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MITSUBISHI HEAVY INDUSTRIES, LTD.

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

September 7, 2009

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-09443

Subject: MHI's Responses to US-APWR DCD RAI No.423-2710 Revision I

References: 1) "Request forAdditional Information No. 423-2710 Revision 1, SRP Section:
19 - Probabilistic Risk Assessment and Severe Accident Evaluation,
Application Section: 19.1,6," dated July 9, 2009.

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. 423-2710 Revision 1".

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

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document as listed in Enclosures.

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 submittals. 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 forAdditional Information No. 423-2710 Revision 1 (Proprietary
Information Included)

3. Responses to Request for Additional Information No. 423-2710 Revision 1 (Proprietary
Information Excluded)

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



ENCLOSURE I
Docket No. 52-021

MHI Ref: UAP-HF-09443

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. 423-2710 Revision 1" dated
September 2009, 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 and methodology developed by MHI for performing the design of the US-APWR
reactor.

5. The referenced information is being furnished to the Nuclear Regulatory Commission
("NRC") in confidence and solely for the purpose of information tothe 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 development of



methodology related to the analysis.

B. Loss of competitive advantage of the US-APWR created by benefits of modeling
information.

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 7th day of September 2009.

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

917/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-359

In the response to RAI Question 19-83 and in reference to two operator actions (i.e.,
depressurization by secondary side cooling and switchover from containment spray lineup to
alternate core cooling line-up), the following statement is made: "Key assumption is that
operations explained above are incorporated in the operational procedures, and the related
activities are defined as a COL item in DCD Section 19.3 (i.e., COL 19.3(6))." However, the staff
notes that although the referenced COL Action Item states that the COL applicant will develop an
"accident management program" nothing is stated about specific operations. Furthermore, it is
not clear whether the licensee's "accident management program" will include emergency
operating procedures (EOPs) or will address only severe accidents. Even if EOPs are included,
there should be a COL Action Item to ensure that appropriate procedures for important operator
actions will be incorporated in the "accident management program." Please explain.

ANSWER:

MHI's intended "accident management program" includes three topics, i.e. emergency operating
procedure (EOP), severe accident management guidance (SAMG) and operator's training
program. These topics can be identified in the discussions of NEI 91-04 [Reference 1]. MHI
agrees that the current description of the COL action item 19.3(6) is not very clear to follow the
NEI discussions but ambiguous what is going to be done, therefore MHI proposed to the NRC to
change the description of COL 19.3(6) by the letter reference UAP-HF-09305 [Reference 2].
Development of EOP is described in DCD Section 13.5 and training is described in DCD Section
18.9.

In addition, as questioned by the staff, RCS depressurization by secondary side cooling and
alternate core cooling operation will be addressed in the Emergency Response Guideline (ERG).
ERG is the standard guideline for the US-APWR, and is currently under preparation. First draft
ERG will be completed by the end of 2009. EOP will be developed by the COL applicant as the
plant specific procedures based on the US-APWR ERG.
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Reference:

I NEI-91-04 Revision I (formerly NUMARC 91-04), "Severe Accident Issues Closure
Guidelines", December 1994

2 Letter MHI Reference UAP-HF-09305 from Y. Ogata (MHI) to the NRC, "Withdrawal of
Proposal to Delete COL Item 19.3(6)" dated on 9 June 2009

Impact on DCD

There is no impact on DCD from this RAI.

Impact on COLA

There is no impact on COLA from this RAI.

Impact on PRA

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

9/7/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/912009

QUESTION NO.: 19-360
In response to RAI Question 19-84, the following important design feature is stated:

"Capability exists for a fast depressurization of the RCS (by using the EFW pumps to remove heat
through the SGs and by manually opening the MSRVs) to allow alternate core cooling injection using the
CS/RHR pumps."

Please include this statement in the list of important "assumptions" regarding design and operational
features and state its basis (disposition) by referencing an appropriate DCD chapter or a Chapter 19
thermal-hydraulic analysis.

Answer:

The above statement will be incorporated in Table 19.1-115 of the DCD as described below. The basis for
this operator action is discussed in the section on success criteria analyses of DCD or PRA technical
report (MUAP-07030). The success criteria analyses for alternate core cooling injection and associated
secondary side cooling are described in subsection 5A. 1.5 of the PRA technical report. In these analyses,
three MSRVs are considered to be sufficient for RCS depressurization for alternate core cooling
injection.
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Impact on DCD
DCD will be revised to include the capability of the EFW pumps and MSRVs to depressurize RCS and
operating actions for alternate core cooling in Table 19.1-115 "Key Insights and Assumptions" as follows.

Design features
- CS/RHRS provides multiple functions such as, (1) containment spray to decrease pressure and

temperature in the CV, (2) alternate core cooling in case all safety injection systems fails during
LOCA in coniunction with a fast depressurization of the RCS by using the EFW pumps to remove
heat through the SGs and by manually opening the MSRVs especially in high RCS pressure
sequences, (3) RHR operation for long term core cooling, (4) heat removal function for long term CN
cooling, (5) providing water to flood the reactor cavity and (6) fission product removal. During plant
shutdown, RHRS provides function to remove decay heat from the RCS.

Operator actions during at power events and assumptions
- The CS/RHR System has the function to inject the water from RWSP into the cold leg piping by

switching over the CS/RHR pump lines to the cold leg piping if all safety injection systems failed
(Alternate core cooling operation). In high RCS pressure sequences, a fast depressurization of the
RCS by using the EFW pumps to remove heat through the SGs and by manually opening the
MSRVs allows alternate core cooling injection using the CS/RHR pumps. Alternate core cooling
operation may be required under conditions where containment protection signal is valid. In such
cases, alternate core cooling operation is prioritized over containment spray, because prevention of
core damage would have higher priority than prevention of containment vessel rupture.

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

917/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-361
Please provide the following information related to your response to RAI Question 19-86 regarding
features available in the US-APWR design for preventing interfacing systems LOCA.
- It is stated that "the US-APWR is designed so that the residual heat removal system (RHRS)

pressure does not exceed its critical pressure ..... However, the basis of this statement is not clearly
stated in the response or inferred from the line diagram. Has an analysis being performed to
demonstrate that the RHRS pressure does not exceed its critical pressure?

- The presence of relief valves are beneficial but they cannot, by themselves, explain why the critical
pressure for pipe break is not reached.

- The line diagram does show paths from the RHRS suction line and the CS/RHR alternate core
injection line to the RWSP. Please confirm that there are not any components (not shown in the line
diagram) that can restrict the flow. Also, discuss whether the normally open CS/RHR suction isolation
valve can be closed due to maintenance and, thus, prevent flow to the RWSP.

Answer:

The RHR piping design regarding resistance against RCS pressure is described in response to RAI NO.
391-2974 question 06.03-11 (applicable section 6.3 of the US-APWR DCD). The basis for the RHR
piping to withstand RCS pressure is as follows.

"The wall thickness of 900 psi design is sufficient to prevent pipe rupture in case of RCS pressure of
2250 psi. For example, typically schedule 80 is selected in 900 psi design piping of the US-APWR. In
case of 10-inch and schedule 80 piping, this piping failure pressure is above 5,000 psi, shown in Table
2-18 of NUREG/CR-5603 "Pressure-Dependent Fragilities for Piping Component". Therefore, this design
is effective against intersystem LOCA. "

In addition, leak flow from the RCS-RHR boundary isolation valves can return to the RWSP. This design
feature relaxes the pressure increase in the RHR piping when the RCS-RHR boundary breaks. The RHR
relief valves are also beneficial to reduce the pressure in the RHR piping. These design features are
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beneficial but not essential to prevent interfacing systems LOCA. As discussed above, the piping failure
pressure of the RHR piping is above the RCS pressure, and therefore, interfacing systems LOCA can be
prevented even if the return path to the RWSP or the RHR relief valves do no operate.

The only component in the return pass from the RHR suction line to the RWSP is the CS/RHR pump
RWSP suction isolation valves (CSS-MOV-001A, B, C, D). These valves are kept opened during normal
plant operation and full stroke testing will be performed every three months according to the IST program.
Since interfacing system LOCA can be prevented even when the return path to the RWSP is blocked,
testing and maintenance activities are not significant contributors to risk.

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

9/7/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/912009

QUESTION NO.: 19-362
In response to RAI Question 19-87, it is stated that ".there are no significant sensitivities on the results
of uncertainty analysis even if the EFs used here are different from those reported in NUREG
documents." This statement does not address the staffs question regarding the uncertainty associated
with some initiating events, such as loss of CCW (EF = 10), which is a major contributor to the
uncertainty of the estimated plant risk. Such areas of uncertainty should be identified in the PRA and
taken into account in risk-informed applications.
Also, the assumed partial loss of CCW/ESW frequency may be underestimated, especially if the
unavailability of standby pumps due to maintenance is increased compared to operating plants. Were the
error factors of initiating event frequencies that are provided In this response used in the updated
uncertainty analysis? Please discuss.

Answer:

The frequency of loss of CCW initiating event in the US-APWR is dominated by the common cause
failure (CCF) between standby components and normally running components of the essential service
water system (ESWS) and the component cooling water system (CCWS). There are epistemic
uncertainties associated with the CCF parameters of normally running components and the CCF
between components with asymmetric conditions. The CCF parameters applicable for ESWS and CCWS
will be documented as uncertainties associated with the loss of CCW initiating event frequency.

In the US-APWR PRA, partial loss of CCW is defined as an initiating event that results in loss of two
CCW trains in the same CCW subsystem (i.e. loss of functions of CCW trains A and B, or loss of trains C
and D). Partial loss of CCW can occur when a running CCW or ESW train fails when the CCW/ESW train
in the same sub-system is out of service (e.g. CCW pump A fails to run when CCW train B is out of
service). The staffs indication is true that the frequency of partial loss of CCW/ESW depends on the
unavailability of the CCW and ESW pumps.
The US-APWR applies the generic initiating event frequencies reported in NUREG/CR-6928 to evaluate

the partial loss of CCW initiating event frequency. The frequency of this initiating event depends on the
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unavailability of CCWS/ESWS trains as mentioned above. The unavailability of the CCW trains due to
maintenance of CCWS and ESWS is uncertain at the design stage. The US-APWR will apply the generic
initiating event frequency data of NUREG/CR-6928 to the base case analysis while identifying the impact
of the uncertainty of the partial loss of CCW initiating event frequency by sensitivity analysis as shown
below.

The contribution of online maintenance of CCW and ESW pumps to the partial loss of CCW/ESW
frequency can estimated as follows.
The frequency of partial loss of CCW/ESW can be roughly estimated by the combination of expected
annual outage time of the CCW/ESW train and the unreliability of the running train in the same
sub-system. The unreliability of one running train of the CCW or ESW can be roughly estimated by the
sum of failure rates of CCW pump and ESW pump to run. When assuming the failure rates of CCW
pump and ESW pump applied to the US-APWR PRA, the unreliability of one CCW/ESW train to run is
7.8E-06 /hr. If each CCW train is unavailable for 7 days per reactor year, the total hours of any four CCW
trains being unavailable is 672 hour per reactor years, and the frequency of partial loss of CCW cause by
failure of the running train in the same subsystem out of service is estimated to be 5.2E-03 IRY Similarly,
if each CCW train is unavailable for 14 days per reactor year, the partial loss of CCW is estimated to be
1.OE-02 /RY. These initiating event frequencies are higher than the initiating event frequency of 3.2 E-03
/RY considered in the US-APWR PRA that refers the NUREG/CR-6928 initiating event data.

In the current DCD PRA, the contribution of partial loss of CCW to the at-power internal events CDF is
1.3% and is relatively low compared to other initiating events. If the initiating event frequency of partial
loss of CCW event increases additionally'5.3 E-03 /RY, which is an increase in initiating event frequency
associated with annual 7 day unavailability per CCW train, the CDF will increase approximately 2.2%,
and the contribution of this initiating event to the total at-power internal events CDF will be 2.5%. Similarly,
if the partial loss of CCW event frequency increases additionally 1.1 E-02 /RY, which is the contribution of
annual 14 day unavailability per CCW train, the CDF will increase approximately 4.3%, and the
contribution of this initiating event to the total at-power internal events CDF will be 5.4%. The uncertainty
associated with the PLCCW initiating event frequency is expected to have small impact on the results.

Regarding the error factors of initiating event frequencies that will be used for the PRA for DCD revision 2,
the error factors described in the response to RAI Question 19-87 will be used. MHI is aware that
uncertainties must be reviewed in more detail when the PRA is applied to risk informed applications such
as the risk informed technical specifications. The uncertainties of total loss of CCW initiating event will be
documented in the DCD as important uncertainties and will be re-assessed when the PRA is upgraded
for risk informed applications.

