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MITSUBISHI HEAVY INDUSTRIES, LTD.

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

TOKYO, JAPAN

September 30, 2011

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

Attention: Mr. Jeffrey A. Ciocco
Docket No. 52-021

MHI Ref: UAP-HF-11329

Subject: MHI's Response to US-APWR DCD RAI No. 753-5742 Revision 2 (SRP 07.08)

References: 1) "REQUEST FOR ADDITIONAL INFORMATION 753-5724 REVISION 2",
dated May 10, 2011.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") the document entitled "MHI's Response to US-APWR DCD
RAI No. 753-5742 Revision 2 (SRP 07.08)". The enclosed material provides MHI's complete
response to the NRC's Request for Additional Information ("RAI") (Reference 1).

As indicated in the enclosed materials, Enclosure 2 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 in this package
(Enclosure 3). In the non-proprietary version, the proprietary information, bracketed in the
proprietary version, is replaced by the designation "[]".

This letter includes a copy of the proprietary version of the RAI response (Enclosure 2), a copy
of the non-proprietary version of the RAI response (Enclosure 3), and the Affidavit of Yoshiki
Ogata (Enclosure 1) which identifies the reasons MHI respectfully requests that all material
designated as "Proprietary" in Enclosure 2 be withheld from 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 this submittal. His contact
information is provided below.

Sincerely,

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



Enclosures:

1. Affidavit of Yoshiki Ogata
2. MHI's Response to US-APWR DCD RAI No. 753-5742 Revision 2 (SRP 07.08)

(proprietary)
3. MHI's Response to US-APWR DCD RAI No. 753-5742 Revision 2 (SRP 07.08)

(non-proprietary)

CC: J. A. Ciocco

C. K. Paulson

Contact Information

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



ENCLOSURE 1
Docket No. 52-021

MHI Ref: UAP-HF-11329

MITSUBISHI HEAVY INDUSTRIES, LTD.

AFFIDAVIT

I, Yoshiki Ogata, being duly sworn according to law, depose and 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
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 documents entitled
MHI's Response to US-APWR DCD RAI No. 753-5742 Revision 2 (SRP 07.08)", dated

September 30, 2011, and have determined that the document contains 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 information identified as
"Proprietary" should be withheld from public disclosure pursuant to 10 C.F.R. § 2.390
(a)(4).

3. The basis for holding the referenced information confidential is that it describes the unique
design of the safety analysis, developed by MHI (the "MHI Information").

4. The MHI Information is not used in the exact form by any of MHI's competitors. This
information was developed at significant cost to MHI, since it required the performance of
research and development and detailed design for its software and hardware extending
over several years. Therefore public disclosure of the materials would adversely affect
MHI's competitive position.

5. The referenced information has in the past been, and will continue to be, held in
confidence by MHI and is always subject to suitable measures to protect it from
unauthorized use or disclosure.

6. The referenced information is not available in public sources and could not be gathered
readily from other publicly available information.

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

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



I declare under penalty of perjury that the foregoing affidavit and the matters stated therein
are true and correct to the best of my knowledge, information, and belief.

Executed on this 30th day of September, 2011.

d,, 1•$>'J

Yoshiki Ogata,
General Manager-APWR Promoting Department
Mitsubishi Heavy Industries, LTD.
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Docket No. 52-021

MHI's Response to US-APWR DCD RAI No. 753-5742

Revision 2

September 2011
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

9/30/2011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 753-5742 REVISION 2

SRP SECTION: 07.08 - DIVERSE INSTRUMENTATION AND CONTROL
SYSTEMS

APPLICATION SECTION: 7.8

DATE OF RAI ISSUE: 5/10/2011

QUESTION NO. : 07.08-17

Section 4.1 of MUAP-07014 R2 discusses the equipment capacities assumed in the D3 analysis.
Chapter 15 of the Standard Review Plan directs the NRC staff to verify that the applicant has
identified the major input parameters and initial conditions used in the analyses. For the NRC
staff to understand the differences in equipment performance characteristics assumed in the D3
analysis as compared to the Chapter 15 analysis, identify those D3 analysis inputs that deviate
from the Chapter 15 analysis. For those inputs, provide a table comparing the values used in the
D3 analysis and the Chapter 15 analysis.

