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

March 29, 2013

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-13058

Subject: Amended Response to US-APWR DCD RAI No.971-6881 (SRP 03.09.05)

Reference: 1) "Request for additional information No. 971-6881, SRP Section:
03.09.05 - Reactor Pressure Vessel Internals, Application Section
03.09.05" dated October 23, 2012.

2) "MHI's response to US-APWR DCD RAI No. 971-6881 (SRP 03.09.05)",
MHI Ref. UAP-HF-12318, dated December 3, 2012.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") documents entitled "Amended Response to US-APWR DCD
RAI No.971-6881".

Enclosed is the amended response to Question 03.09.05-35 of the RAI 971-6881 contained
within Reference 1. This response amends the previously transmitted response submitted
under MHI's Letter UAP-HF-12318 dated Dec. 3, 2012 (Reference 2). In this response,
Section (4) is modified in accordance with NRC's request.

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. The proprietary information is bracketed by the designation "[ ]".

This letter includes a copy of the proprietary version (Enclosure 2), 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 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
submittal. His contact information is provided below.

Sincerely,

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



Enclosures:

1. Affidavit of Hiroki Nishio

2. Amended Response to US-APWR DCD RAI No. 971-6881 (Proprietary)

3. Amended Response to US-APWR DCD RAI No. 971-6881 (Non-Proprietary)

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



ENCLOSURE 1
Docket No.52-021

MHI Ref: UAP-HF-13058

MITSUBISHI HEAVY INDUSTRIES, LTD.

AFFIDAVIT

I, Hiroki Nishio, being duly sworn according to law, depose and 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 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 "Amended
Response to US-APWR DCD RAI No.971-6881" and have determined that portions of the
report 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 technical report indicates
that all information identified as "Proprietary" should be withheld from public disclosure
pursuant to 10 C.F.R. § 2.390 (a).

3. The information in the report identified as proprietary by MHI 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 methodologies developed by MHI for the US-APWR reactor internal design.
These were developed at significant cost to MHI, since they required the performance of
detailed calculations, analyses, and testing extending over several years. The referenced
information is not available in public sources and could not be gathered readily from other
publicly available information.

5. The referenced information is being furnished to the Nuclear Regulatory Commission
("NRC") in confidence and solely for the purpose of supporting the NRC staff's review of
MHI's Application for certification of its US-APWR Standard Plant Design.

6. Public disclosure of the referenced information would assist competitors of MHI in their
design of new nuclear power plants without the costs or risks associated with the design
of new fuel systems and components. Disclosure of the information identified as
proprietary would therefore have negative impacts on the competitive position of MHI in
the U.S. nuclear plant market.



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 27rd day of March, 2013.

Hiroki Nlshio,
Group Manager- Licensing Promoting Group in APWR Promoting Department
Mitsubishi Heavy Industries, LTD.



Docket No. 52-021
MHI Ref: UAP-HF-13058

Enclosure 3

UAP-H F-13058
Docket No. 52-021

Amended Response to US-APWR DCD RAI No. 971-6881

March 2013
(Non-Proprietary)



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

312912013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI No.: No. 971-6881

SRP Section: 03.09.05 - Reactor Pressure Vessel internals

Application Section: 03.09.05

DATE of RAI issue: 10123/2012

QUESTION NO.: 03.09.05-35

In response to RAI 374-2446 Question 03.09.05-9, the applicant stated that irradiation
environmental effects such as irradiation assisted stress corrosion cracking (IASCC),
embrittlement, and void swelling have been evaluated for those components subjected to
high dose rates. The applicant's response to this and other questions provides some
additional detail on the evaluation for IASCC and void swelling. But the applicant response
does not provide any further details of the evaluation for neutron embrittlement. In order to
assure that the environmental effects of neutron embrittlement do not adversely affect the
integrity of reactor internal components during the design life of the reactor, the applicant is
requested to do the following:
a) Describe how the applicant will evaluate the effect of neutron embrittlement on components
subjected to high dose rates.
b) Describe the in-service inspection plan (type of inspection, inspection area, frequency,
acceptance criteria, etc.) for the components subjected to high dose rates to ensure that
neutron embrittlement will not adversely affect the integrity of these components.

ANSWER (R1):

a) Evaluation of neutron embrittlement

The irradiation embrittlement (IE) assessment is performed in accordance with MRP-175. It
has been confirmed that the reactor internal components satisfy the IE criteria. MRP-175
states that the IE threshold value is 1.5 dpa for austenitic stainless steel (SS). For structures
exposed to IE above threshold values, additional evaluation is required. These structures and
their irradiation levels are shown in Table 1. The additional evaluation results for these
structures are as follows.
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(1) NR ring block

Calculation of the stress intensity factor, K

For the evaluation of NR ring block, a vertical full-length crack on the ring block inner surface
is assumed in accordance with API 579-1/ASME FFS-1 2007 Fitness-For-Service Standards.
The equation and conditions are shown below.

Go: Influence coefficient regarding crack depth and structure thickness

o-0: Stress = [ I
The ring block is designed so that the membrane stress is less than

a : Initial crack depth = [ ] mm
The ring block is inspected by visual testing (VT) after machining. So, the initial crack depth is
assumed to be equal to [ ] mm; this value is the VT measurable limit multiplied by the design
factor ([ ]).

t : Structure thickness = [ mm

Cj: Constant for the polynomial approximation of Go
(Co= 1.1202, C1 = 6.0061, C2 = -1.3891, C3 = 7.9260, C4 = 31.914)

Comparison of K-value and fracture touqhness. Kjc

The lower bound of fracture toughness for PWR's at [ ] dpa is approximately 38 MPa/m
as shown in Figure 1 in this response, which corresponds to Figure F-2 of EPRI MRP-175.
The ring block K-value, [ ] MPa,-m, is lower than this fracture toughness.