Impact on DCD
The uncertainty of total loss of CCW initiating event will be added in the DCD Table 19.1-35 as key
sources of uncertainty.

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

917/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-363
In response to RAI Question 19-88, it is stated that "CCF events are quantified using the MGL method
....... Exceptions are CCF events of components of asymmetric configuration, which involves CCF
between standby components and running components." This "exception" results in an arbitrarily chosen
value for the beta CCF parameter which is two orders of magnitude lower than what is reported in
industry data bases for the CCF of CCW/ESW pumps (set of four pumps). The justification provided for
not using industry data is that there are not enough historical data for the CCF to run of all four pumps in
asymmetric configuration (two standby and two running pumps). Since the CCF of all four CCW/ESW
trains dominates the total loss of CCW/ESW initiating event frequency, this frequency is an important
source of uncertainty for both the base PRA and for risk-informed applications. An investigation of
potential root causes of CCF among all four pumps and all four heat exchangers could help narrow this
uncertainty since it is likely that some failures do not impact both CCW/ESW subsystems (they are
separated) or both running and standby components. In addition, this source of uncertainty should be
identified in the PRA and taken into account in riskinformed applications. Please discuss..

Answer:

The CCF values of CCW/ESW used in the US-APWR PRA are not arbitrarily chosen but a matter of
expert opinion by a leading expert in CCF modeling and data analysis. The existing published values for
CCW and SW pumps are not applicable to normally operating pumps for the failure mode failure to
continue operating - so any comparisons to these are suspect.

Service data will reviewed and a re-assessment of the parameters and values CCF will be performed
during the development of PRA for risk informed applications, when access to the INEL CCF database,
which requires a plant licensee, is available. If MHI can access to the INEL CCF database during the
design certification stage, MHI will perform re-assessment of the CCF parameters and report the results
to the NRC.

The CCF values of CCW/ESW are source of uncertainties in the PRA. MHI will document this uncertainty

in the DCD.
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MHI considers that the current initiating event frequency of total loss of CCW is a reasonable estimate,.
although there are uncertainty associated with the CCF parameters. The reason is as follows.

The PRA considers CCF (failure to run during the 24 mission time) between normally running pumps and
standby pumps, and applies a y value of 0.1. This value is expected as a conservative estimation for the
reasons listed below.

- Causes of CCF events such as design problems, wear out caused events, aging-caused
events and maintenance failures are unlikely to simultaneously emerge in the 24 hour time
frame unless an common event or environmental shock to provoke hidden defects occur upon
the components. Such causes of CCF can emerge for pumps that simultaneously start and run
after reception of start signals. Regarding normally running pumps, which do not change states
after the initiating event, there would be much less causes that can trigger CCF. CCF between
the normally running pumps and standby pumps are therefore considered to be rare.

- In some situations, the standby pumps are required to run after normally running pumps have
failed due to CCF. In this case, the standby pump runs after the event that has triggered the
CCF of the normally running pumps. Since the standby pumps run during the different (after)
time frame from that of the normally running pumps, the probability the standby pumps fail to
run by the same cause that failed the normally running pumps are considered to be very low.

- Environmental causes that can cause CCF to both running and standby pumps are considered
to have very low probability in the internal event PRA. This is because, in the US-APWR design,
the CCW/ESW pumps are physically separated and supported by different trains of the support
system.

When taking into consideration of the conservative CCF parameter set for the CCF of pumps with
asymmetric configuration, the initiating event frequency of total loss of CCW for the US-APWR design is
not expected be higher than the current value even if uncertainty of CCF for normally running pumps may
result in higher CCF parameters.

Impact on DCD
MHI will identify in the uncertainty associated with the CCF values of CCW/ESW as key uncertainty in the
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

917/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-364
The responses to RAI Questions 19-97 and 19-98 do not address the staffs question regarding the use
in the thermal-hydraulic (T-H) analyses of more than the minimum set of equipment that are required
according to the PRA success criteria (e.g., case 1.4 assumes all accumulators, all EFW pumps and all
CS pumps are successful when HHI fails). T-H analyses should be run for representative accident
sequences using minimum equipment, conservative initial and boundary conditions and limiting
assumptions (e.g., about break size and location). For example, the results of a T-H analysis for small
LOCA event tree sequence #20 can be used to verify the success criteria and the assumptions regarding
the time available to switch from containment spray mode to alternate core cooling mode. Minimum
equipment in accordance with the assumed success criteria in the PRA should be used in the analysis.
Please discuss.

Answer:

MHI understands that the main purpose of determining the success criteria is to find the minimum set of
equipments and that the T-H analysis under the condition of the minimum set of equipments is often a
rational approach. However, in determining the success criteria, there are various purposes such as
identification of the minimum set of equipments and evaluation of allowable time to core damage.
Because the success sequences with minimum set of equipments can be a rare event, the T-H analysis
assuming this condition is not always appropriate. Furthermore, MHI considers it as less important to find
the minimum set of equipments among different safety functions while it is important to find the minimum
set of equipments within an identical safety function. In the DCD, T-H analysis conditions are thus set,
and success criteria are determined from the analysis results as well as from engineering judgment. In
the future, a more rigorous set of equipments for success sequences will be considered in accordance
with various applications if necessary.
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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

9/7/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-365
In the response to RAI Question 19-106, it is not clearly stated whether the mechanical failure of the main
steam isolation valve (MSIV) and the main feedwater isolation valve (MFIV) to close are modeled in the
PRA. Please confirm. Also, please provide the dominant cutsets (e.g., cutsets contributing 99% of the
sequence CDF or top 10 cutsets, whichever is smaller) for each of the SGTR sequences #11, #12 and
#13, involving steam generator isolation failure.

Answer:

Mechanical failure of MSIV is modeled while the failures of main feedwater isolation valves to close are
not modeled. The MSIV is modeled because main steam isolation is an important function to prevent
unlimited release of the primary side coolant outside the containment vessel via the ruptured SG tube.

Mechanical failure of main feedwater isolation valves is not modeled since mainfeed water is expected to
be isolated with high reliability. During the SGTR event, main feedwater is automatically isolated by the
main steam isolation signal initiated by the ECCS actuation signal. The main feedwater isolation signal
can also be initiated manually. It can be expected that the main steam isolation signal will be initiated
automatically or by manual when the operator is aware of the SGTR event.

The main feedwater (MFW) isolation signal actuates the following:
Trip of all MFW pumps
Close all MFW isolation valves
Close all SG water filling control valves

Success of any of these three components actuated by the main feedwater isolation signal will result in
main steam isolation. The reliability of main feedwater isolation is highly reliable and the main steam
isolation valve is not modeled.

The top 10 dominant cutsets of SGTR sequence #11, #12 and #13 are shown in-tables 1 through 3,
respectively.
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Table 1 Top ten dominant cutsets of SGTR sequence #11
No Prob. % Q Event Description

1 1.08E-10 5.57 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
1.51E-01 HITOO02-DP3 HPI INJECTION CONTROL HUMAN ERROR
5.83E-02 MSPOO0250B1-DP2 XN 50B1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500B1 AN 50OB1 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

2 1.08E-10 5.57 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
1.51 E-01 HITOO02-DP3 HPI INJECTION CONTROL HUMAN ERROR
5.83E-02 MSPOO025OA1-DP2 X/V 50A1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD50OA2 A/V 500A2 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

3 1.08E-10 5.57 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
1.51E-01 HITOO02-DP3 HPI INJECTION CONTROL HUMAN ERROR
5.83E-02 MSPOO025OB1-DP2 XN 50B1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500B2 AN 500B2 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

4 1.08E-10 5.57 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
1.51E-01 HITOO02-DP3 HPI INJECTION CONTROL HUMAN ERROR
5.83E-02 MSPOO025OA1-DP2 XN 50Al CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500A3 A/V 500A3 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

5 1.08E-10 5.57 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
1.51E-01 HITOO02-DP3 HPI INJECTION CONTROL HUMAN ERROR
5.83E-02 MSPOO025OA1-DP2 X/V 50Al CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500AI AN/ 50OAl FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

6 1.08E-10 5.57 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
1.51E-01 HITOOO2-DP3 HPI INJECTION CONTROL HUMAN ERROR
5.83E-02 MSPOOO25OC1-DP2 XN 50CI CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500C2 AN 500C2 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

7 1.08E-10 5.57 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
1.51E-01 HITOO02-DP3 HPI INJECTION CONTROL HUMAN ERROR
5.83E-02 MSPOO0250C2-DP2 XN 50C2 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500C4 AN 500C4 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

8 1.08E-10 5.57 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
1.51E-01 HITOO02-DP3 HPI INJECTION CONTROL HUMAN ERROR
5.83E-02 MSPOO025OA2-DP2 X/V 50A2 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500A5 A/V 500A5 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

9 1.08E-10 5.57 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
1.51E-01 HITOO02-DP3 HPI INJECTION CONTROL HUMAN ERROR
5.83E-02 MSPOO025OC1-DP2 XN 50C1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500CI A/V 50OCI FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

10 1.08E-10 5.57 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
1.51E-01 HITOO02-DP3 HPI INJECTION CONTROL HUMAN ERROR
5.83E-02 MSPOO0250B2-DP2 XN 50B2 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD50OB4 ANV 500B4 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)
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Table 2 Top ten dominant cutsets of SGTR sequence #12
No Prob. % Q Event Description

1 1.05E-10 5.96 4.00E-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO025OA2-DP2 X/V 50A2 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500A4 A/V 500A4 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)
1.OOE-07 PZROO02PORV-DP3 OPERATOR FAIL TO OPERATE

2 1.05E-10 5.96 4.OOE-03 105SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO025OC2-DP2 X/V 50C2 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500C5 A/V 500C5 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)
1.OOE-07 PZROO02PORV-DP3 OPERATOR FAIL TO OPERATE

3 1.05E-10 5.96 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250A1-DP2 XN 50A1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500A1 A/V 500A1 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)
1.00E-07 PZROO02PORV-DP3 OPERATOR FAIL TO OPERATE

4 1.05E-10 5.96 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250A1-DP2 X/V 50A1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500A2 AN 500A2 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)
1 .0E-07 PZROO02PORV-DP3 OPERATOR FAIL TO OPERATE

5 1.05E-10 5.96 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250B1-DP2 XN 50B1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500B3 A/V 500B3 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)
1.00E-07 PZROO02PORV-DP3 OPERATOR FAIL TO OPERATE

6 1.05E-10 5.96 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250B2-DP2 X/V 50B2 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500B4 A/V 500134 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)
1.OOE-07 PZROO02PORV-DP3 OPERATOR FAIL TO OPERATE

7 1.05E-10 5.96 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250B2-DP2 XN 50B2 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500B5 A/V 500B5 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)
1.OOE-07 PZROO02PORV-DP3 OPERATOR FAIL TO OPERATE

8 1.05E-10 5.96 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250B1-DP2 X/V 50B1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500BI A/V 500B1 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)
1.OOE-07 PZROO02PORV-DP3 OPERATOR FAIL TO OPERATE

9 1.05E-10 5.96 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250C1-DP2 XN 50C1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500C2 A/V 500C2 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)
1.OOE-07 PZROO02PORV-DP3 OPERATOR FAIL TO OPERATE

10 1.05E-10 5.96 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250C1-DP2 X/V 50C1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500C1 A/V 50OC1 FAIL TO CLOSE
2.56E-03 MSROO02533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)
1.OOE-07 PZROO02PORV-DP3 OPERATOR FAIL TO OPERATE
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Table 3 Top ten dominant cutsets of SGTR sequence #13
No Prob. % Q Event Description

1 1.04E-10 6.2 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO025OA1-DP2 XN 50Al CLOSE OPERATION FAIL (HUMAN ERROR)
1.45E-01 MSPOO02STRV-SG-DP3 MSRV OPEN OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500A3 A/V 500A3 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

2 1.04E-1 0 6.2 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO025OA2-DP2 XN 50A2 CLOSE OPERATION FAIL (HUMAN ERROR)
1.45E-01 MSPOO02STRV-SG-DP3 MSRV OPEN OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500A5 A/V 50OA5 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

3 1.04E-10 6.2 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO025OA1-DP2 XN 5OAl CLOSE OPERATION FAIL (HUMAN ERROR)
1.45E-01 MSPOO02STRV-SG-DP3 MSRV OPEN OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500A2 A/V 500A2 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