ANSWER:

All of the DCD Chapter 15 events (including both AOOs and PAs) are considered as events to be
analyzed in the D3 coping analysis. Each event is evaluated based on one of the following
MUAP-07006 described methodologies: (1) equivalent protection, (2) expert judgment, or (3)
analysis. The events that are categorized as "equivalent protection" are not explicitly analyzed in
MUAP-07014 because the DCD worst case failure assumptions already consider the CCF
conditions evaluated for D3 and thus the DCD and D3 analysis results would be identical. The
events that are categorized as "expertly judged" are events mitigated by the Diverse Actuation
System (DAS) equivalent of the Reactor Trip System (RTS) signal assumed in the DCD analysis.
Table 07.08-17-1 compares the analytical limit and delay time associated with the automatic
actuation of the signals by either the RTS or the DAS. The events that are categorized as
"analyzed" are bounding events that represent the limiting core conditions for a group of events
which, without automatic reactor trip, approach the same or similar conditions. Based on this
evaluation methodology, MUAP-07014 Rev. 4 only provides detailed analysis for the following
limited number of representative or bounding events.

* Loss of External Load
* Partial Loss of Forced Reactor Coolant Flow
* Uncontrolled Control Rod Assembly Withdrawal at Power
* Large-Break LOCA
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In general the DCD Chapter 15 analyses assume worst-case conservative assumptions regarding
parameters such as reactor power, availability of control systems, core conditions, equipment
capacities, flow rates, and so on. Since BTP 7-19 permits the use of best-estimate analysis
methods for the D3 coping analyses, some of the assumptions for the D3 coping analysis use
more realistic values than the DCD analysis assumptions as demonstrated by the comparison of
inputs and assumptions in Table 07.08-17-2. However, the conservatism of each input parameter
for the D3 analysis is typically selected to be in the same direction as the conservatism assumed
in the DCD analysis.

As described in Table 07.08-17-2, the current D3 Doppler power coefficient assumptions for the
partial loss of flow event assumes 1.2 times the minimum feedback in DCD Figure 15.0-2 as a
representative realistic value of the Doppler feedback. As shown in Figure 07.08-17-1, the 1.2
times the minimum feedback curve is close to the design values for the first and equilibrium cycle
core at BOC and EOC burn-up. Figure 07.08-17-2 provides a comparison of the DNBR result for
two realistic D3 Doppler feedback assumptions. These results show that DNBR is slightly more
limiting for the case which assumes the maximum Doppler power coefficient times 0.8. Based on
the analysis philosophy discussed above, as well as this sensitivity result, MHI will change the D3
assumption for the partial loss of flow event to 0.8 times the maximum feedback in DCD
Figure 15.0-2, which is also consistent with the analysis philosophy described above. As
indicated in Figure 07.08-17-1, the 0.8 times the maximum feedback curve is also close to, but
still bounds, the design values of the first and equilibrium cycle core at BOC and EOC burn-up.
The revised analysis results will be incorporated into MUAP-07014-P Revision 5.

