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MITSUBISHI HEAVY INDUSTRIES, LTD.

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

October 7, 2008

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-08223

Subject: MHI's Responses to US-APWR DCD RAI No.69-1150

References: 1) "Request for Additional Information No. 69-1150 Revision 0, SRP Section:
19 - Probabilistic Risk Assessment and Severe Accident Evaluation,
Application Section: 19.1.5.2," dated September 8, 2008.

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. 69-1150 Revision 0".

Enclosed are the responses to five RAIs that are contained within Reference 1.

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

Sincerely,

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

Enclosure:

1. Responses to Request for Additional Information No.69-1150 Revision 0

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
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

1017/2008

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO.69-1150 REVISION 0

SRP SECTION: 19 - Probabilistic Risk Assessment and Severe Accident Evaluation

APPLICATION SECTION: 19.1.5.2

DATE OF RAI ISSUE: 9/8/2008

QUESTION NO. : 19-111

Chapter 19, Section 19.1.5.2, Internal Fire Risk Evaluation:

The fire PRA methodology for the US-APWR is based on NUREG/CR-6850. The applicant listed
the 16 tasks in developing the fire PRA based on this methodology. It was not clear to the staff
how many of these tasks were actually carried out by the applicant.

Please provide a brief summary in Section 19.1.5.2 discussing how many of these tasks were
employed in the design phase and what assumptions/rationale were made if some of the tasks
were not used in the design phase.

ANSWER:

Fire PRA Methodology for US-APWR is based on NUREG/CR-6850. This fire PRA methodology
is composed of 16 tasks as described below.

Task 1: Plant Boundary Definition and Partitioning
Task 2: Fire PRA Component Selection
Task 3: Fire PRA Cable Selection
Task 4: Qualitative Screening
Task 5: Plant Fire-Induced Risk Model
Task 6: Fire Ignition Frequency
Task 7: Quantitative Screening
Task 8: Scoping Fire Modeling
Task 9: Detailed Circuit Failure Analysis
Task10: Circuit Failure Mode Likelihood Analysis
Task1 1: Detailed Fire Modeling
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Task12: Post-Fire HRA
Task13: Seismic Fire Interactions
Task14: Fire Risk Quantification
Task1 5: Uncertainty and Sensitivity Analysis
Task16: Fire PRA Documentation

The flow chart in Figure 23.1-1 of the PRA report (MUAP-07030(R1)), taken from NUREG/CR-
6850, shows the relationship among the tasks. As illustrated on Figure 23.1-1, Task 7B, Task 8
and Task12A have not been applied in this fire PRA, the base of which are described in the
following.

In Task-8, the methodology how to revise the compartment fire frequency and execute the
screening of ignition sources by reviewing the location of ignition sources with respect to the
targets is provided. This is undertaken to reduce the level of effort for the Detailed Analysis
(Task 11). However, this task has conservatively been skipped because it is impossible to
execute plant walk down for the design stage plant.

* As a results of the above, Task7B has also been skipped.

* A part of Taskl 1, in which the method of giving the credit for the function of mitigating fire
adverse effects to the fire detection and suppression system is provided, has been skipped,
and the credit of those has not been taken.

In addition, HRA which may be executed in screening stage (Taskl2A) has been skipped
and executed in detailed analysis and quantification stage (Taskl2B).

Impact on DCD

There is no impact on DCD.

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

101712008

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO.69-1150 REVISION 0

SRP SECTION: 19 - Probabilistic Risk Assessment and Severe Accident Evaluation

APPLICATION SECTION: 19.1.5.2

DATE OF RAI ISSUE: 9/8/2008

QUESTION NO. : 19-112

Chapter 19, Section 19.1.5.2.1, Description of Internal Fire Risk Evaluation:

In the paragraph discussing the assumptions and engineering judgments (Page 19.1-73):
Item a, All fire doors provided to the fire barriers between the redundant safety train fire
compartments are normally closed.

If these doors are normally closed, when and how often might they be opened? Please clarify if
these fire doors are assumed closed all the time in the course of the PRA fire evaluation.

ANSWER:

RG1.189 Revision 1, Section 1.5, specifies that the licensee may implement the
compensatory measures for degraded or nonconforming conditions of fire protection
features as follows.