4 1.04E-10 6.2 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO025OB1-DP2 X/V 5OB1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.45E-01 MSPOO02STRV-SG-DP3 MSRV OPEN OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500B2 A/V 500B2 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

5 1.04E-10 6.2 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250C2-DP2 XNJ 50C2 CLOSE OPERATION FAIL (HUMAN ERROR)
1.45E-01 MSPOO02STRV-SG-DP3 MSRV OPEN OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500C4 A/V 500C4 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

6 1.04E-10 6.2 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO025OB1-DP2 XN 50B1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.45E-01 MSPOO02STRV-SG-DP3 MSRV OPEN OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500B1 A/V 500B1 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

7 1.04E-10 6.2 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250C2-DP2 XN 50C2 CLOSE OPERATION FAIL (HUMAN ERROR)
1.45E-01 MSPOO02STRV-SG-DP3 MSRV OPEN OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500C5 A/V 500C5 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

8 1.04E-10 6.2 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250B2-DP2 XN 50B2 CLOSE OPERATION FAIL (HUMAN ERROR)
1.45E-01 MSPOO02STRV-SG-DP3 MSRV OPEN OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500B4 A/V 500B4 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

9 1.04E-10 6.2 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250A2-DP2 XN 50A2 CLOSE OPERATION FAIL (HUMAN ERROR)
1.45E-01 MSPOO02STRV-SG-DP3 MSRV OPEN OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500A4 A/V 500A4 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)

10 1.04E-10 6.2 4.OOE-03 !05SGTR STEAM GENERATOR TUBE RUPTURE
5.83E-02 MSPOO0250B1-DP2 XN 50B1 CLOSE OPERATION FAIL (HUMAN ERROR)
1.45E-01 MSPOO02STRV-SG-DP3 MSRV OPEN OPERATION FAIL (HUMAN ERROR)
1.20E-03 MSRAVCD500B3 A/V 500B3 FAIL TO CLOSE
2.56E-03 MSR0002533A MSIV 533A CLOSE OPERATION FAIL (HUMAN ERROR)
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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

917/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-366
In the response to RAI Question 19-108, the following statement is made: "Operator action to equalize
the RCS pressure with the secondary side pressure after isolation of the faulted SG is therefore not
modeled ....... Operator action to equalize the pressure is assumed to succeed in those sequences." The
staff believes that anytime that the operator is relied upon to perform a task there is a finite probability of
failure that needs to be addressed. Please discuss.
In addition, the staff review would benefit from the results of thermal-hydraulic T-H analyses for SGTR
sequences #3 and #21 using minimum equipment (in accordance with the assumed success criteria in
the PRA), conservative initial and boundary conditions and limiting assumptions (e.g., considering the
most severe faulted SG isolation failure mode).

Answer:

In sequence #11, if the operator fails to equalize the RCS pressure with the secondary side pressure after
isolation of the faulted SG, the operator will attempt cooldown and recirculation, which is represented by
the sequences followed by failure to isolate the faulted SG (sequences #2 through #13). For sequence
#21, the reliability of equalizing the RCS pressure with the secondary side pressure is expected to be
very high since high head injection, which keeps the RCS pressure high when operable, is inoperable.
Taking into consideration that the operator action to equalize the RCS pressure with the secondary side
pressure is expected to be performed with high reliability, as discussed in 19-108, and that there are
measures to prevent core damage even when this action fails, MHI considers this operation error event
will not impact the PRA results.

MHI agrees that when anytime the operator is relied upon to perform a task there is a finite probability of
failure. To investigate the importance of this action, the PRA will be revised introducing an event heading
in the SGTR event tree that represents operational failure to equalize the RCS pressure with the
secondary side pressure. This event heading will not be used for CDF quantification but will be used to
investigate the importance of operation to equalize the RCS pressure with the secondary side pressure.

There are no thermal-hydraulic T-H analyses results for SGTR sequences #3 and #21.
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Thermal-hydraulic T-H will be performed as necessary when developing the emergency operational
guidelines and procedures for SGTR event. Chapter.15 provides basic analysis of SGTR event. The
plant response of the US-APWR during the SGTR event is expected to be basically the same with those
of conventional PWRs. The difference is that the accident progression will be more slow, due to the small
steam generator tube diameter and the large volume of RCS.

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

917/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-367
The following statement is made in the response to RAI Question 19-119: " The PRA considers that by
assuming a 0.1 failure probability for MTC, the failure of emergency boration or manual trip is not
necessary to be explicitly modeled." However, the staff finds that a simplified modeling of the ATWS
accident sequences is used in the PRA without the benefit of any conservative or bounding assumptions.
As currently modeled, the risk associated with ATWS sequences is dominated by the following: (1)
Support software failure probability of 1E-7; (2) Control rod failure to insert probability of 1E-7; (3) I&C
hardware or reactor trip breaker failure to open probability of 3E-6; and (4) a probability of 0.1 for an
unfavorable moderator temperature coefficient (MTC) coincident with the success of all trains of several
equipment such as all four EFW pumps and all pressurizer SDVs. There is significant modeling and state
of knowledge uncertainty associated with the first three probabilities while no basis has been provided for
the last probability (it can be significantly higher than 0.1 since one train of EFW can be out for
maintenance and one SDV can fail to open). Please discuss. In addition, the ATWS event tree model
assumes that the diverse actuation system (DAS) can trip the reactor even when the reactor trip
breakers have failed to open. This implies that the implementation of the DAS reactor trip function is
through a trip of the control rods via the M-G set field breakers which are separate and diverse from the
reactor trip breakers. If the above statement is true, this is an important assumption about a design
feature that needs to be verified and the reliability/availability of the M-G set breakers assured (e.g.,
include in the D-RAP). Please include this statement in the list of important "assumptions" regarding
design and operational features and state how it will be verified by referencing an appropriate DCD
chapter and/or associated requirements.

Answer:

The 0.1 failure probability for MTC represents failure of several systems required after occurrence of an
anticipated transient without scram event. The event heading "MTC" in the ATWS event tree used for
DCD revision 1 represents the following events

- Unfavorable moderator temperature coefficient
- Failure of pressurizer safety valves to open
- Failure in emergency feed water system
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Failure in emergency Boration

The event tree of ATWS was revised to assess each failure as event headings and to enable evaluation
of risk importance of each system. The event heading "MTC" were separated into four event heading that
respectively represent the four mitigation functions listed above. The unreliability of each functions was
assess by fault tree analysis.

The revised event tree is shown in figure 1. The definition and success criteria for each event headings of
the revised ATWS event tree are as follows.

- RTA: Reactor trip
This event heading represents the failure of automatic reactor trip initiated by the reactor
protection system (RPS) or the diverse actuation system (DAS). If the control rods drop in the
reactor core by actuation of trip breakers or the MG set breaker trip, the reactor will be tripped.
The reliability of reactor trip system is assessed by fault tree analysis and is linked to this event
heading.

- TTP: Turbine trip
This event heading represents the failure of turbine trip initiated by the automatic turbine trip
signal. If the turbine trip signal, which is initiated by the reactor trip signal or DAS, is initiated
and the turbine stop valves or turbine control valves successfully isolate steam supply to the
turbine, turbine trip succeeds. The reliability of turbine trip system is assess by fault tree
analysis and is linked to the event heading.

- MTC: Moderator temperature coefficient
This event heading represent the event of the moderate temperature coefficient to be within a
range that can prevent excessive RCS pressure. The probability of MTC to be in a unfavorable
value is assumed to be 0.05 as discussed in the Attachment 6A section 6A.14.9 of the PRA
technical report (MUAP-07030 R1).

- PZS: Pressurizer Safety Valve
This event heading represents the failure of pressurizer safety valves to open. The PRA
assumes that sufficient pressure release to prevent excessive RCS pressure cannot be
achieved if any one of the four safety valves fails to open. The reliability of pressurizer safety
valves is assessed by fault tree analysis and is linked to the event heading.

- EFE: Emergency feed water
This event heading represents the failure of emergency feedwater (EFW) system to remove
heat from the primary side. The PRA conservatively assumes that feed water from all four trains
of the EFW is necessary. Accordingly, maintenance outage of any train of the EFW is assumed
to result in failure of this mitigation function. The reliability of EFW system is assessed by fault
tree analysis and is linked to the event heading.

- EBI: Emergency Boration
This event heading represents the failure of operators to establish emergency boration. The
operators must supply boric acid to the charging pump suction line using the boric acid transfer
pump and inject boric acid into the RCS by charging pump. The reliability of this mitigation
system is assessed by fault tree analysis and is linked to the event heading.

There are two success paths in the event tree. In the following paths of the event tree, core damage is
prevented.

- Reactor trip signal is automatically actuated and control rods successfully drop into the reactor.
(Sequence no.1)

- The combination of successful automatic turbine trip, RCS pressure relieve by pressurizer
safety valves, feedwater supply from EFWS and emergency boration under a favorable MTC.
(Sequence no.2)
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The DAS hardware for ATWS mitigation functions - Reactor trip, turbine trip, and EFW actuation - is
diverse from the reactor trip hardware used in the plant safety and monitoring system. The reactor trip is
actuated by tripping the non-safety CRDM motor-generator set. This actuation leads to de-energizing the
power for the CRDM by a means that is diverse from the RTB to release the control rods for gravity
insertion into the reactor core. This design feature of the DAS is described in section 7.8.1.2.1 of DCD
chapter 7. This design feature is important to the PRA and will be added in the Table 19.1-115 of DCD
chapter 19.

Anticipated Reactor Trp Turbine T Moderator Ternperature Pressurizer Safety Emergency Feed Emergency Boration
Tranisent Cfcnt Valve Water

AT RPS TTP MTC PZS EFE EB[

Figure 1 ATWS event tree

Impact on DCD
There event tree for ATWS shown in figure 19.1.1 sheet 17 will be revised. The event tree figure shown in
this response will be used in the revised figure.

Table 19.1-115 will be revised. Design feature of the DAS to initiate reactor trip will be documented in the
table. Disposition of this design feature is section 7.8.1.2.1 of DCD chapter 7.

Impact on COLA
There is no impact on COLA.

Impact on PRA
The ATWS event tree will be revised as described in this RAI. Resulting CDF change from the revised
ATWS events has small impact on the total CDF.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

9/7/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 719/2009

QUESTION NO.: 19-368
In the response to RAI Question 19-122, the features and characteristics of the RWSP strainers
that prevent debris from plugging valves are discussed. This information should be included in
the list of important "assumptions" associated with design and operational features. Also, in the
response to RAI Question 19-123, the "assumption" in the PRA of diverse configuration of
check valves in the various injection lines is discussed. This information should be included in
the list of important "assumptions" associated with design and operational features since the
assumed diverse configuration minimizes intersystem CCF and, therefore, such CCFs were not
modeled in the PRA. Please discuss.

Answer:

Design feature of the US-APWR RWSP strainers to prevent debris from plugging valves will be
incorporated in the table of "key assumptions" as important design feature. The assumption regarding the
on likelihood of intersystem CCF of check valves will also be incorporated in the table of "key
assumptions" as important assumptions.
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Impact on DCD
Table 19-115 will be revised as shown in below.

Key Insights and Assumptions Dispositions
Design features and insights

5. Refueling Water Storage Pit
- The RWSP is located on the lowest floor inside the 6.2.2.2.5

containment. The coolant and associated debris from a pipe
or component rupture (LOCA), and the containment spray
drain into the RWSP through transfer pipes. Each transfer
pipe opening into the containment is protected from large
debris by vertical debris interceptor bars that are capped by
a ceiling plate.

- Four independent sets of ECC/CS strainers located in the 6.2.2.2.6
RWSP. The strainer design includes redundancy, a large
surface area to account for potential debris blockage and
maintain safety performance, corrosion resistance, and a
strainer hole size to minimize downstream effects.

Key Insights and Assumptions ] Dispositions
Assumptions

Check valves in accumulator, high head iniection, and other systems PRA assumption
are in diverse configuration because:

- The accumulator does not have any pumps to drive upon a
failed closed check valve but other systems have pumps so
the forces acting on the valves to open them (even if the
valves are similar) are different

- The duty cycles in the systems are different. They are
cycled at different times when the systems are tested.

- Maintenance practices including testing may also be
different.

Common cause failure between the check valves in accumulator and
HHIS is therefore not model in the PRA.