The D3 coping analysis of the EOC case of the uncontrolled rod assembly withdrawal at power
with CCF event in MUAP-07014-P (Rev. 4) currently assumes the maximum Doppler power
coefficient. This assumption was made to be consistent with the maximum feedback case in
DCD Section 15.4.2. The DCD Section 15.4.2 analysis investigates the spectrum of minimum
DNBR against reactivity insertion rate for both the minimum and maximum feedback cases
because the reactivity feedback assumption varies depending on whether the over temperature
AT or high power range neutron flux reactor trip occurs first. However, these reactor trip
functions are not available under the CCF condition used for the D3 analysis. Since there is no
reactor trip in the D3 analysis, the feedback effects alone mitigate the event. It is clear that a
large reactivity insertion with minimum reactivity feedback will give the most severe result.
Therefore, the D3 coping analysis of the EOC case of the uncontrolled rod assembly withdrawal
at power with CCF event assumes a realistic maximum reactivity insertion and minimum
moderator temperature coefficient. Based on this, it is also expected that minimizing Doppler
feedback will give more limiting results. Therefore, MHI conducted a sensitivity analysis of the
Doppler feedback for the EOC case of this event comparing the current D3 analysis case
(maximum feedback) with the more realistic 1.2 times minimum feedback case.
Figure 07.08-17-3 shows that the minimum DNBR is slightly more limiting if the minimum Doppler
power coefficient times 1.2 assumption is applied. Therefore, based on this sensitivity analysis
result and the difference between the DCD and D3 reactor trip functions discussed above, the
assumption of the Doppler feedback in the D3 analysis of the uncontrolled rod assembly
withdrawal at power with CCF for the EOC case will be revised to use 1.2 times the minimum
feedback shown in DCD Figure 15.0-2 as part of Revision 5 of MUAP-07014-P. Note that the
BOC case in the current D3 coping analysis already uses the 1.2 times the minimum feedback
assumption and is therefore not being revised.

In addition to the change related to the Doppler coefficients, MHI intends to revise the Diverse
Actuation System (DAS) time delay assumptions utilized in the D3 Coping Analysis technical
report. Table 4.4-1 of technical report MUAP-07014 P (Rev. 4) currently assumes the total time
delay (signal delay plus DAS timer plus component delay) for automatic reactor trip actuation in

07.08-17-2



the DAS is 10 seconds, as illustrated below. The timer delay is designed to avoid a spurious
DAS actuation if there is no digital CCF by blocking the DAS actuation when a valid RPS
actuation signal exists. The diverse reactor trip in the DAS is accomplished by removing power to
the MG-set for the CRDMs. In MUAP-07014-P (Rev. 4), the DAS timer is adjusted for each
diverse reactor trip depending on the assumption of the time between cutting power to the
MG-set and the beginning of rod motion (the component delay) such that the total DAS reactor
trip time delay is 10 seconds.

10 seconds

Signal delay Timer: 3.2 to 5.2 sec Cut MG-set to rod motion
1.8 sec same as DCD Best Estimate: 3 sec

Conservative: 5 sec

However, MHI would prefer to eliminate the timer adjustment for each trip and use a constant
timer delay of 10 seconds, as illustrated below. This would result in a conservative total time
delay of 16.8 seconds (using the conservative component delay time) and a DAS reactor trip
signal (including the timer) delay of 11.8 seconds. As a result of this change, Table 4.4-1 of
MUAP-07014-P will be revised in Revision 5 to indicate a signal (including timer) delay of
11.8 seconds (total time delay of 16.8 seconds).

16.8 seconds

Signal delay Timer: 10 sec
1.8 sec same as DCD Cut MG-set to rod motion

Conservative: 5 sec

A diverse reactor trip is credited for mitigation of each of the following D3 events.
* Loss of Load (RCS Pressure / DNBR)
* Loss of Normal Feedwater (DNBR)
* Inadvertent Opening of a Depressurization Valve (DNBR)

A sensitivity analysis for each of the above events was performed to evaluate the effect of the
change in delay time on the RCS pressure and/or DNBR. In each sensitivity case the only
condition that was changed is the delay time. As indicated in Figures 07.08-17-4 through
07.08-17-6, the re-evaluated DNBR is well above the 95/95 design limit for each event.
Additionally, as shown in Figure 07.08-17-7, the peak RCS pressure in the loss of load event with
CCF remains the same since the peak pressure occurs before the diverse reactor trip.