(2) NR block alignment pin

Calculation of the stress intensity factor, K

For the evaluation of NR block alignment pin, a surface crack around the entire circumference
of the pin is assumed in accordance with API 579-1/ASME FFS-1 2007 Fitness-For-Service
Standards. The equation and conditions are shown below.
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Mm: Membrane correction factor

o-: Membrane stress = [ I

The NR block alignment pin is designed so that the membrane stress is less than
]. Additionally, bending stress is not considered because it is negligibly small.

a : Initial crack depth = [ ] mm
The alignment pin is inspected by VT after machining. So, the assumed initial crack depth is
equal to [ ] mm; this value is the VT measurable limit multiplied by the design factor ([ ]).

4: Factor regarding crack dimension

PO: Alignment pin radius = [ ] mm

Comparison of K-value and fracture toughness, Kjc

The lower bound fracture toughness for PWRs at
shown in Figurel .The block alignment pin K-value,
toughness.

] dpa is approximately 38 MPa-m, as
] MPaým, is less than this fracture

(3) NR tie-rod

Calculation of stress intensity factor, K

MHI evaluates the K-value in the same matter as NR block alignment pin. The results and
conditions are shown below.
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M.,: Membrane correction factor

a,: Membrane stress = [ I

Threaded structural fasteners such as the tie-rod are designed so that the membrane stress
is not larger than [ ].

a : Initial crack depth = [ ] pm.
The tie-rod material is inspected by penetrant testing (PT). Additionally, the tie-rod in the high
irradiation area is not machined. So, the assumed initial crack depth is equal to [ p pm; this
value is the PT measurable limit multiplied by the design factor ([ ]).

4': Factor regarding crack dimension

R: Radius of tie-rod = [ I mm

Comparison of K-value and fracture tougqhness, Kjc

The lower bound fracture toughness for PWRs at [ ] dpa is approximately 38 MPa-m as
shown in Figure 1. The tie-rod K-value, [ ] MPa~m, is less than this fracture toughness.

(4) Core barrel

Calculation of the stress intensity factor, K

For the core barrel evaluation, a circumferential full-length crack on the core barrel shell is
assumed in accordance with API 579-1/ASME FFS-1 2007 Fitness-For-Service Standards.
The equation and conditions are shown below.

GO: Influence coefficient regarding crack depth and structure thickness

o-: Stress = [ I MPa

Maximum value of axial stress on the core barrel shell: [ ] MPa

a : Initial crack depth = [ ] mm
The core barrel is inspected by VT. So, the initial crack depth is assumed to be equal to [
mm; this value is the VT measurable limit multiplied by the design factor ([ ]).

t : Structure thickness = [ ] mm

Cj: Constant for the polynomial approximation of Go
(Co= 1.1202, C1 = 6.0061, C2 = -1.3891, C3 = 7.9260, C4 = 31.914)
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In addition, the core barrel is fabricated by welding, so the welding junction should be also
evaluated.

For the evaluation of the core barrel welding junction, a circumferential full-length crack on the
welding junction is assumed in accordance with API 579-1/ASME FFS-1 2007
Fitness-For-Service Standards.
The equation and conditions are shown below.

GO: Influence coefficient regarding crack depth and structure thickness

oo- Stress = [ ] MPa

Maximum value of axial stress on the core barrel shell: [ ] MPa
Residual stress on welding junction: [ ] MPa

a: Initial crack depth = [ ] pm.
The welding junction of the core barrel shell is inspected by PT. So, the assumed initial crack
depth is equal to [ ] pm; this value is the PT measurable limit multiplied by the design factor
([ ])

t : Structure thickness [ ] mm

C,: Constant for the polynomial approximation of Go
(Co= 1.1202, C1 = 6.0061, C2 = -1.3891, C3 = 7.9260, C4 = 31.914)

Comparison of K-value and fracture touqhness, Kjc

The lower bound of fracture toughness for PWR's at [ ] dpa is approximately 38 MPa'-m as
shown in Figure 1 in this response, which corresponds to Figure F-2 of EPRI MRP-175. The
core barrel K-value, [ ] MPaFm and [ ] MPa/-m,are lower than this fracture
toughness.

(b) In-Service Inspection plan

As discussed in a) above, reactor internals have no problem with the IE. Therefore, the
in-service inspection is planned to be performed by VT for possible areas once every 10 years
as in current operational 4-loop plants in the United States as well as Japan.
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Table 1 Irradiation Level of Reactor Internals

Part Irradiation Level
(dpa)

Neutron reflector ring block (
Neutron reflector bock alignment pin
Neutron reflector tie-rod
Core barrel i j
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Figure 1 Elevated Temperature Fracture Toughness, Kjc of Austenitic Stainless Steels and
Welds Irradiated in 13WRs or PWRs as a Function of irradiation level (dpa)

(Reference; EPRI MRP-1 75 Appendix F, Figure F-2)
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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 S-COLA

There is no impact on the S-COLA.

Impact on PRA

There is no impact on the PRA.

Impact on Technical I Topical Reports

There is no impact on the Technical / Topical Reports.
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