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

917/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-369
In the response to RAI Questions 19-126 and 19-128, the issue of consistency between the assumed
demand failure rates and the US-APWR testing intervals is discussed. It is stated that "....testing interval
was not used in calculation of reliability of equipment for which NUREG/CR-6928 data was applied." The
staff believes that the testing interval of standby equipment is a major factor in estimating failure
probabilities of equipment modeled in the PRA. The NUREG/CR-6928 failure data, used in the
US-APWR PRA, are based on operating reactor testing intervals, which in many cases are significantly
different than the testing intervals proposed for US-APWR. Please discuss an approach for addressing
this issue.
Also, it is stated that a list of test intervals will be added for each system in the next revision of the PRA
technical report. However, it is also stated in the response that only "test intervals that have technical
basis will be added for each system in the next revision of PRA technical report." Please clarify.

Answer:

Failure data have uncertainty associated with test intervals as indicated in the RAI question. Sensitivity
study to investigate the impact of such uncertainty is shown in response to RAI question 19-371.

MHI is aware that there are uncertainties in failure rates associated with the impact of test intervals to
component reliability. Response to RAI question 19-371 shows that these uncertainties will not
significantly impact the results. MHI's position is that the NUREG/CR-6928 data is currently one of the
best database available and can be applied for the base case of DCD, if supported by uncertainty studies.
MHI agrees that more detail study may be needed when the PRA is used for risk informed applications.

Below are the reasons MHI basically considers NUREG/CR-6928 data is one of the best database
currently available even though failure probabilities doe not reflect changes testing intervals.

The statement in the question seems to imply that testing intervals have a significant contribution to
failure rates for standby components. There is no evidence to support this claim. Gathering evidence to
support this claim essentially impossible because undetected failures in standby - such as those implied
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by the well known U/2 model- are inherently unknown as they are not observed and the failure times
are not recorded. That is, the time of failure for truly standby failure according to this model is not known,
recorded, or reported in any database. For components that have to change state on demand when
tested or put into operation, the only opportunity to gain evidence about success or failure is when it is
demanded and the available failure reports do not speculate on whether it was thought that the actual
failure occurred earlier or at the time of demand. Indeed any information about this could only be
speculation. This is why NUREG/CR-6928 does not and could not present any standby failure rates for
use in this type of model to help calculate the probability of failure on demand.

On page 9 of this NUREG it is stated:
"Standby component failure modes such as pump FTS and valve FTO/C historically have been

modeled as either demand related (failure probability upon demand) or standby time related (failure
rate). For example, the NUREG-1150 studies (Ref. 13) expressed such events as probability per
demand, while the Probabilistic Safety Analysis Procedures Guide (Ref. 6 1) expressed such events as
rates per standby time. The present study follows the more traditional approach of probability per
demand presently used in the SPAR models. Also, this same approach was taken for the INL system
studies, in which significant effort was expended to develop state-of-the-art analysis methodologies.
However, adoption of this approach does not imply that such standby component failure modes are
best modeled as demand-related."

"This decision was made mainly because the available data were typically collected on a per-demand
basis. Additional studies would need to be performed to clearly identify whether such standby
component failure modes should be expressed as purely demand related, purely standby time related,
or a combination of the two models. See Reference 17 for a discussion of this issue."

Hence, even the authors of the NUREG recognized that modeling such failures in terms of a failure rate
per demand is consistent with traditional PRA practice, consistent with the NRC's own SPAR models,
and the only approach that can be supported by the current state of information in the input failure data
because there is no existing data from which to estimate a time based standby failure rate.

Regarding the treatment of the testing interval, the hypothesis that failure rates are somehow dependent
on the test interval is a hypothesis that is not supported by any available evidence. Such a hypothesis is
inherent in the application of the 2,T/2 model which is sometimes used. However there are no available
estimates of failure counts that actually occur in the time between demands. So when this model is
applied it is based on failure rate estimates that are not consistent with the model. There are several
reasons why many of the existing PRAs do not use this model for standby components. These reasons
include:

- The model assumes that the failure process are independent of the actual demands and its
only by chance that the demand will occur after the previous test and prior to the current
demand. However some failure processes are associated with the demand itself such as
transient loads that occur during the actual demand. These failure processes are not
addressed by this model.

- As explained above one never observes the time of occurrence of a failure between the test
demands, so there is not sufficient information from which to develop a reliable estimate of the
time based failure rate.

- There are reasons to believe that failure rates to operate on demand may increase with
increasing test interval and other reasons to believe that the opposite is true. An example of the
latter are demand stress related failure processes.

- The failure data in the NUREG reflects a mixture of testing interv , als so application of the data
means that the uncertainty due to impact of testing interval has been accounted for by the
associated plant to plant variability distributions.

The list of test intervals of components of the system modeled will be included in the revised PRA report.
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For some components, there are no testing requirements available in the design certification stage. For
such particular components, MHI will note that there are no requirements for testing at the design stage.

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

917/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-370
In the response to RAI Question 19-126 it is stated that "...valve position indication is credited for
motor-operated valves that need to maintain their position during standby." In the response to RAI
Question 19-132 it is stated that "Valve positions will be checked from the main control room after
outages or testing. Valves that have been aligned in the wrong position will be detected and fixed to the
correct position within a short period of time. The probability of valves to be left in the incorrect position
after testing is therefore considered to be very low. Accordingly, human error of omission .... is not
modeled in the PRA." Since the risk contribution of human errors during testing and maintenance can be
significant if not detected and corrected, all assumptions about early detection of failures made in the
PRA should be stated for each system. In addition, the response to RAI Question 19-132 should be
included in the list of PRA "assumptions" regarding important design and operational features and be
properly verified for the as-to-be-built, as-to-be-operated plant.

Answer-

Valve positions will be checked from the main control room after outages or testing. This is a general
assumption applied to all systems with testing requirements, and therefore, it will be written documented
as a general assumption to include checking of valves after test and maintenance in the procedure. This
assumption will be added in the list of key assumption in the DCD.

Impact on DCD

Assumption regarding checking of valve positions will be added in the list of key assumptions summarize
in table 19.1-115 in the DCD. This change will be incorporated in DCD revision 2.
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Table 19.1-115

Key Insights and Assumptions Dispositions

Operator actions and assumptions

Maintenance procedures indicate to check valve positions from the 13.5 (7)
main control room after outages or testing. Valves that have been
aligned in the wrong position will be detected and fixed to the correct
position within a short period of time.

Impact on COLA
There is no impact on COLA.

Impact on PRA
There is no impact on PRA.
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Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 719/2009

QUESTION NO.: 19-371
In the response to RAI Question 19-133 it is stated that "Equipment of new built plants are considered to
have enhanced reliabilities compared to existing plants. " However, more evidence is needed to support
this statement. The failure rates reported in NUREG/CR-6928 are average values that are mostly based
on components tested quarterly. The two pairs of motor-operated valves of the charging system,
discussed in the response to RAI Question 19-133, are tested every 24 months at refueling. The
performed sensitivity analysis does not address the uncertainty associated with the applicability of
NUREG/CR-6928 data to MOVs with much longer testing intervals or the fact that pre-1997 failure data
were not included in NUREG/CR-6928. The following two sensitivity cases could be helpful to determine
whether the NUREG/CR-6928 data need to be adjusted for the longer testing intervals of the US-APWR:
Case 1: Use NUREG/CR-6928 data after adjusting them for the 24-month testing interval.
Case 2: Use data from EPRI's "ALWR Utility Requirements Document," which are averages of data taken
from several sources.
Similar sensitivity studies are needed for EFW system components tested every 24 months (RAI
Question 19-183). Please discuss.

Answer:

Sensitivity analyses have been performed to the study uncertainties associated with the failure data of
valves with long test intervals. In the sensitivity study, valves that have high Fussell-Vesley (FV)
importance were given higher failure probabilities to estimate risk change when the valves were
assumed to have degraded reliability due to long test intervals.

Basic events that represent failure of valves and have high FV importance are shown in table 1. For each
valves raised in table 1, test intervals requirement of the IST program are listed. Sensitivity analyses
have been performed for valves that have testing requirements longer than 24 months, to investigate the
impact of long test intervals.
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The following five sensitivity cases have been performed.
Case 1: Failure probability of main steam isolation valves are adjusted for 24-month testing interval
Case 2: Failure probability of safety depressudzation valves are adjusted for 24-month testing interval
Case 3: Failure probability of EFW line check valves are adjusted for 24-month testing interval
Case 4: Failure probability of EFW pump outlet check are adjusted for 24-month testing interval
Case 5: Failure probability of pressurizer safety valves are adjusted for 60-month testing interval

When the failure probabilities components were adjusted in the sensitivity cases, the CCF probabilities
were re-quantified as well.

Failure probabilities of valves were adjusted for different test intervals based on the NUREG/CR-6928
data. NUREG/CR-6928 estimates only demand failure probability for valves. Demand failure probabilities
were adjusted for longer test intervals based on the mean testing interval of the NUREG data and the
testing interval of the components to be modeled.

For each cases of the sensitivity case described above, failure probabilities of components were adjusted
in two ways and sensitivity analyses were performed for each adjusted values. The followings are the
two methods applied to adjust the failure probability for longer testing intervals.

Analysis A:
Demand failure probabilities of NUREG/CR-6928 were adjusted for longer test intervals based on the
mean testing interval of the NUREG data and the testing interval of the components to be modeled
assuming that the that all failures in the NUREG were standby failures. Hourly failure rates are
assumed to be constant with time. The failure probability adjusted by this method is conservative and
gives a bounding estimate of the failure probability.

Analysis B:
Demand failure probabilities of NUREG/CR-6928 were adjusted for longer test intervals based on the
mean testing interval of the NUREG data and the testing interval of the components to be modeled
assuming that the that 50% of the failures in the NUREG were standby failures and the rest were
demand failures. Failure rates are assumed to be constant with time.

Table 2 shows the results of the sensitivity cases. For each case, result for two sensitivity analysis (i.e.
Analysis A and B), different in the way the failure probabilities were adjusted, are shown in the table. The
failure probability of main steam isolation valves (MSIVs), referred as Case 1, shows the largest increase
in CDF. Changes in the failure probability of other valves of Case 2 through 5 have small impact on the
CDF even when the failure probability is adjusted in the most conservative way. Valves not considered in
this sensitivity analysis have lower FV values than Cases 2 through 5. Accordingly, uncertainties
associated with the reliability of such valves are considered to be similar or less.

The uncertainty associated with the impact of long test intervals on the failure probability of MSIVs can
result in approximately 20% increase of the CDF from the CDF reported in the DCD. However, the actual
impact of the increase in MSIV's failure probability is expected to be smaller, since there is conservatism
in the accident scenario which MSIV failure involves.

The failure mode of the MSIV that most impacts the CDF is the common cause failure (CCF) of MSIVs to
close. The FV importance of this CCF event is 4.3E-03. In the US-APWR PRA, CCF of MSIVs is
considered as a cause of main steam isolation failure in the event of secondary side breaks. For instance
the CCF of MSIVs is considered to directly lead to main steam isolation failure in the event of main steam
line break down outside the containment vessel (SLBO). In the accident scenario of secondary side
break events, the PRA assumes that main steam isolation failure in multiple loops result in loss of
secondary side cooling function. In other words, the PRA assumes that decay heat cannot be removed
from any of the SGs and the operator will initiate feed and bleed if main steam isolation fails in multiple
loops. This PRA assumption is conservative since even if the failure in main steam isolation may result in
uncontrolled depressurization of multiple SGs, decay heat removal from the secondary side is possible -
although the reliability will not be as high as when main steam isolation has failed.
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If there was a 50% chance for the operator to successfully remove decay heat using the depressurized
SGs after the event of main steam line breaks, the sensitivity associated with the impact of long test.
intervals on the failure probability of MSIVs would be approximately half of the result of the sensitivity
Case 1. It is likely for the operators to attempt secondary side cooling with the depressurized SGs before
initiating feed and bleed. Although there are large uncertainty associated with the probability of
successful decay heat removal by the depressurized SGs, MHI consider that decay heat can be removed
by the SGs with a probability higher than 0.5. Thus MHI considered that the uncertainty associated with
the impact of long test intervals on the failure probability of MSIVs will not have more then 10% impact on
CDF.

