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MITSUBISHI HEAVY INDUSTRIES, LTD.

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

July 4, 2011

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-11205

Subject: MHI's Responses to US-APWR DCD RAI No. 745-5718 Revision 3 (SRP 05.04)

Reference: [1] "Request for Additional Information No. 745-5718 Revision 3, SRP Section:
05.04 - Reactor Coolant System Component and Subsystem Design - Application
Section: 5.04.01.02" dated April 27, 2011.

With this letter, Mitsubishi Heavy Industries, LTD. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") the document entitled "Responses to Request for Additional
Information No. 745-5718 Revision 3" dated July 4, 2011.

Enclosed are the responses to Question 05.04-2 through 05.04-3 that are contained within
Enclosure 2 and 3.

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), 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 Dr. C. Keith Paulson, Senior Technical Manager, Mitsubishi Nuclear Energy
Systems, Inc. if the NRC has questions concerning any aspect of the submittal. His contact
information is below.

Sincerely,

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



Enclosures:

1 - Affidavit of Yoshiki Ogata

2 - Responses to Request for Additional Information No. 745-5718 Revision 3 (proprietary)

3 - Responses to Request for Additional Information No. 745-5718 Revision 3 (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: ckpaulson@mnes-us.com
Telephone: (412) 373-6466



ENCLOSURE1
Docket No. 52-021

MITSUBISHI HEAVY INDUSTRIES, LTD.

AFFIDAVIT

I, Yoshiki Ogata, state as follows:

1. I am General Manager, 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. 745-5718 Revision 3" dated July 2011,
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 of the RCP seal 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 MH in their design
of new nuclear power plants without incurring the costs or risks associated with the design
and testing 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 MH in the U.S. nuclear plant market:



A. Loss of competitive advantage due to the costs associated with development and
testing of the Advanced Accumulator. Providing public access to such information
permits competitors to duplicate or mimic the Advanced Accumulator design without
incurring the associated costs.

B. Loss of competitive advantage of the US-APWR created by benefits of enhanced
plant safety, and reduced operation and maintenance costs associated with the
Advanced Accumulator.

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 4 th day of July, 2011.

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

07/04/2011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 745-5718 REVISION 3

SRP SECTION: 06.04 - REACTOR COOLANT SYSTEM COMPONENT AND
SUBSYSTEM DESIGN

APPLICATION SECTION: 5.4.1.2

DATE OF RAI ISSUE: 4/27/2011

QUESTION NO.: 05.04-2

Question 05.04.01.02-1
In regard to loss of seal water injection, the applicant states the following: "Loss of injection water
flow may be detected with a flow meter at the seal injection line. This condition will normally lead
to an increase in seal and bearing inlet temperature and an increase in the No. 1 seal leak rate
because reactor coolant flow into the RCP seals. Under these conditions, however, the CCW
continues to provide flow to the thermal barrier heat exchanger; which cools the reactor coolant.
The pump is therefore able to maintain safe operating temperatures and operate safely long
enough for safe shutdown of the pump." To complete the review, the staff requests the applicant
to provide additional information to the following questions.
(1) Upon loss of seal injection, is there an flow alarm in the MCR from the flow meter?
(2) How long can the pump operate in this condition? What is the basis for the time?

ANSWER:
(1) Yes. Low seal injection flow rate is alarmed in the MCR.

(2) If there is a loss of seal injection flow, the pump can operate indefinitely as long as CCW
provides cooling to the thermal barrier heat exchanger. Based on the thermal barrier heat transfer
calculation, temperature of the reactor coolant flow into the RCP seals can be maintained at safe
operating temperatures.
It is assumed that part of reactor coolant at 560 OF flows toward the seals and that 40gpm of
CCW thermal barrier cooling water flows through the heat exchanger tubing. The quantities and
temperatures were conservatively assumed. The calculated temperature of the reactor coolant at
the exit of the thermal barrier does not exceed the safe operating temperature of the seals.