"Temporary changes to specific fire protection features that may be necessary to
accomplish maintenance or modifications are acceptable, provided interim
compensatory measures, such as fire watches, temporary fire barriers, or backup
suppression capability, are implemented. For common types of deficiencies, the
technical specifications or the NRC-approved FPP generally note the specific
compensatory measures. For unique situations or for measures that the approved FPP
does not include, the licensee may determine appropriate compensatory
measures ....................................... A licensee may opt to implement an alternative
compensatory measure stated in its FPP, or combination of measures. "
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In US-APWR, every fire protection feature will be controlled, conforming to Fire
Protection Program (FPP) which will be established based on the requirements of
RG1.189 Revision 1 in COLA-stage.

Consequently, the probabilities of fire protection features function damaged will be very
low during shutdown condition as well as operating condition.

Hence, it is assumed that all fire doors provided to the fire barriers between the
redundant safety train fire compartments are normally closed.

In shutdown fire PRA of US-APWR, evaluation of fire propagation path has been
performed on the conservative assumption. That is, the fire barriers like fire doors, fire
dampers and so forth which will be installed to fire compartment, whose compartment is
under the maintenance outage, have been assumed to be kept open during the
maintenance works.

Impact on DCD

There is no impact on DCD.

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

10/7/2008

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO.69-1150 REVISION 0

SRP SECTION: 19 - Probabilistic Risk Assessment and Severe Accident Evaluation

APPLICATION SECTION: 19.1.5.2

DATE OF RAI ISSUE: 918/2008

QUESTION NO.: 19-113

Chapter 19, Section 19.1.5.2.2, Results from the Internal Fires Risk Evaluation:

In the paragraph describing the ten fire compartments after screening, it is stated that ".. Within
these 10 compartments, detailed fire modeling is judged to be unnecessary for those with
contribution to CDF less than 1.OE-7/year." (Page 19.1-76)

Please provide the basis for this judgment that detailed fire modeling is not necessary.

ANSWER:

NUREG/CR-6850 provides the following quantitative screening criteria for single fire compartment
analysis on Table 7-2 in Chapter 7.

- CDF < 1.OE-07/year
(Note: This criteria should be reduced, as necessary, to ensure that the CDF

criterion in Table 7-3 met.)

And, following criteria is also provided in Table 7-3 in the Chapter 7.

* Sum of CDFs for all screened out fire compartments < 0.1*Internal Event Average CDF

Screening has been performed based on first criteria and it followed that total CDFs screened out
was below 10 percent of total CDFs of Internal Event PRA.
Therefore, screening threshold value of 1 OE-7/year is reasonable for this fire PRA to be applied.

Furthermore, major dominant fire scenarios are Yard Fire and FA6-101-01 Fire. It is required to
perform the detailed analysis for these fire scenarios to reduce the total fire risk because these
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fire scenarios account for 70 percent of the total CDF However, it is difficult to perform the
detailed analysis to reduce the CDF values of respective fire scenarios because design
information for these fire compartments is insufficient in DC stage. Also, it is not expected to
reduce the fire risk of other fire scenarios which have been screened out based on first screening
criteria even if detailed analysis would be performed.

Considering the circumstances mentioned above, it has been judged that detailed analysis is not
necessary.

Impact on DCD

There is no impact on DCD.

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.

19-113-2



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

10/712008

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO.69-1150 REVISION 0

SRP SECTION: 19 - Probabilistic Risk Assessment and Severe Accident Evaluation

APPLICATION SECTION: 19.1.5.2

DATE OF RAI ISSUE: 9/812008

QUESTION NO. : 19-114

Chapter 19, Section 19.1.5.2.2, Results from the Internal Fires Risk Evaluation:

It is stated that the design of the fire compartment FA601-03 (T/B electric room) was improved by
using fire PRA (Page 19.1-76).

a. There was no fire compartment FA601-03 listed in the Fire Compartment Table, there is an
FA6-101-03 listed in the Table. Please verify if this is the correct compartment.

b. Please discuss what the original design was in the fire compartment FA601-03 before the
fire PRA evaluation and the specific improvements that were made.

ANSWER:

Item-a
FA6-101-03 has been typed as FA601-03 in error. FA6-101-03 is correct.
Incidentally, fire scenario of fire compartment FA6-101-03 has been deleted in DCD Revision-1
and excluded from the dominant fire scenarios.
That is because this compartment has been divided to two fire compartments of FA6-101-03 and
FA6-101-14 by having provided with the fire barrier between them and it has resulted in the
reduction of the respective fire risk of them.

Item-b
FA6-101-03 is composed of Electrical Room (1 F) and Electrical Room (2F)
In DCD Revision-0, fire scenario of fire compartment FA6-101-03 has been described as follows.