Reliabilities of components with long test intervals are sources of uncertainty. Based on sensitivity
analysis and consideration of conservatism in the PRA model, MHI considers the NUREG/CR-6928 data
can be applied to components with long test intervals without distorting the results and important insights
of the DCD PRA. Uncertainty associated with the component reliabilities can be important when
implementing risk informed applications. The PRA will be revised as necessary when implementing risk
informed applications.
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Table 1 Risk important events involving failure of valves to operate

Average
Testing demand
Interval frequency of

Event FV RAW assumed in the data
Component ID US-APWR source

[Month] (NUREG/CR-
6928)

CCF of CS/RHR heat NCS-MOV-145A
exchanger CCW valves NCS-MOV-145B 7.6E-03 9.1E+01 3 4.6/yr

NCS-MOV-145Cto open NCS-MOV-145D

NMS-VLV-515A
CCF of main steam NMS-VLV-515B
isolation valves to close NMS-VLV-515C

NMS-VLV-515D

CCF of EFW pit outlet EFS-VLV-008A 3.1E-03 1.3E+03 24 6.6/yr
check valves to open EFS-VLV-008B

Turbine-driven EFW
pump actuation valve EFS-MOV-103A 2.5E-03 3.6E+00 3 4.6/yr
fails to open
CCF of safety RCS-MOV-117A
depressurization valves RCS-MOV-1 17B 2.2E-03 1.9E+01 24 4.6/yr
to open

EFS-VLV-018A
CCF of EFW line check EFS-VLV-018B
valves to open EFS-VLV-018C 2.2E-03 1.3E+03 24 6.6/yr

EFS-VLV-018D
EFS-VLV-012A

CCF of EFW pump EFS-VLV-012B

outlet check valves to EFS-VLV-012C 2.2E-03 1.3E+03 24 6.6/yr
open EFS-VLV-012D

Pressurizer Safety RCS-VLV-123 1.8E-03 2.7E+01
Valve fails to reclose

Pressurizer Safety RCS-VLV-122 1.8E-03 2.7E+01
Valve fails to reclose

60 1.6/yr
Pressurizer Safety RCS-VLV-121 1.8E-03 2.7E+01
Valve fails to reclose

Pressurizer Safety RCS-VLV-120 1.8E-03 2.7E+01
Valve fails to reclose

CCF of turbine-driven
EFW pump actuation EFS-MOV-103D 1.2E-03 2.8E+01 3 4.6/yr
valves to open
CCF of charging pump
outlet CCW isolation NCS-MOV-316A 1.1E-03 2.4E+01 3 4.6/yr
valve to open (for NCS-MOV-316B
alternate CCW)
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Table 2 Sensitivity case results

Component that the Base (DCD) Case Analysis A ___ Analysis BDescription of the CDFCD
Case failure probability has Failure CDF Failure CDF cFailure CDF ncrement

been adjusted Probability [RY] Probability [ FRY] ncmt abilure [DF
_____ ______________ ______________ ______ _____ ________I ____ _ Prbaiit][Y

1

Failure probability
of main steam
isolation valves
adjusted

NMS-AOV-515A
NMS-AOV-515B
NMS-AOV-515C
NMS-AOV-515D

1.2E-03 1.4E-02 1.4E-06 17.1 7.6E-03 1.3E-06 8.5

40

Failure probability RCS-MOV-1 17A

2 of safety 1.OE-03
depressurization RCS-MOV-1 17B
valves adjusted

EFW-VLV-018A
Failure probability EFW-VLV-018B

3 of EFW line check 1.2E-05
valves adjusted EFW-VLV-01 80

EFW-VLV-01 8D
EFW-VLV-012B

Failure probability EFW-VLV-012C
4 of EFW pump outlet 1.2E-05

check adjusted EFW-VLV-O12A
EFW-VLV-01 2D

1.2E-06

9.2E-03 1.2E-06 2.6 5.1E-03 1.2E-06 1.7

1.6E-04 1.2E-06 3.4 8.5E-05 1.2E-06 1.7

1.6E-04 1.2E-06 3.4 8.5E-05 1.2E-06 1.7

5

Failure probability
of pressurizer
safety valves
adjusted

PZR-VLV-1 23

PZR-VLV-1 22

PZR-VLV-1 21

PZR-VLV-1 20

7.0E-05 5.6E-04 1.2E-06 5.1 3.2E-04 1.2E-06 2.6



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

917/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-372
In the response to RAI Question 19-186 it is stated that "in addition, if the plant were to continue hot
standby condition, the two emergency feedwater (EFW) pits together contain enough water volume to
maintain hot standby condition for 24 hours without water supply." However, if an operator action is
required at some time after 24 hours to maintain the stable plant condition (e.g., operator action to supply
water from the demineralized water storage tank), this action should be modeled in the PRA, unless it is
shown to be insignificant. Please discuss.

Answer:

MHI agrees with the point that there is a possibility of core damage that can occur after the 24 hour
mission time. However, MHI judges that the probability of such scenarios are very low and can be
removed from analysis as discussed below.

When the function required for the EFW system is to remove heat from the RCS to transfer to residual
heat removal operation, the mission time of the EFW system is maximum 14 hours. In the PRA, the
mission time of the EFW system is set to 24 hours to envelope mission times of EFW system required for
other accident sequences such as RCS depressurization by secondary side cooling, which is a mitigation
function required when high head injection fails after small break LOCA.

Scenarios which the EFW system is required to run beyond 14 hours occur only when multiple SSCs
have failed and therefore these scenarios are rare. In addition, SSCs that have failed in such scenarios
have chances to be restored before the EFW needs additional water supply. Core damage that occurs
after the 24 mission time is therefore judged to be negligible to risk.
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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

917/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-373
In the response to RAI Question 19-187 it is stated: "Even if the manual valves were to be tested with
long intervals, the increase in failure probabilities of manual valves due to long test intervals is
considered to be much smaller than the human error probability to operating valves. For this reason, the
use of the generic data was considered not to have impact on system reliability." Please explain how the
failure probability of manual valves with no testing requirements is "much smaller" than the human error
probability of 4E-3. According to event EFWOO01 PW2AB (operator failure to change over to the other
EFW pit), there are three manual valves (PW2A, PW2B, and PW3) that can fail to open and two manual
valves (PW1A and PW1 B) that can fail to close. Please explain how these failures were modeled.

Answer:

If no testing were to be performed throughout the plant life time, reliability of the valves can degrade and
result in degradation of the reliability to change over the emergency feed water (EFW) water source. The
valves used for EFW water source change over are chosen as risk important SSCs and the reliability will
be under control of the RAP. Although the reliability of the valves may not be maintained "much smaller"
than the human error probability of 4.OE-03, the uncertainty associated with the reliability of these valves
is considered to have small impact on the results as discussed below.

If water level in the EFW pit A becomes low, the operator needs to change the water source of EFW
pumps A and B to EFW pit B or the dernineralized water storage tank. Success to change over to either
one of the water sources will enable the EFW pumps A and B to continue feedwater supply to the SGs.
Changing the water source of EFW pumps from EFW pit A to pit B requires the following actions to be
performed.

(a) Close EFW outlet valve VLV-007A (PW1A)
(b) Open EFW pump suction tie-line valve VLV-006A (PW2A)
(c) Open EFW pump suction tie-line valve VLV-006b (PW2B)

On the other hand, changing the water source of EFW pumps from EFW pit A to the demineralized water

storage tank requires the following actions to be performed.
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(d) Close EFW outlet valve VLV-007A (PWIA)
(e) Open EFW pump suction tie-line valve VLV-006A (PW2A)
(f) Open demineralized water storage tank isolation valve VLV-004 (PW3XV)

Since operation of valves VLV-007A (PW1A) and VLV-006A (PW2A) are common to the two sets of
operator actions described above, failure in either one of these two valves will directly result in failure to
change over water source. These two failures are expected to be dominant hardware failures that result
in failure to change over water source. The current PRA does not model the consequences of the failure
of these valves in detail. The PRA model will be changed to adequately model the hardware failures in
the next PRA update. The impact of this model change is considered to have small impact on risk as
discussed below.

The failure probability of EFWOO01 PW2AB (operator failure to changeover to the other EFW pit) and
corresponding FV importance are 2.OE-02 and 0.05, respectively. This implies that if the failure
probability of valves VLV-007A (PW1A) and VLV-006A (PW2A) were to be 1.OE-02 each, the CDF will
increase approximately 5%. The failure probability of manual valves reported in NUREG/CR-6928 is
7.0E-04 per demand. This failure probability is based on data of valves with an average 2.4 demand per
year (average 5 month interval). Taking in to consideration that the valves are under control of RAP and
assuming that the valves will be tested every 24 months, the unreliability of the valve is expected to be
3.3E-03 or lower. Changes in the PRA will not significantly impact the CDF or risk insights.
The assumption regarding test interval of these valves will be documented in the DCD chapter 19 as
important assumptions&

Impact on DCD
The assumption regarding test interval of VLV-007A (PW1A) and VLV-006A (PW2A) will be documented
in the DCD chapter 19 as important assumptions.

Impact on COLA
There is no impact on COLA.

Impact on PRA

The PRA will be revised to model the impact of failure in valves associated with EFW pump water source
changeover.
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Docket No.52-021

RAI NO.: NO. 423-2710 REVISION 1

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 71912009

QUESTION NO.: 19-374
In the response to RAI Question 19-188 it is stated: "For this reason, failure to control the valves during
standby are not modeled. CCF of the control valves to control during the mission time needs to be
considered and such failures will be incorporated in the PRA during the next PRA upgrade." Please
explain the reason that the EFW line throttle MOV failure to "control" needs to be modeled during the
24-hour mission time but not during standby. If these valves are not needed to control the flow to the SGs
during an accident, as it is stated in the response, then why does their failure to control flow during the
24-hour mission of the EFW system need to be modeled in the PRA?

In addition, in the response to RAI Question 19-190 it is stated that "...water level in the SGs needed for
secondary cooling can be maintained by the actuation of interlocks implemented on the EFW control
valves ... and the EFW isolation valves ..... " This statement should be included in the list of PRA
"assumptions" regarding important design and operational features and be properly verified for the
as-to-be-built, as-to-be-operated plant.

Answer:

The EFW can continue to supply feedwater to the SG even if the control valve is not used to regulate flow
since the water level in the SG will be maintained within the level necessary for secondary side cooling
by automatic actuation of EFW isolation valves. Even though manual control of the throttle valve to
regulated feedwater flow in not essential, in actual operation, throttle valves will be used to regulate flow.
When the throttle valve fails to controls during the manual operation, there is a potential that the valve
may remain in an undesirable position that lead to failure to continuously supply sufficient feed water to
the SG. The failure to control is modeled to represent such failures of the valves.

EFW control valves and the EFW isolation valves automatically open when the SG water level becomes
low and close when the water level becomes high. This design feature of the EFW control valves and the
EFW isolation valves enhances the reliability of feedwater control by the EFWS. The following statement
will be documented in the DCD chapter 19 table 19.1-115 as important design features.
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"Upon detection of low SG water level in any one of the SGs, automatic signals to fully open the EFW
control valves and EFW isolation valves will be actuated. Upon detection of high SG water level, an
automatic signal to close the EFW control valve and the EFW isolation valve of the associated SG will
actuate. Hence, if the operator fails to operate the EFW control valve and the SG water level deviates
from the expected range, the EFW control valves and the isolation valves will automatically close when
the SG water level is high or fully open when the SG water level is low. These functions enhance the
reliability of EFW system to maintain adequate SG water level for secondary side cooling

The automatic actuations of EFW control valves and the EFW isolation valves when the SG level is
abnormal are described in DCD chapter 10 section 10.4.9.2.1.

Impact on DCD
The answer of this RAI will be documented in the DCD chapter 19 table 19.1-115 as important design
features.

Impact on COLA
There is no impact on COLA.

Impact on PRA
There is no impact on PRA.
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QUESTION NO.: 19-375
In the response to RAI Question 19-189 it is stated that no CCF of EFW pit water level sensors are
modeled because (1) water level is checked every 12 hours, (2) failure of a sensor can be detected and
repaired by recognizing any inconsistent output signals between the two sensors, and (3) CCF of both
sensors is unlikely. Please explain by responding to the followingquestions:

Is there a requirement that the operators must check the EFW pit water level every 12 hours?
How likely is it that the reading from a failed sensor will not be significantly different than the
reading from the not failed sensor in a 12-hour period?
Why is the failure of a sensor during the 24-hour mission time modeled in the PRA but
pre-existing failures during the 12 hour period between checks are ignored?

- Could the failure of both sensors result in the same or close readings and go undetected? What
is the sensor failure mechanism?

It is stated that CCF during the 24-hour mission time will be incorporated even though it does not impact
the PRA results. The staff believes that some failures that do not impact the base PRA results may
impact the results of risk-informed applications (e.g., riskmanaged TS). For this reason, a good quality
PRA includes even failures that do not impact the base PRA results.

It is stated that a miscalibration error across all sensors (i.e., sensors in both EFW pits) is not considered
because the two pits are located in opposite sides of the reactor building and, therefore, the operator
action failures have very low dependency. However, it is more likely that the operator calibration error is
due to incorrectly following the same procedure. Please discuss.