MHI will revise the signal including timer delay to 11.8 seconds (total diverse reactor trip time
delay of 16.8 seconds), as described above, and incorporate the corresponding RCS pressure
and DNB figures into Revision 5 of the D3 Coping Analysis technical report.
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Table 07.08-17-1 Comparison of Reactor Trip and ESF Actuation Analytical Limit and Delay Time Assumptions

RTS Actuation DAS ActuationProtctiv Fuctio DecripionNominal Trip
Protective Function Description Analytical Limit Setpoint Note I Time Delay (sec) Analytical Limit Time Delay (sec)

High pressurizer pressure reactor trip 2425 psia 2385 psig 1.8 2440 psia 11.8
Low pressurizer pressure reactor trip 1860 psia 1875 psig 1.8 1840 psia 11.8
Low steam generator water level reactor trip 0% of span 13% of span 1.8 7% of span 11.8
EFW actuation on low steam generator water level 0% of span 13% of span 3.0 7% of span 13.0 (turbine-driven)
Note 2 153.0 (motor-driven)
Low-low pressurizer pressure ECCS actuation 1760 psia 1775 psig 3.0 1740 psia 123.0

Note 1 : Nominal Trip Setpoints in this table are typical values based on the US-APWR Instrument Setpoint Methodology technical report,
MUAP-09022-P. Plant-specific Nominal Trip Setpoint values shall be recorded and maintained in a document established by Chapter 16
Specification 5.5.21, Setpoint Control Program.
Note 2 : The D3 coping analysis does not explicitly assume EFW actuation. The delay time for turbine-driven and motor-driven EFW pumps is set
individually. The motor-driven EFW pump timer delay is designed to avoid a spurious DAS actuation during a loss of offsite power when there is no
digital CCF. MHI will revise US-APWR DCD Chapter 7 Table 7.8-6 regarding the time delay for DAS EFW actuation as indicated in Attachment 1.
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Table 07.08-17-2 Summary of Differences Between the DCD Chapter 15 and D3 Coping Analyses

Parameter Description DCD Analysis Assumption D3 Coping Analysis Assumption D3 Coping Analysis Assumption
Rev. 4 Rev.5

(changes due to this RAI response)
Loss of External Load
High Pressurizer Pressure RTS actuation per Table 07.08-17-1 DAS actuation per Table 07.08-17-1 (all Same as Rev.4
Reactor Trip I I RTS actuated signals are ignored
Partial Loss of Forced Reactor Coolant Flow
Reactor Trip RTS actuated low reactor coolant flow All RTS actuated signals are ignored. Same as Rev.4

reactor trip signal terminates event. No DAS reactor trip is assumed.
Number of RCPs Coasting Down 2 1
Moderator Reactivity Coefficient 0.0 (Ak/k)/(g/cc) -6 pcm/°F
Doppler Power/Temperature Maximum feedback provided in DCD Minimum feedback provided in DCD Maximum feedback provided in DCD
Coefficient Figure 15.0-2 Figure 15.0-2 times 1.2 Figure 15.0-2 times 0.8
Pressure and Core Inlet DNBR analysis assumes constant values DNBR analysis assumes transient Same as Rev.4
Temperature for these parameters values for these parameters
Uncontrolled Control Rod Assembly Withdrawal at Power
Reactor Trip RTS actuated high power range neutron All RTS actuated signals are ignored. Same as Rev.4.

flux (high setpoint), over power AT, over No DAS reactor trip is assumed.
temperature AT, or high pressurizer
pressure reactor trip signal terminates
event depending on reactivity insertion
rate and initial power level.

Reactivity Inserted Into the Core Reactivity insertion rate: 200 pcm (BOC)
Range of cases between 0 pcm/sec and 500 pcm (EOC)

RCCA Withdrawal Speed 75 pcm/sec Maximum speed (50 seconds from
insertion limit to all rods fully withdrawn)

Moderator Reactivity Coefficient 0.0 (Ak/k)/(g/cc) (BOC) -6 pcm/lF (BOC)
0.51 (AkJk)/(g/cc) (EOC) -30 pcm/°F (EOC)

