear to cover several conditions of temperature rise and support
configurations for equipment supports embedded in the SC module walls. The tests provide
support for MHI's claim that "By the experiments of References 1 and 2, it has been confirmed
that steel faceplates and studs do not have any damage and the structural integrity of the SC
modules is maintained during accidents which raise temperature such as LOCA and pipe rupture".

MHI is requested to provide information that addresses the following:

1. The response states that even for all accident conditions the maximum local concrete
temperature does not exceed 300F. As stated above for Part (a), MHI is requested to
show that the concrete at its interface with the steel faceplates does not exceed 300F
during the first 60 minutes following the accident.

2. What type of welding in used to secure the studs to the steel faceplates in the pullout of
support stud tests? Is this the same type of welding that will be used on the US-APWR?

03.08.03-9



3. How are shear stud diameter, length, and head size determined in the design of the US-
APWR SC modules? Describe the tests that show the appropriateness of any formulas
used to determine these parameters.

4. Show that the parameters that exist in the actual SC modules (such as actual wall
thicknesses, steel plate thickness, stud sizes and spacing, etc.) are properly and
adequately bounded by the corresponding parameters of the test specimens. For
example, show how these values would appear in the various test result curves
presented in these papers.

5. While the tests described in the technical papers show adequate performance for the
maximum temperatures selected, it is important to know how significantly higher
temperatures would affect the structural integrity of the SC modules. In particular, at what
temperature of the concrete surface would significant reductions occur in the strength of
the stud anchorages and steel faceplates?

6. How is the steam generated by the high temperature in the concrete accommodated?
Are there any vent holes provided in the steel faceplates?

The staff finds that the MHI's amended response does not specifically address the question
concerning the possible need to physically assess the condition of the concrete following any
accident as required in ACI 349. MHI is requested to confirm whether thermocouples (or other
temperature measuring device) will be installed at the interface between thie faceplates and the
concrete to assure that the calculated temperatures of the concrete are not, exceeded during any
accident. In addition, MHI is requested to describe the procedures that will be used to assess the
condition of the concrete between the steel faceplates following any accident that results in
elevated temperatures.

ANSWER:

03.08.03-10
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Impact on DCD

There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.

03.08.03-13



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

12/28/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 662-5131 REVISION 2

SRP SECTION: 03.08.03 - Concrete and Steel Internal Structures of Steel or
Concrete Containments

APPLICATION SECTION: 3.8.3

DATE OF RAI ISSUE: 11115/10

QUESTION NO. RAI 03.08.03-30:

The Amended Response to Question 03.08.03-08, (dated September 2009) contains changes to
the text of the initial response to this question, revisions in the numbering of references, and, in
some cases, replaces the references cited in MHI's initial response with other technical
publications. The staff has reviewed the Amended Response for Question 3.8.3-08, including
English translations of the technical papers furnished to the staff by MHI. According to MHI, these
technical papers form the basis for the Japanese design codes for the SC modules, and thus
form the basis for the suitability of the steel concrete (SC) module walls for the containment
internal structures. In its review of the technical papers furnished in the Amended Response, the
staff developed a number of questions and concerns that require further explanation or
description by the applicant with respect to the design of the SC module wall assemblies used in
the US-APWR.

Specifically, the applicant is requested to provide the following information:

1. For the results shown in typical strength and ductility tests it is of interest to know how the
corresponding data points would appear for the actual full size USAPWR SC modules.
MHI is requested to show that the parameters for the USAPWR SC modules are
bounded by the test results. MHI can do this by placing the data points for the US-APWR
SC modules in the figures of the test results.

2. MHI is requested to explain how the results of tests performed on scale model walls
ranging from 1/10 to 1/5 of full scale are then applied to the design of the full size SC
module walls. In particular, explain how important details such as steel plate thickness
and the ratio of length of stud anchors to wall thickness for the scale model walls can be
considered as representative of the steel plate thicknesses and stud lengths and walls
thicknesses of the full size SC module walls. For example, for the tests of a 1/10 scale
model of the entire containment internal structure reported in Reference 5 in the
Amended Response, the steel plates (actually thin steel sheets) used in the tests are less
than 1/16 inch thick. The applicant is requested to show how the results from a test with
such thin steel sheets are applicable to the thicker steel plates used in the US-APWR SC
module walls.

3. Provide the values of the shear span ratios for the full size SC modules used in the US-
APWR containment internal structures.