Impact on DCD

DCD Subsection 5.4.1.3.3. will be revised to as follows:

Loss of injection water flow may be detected with a flow meter at the seal injection line. This

05.04-1



condition will normally lead to an increase in seal and bearing inlet temperature and an increase
in the No. 1 seal leak rate because reactor coolant flow into the RCP seals. Under these
conditions, however, the CCW continues to provide flow to the thermal barrier heat exchanger;
which cools the reactor coolant. The pump is therefore able to maintain safe operating
temperatures and operate safely indefinitely in this condition, as Iong as CCW coolina is
provided. This allows ample time for operators to conduct a safe shutdown of the pump.
See attachment -1.

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.

05.04-2



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

07104/2011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 745-5718 REVISION 3

SRP SECTION: 05.04 - REACTOR COOLANT SYSTEM COMPONENT AND
SUBSYSTEM DESIGN

APPLICATION SECTION: 5.4.1.2

DATE OF RAI ISSUE: 4/27/2011

QUESTION NO.: 05.04-3

Question 05.04.01.02-2
In respect to loss of CCW to the thermal barrier, applicant states the following: "If loss of CCW
should occur, seal injection flow continues to be provided to the RCP. The pump is designed so
that the seal injection flow is sufficient to prevent damage to the seals with a loss of thermal
barrier cooling." To complete the review, the staff requests the applicant to provide additional
information in more detail to the following:
(1) Since CCW provides cooling water to both the CVCS and the thermal barrier, explain what is

meant by loss of CCW, and
(2) If "loss of CCW' includes cooling flow to CVCS, explain how seal injection flow would provide

adequate cooling for "up to 10 minutes" to prevent seal damage. Include the estimated seal
water injection temperature.

The applicant refers to "instructions are prepared for loss of CCW and seal injection." Are these
instructions operating procedures? If so, identified the DCD section that governs the preparation
of these instructions.

ANSWER:

(1) The meaning of "loss of CCW' in Subsection 5.4.1.3.4 is that it is a "loss of CCW to the
thermal barrier." It does not mean "loss of all CCWS."

(2) As described in the previous response, "loss of CCW' does not include the loss of CCW
cooling flow to the CVCS. The second paragraph of Subsection 5.4.1.3.4 indicates that the motor
can continue to operate for up to 10 minutes even though loss of CCW to the motor bearing oil
coolers has occured. This subsection does not address loss of seal injection.

Instructions regarding actions to be taken on the loss of CCW and seal injection to the RCP are
included in operating procedures. Development of operating procedures is discussed in
Subsection 13.5.

Impact on DCD

05.04-3



There is no impact on the DCD.

Impact on R-COLA

There is no impact on the R-CO

Impact on S-COLA

There is no impact on the S-CO

Impact on PRA

There is no impact on the PRA.

LA.

LA.

05.04-4



Supplemental Answer to QUESTION 05.04.01.02-1(2)

Here, it will be confirmed that the temperature of the reactor coolant at the exit of the thermal
barrier is lower than the allowable temperature of the seals for normal operation.

Heat absorption rate of the heat exchanger in the thermal barrier during the loss of the seal
injection water is calculated as follows.

Q = G,. -pC Cp, (Ti T,,,( (Btu /h)

where

Q: Heat Absorption Rate (Btu/h)

Ge: Cooling Water Flow Rate (= 40 gpm)

pC: Density of Cooling Water ( = 62.43 Ibm/ft3)

Cp,: Specific Heat of Cooling Water ( = 1 Btu/lbm/0 F)

Tout: Cooling Water Temperature at Heat Exchanger Outlet( • °F)

Tin: Cooling Water Temperature at Heat Exchanger Inlet (=[ I°F)

The density and specific heat of the cooling water are those for pure water under ambient
condition.

The cooling ability exceeds the required value of 1.25 x 106 (Btu/h). This required heat absorption
rate value is used later in the calculation to determine the reactor coolant temperature at the
thermal barrier outlet. The temperature of the reactor coolant at the exit of the thermal barrier is
calculated as follows.