Doppler Power/Temperature Minimum and maximum feedback Minimum feedback provided in DCD Minimum feedback provided in DCD
Coefficient provided in DCD Figure 15.0-2 for BOC Figure 15.0-2 times 1.2 for BOC Figure 15.0-2 times 1.2 for both BOC

and EOC conditions, respectively conditions and EOC conditions (BOC condition is
same as Rev.4)

Maximum feedback provided in DCD
Figure 15.0-2 for EOC conditions

Large-Break LOCA
Starting SI Pump Automatic start of SI pumps Automatic start of SI pumps from DAS Same as Rev.4

without ECCS actuation is assumed in
order to evaluate the time available.
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Figure 07.08-17-1 Comparison of DCD and D3 Doppler Feedback Assumptions
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Figure 07.08-17-2 DNB Sensitivity to Doppler Power Feedback Assumption
Partial Loss of Flow with CCF Event

Figure 07.08-17-3 DNB Sensitivity to Doppler Power Feedback Assumption
Uncontrolled Control Rod Assembly Withdrawal at Power EOC
Case with CCF Event
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Figure 07.08-17-4 Comparison of Diverse Reactor Trip Time Delay Assumption
Inadvertent Opening of a Depressurization Valve with CCF
Event (DNBR Analysis)

r~

Figure 07.08-17-5 Comparison of Diverse Reactor Trip Time Delay Assumption
Loss of Normal Feedwater with CCF Event (DNBR Analysis)
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Figure 07.08-17-6 Comparison of Diverse Reactor Trip Time Delay Assumption
Loss of Load with CCF Event (DNBR Analysis)

/I-

Figure 07.08-17-7 Comparison of Diverse Reactor Trip Time Delay Assumption
Loss of Load with CCF Event (RCS Pressure Analysis)
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Impact on DCD
MHI will revise the US-APWR DCD Chapter 7 Table 7.8-6 regarding the time delay for EFW
actuation as indicated in Attachment 1 (see Note 2 of Table 07.08-17.1).

Impact on R-COLA
There is no impact on the R-COLA.

Impact on S-COLA
There is no impact on the S-COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's response to the NRC's question.
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7. INSTRUMENTATION AND CONTROLS US-APWR Design Control Document

Table 7.8-6 Diverse Actuation Variables, Ranges, A 'e'rwasiceChannel
Uncertainties, and Nominal Trip Setpoints fem.. .aI'

Diverse Actuation Variables to Range of Variables I..t,,f,.el_ Time Nominal
Function be monitored Channel Delay*5 Tri.

.A.aj.ay_ Setpoint*3

Uucertinty1,2

Reactor Trip, Turbine Trip, and MFW Isolation

Low Pressurizer Pressurizer 1700 to 2500 psig 2-63.2% of 10 sec 1825 psig
Pressure Pressure span

High Pressurizer Pressurizer 1700 to 2500 psig 2.36% of span 10 sec 2425 psig
Pressure Pressure

Low SG Water Level SG Water 0 to 100% of span •313.2% of span 10 sec 7% of span
Level (narrow range taps)

Emergency Feedwater Actuation

Low SG Water Level SG Water 0 to 100% of span e313.2% of span 1-0-see 7% of span
Level (narrow range taps) 10/150

sec*4

ECCS Actuation

Low-Low Pressurizer Pressurizer 1700 to 2500 psiq 3.2% of span 120 sec _ _1725 si
Pressure Pressure

DCD_07.01-
29

DCD_07.08-
17

DCD_07.08-
17

MIC-03-07-
00005

DCD_07.01-
29
MIC-03-07-
00009

MIC-03-07-
00005
DCD_07.08-
17

N ote
1.

2.

3.