-Answer:

EFW pit water level would be checked each shift, which will be no longer than 12 hours. However,
technical specification, which requires the EFW pit water level be checked every 31 days, is the only
requirement available at the design certification stage. The check interval will be revised as necessary
when the PRA is developed for risk informed application.

The US-APWR design plans to install an additional non-safety related EFW pit water sensor diverse from
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the safety related water level sensors. Due to the additional non-safety EFW water level sensor, EFW
water level is expected to be detected with high reliability, and therefore, changes in the failure probability
of safety related-water level sensors will not impact risk. The assumption to install an additional EFW pit
water level sensor that is diverse from the safety related water level sensors will be documented in DCD
chapter 19 as key assumptions.

The reading from a failed sensor is unlikely to not be significantly different than the reading from a failed
sensor. Such failures are considered to be rare. Even when such failure occur, if one of the two sensors
were operating, the operator can detect low water level when the EFW operates.

The pre-existing failures of a sensor that occur after EFW pit water level check will be considered in the
PRA for risk informed application. The US-APWR design will adopt an additional EFW pit water level
sensor diverse from the safety related water level sensor, which is not modeled in the current PRA model
for DCD rev. 1. Due to the additional non-safety water level sensor, consideration of pre-existing failures
of the EFW pit water level sensor is not expected to impact the results and insights.

It is unlikely for both sensors in result in the same or close reading but it can occur with very low
probabilities. Such postulated failures can occur if the pressure sensor device in the transmitter stick as
is for some reason. The PRA conservatively considered this severe failure mode.

The miscalibration error across all safety related EFW pit water sensors can potentially occur as
indicated by the staff. Dependency of this miscalibration error will be reviewed in the PRA for risk
informed application. Changes in the unreliability of calibration will not impact the DCD results and risk
insights since the reliability of EFW water level reading will enhance due to the additional EFW pit water
sensor discussed above.

Impact on DCD

The assumption to install an additional EFW pit water level sensor that is diverse from the safety related
water level sensors will be documented in the DCD chapter 19 as key assumptions.

Impact on COLA
There is no impact on COLA.

Impact on PRA
There is no impact on PRA.
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DATE OF RAI ISSUE: 719/2009

QUESTION NO.: 19-376
In the response to RAI Question 19-191, the following statements are made:
(1) It is more likely that the actual out of service time will be determined by failure type and repair time
with an expectation that the newer design pumps will experience higher reliability.
(2) The actual outage times are also expected to be impacted by regulations such as MSPI and
derivative requirements that impact availability monitoring.
'(3) A sensitivity study, assuming a seven day yearly outage of each EFW pump, indicates an increase in
CDF of about 9%.
The staff views this issue as a source of uncertainty that needs to be tracked and taken into account in
risk-informed applications involving decision-making. Please discuss.

Answer:

As discussed in response to question 19-191, outage times of components during will not be
unnecessarily be extended even though limited condition for operation of some systems do no require all
trains to be operable. It is also true that the expected unavailability of components due to maintenance is
uncertain at the design stage, when there is no operating experience.

Component outages modeled in the at power level 1 PRA that are risk significant are the following
components.

- Turbine driven EFW pump
- Essential service water pump
- Alternate AC power source

Component outages of these components have RAW larger than 2.0 and/or FV importance larger than
5.OE-03. Uncertainty associated with the unavailability of these components may impact the time
averaged core damage frequency. The unavailability of components will be documented as source of
uncertainty in the DCD.
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Impact on DCD
The unavailability of components will be documented as source of uncertainty in the DCD.

Impact on COLA
There is no impact on COLA.

Impact on PRA
There is no impact on PRA.
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DATE OF RAI ISSUE: 71912009

QUESTION NO.: 19-377
In RAI Question 19-195 the staff requested that a systematic search be performed to identify missing
failures in all fault trees used in the PRA. The response to RAI Question 19-195 addresses only the
examples of missing failures provided by the staff. Please perform a systematic search to identify failures
that are not modeled in the PRA and either incorporate these failures in the revised fault trees or explain
in the fault tree assumptions the reasons these failures are not modeled.

Also, it is stated in the response to RAI Question 19-195 that no credit is taken for manual actuation
when automatic actuation fails because the probability of I&C equipment failure is negligible. However,
the assumption of "negligible" failure probability of I&C hardware and software may not be robust.
Furthermore, a PRA which is a living document that will be used for sensitivity analyses and riskinformed
applications, should model even those failures that do not appear to be risk significant in the base PRA.
Please discuss.

In addition, it is stated in the response to RAI Question 19-195 that the "failure to open" of the
motor-operated main steam relief valve (MSRV), to depressurize the secondary side, is not modeled
because it is expected to be much lower than the human error to open the valve which is 2E-3/d.
However, the failure probability to open a motor-operated valve is assumed to be 1E-3/d in the
US-APWR PRA and higher in other sources. Please discuss.

Answer:

Even though reliability of I&C systems are expected to be higher than manual actions, failures in I&C
system can potentially impact multiple automatic signals and manual actions. A systematic search to
identify I&C system failures that result in failure of automatic actuation signals and manual actions has
been performed to identify the dependencies between automatic/manual signals and I&C systems.
Dependency between I&C systems and automatic/manual signals will be incorporated in the PRA for
DCD revision 2 and dependency matrices will be provided in the supporting PRA report.

Since many automatic actuation signals and manual actions depend on common I&C systems, I&C
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failures will be modeled for manual actions in the PRA to capture the dependencies. Followings are the
changes that will be adapted to the PRA.

* I&C failures that will result in failures of manual actions will be modeled. I&C failure that will
be considered in the fault tree are, application software CCF in the plant safety and
monitoring system (PSMS), CCF of I&C hardware of PSMS, software CCF in the plant
control and monitoring system (PCMS), failure of diverse actuation system (DAS), and
support software CCF that result in failure of both PSMS and PCMS. These failures will be
modeled for automatic actuation signals.

" I&C hardware CCF will be considered for PSMS. On the other hand, hardware failure of
PCMS will not be modeled. This is because failure of PCMS I&C hardware, given that the
PCMS had been operable when the initiating event occurred, is unlikely to occur within the
mission time since I&C hardware generally have low failure rates. Software CCF of the
PCMS will be modeled because such failure can occur as a result of hidden failure before
the initiating event.

* Software CCF probability of the PCMS is assumed to be 1 E-4, which is one magnitude
higher than that of PSMS, taking into consideration that PCMS is a non-safety system and
their application software is not under control of a safety related quality assurance program
such as V&V. The risk importance of PCMS can be estimated from the importance results
of PCMS software CCF.

* Automatic actuation signals that depend on the same sensors will be assumed to have
complete dependencies. (e.g. Main steam line isolation signal and main steam relief valve
actuation signal)

Regarding the question on modeling of MSRV, the mechanical failure of MSRV will be modeled in the
PRA.

The results of the revised PRA incorporating the changes described in this response will be provided in
DCD revision 2.

Impact on DCD
There is no impact on DCD.

Impact on COLA
There is no impact on COLA.

Impact on PRA

The PRA will be revised. The results of the revised PRA incorporating the changes described in this
response will be provided in DCD revision 2.
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QUESTION NO.: 19-378
In RAI Question 19-196 the staff requested that the assumptions made in the PRA about test and
maintenance be listed for all components modeled in the PRA. However, the response addresses only
the examples provided by the staff. Please include the requested information in the next revision of the
PRA.

Answer:

List of test intervals of components of the system modeled will be included in the revised PRA report. For
some components, there are no testing requirements available in the design certification stage. For such
particular components, MHI assumes a 24 month testing interval. For each component, information on
whether or not testing requirements are available at the design stage.

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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QUESTION NO.: 19-379
In the response to RAI Question 19-197 it is stated that the issues brought up by the staff regarding the
failure of the turbine bypass valves (TBVs) will be addressed. However, it is not stated in the response
how and when these issues will be addressed. Please clarify.

Answer:
The success criterion for the TBVs to prevent the opening of main steam safety valves after SGTR event
is set conservatively as "all 15 TBVs must open". MHI has revised the fault tree of the opening of TBVs.
Following failure modes are considered for the opening of TBVs.

- Hardware failure of TBVs
Three types of failures "fail to open", "spurious close" and "plug" are modeled for the mechanical
failure of TBVs.

- Supporting system failure (i.e. power supply system)
Two failure modes are assumed in fault tree. One is the failure of Class 1 E dc buses which provide
power to the solenoid valve of the TBVs. The other is the failure of non-safety electric system. The
former is the power supply system required for the TBVs opening, and the latter represents the
reliability of instrument air system, which is a non-safety system, for the operation of air-operated
valves.

- Digital I&C failure
Plant control and monitoring system (PCMS) application software common cause failure (CCF) and
basic software CCF are modeled as digital I&C failure that can result in opening of the TBVs.
PCMS application software controls the TBVs and is assumed to have unreliability of 1 E-4 per
demand. Software CCF probability of the PCMS is set one magnitude higher than that of plant
safety and monitoring system (PSMS), taking into consideration that PCMS is non-safety system
and their application software is not under control of a safety related quality assurance program
such as V&V. Basic software failure that can impact both PSMS and PCMS is assumed to occur
with a probability of 1 E-7.
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Figures 1 and 2 show the revised fault trees, considering the failure modes described above. Here, fault
trees MSP-OS-02B and MSP-OS-02C are the same as MSP-OS-02A, except for the component IDs of
TBVs since the fault tree gates represent failure of different TBVs.

The discussion in this RAI will be documented in the DCD.
The fault tree is incorporated in the PRA model for DCD revision 2.

Impact on DCD
The discussion in this RAI will be documented in the DCD..

Impact on DCD
The discussion in this RAI will be documented in the DCD.

Impacton COLA
There is no impact on COLA.

Impact on PRA
The fault tree is incorporated in the PRA model for DCD revision 2. These changes have small impact on
the CDF results and will not impact risk insights.
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Figure 1 Revised Fault Tree of MSP-OS-02



CD

Figure 2 Revised Fault Tree of MSP-OS-02A
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QUESTION NO.: 19-380
The following statement is made in the response to RAI Question 19-198: "The PRA model will be
upgraded to properly assess the [a]symmetrical condition of initiating events when applying to RMTS."
However, it is not stated when this upgrade will take place and whether it will be performed at the DC
stage or later. The issue of simplifying modeling assumptions and their impact on PRA results and
insights, which are used in risk-informed applications for decision making, should be one item in the list
of issues to be addressed before the US-APWR PRA can be used to support applications such as the
risk-managed technical specifications (RMTS) program. Please clarify.

Answer:

In Section 19.3 of the DCD, resolution of COL item COL19.3(1) is stated as follows.
"The COL Applicant who intends to implement risk-managed technical specifications continues to update
Probabilistic Risk Assessment and Severe Accident Evaluation to provide PRA input for risk-managed
technical specifications."

It is the responsibility of COL applicant to update the PRA for risk-managed technical specifications. This
issue is not an item to be resolved in the DC stage. If the COL applicant intends to implement
risk-managed technical specifications from initial plant operation, the PRA for risk informed application
will be developed and be available one year prior to the first fuel load.

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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QUESTION NO.: 19-381
Please provide the following information related to your response to RAI Question 19-200:
(a) It is stated: "Isolation of ruptured SG can be accomplished without operator action. Operator action is
[needed] to isolate the ruptured SG [and] is credited when the TBVs fail to reclose." This statement
appears to conflict with statements made elsewhere in the PRA (e.g., Section 3.2.5.1 of PRA Rev.1
"Event Description" states that "MSIV will be manually closed" without any reference to the TBVs. Also,
on page 3-25 it is stated that "Operator action to close MSIV" is needed, independently of what happens
to the TBVs). Please clarify.
(b) In explaining the frequency of SGTR sequence #12, the potential failure to re-close of only one TBV is
considered (event MSRAVCD500Al with probability of 1.2E-3). However, there are 15 TBVs and each
one of them can fail to re-close and isolate the ruptured SG. Please discuss.
(c) A low dependency is assumed between the operator action to recognize the need and close the MSIV
associated with the ruptured SG (event MSPOO02533A) and the operator action to recognize the need
and close the manual valve that isolates a TBV that failed to re-close (event MSPOO0250Ai-DP2). One
of the reasons for this low dependency is the assumption that two different crews will be performing the
two actions. However, it appears that the same crew is performing the cognition aspects for both actions.
In addition, it is not clear what the definition of a second crew is in the USAPWR PRA. Please discuss.
(d) It is stated that if there is a third human error in a sequence, then its dependency is at least moderate.
However, in the US-APWR PRA this dependency is always assumed as moderate. Please discuss.
(e) The failure of the main steam safety valves (MSSVs) to reclose due to passage of water was not
modeled in the PRA. It is argued that the probability of an MSSV to stick open after passing water is 0.1
according to NUREG/CR-6928. However, other sources put this probability close to 1. Also, it is stated in
the response that an MSSV will open only when the air-operated (main steam relief valve) MSRV fails to
open on demand, which contradicts the PRA modeling assumption that two MSSVs open when either the
turbine bypass valves (TBVs) fail to open or the MSRV fail to open soon after the SGTR event. Please
discuss.