03.08.03-14



4. Explain how the diameter and length of the studs used to anchor the steel faceplates to
the concrete are determined. In addition, describe how the need for tie bars between
steel faceplates is determined and how they are sized.

5. Is the specification for the US-APWR steel plate, ASTM A572, Gradle 50, equivalent to
the steel used in the tests, SS400 or SS490?

6. Describe the type of welds used in the support pullout tests report in Attachment 2 of
MHI's Amended Response. Are these test welds equivalent to the welds used in the
actual SC modules? If not, explain how the test results provide assurance that the design
of the support anchorages, based on procedures developed from these tests will provide
adequate structural strength and ductility in the anchorages.

7. What is the allowable range for the ratio of SC module wall thickness to steel faceplate
thickness as used in the design of the US-APWR SC modules? Is the concept of
minimum reinforcement ratio and 0.75 times the balanced reinforcement ratio for
reinforced concrete (RC) applicable to the steel-concrete (SC) modules?

8. What is the ultimate shear strength of the actual full size SC module: walls used in the
US-APWR? What is the corresponding maximum value for the design shear?

9. How will the assessment of the serviceability of the SC module walls be carried out
following an accident event that results in elevated temperatures in the compartment
space? (This question was asked previously in RAI No. 322-1999 as Question 3.8.3-7.)

10. How is the condition and integrity of the concrete in the SC module wall assessed
following a significant earthquake? What are the criteria to assure the structural integrity
of these SC modules? If some portion or all of any SC module wall needed to be repaired
or replaced, how would that be done?

It is also noted that MHI did not address the final portion of the original question in the RAI,
namely, to confirm that the SC modules are used only for wall elements, and, further, that only
ordinary reinforced concrete is used for all floor slabs. MHI is asked to confirm this observation.

ANSWER:

03.08.03-15
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Impact on DCD

There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.

03.08.03-17



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

12/28/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 662-5131 REVISION 2

SRP SECTION: 03.08.03 - Concrete and Steel Internal Structures of Steel or
Concrete Containments

APPLICATION SECTION: 3.8.3

DATE OF RAI ISSUE: 11115/10

QUESTION NO. RAI 03.08.03-31:

In its Amended Response to Question 03.08.03-09, (dated September 2009), MHI provided
English translations of several Japanese technical papers that were cited in the response as
providing answers to the staff's concerns expressed in the initial Question 3.8.3-09. The staff
reviewed these technical papers, which papers addressed two topics:

1. Tests on Assemblies of Multiple Walls

2. Test on SC modules at Elevated Temperatures

The staff finds that the several test programs described in the technical reports provide
demonstration that the structural behavior of multiple, inter-connected SC module walls designed
in accordance with design codes developed using these test results will perform in a satisfactory
manner. The staff has, however, developed several questions relating to this area, and these are
presented in the staffs assessment of Question 3.8.3-08 above.

With regard to tests performed on SC modules at elevated temperatures, the staff developed a
number of issues that need to be addressed, and has asked MHI to respond to these concerns in
Question 3.8.3-28.

ANSWER:

Please refer to Response to Questions 03.08.03-28 and 03.08.03-30 above.,

Impact on DCD

There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

03.08.03-18



There is no impact on the PRA.

03.08.03-19



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

12/28/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 662-5131 REVISION 2

SRP SECTION: 03.08.03 - Concrete and Steel Internal Structures of Steel or
Concrete Containments

APPLICATION SECTION: 3.8.3

DATE OF RAI ISSUE: 11115110

QUESTION NO. RAI 03.08.03-32

The staffs evaluation of MHI's amended response to Question 03.08.03-15 is unchanged from
that for the initial response. In that response, MHI states that under the SSE loading the concrete
of the SC modules does not crack. However, in the response to Question 03.08.03-7, MHI states
that concrete of SC modules will crack under thermal load. Unless the SSE event occurs before
the occurrence of thermal load, the concrete will crack and the concrete of S.C modules under the
SSE loading needs to be considered to be cracked.

MHI needs to provide evidence that the SSE event occurs before the occurrence of thermal load
(with an appropriate margin of safety); otherwise, the concrete of the SC modules needs to be
considered as cracked under the SSE load. MHI is requested to provide the' actual timelines for
each of the loads, and to provide the rationale supporting the assumptions for these timelines.

ANSWER:

03.08.03-20
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Impact on DCD

The DCD is to be updated to be consistent with the approach described in this response and with
the analysis results documented in Technical Report CIS-13-05-160-003.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.

03.08.03-21