4.
5.

ntr'-ument accuracyChannel uncertainty calculation methodology refer to the Setpoint Methodology
Technical Report (Reference 7.8-9-Subscct9'n 7.2.2.In•'tr,-..m.t 2i3,ir~c2 ,.-!!! h'- -I---i1-dflhannpl inr.prtainti• in thik tahl0 ar• fvnic~l v~= C-:h~nn~l
.............. . ..... ... . ..... . . . . ... . . .......... ............... ........ ..... ....are tv ,-ca.... lue s. C h a n neuncertainties will be determined to take into account the specification of instruments.Sctocintc ",will bc a•diustcd to camnnncatc far lcao accjricvNnminal Trin Setnninf.• in thi.s t~hlI. RrR

tvpical values. Plant-specific Nominal Trip Setooint values shall be recorded and maintained in a
document established by Chapter 16 Specification 5.5.21 Setpoint Control Program.Thp. twn tim•. d1~Iav. ar fnr th• tijrhinp-drivkjn •ncI mnfnr-dri~w~n IPlAW nhlmn• rcn•=nfivw•il,
The two time delavs are for the turbine-driven and motor-driven EFW numns res eýtivel
The value in "Time Delay" is for the variable timer delay in the DAS.

Tier 2 
7.8-15

Tier 2 7.8-15



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

9/30/2011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 753-5742 REVISION 2

SRP SECTION: 07.08 - DIVERSE INSTRUMENTATION AND CONTROL
SYSTEMS

APPLICATION SECTION: 7.8

DATE OF RAI ISSUE: 5/10/2011

QUESTION NO. : 07.08-18

Chapter 15 of the Standard Review Plan directs the NRC staff to verify that the applicant has
identified the limiting events. For the partial loss of forced reactor coolant flow event category
(MUAP-07014 R2, section 5.3.1.1), provide justification for analyzing only the loss of one RCP
event. Justify why loss of two pumps or three pumps need not be analyzed.

ANSWER:

Loss of forced reactor coolant flow events can result from a mechanical or electrical failure in one
or more RCPs or from a fault in the power supply to the pump motor. The simultaneous
mechanical failure of more than one RCP is not considered credible for a best-estimate analysis.
Electrical failures are discussed as follows. The US-APWR electrical design is configured such
that each individual RCP is connected to a separate non-Class 1E 6.9 kV bus such that a failure
in one bus can only affect one RCP. The simultaneous electrical failure of more than one bus is
not considered credible for a best-estimate analysis. During normal operation, the non-Class 1E
6.9 kV busses are supplied with power from the generator through the unit auxiliary transformers
(UATs). If the power supply from the generator is interrupted, the busses are supplied by an
offsite transmission line also through the UATs. Two non-class 1 E 6.9 kV busses are supplied by
power through one UAT such that RCP A and B are powered through UAT 3 and RCP C and D
are powered by UAT 4. However, the non-class 1 E 6.9 kV busses may also be powered through
the reserve auxiliary transformers (RAT) which are supplied by an offsite transmission line.
Similar to the UATs, RCP A and B are powered through RAT 3 and RCP C and D are powered by
RAT 4. If a UAT fails, then a fast transfer would occur such that the RCPs would be continuously
powered through the RATs. As a result, a single electrical failure of a UAT would not result in
power being lost to the RCPs. The US-APWR design ensures that there is no single electrical
failure that can simultaneously affect more than one RCP.

Although the US-APWR is designed such that each RCP has a separate power source as
described above, the Chapter 15 DCD analysis of the partial loss of flow event (15.3.1.1)
conservatively assumes that two pumps simultaneously trip in order to bound a case where the
electrical design is different such that two pumps share a common electrical power supply.
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However, this conservative assumption is not necessary for a best-estimate analysis. Therefore,
the best-estimate D3 coping analysis assumes a single RCP coastdown caused by a single
failure of an RCP breaker or pump motor as the initiating event.

Impact on DCD
There is no impact on the DCD.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on S-COLA
There is no impact on the S-COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's response to the NRC's question.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

9/30/2011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 753-5742 REVISION 2

SRP SECTION: 07.08 - DIVERSE INSTRUMENTATION AND CONTROL
SYSTEMS

APPLICATION SECTION: 7.8

DATE OF RAI ISSUE: 5/10/2011

QUESTION NO. : 07.08-19

Section 5.3.3 of MUAP-07014 R2 states that the locked rotor event is more severe than the
partial loss of flow event. Justify why explicit analysis is not needed to show compliance with the
acceptance criteria provided in Table 4.3-3 of MUAP-07014 R2.