Answer:
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(a) The statement in response to RAI question 19-200 is a editorial error. Isolation of ruptured SG is
performed by operator action to close MSIV. The statement in the PRA reportis correct.

(b) As pointed out by the staff, any one of the 15 TBVs can fail to re-close and result in failure to isolate
ruptured-SG. The response to RAI Question 19-200 shows only an example of the cutset of SGTR
sequence #12. Failure of each 15 TBVs to reclose is modeled in the fault tree, and therefore, PRA
quantifies the probability of SG isolation failure involving all 15 TBVs. The total frequency of the cutsets
involving the 15 TBVs followed by operator errors described in response to RAI Question 19-200 is
approximately 1.7E-09/RY. These cutsets dominate the CDF of SGTR sequence #12.

(c) "Different" and "same" crews are defined based on the location where operator action is performed. It
is assumed that operations conducted in the main control room (MCR) are performed by "same" crew
and local actions (i.e. operation performed outside of the MCR) are performed by "different" crews, as
described in page 9-70 of PRA technical report (MUAP-07030 Rev. 1).
MSIV is opened by the crew in MCR, while a different crew re-closes manual valve TBVs by local action.
Therefore, two operations "MSPOO02533A" and "MSOO0250A1-DP2" are assessed as actions
performed by different crews. Considering that the timing of operation between these actions is not close,
the dependency level between these actions is estimated to be "low", based on the decision tree shown
in Figure 1.

The definition of "second crew" in US-APWR PRA is one of the crew members (i.e. SRO-1 or AO-1) who
is expected to correct the failure conducted by the first operator (i.e. RO or AO-1). The corrective action
performed by the second crew is not assumed to be dependent with other tasks.

(d) Dependency level of operator action error modeled in US-APWR PRA is determined using the
decision tree shown in Figure 1. For the 3rd and 4th operator action errors that occur in one sequence, it is
judged that dependency levels of these actions would not be "low", since two operator actions have
already failed and there is the likelihood that the next action will fail by the same cause. Based on this
judgment, even if the 3 rd and 4 th operator action errors were to be estimated to have low dependencies
with the preceding operator action, the dependencies will be set as moderate for the 3 rd action and high
for the forth action, respectively. If the dependency level of the 3rd human error is estimated to be high, as
is the case for "ACWOO02CT-DP3", the dependency level is remained as high. In addition, the 4th human
error is always assumed to be high dependency regardless of the dependency level estimated by the
decision tree.

Since dependency levels of most of the 3 rd operator actions were estimated to be "moderate" according
to the decision tree shown in Figure 1, dependency level of 3rd operator actions are mostly modeled as
moderate. Only few 3rd operator actions were modeled as high dependency level.

(e) PRA assumes that two MSSVs open when either the turbine bypass valves (TBVs) fail to open or the
MSRV fail to open soon after the SGTR event. This event considers the pressure increase in the faulted
SG just after the initiating event, when the RCS pressure is high. For the case discussed in RAI question
19-200, considerable time has already passed after the initiating event and the RCS pressure is not as
high as initial stage of SGTR event. At this time, opening of MSSV can be prevented solely by the
actuation of main steam relief valve.

There is uncertainty regarding the probability of MSSV to reclose after water passage. The staff indicates
that some sources put this probability close to 1. There is a possibility that the failure probability of MSSV
to reclose is higher than the 0.1 reported in NUREG/CR-6928. For the reason discussed below, this
source of uncertainty has small impact on risk.

The probability of water passes through the MSSV cause by failure of the main steam relief valve to open
given that SG fill up has occurred is approximately 0.01. This probability is the same with "Water
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hammer" event modeled in the PRA which also lead to similar consequence after it's occurrence when
SG water has filled up. The FV importance and risk achievement worth of event "Water hammer" is
1.5E-5 and below 1.1, respectively. This implies that even if the failure of MSSV to reclose after water
passage has been modeled with a probability close to 1, the resulting CDF increase is smaller than
0.01%. The uncertainty associated with the failure probability of MSSV to reclose has very small impact
on risk.

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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if this error is 4th error in the sequence, then the dependency level is at least high, and
if this error is more in the sequence, then the dependency level is complete.

Figure 1 Dependency Level Decision Tree
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QUESTION NO.: 19-382
In the response to RAI Question 19-272(b) it is stated that the generic. data for gas turbine generators
(GTGs) in NUREG/CR-6928 are based on only two components at the same plant that are not
safety-related. For this reason, it is stated that these data do not apply to the safety-related emergency
GTGs used in the US-APWR design. This is a reasonable argument. However, this argument raises a
question regarding the failure rates used for the alternate ac (AAC) GTGs which also are not
safety-related. Please discuss.
In addition, the staff's question regarding the performed sensitivity studies was partially'answered. A
response to the following question is still expected: Provide the basis for the assumption that the CCF
parameters of GTGs are not likely to be higher than the CCF parameters of "general components," used
in the sensitivity analysis.

Answer-

There are other reasons why generic data for combustion gas turbine generators of NUREG/CR-6928
are considered not applicable to the GTGs of the US-APWR. The safety-related and ACC GTGs of the
US-APWR applies an aircraft derivative gas turbine for electrical power generation, and this feature
differentiates the US-APWR GTGs from the GTGs used in current nuclear power plants. The application
of an aircraft derivative gas turbine results in the combination of highly reliable aircraft component with
equally industrial components such as reduction gears, electrical generator, governor, voltage regulator,
relays and similar components. The GTG components have demonstrated a high degree of reliability in
starting and continuous power operation in aircraft and commercial application over a long period of time.
Additionally, reliability studies reported in the USAPWR technical report MUAP-07024 show that safety
related GTGs of the US-APWR are expected have higher reliabilities. The AAC GTGs, which are diverse
from the safety related GTGs, also adopt aircraft derivative gas turbine and are considered to have high
reliabilities. Even though AAC GTGs may not be expected to have the same level of reliability with safety
related GTGs, high reliability is expected for the AAC GTGs due the design feature discussed above.
The PRA therefore considers that the AAC GTGs have high reliability and generic reliability data of diesel
generators can be applied as a substitute for AAC GTG reliability data.
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Since there are currently not enough data to estimate the MGL parameters of the US-APWR GTGs, MGL
parameters of generic EDGs are applied in the US-APWR PRA. This judgment was made base on the
consideration that since the EDG and GTG are composed by similar parts, there is a possibility that MGL
parameters of GTGs are close to EDGs. However, there are also reasons that one can believe that the
CCF parameters of GTGs can be lower than that of EDGs. CCF studies, such as NUREG/CR-5497,
have revealed that maintenance activities are a major contribution to CCF events. Maintenance of GTGs
are much simple than EDGs due to the simple structure of GTGs. GTGs require overhaul only several
times during plant life while EDG require periodic overhauls. It can be expected that this feature of GTGs
can reduce the probability of CCF when compared to EDGs. It is difficult to quantitatively estimate how
much reduction in CCF probability can be expected. In the sensitivity case of GTG CCF parameters,
generic CCF parameters were applied as a rough estimation, assuming that the CCF of GTGs are less
likely to occur than EDGs.

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.

19-382-2



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

9/7/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 71912009

QUESTION NO.: 19-383
Please provide the following information related to your response to RAI Question 19-275:
(a) It is stated that the turbine-driven (T-D) emergency feedwater (EFWV) pump "is designed to operate

without HVAC for several hours" and that "...recovery of core cooling by RHR is expected during this
time." The term used for the length of time a T-D pump can operate without HVAC (i.e., "several
hours") is ambiguous and can take several interpretations. How does "several hours" compare to the
mission time of 24 hours used in the PRA? Is "several hours" applicable to all accident sequences
that are considered a "success" in the PRA? Please discuss.

(b) It is stated that the loss of HVAC in the main control room (MCR) is not modeled because operator
actions can also be performed with the remote shutdown console (RSC). This argument would be
reasonable if it was supported by qualitative arguments, such as regarding the probability of MCR
HVAC failure, the failure probability to transfer control to the RSC, and the operator actions modeled
in the PRA which cannot be performed from the RSC (if any). Please discuss;

Answer:

The "Several hours" is a time frame the US-APWR design considers necessary cope with station black
out events. MHI did not model the HVAC for the turbine driven EFW pump rooms based on the
consideration listed below.

- The 24 hour mission time applied for the EPW system is not necessarily the time for EFW is
required to operate. As discussed in response to RAI 19-372, the EFW system can remove
heat from the RCS and transfer to residual heat removal operation within 14 hours or less.

- The actual operable time of the turbine driven EFW pump after losses of HVAC should be
longer than the "several hours" considered in the design. If the safety margins considered in the
EFW pump design were to be taken into account, the turbine driven EFW pump is expected to
run much longer than the designed "several hours", long enough to transfer to residual heat
removal operation or to recover room cooling.
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Safe shutdown from outside the MCR is described in Chapter 7 section 7.4.1.5 of the DCD. Below are
the features of the US-APWR design that transfer and operation from the RSC can be performed with
high reliability.

"The operator has the same functional control and monitoring capability at the RSR as in the MCR.
The RSC provides equivalent functions of the operational VDUs and the safety VDUs in the MCR."

"The transfer of control to the RSR has no affect on any non-safety or safety-related control functions,
including automatic load sequencing to accommodate LOOP. The operator has complete capability to
control all manual and automatic modes."

"Adequate emergency lighting is provided on the pathways from the MCR to the RSR and to
accommodate local effluent sampling."

The MCR HVAC system consists of four 50% capacity air handling units. On the other hand, the RSC
room is cooled by Class 1 E Electrical Room HVAC System, which is different from the MCR HVAC
system. The Class 1 E Electrical Room HVAC System consists of four redundant trains; each is sized to
satisfy 100% of the cooling and heating demand of two trains. All trains can distribute air to the RSC
room. The redundancy of air handling units within the MCR HVAC system and the redundancy within the
Class 1 E Electrical Room HVAC System to provide air to the RSC guarantee high reliability of functional
control and monitoring capability that can be performed in the both the MCR and RSC room.

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

9/712009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 719/2009

QUESTION NO.: 19-384
In the response to RAI Question 19-276, regarding the staff's question about the assumed Failure rate of
7E-5 per demand for a stuck open pressurizer safety valve (PSV), it is argued that the PSVs were
conservatively assumed to always open following an initiating event. However, the staff believes that this
kind of "compensation" should not be used in the PRA, especially if the PRA is going to be used for
sensitivity studies and risk-informed applications. Please discuss.

Answer:

MHI agrees with the staffs comment that the use of "compensation" should be avoided. In the current
PRA model, PSV is identified as risk important SSCs for their high risk achievement worth (RAW) values.
Therefore, uncertainties associated with the probability of PSVs to stick open and the probability of PSVs
to open after an initiating event will not change the risk insights obtained from the current PRA model.

These uncertainties can be important to risk informed applications. These uncertainties will be address
as necessary along with uncertainties associated with the reliability of components not limited to PCVs,
in the PRA for risk informed applications.

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.

19-384-1



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

9/712009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.:

SRP SECTION:

NO. 423-2710 REVISION 1

19 - Probabilistic Risk Assessment and Severe Accident Evaluation

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO. : 19-385
Please clarify and provide the basis for the following statement made in the response to RAI Question
19-279: "We understand that none of the events used to calculate the MGL parameters in
NUREG/CR-5497 were applicable to normally operating pumps and none of the events, if assumed to
occur in a system of normally operating pumps, would have any significant potential for leading to failure
of any, even a single normally operating pump."

Answer:

A recent EPRI report "Support System Initiating Events, EPRI 1016741" indicates that there are area that
need improvements in the CCF database for support system initiating events. Below is an extraction
from the EPRI report that states this issue.

"Many of the failure' records contained in the CCF Database actually document incipient issues that do
not immediately challenge the function of the component. Examples of these records include cooling
degradation, and unavailability events. The affected components might have performed their design
function but were included in the database because, as a consequence of their degradation, they may
not have survived the 24-hour mission time and/or were subsequently removed from service for
maintenance."