Fire may cause LOOP because it may damage all four train cables to safety bus ducts from

offsite power located in FA6-101-03.
Offsite power cannot be recovered because fire may damage all four train cables to safety

bus ducts from offsite power sources.
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All four Class 1 E Gas Turbine Generators could not be operated by the random failure.
Operator may fail to connect the emergency power bus to AAC (auxiliary alternative
current) by the human error.

As the results, this scenario has the potential to lead to the core damage by causing the loss of all
power supplies of safety systems.

In order to prevent this scenario, following design change has been conducted.
Design of boundary construction between Electrical Room (1 F) and Electrical Room (2F),
which have been designated to "FA6-101-03" and "FA6-101-14" respectively, has been
changed to fire resistant construction. As the results, the potential of fire induced LOOP has
been eliminated by confining the fire in respective fire compartment of "FA6-101-03" and
"FA6-101-14".

Impact on DCD

There is no impact on DCD.

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

10/7/2008

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO.69-1150 REVISION 0

SRP SECTION: 19 - Probabilistic Risk Assessment and Severe Accident Evaluation

APPLICATION SECTION: 19.1.5.2

DATE OF RAI ISSUE: 9/812008

QUESTION NO. : 19-115

Chapter 19, Section 19.1.5.2, Internal Fire Risk Evaluation:

Please provide the risk insights from the fire PRA evaluation per Standard Review Plan (NUREG
0800) Section 19.0 (111.1.B).

ANSWER:

The following conclusion and insight has been derived from US-APWR Internal Fire PRA.

1. The total CDF value of Fire PRA is almost equivalent to the total CDF value of Internal PRA.
This is because the credit for mitigation function of fire detection and suppression system has
not been taken in US-APWR Fire PRA.

2. Most significant fire scenario is LOOP (Loss of Offsite Power) due to Yard fire, and the next is
SLBO (Turbine-Bypass Valve Spurious Open) due to FA6-101-01 (Turbine Building Other
Floor) fire. CDF values of these fire scenarios are 70 percent of total CDFs.

3. The probability of cable hot-short due to fire damage was set to 1.0 conservatively. Despite of
such assumption, the contribution to total fire risk of US-APWR was a little. That is because
dominant fire initiating event was LOOP and other initiating events caused by the cable hot-
short have not contributed significantly to the total fire risk.

4. Sensitivity analysis has been performed about the fire frequency of Gas-Turbine, the fire
mitigation probability of fire detection and suppression system, the probability of fire-induced
cable hot-short occurrence, the probability of Main Control Room evacuation due to fire and the
effects of transient combustibles in inside Containment areas. Except the effect of fire detection
and suppression system, their effects were not so high.
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5. Operator actions at Remote Shutdown Console during Main Control Room evacuation
identified specifically in Fire PRA is the only human action. A sensitivity analysis has been
performed conservatively using failure probability 1.0 to determine the effects of manual
operation from Remote shutdown Console. As a result, total value of fire induced CDF.has little
change.

6. In situ combustibles inside containment vessel are not so much, and therefore, it has been
conservatively assumed that transient materials are placed. It has been confirmed through the
sensitivity analysis that the amount of combustible materials will not affect to the fire
circumstances of fire compartments where redundant safety function have been installed.

7. Electrical Room in Turbine-Building has been divided to two fire compartments of FA6-101-03
and FA6-101-14 by having provided with the fire barrier between them. It has resulted in the
reduction of the respective fire risk of them.

8. The total LRF value of internal fire PRA is about twice of the total LRF value of internal events
PRA. Additionally, although mitigation features is lost by the fire, CCFP (Conditional
Containment Failure Probability) value of internal fire PRA remained in about 0.13 slightly
larger than the CCFP value of internal events PRA.

9. Most significant fire scenario is LOOP (loss of off-site power) due to Yard fire, and the LRF
value of this fire scenario is about 25 percent of total LRF of internal fire PRA. The next is
TRANS (general transient) due to FA1-101-17 (CN 3F northwestern part floor zone) fire.

10. Sensitivity analysis has been performed about the fire protection water supply system as
mitigation feature for severe accident. As a result, it has been confirmed that the LRF value of
internal fire PRA is greatly decreased if the fire protection water supply system can be used.

Impact on DCD

The description for risk insight will be added in next revised version (Revision -2) of DCD.

Impact on COLA

There is no impact on COLA.

Impact on PRA

There is no impact on PRA.
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