ANSWER:

As described in Section 5.3.3 of MUAP-07014 R4, the reduction in core flow rate for this event is
slightly more severe than the Section 5.3.1.1 partial loss of flow event. However, unlike the
partial loss of flow event, the best estimate axial power distribution for the BOC condition is
credited to demonstrate that DNB does not occur. MHI performed a sensitivity analysis of the
locked rotor event under this condition to demonstrate compliance with the acceptance criteria.

A limiting case that bounds both the locked rotor accident and the plant response to a RCP shaft
break is defined by assuming the RCP rotor is stopped prior to flow reversal and that the pump
resistance is changed to zero after the flow reverses in the affected loop. The resulting total core
flow, as calculated by MARVEL-M and used in the VIPRE-01 M DNBR calculation, conservatively
bounds the flow transients for both events. This method of defining the analysis case is
consistent with the safety analysis provided in DCD Subsection 15.3.3.

The D3 coping analysis for the reactor coolant pump rotor seizure event concurrent with CCF is
performed according to the following criteria: (1) pressure boundary integrity, (2) core coolability,
and (3) dose. Each of these criteria is described in detail below.

(1) Pressure Boundary Integrity
(a) Analysis Assumptions, Input Parameters, and Initial Conditions
The assumptions, input parameters, and initial conditions assumed for the D3 coping analysis
are the same as for the DCD Chapter 15 safety analysis, with the following exceptions:

* Any reactor trip actuation by the RTS is ignored. In addition, no reactor trip actuation by
the DAS is assumed.

07.08-19-1



" The moderator temperature coefficient is assumed to be -6 pcm/°F (this value is a
realistic negative value consistent with the moderator temperature coefficient of 0 pcm/°F
at the BOC HZP condition).

" The Doppler power coefficient and the Doppler temperature coefficient are assumed to
be the DCD Ch. 15 maximum Doppler power coefficient times 0.8. This assumed power
coefficient and temperature coefficient are close to the Doppler power coefficient and the
Doppler temperature coefficient in the US-APWR first core and equilibrium core.

(b) Results
Figure 07.08-19-1 though Figure 07.08-19-4 are plots of key system parameters versus time.
The peak RCP outlet pressure, which is the highest pressure in the entire RCS, is below
3200 psig as shown in Figure 07.08-19-3. Thus, the integrity of the reactor coolant pressure
boundary (RCPB) is maintained for this event concurrent with a CCF.

(2) Core Coolability
(a) Analysis Assumptions, Input Parameters, and Initial Conditions
The assumptions, input parameters, and initial conditions assumed for the D3 coping analysis
are the same as for the DCD Chapter 15 safety analysis, with the following exceptions:

" Any reactor trip actuation by the RTS is ignored. In addition, no reactor trip actuation by
the DAS is assumed.

" The moderator temperature coefficient is assumed to be -6 pcm/°F for the BOC case and
-30.0 pcm/°F for the EOC case (these values are realistic negative values consistent with
the moderator temperature coefficient of 0 pcm/°F at the BOC HZP condition).

* The Doppler power coefficient and the Doppler temperature coefficient are assumed to
be the DCD Ch. 15 maximum Doppler power coefficient times 0.8. This assumed power
coefficient and temperature coefficient are close to the Doppler power coefficient and the
Doppler temperature coefficient in the US-APWR first core and equilibrium core.

" The power distribution is assumed to be the limiting design power distribution used in the
DCD Chapter 15 safety analysis for the EOC case. The axial power distribution for the
BOC case is assumed to be thec )power shape. This power shape is more
conservative than a power shape consistent with the core burn-up (BOC).

* The DNBR analysis in VIPRE-01 M uses the transient values of RCS pressure and core
inlet temperature calculated by MARVEL-M, while the pressure and core inlet
temperature are assumed to be constant in the DCD Chapter 15 safety analysis.