Impact on DCD

There is no impact on DCD.
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Impact on COLA
There is no impact on COLA.

Impact on PRA
There is no impact on PRA.

19-385-2
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US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-386
In the response to RAI Question 19-280, the basis for the assumed time windows used in the human
reliability analysis (HRA) is provided. These time windows are primarily based on thermal-hydraulic (T-H)
calculations reported in Appendix 5A of the PRA report. However, as stated in other follow-up RAIs
related to PRA success criteria, more than the minimum set of equipment that are required according to
the PRA success criteria is used in the calculations. For example, the results of T-H analyses for medium
LOCA sequence # 29 and small LOCA sequence #20 can be used to verify the assumption regarding the
time available to switch from containment spray mode to alternate core cooling mode. Minimum
equipment in accordance with the assumed success criteria in the PRA should be used in the analysis.
Please discuss.

Answer:

Please see the response to RAI question 19-364, which discusses the same issue.

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
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US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-387
Please provide the following information related to your response to RAI Question 19-283:

(Answer to a): Does the following statement reflect a PRA assumption? "The availability and reliability of
all trains of safety-related systems will be controlled by the maintenance and configuration risk
management programs. Availability goals will be set for each train of all safety-related systems and their
availability will be tracked and compared to these goals." Please clarify.

(Answer to c): It is stated that "Risk important operator actions will be included in table 19.1-115..." The
list of risk-important operator actions does not need to be included in Table 19.1-115 but be identified as
a COL Action Item in Chapter 19 to provide this information in other DCD chapters (e.g., DCD Chapter 18
discusses the use of this information in developing and implementing procedures, training and other
human reliability related programs for the plant). The staff requested a systematic search to identify
"assumptions," in terms of design and operational features and associated requirements, made in the
HRA and, for each of these assumptions, indicate how it will be ensured that they will remain valid for
the as-to-be-built, as-to-be-operated plant.

Answer to (d): Sensitivity Case 3-3 does not provide any useful insight because an arbitrary failure
probability was used for each of the sump screens and independence was assumed. Information from
the resolution of GSI-146 (sump clogging in PWRs) should be used to identify bounding parameters to be
used in a meaningful sensitivity study, if possible, or to identify requirements for the design or for the
operation of the plant that would minimize the risk from sump clogging. Please discuss.

Answer to (e): How is the non-safety digital I&C system software "independent" from the application
software used for the safety systems? Is it diverse from the software used in the safety digital I&C? Is the
reliability of the non-safety digital I&C software comparable to that of the safety digital I&C software?
Please discuss.

Answer:

Response to Item (a)
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The statement better reflects the PRA assumption on equipment availability. The statement will be
included in Section 19.1.7 (Table 19.1-115) of the DCD.

Response to Item (c)

The assumptions and design features associated with HRA will be amended. Following assumptions and
design features will be included in Section 19.1.7 (Table 19.1-115) of the DCD.

- Operator actions modeled in the PRA are based on symptom oriented procedures. (This will be
considered in the development of EOP/ERG)

- Maintenance procedures indicate to check valve positions from the main control room after
outages or testing. Valves that have been aligned in the wrong position will be detected and
fixed to the correct position within a short period of time. (This will be part of COL action Item
13.5(7))
In the operational VDU of US-APWR, the layout of controllers & monitoring alignment in each
window are different and this feature would make the operator perceive them as different
locations. (This is a design feature described in DCD 18.4)

Response to Item (d)

The sump strainer is designed to minimize sump clogging risk as described in section 6.2.2.2.5 of the
DCD chapter 6. Section 6.2.2.2.5 states as follows.
"The open end of each suction pipe is equipped with a debris strainer (emergency core
cooling/containment spray (ECC/CS) strainer) that satisfies NEI 04-07, "PWR Sump Performance
Evaluation Methodology" and conforms to the guidance in RG 1.82."
The PRA basically assumes that sump clogging can be prevented by the debris strainer design and the
CCF probability due to sump clogging is very low.

Response to Item (e)

Application software of non-safety GTG (AAC) start signal is diverse from other signals of ESFAS, while
same platform (MELTAC) is used. In addition, platform different from METAC is used for the control
system of AAC. Therefore, even if the AAC does not automatically actuate due to CCF in MELTAC, the
AAC can be started manually and controlled adequately to supply power to the class 1 E bus in the event
of station blackout.

Diversity of AAC control system will be verified through ITAAC in DCD Chapter 8.

Impact on DCD
The discussion of Items (a) and (c) will be documented in Section 19.1.7 of the 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
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US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 423-2710 REVISION I

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

APPLICATION SECTION: 19.1

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO.: 19-388
Please provide the following information related to your response to RAI Question 19-285:

Answer to (a): It is stated that a sensitivity study was performed where the failure probabilities of the
accumulator injection check valves were increased by an order of magnitude and the result was an
increase in CDF by about3%. The staff concern is for accident sequences where accumulator injection is
credited while the primary system pressure may be still relatively high, such as SLOCA sequence # 29,
VSLOCA sequence # 21, PLCCW sequence #31 and LOOP sequence #33 (in Sheet 1). For such cases,
an order of magnitude increase (from about 1 E-5 to about 1 E-4) of the check valve CCF probability in the
sensitivity study may not be adequate to address the uncertainty. Please discuss.

Answer to (b): The last sentence of the response reads as follows: "If the probability of software common
cause failure that results in failure of all safety related signals modeled in the PRA is assumed as higher
than the probability of the application software common cause failure of the base case, the CDF results
in approximately 1.5 time higher than the base case." Please clarify.

Answer:
Response to Item (a)

In the US-APWR PRA, safety injection by the accumulator is taken credit for LOCA events that do and do
not involve large pressure release from the primary system. In scenarios which do not involve large
pressure release from the primary system, the check valves in the accumulator injection line are required
to open under relatively small pressure difference. MHI agrees with the staff indication that smaller
differential pressure may degrade the reliability of check valves that have been kept closed for a long
time.

Sensitivity study has been performed to investigate the impact of check valve reliability for sequences
where the accumulator injection line check valves are required to open under small differential pressure.
The frequencies of the four sequences which accumulator has failed to open under relatively low
differential pressure were quantified assuming higher failure probability of the check valves. The
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following two cases were considered.
- Case 1

The failure probability of check valves in the accumulator injection line is set to 1.2E-01 per
demand, which is a value one thousand times higher than the mean value reported in
NUREG/CR-6928. This value was chosen as a bounding case assuming degradation in the
check valve's reliability due to small differential pressure.

- Case 2
Check valves in the accumulator injection line is assumed to fail to open. This is a reference
case to investigate the importance of accumulator check valves during events that do not
involve large pressure release from the primary system.

The results of the sensitivity study cases are shown in table 1. The results of Case 1 show that even if the
reliability of check valves under small differential pressure are very small the increase in CDF will not be
a significant contributor to the total CDF. If the accumulator check valves would not open under low
pressure difference the total CDF is expected to increase approximately 7.OE-07 /RY. Since the base
case CDF is 1.2E-6 /RY, the results of Case 2 implies that the RAW of accumulator check valves to open
under small differential pressure is below 2.

-Table1 Impact of check valve reliability on the CDF
Initiating Sequence Core damage frequency (/RY)
event No. Base Case Case 1 Case 2

SLOCA #29 1.1E-12 1.9E-08 7.1E-07
VSLOCA #21 <1E-15 1.3E-12 4.9E-11
PLCCW #31 5.4E-15 4.7E-10 1.8E-08
LOOP #33 <1E-15 4.1E-11 1.6E-09
Total of thefour sequences 1.2E-5 1.9E-08 7.3E-07

The failure rate of check valves reported in NUREG/CR-6928 is based on components of various
systems. Since these data are gathered from components used in various conditions including
differential pressures required to operate, MHI generally considers that the uncertainty of the check valve
reliability when required to open under relatively small differential pressure would be within the
uncertainty of the data. It is also true that the accumulator injection line check valves of US-APWR, which
can be operated under 24 month fuel cycle, are kept closed for a long time under large differential
pressure. When these conditions are combined, the failure probability of accumulator check valves to
operate under relatively small pressure may increase. The results of sensitivity studies show that the
uncertainty associated with accumulator check valves have small impact on risk.

Response to Item (b)

The response to RAI 19-285 (b) describes the result of the sensitivity analysis regarding reliability of
application software CCF. In the US-APWR PRA, the failure probability of application software, which is
required to actuate all signals of the engineered safety features actuation system (ESFAS), is assumed
to be 1.OE-05. If the failure probability of application software is set to 1.OE-04, the resulting CDF of at
power internal events is 1.7E-6 /RY. This CDF value is 1.5 times higher than the base case CDF reported
in the DCD.

Impact on DCD

There is no impact on DCD.
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Impact on COLA
There is no impact on COLA.

Impact on PRA
There is no impact on PRA.
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APPLICATION SECTION: PRA

DATE OF RAI ISSUE: 7/9/2009

QUESTION NO. : 19-389

Please provide the following information related to your response to RAI Question 19-290:

Answer to (a): The statement "non-safety related SSCs are designed or located to avoid adverse
interaction with safety-related SSCs" should be included in Section 19.1.7.1 (Table
19.1-65) of the DCD with reference to the related analysis provided in DCD Section 3.2.

Answer to (b): Identify those relay features and characteristics which ensure that relay chatter does not
occur or refer to analyses in other DCD chapters which show that safety functions are not
affected even if chatter does occur.

Answer to (e): Explain why a fragility analysis is not needed at the design certification stage. How can we
be certain that an SSC that is designed for 0.3g pga SSE will have a HCLPF value of at
least 0.5g?

Answer to (f): It is stated that the probability that all gas-turbine generators (GTGs) fail to run for 24 hours
is 9.9E-4 and, therefore, it is below the cutoff value of 1 E-3 for mixed cutsets. However,
this probability is 1.15E-3/yr (1.6E-4 for first hour and 9.9E-4 for remaining 23 hours). In
addition, the mission time in this case may be longer than 24 hours. Please discuss.

Answer to (g): The min-max method assumes that if an earthquake causes the failure of an SSC of a
certain HCLPF value, this earthquake also causes the failure of any other SSC with equal
or less HCLPF value. Therefore, the combination "seismically induced SLOCA AND
seismically induced failure of the T-D EFW pumps AND random failure of the M-D EFW
pumps" is not a mixed cutset because the combination of the two seismically induced
failures (i.e., the first two terms) alone is a cutset. Please discuss.

Answer:
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Answer to (a), (b), and (e)

Seismic fragilities of SSCs described in section 19.1.5.1 of DCD will be confirmed that they have
sufficient seismic margin by performing fragility analysis using available plant specific in-structure spectra
and the stress analysis results. The results would be as an amendment of PRA technical report,
MUAP-07030. Also the action items and related sections will be included in Table 19.1-115 of DCD that
has summarized the key insights and assumptions of PRA and the table would be revised following the
responses to RAI 19-207. The related sections are section 3.2.1.1.3 of DCD for question (a) and section
3.10.2 of DCD for question (b).

Answer to (f)

The combinations of mixed-cutsets are identified using PRA model. All mixed-cutsets (combination of
seismic failure and random failure) are listed in Chapter 24C section 24C.4 in the PRA report,
MUAP-07030(R1). The dominant mixed-cutsets described in DCD are put together with top 526
mixed-cutsets whose random failure probabilities are greater than 1.OE-03. The value of 1.OE-3 is judged
that it is sufficiently low probability compare with seismically induced failure probability (approximately
1 E-2) of HCLPF. In the results, the mixed-cutsets of GTGs are not involved because the failure modes of
GTGs are classified in failure of start, failure of run for hour and failure of run for greater than hour in the
PRA model. Although the mixed-cutsets of GTGs are not involved in the dominant mixed-cutsets, it may
be possible to involve those mixed-cutsets whose random failure probabilities are less than I.OE-03 if
necessary.

Answer to (g)

The combination of cutsets to core damage sequences are identified directly from PRA model which
added the basic events of seismic components (assumed failure probability 1.0). The "min-max"
approach is not applied to identify the combination of cutsets to core damage sequences involving
random failures. This is because that it is preferable to figure out the complete combination of cutsets of
seismically induced failure and cutsets of random failure result in core damage. The "min-max" approach
is only applied to assess the plant HCLPF and to select the SSCs of lower HCLPFs within seismic
induced failure cutsets.

Impact on DCD
Table 19.1-115 which summarizes the key insights and assumptions will be revised following the
responses to RAI 19-207.

Impact on COLA
There is no impact on COLA.

Impact on PRA
There is no impact on PRA.

19-389-2