GR *CPR " CPF

where

TCId: Reactor Coolant Temperature at Thermal Barrier Outlet (OF)

Thor: Reactor Coolant Temperature at Thermal Barrier Inlet ( = 560 OF)

GR: Reactor Coolant Flow Rate toward Seal( (4 jgpm)

PR: Density of Reactor Coolant ( = 59.82 Ibm/ft3)

CPR: Specific Heat of Reactor Coolant ( = 1.27 Btu/lbm/°F)

05.04.01.02-1



The density and specific heat of the reactor coolant are those that would apply under normal
operating conditions.

The seals are composed mainly of metal holders and housings, ceramic faceplates and rubber 0-
rings. The temperature-limiting element is the 0-rings which is made of Ethylene-Propylene-
Diene terpolymer (EPDM). The EPDM is suitable for continuous operations up to 302 OF in
general uses. The calculated reactor coolant temperature of( O 0F at the thermal barrier outlet
has enough margin to 302 OF.

05.04.01.02-2



Attachment1

5. REACTOR COOLANT AND US-APWR Design Control Document
CONNECTING SYSTEMS

standard construction. Six resistance temperature detectors are embedded in the stator
windings to sense stator temperature. A flywheel and anti-reverse rotation device are
located at the top of the motor.

The internal parts of the motor are cooled by internal air. The fans on each end of the
rotor draw air in through cooling slots in the motor frame. This air passes through the
motor with particular emphasis on the stator end turns. It is then routed to the external
water/air coolers that are supplied with CCW. Each motor has two such coolers, mounted
diametrically opposed to each other. Coolers are sized to maintain optimum motor-
operating temperature.

RCP shaft and frame vibration levels are continuously monitored. Two probes mounted
on top of the seal housing to measure shaft displacement. One is installed parallel to the
pump discharge. The probes are located 90* apart. The frame vibration monitoring
system consists of two velocity seismoprobes. The seismoprobes are placed on the
motor flange 900 apart. The measured signals of shaft vibration and frame vibration are
transmitted and recorded in the main control room (MCR). If these vibrations exceed
their set point, alarms are generated to inform plant operators of the abnormal conditions.

A spool piece is mounted between the motor coupling and the pump coupling. The spool
indefinitely in this condition, as long as CWbl th seal system without replacing the motor.

provided. This allows ample time for operators to emoved, the pump internals can be dismantled
conducta

5.4.1.3.3 Loss of Seal Injection

Loss of injection water flow may be detected wit a flow meter at the seal injection line.
This condition will normally lead to an increase in al and bearing inlet temperature and
an increase in the No. 1 seal leak rate because rea or coolant flow into the RCP seals.
Under these conditions, however, the CCW continues o provide flow to the thermal
barrier heat exchanger; which cools the reactor coolan TI e pump is therefore able to
maintain safe operating temperatures and operate safel safe shutdown
of the pump.

5.4.1.3.4 Loss of Component Cooling Water

If loss of CCW should occur, seal injection flow continues to be provided to the RCP. The
pump is designed so that the seal injection flow is sufficient to prevent damage to the
seals with a loss of thermal barrier cooling.

The loss of CCW to the motor bearing oil coolers will result in an increase in oil
temperature and a corresponding rise in motor bearing metal temperature. The motor is
however designed to withstand a loss of CCW up to 10 minutes.

Several transmitters are provided to monitor CCW flow in RCP motors and RCP thermal
barriers. These transmitters provide flow indication and actuate low-flow alarms in the
control room. Instructions are prepared for a loss of CCW and seal injection to the RCPs
and/or motors. If CCW flow is lost and cannot be restored within the previously
mentioned 10 minutes, the RCPs will be tripped following the reactor trip.

Tier 2 
5.4-4 

Revision 3
Tier 2 5.4-4 Revision 3