(b) Results
Figure 07.08-19-5 shows DNBR versus time. The reduction of the core flow causes an
increase in RCS average temperature. The reactor power is reduced by the moderator
reactivity feedback. The minimum DNBR is above the 95/95 DNBR limit in both BOC and
EOC cases. Therefore, the core coolability criterion is met. The peak cladding temperature
does not exceed 2200'F and the core coolability is maintained for this event concurrent with
a CCF.

(3) Dose
Core coolability is maintained for this event concurrent with a CCF. Therefore, the dose
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associated with this event does not exceed the 10 CFR 100 dose guidelines for PAs. No explicit
analysis is performed here.
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Impact on DCD
There is no impact on the DCD.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on S-COLA
There is no impact on the S-COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's response to the NRC's question.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

9/30/2011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 753-5742 REVISION 2
SRP SECTION: 07.08 - DIVERSE INSTRUMENTATION AND CONTROL

SYSTEMS

APPLICATION SECTION: 7.8

DATE OF RAI ISSUE: 5/10/2011

QUESTION NO.: 07.08-20

Section 5.4.1 of MUAP-07014 R2 describes the RCCA bank withdrawal event from subcritical or
low power condition. The primary argument presented for not analyzing this event for the D3
coping study is that, "The percentage of time that the plant is in a subcritical condition is small
compared to the time at power during the life of the plant." What would be the effect of the
additional delay in reactor trip based on the DAS high pressurizer pressure trip? Based on the
rate of change in DNBR in Chapter 15 analysis, further delay in reactor trip might challenge the
DNBR limit. If the DNBR limit is challenged, then the peak clad temperature would need to be
evaluated to ensure that the analysis meets the acceptance criteria provided in Table 4.3-3 of
MUAP-07014 R2. Provide the following additional information regarding the event or justify not
doing so:
a. Sequence of events, including any DAS mitigation functions credited,
b. Minimum DNBR and 95/95 DNBR limit, and
c. Peak RCS pressure.

ANSWER:

The D3 coping analysis for RCCA bank withdrawal event from subcritical or low power condition
concurrent with CCF is performed according to the following criteria: (1) pressure boundary
integrity, (2) core coolability, and (3) dose. Each of these criteria is described in detail below.

(1) Pressure Boundary Integrity
(a) Analysis Assumptions, Input Parameters, and Initial Conditions
Other than the exceptions specifically listed in the description of (2) Core Coolability below,
the assumptions, input parameters, and initial conditions assumed for the D3 coping analysis
are the same as for the corresponding DCD Chapter 15 safety analysis.

(b) Results
The time sequence of events is provided in Table 07.08-20-1. The peak RCP outlet pressure,
which is the highest pressure in the entire RCS, is well below 3200 psig as shown in
Figure 07.08-20-1. Thus, the DAS and the pressurizer safety valve maintain the integrity of
the RCPB for this event concurrent with a CCF.
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(2) Core Coolability
(a) Analysis Assumptions, Input Parameters, and Initial Conditions
The assumptions, input parameters, and initial conditions assumed for the D3 coping analysis
are the same as for the DCD Chapter 15 safety analysis, with the following exceptions (note
that these assumptions cover 24 month equilibrium core conditions):

" High pressurizer pressure reactor trip actuation by the DAS is assumed. In addition to
the time delay listed in Table 4.4-1 of the D3 coping analysis technical report, the time
delay from when power is cut for MG-set to rod motion is assumed to be 5 seconds.

" The moderator temperature coefficient (MTC) is assumed to be 0.0 pcm/°F as described
in Section 4.1 of the D3 coping analysis technical report. The actual core is designed so
that the MTC becomes negative at hot zero power conditions.

* The Doppler feedback effect is evaluated using the design value with no additional
margin or multiplier. (The DCD analysis assumed a Doppler feedback multiplier
of -20%.)

* The initial values of reactor coolant average temperature and RCS pressure are assumed
to be the nominal values corresponding to hot standby conditions without uncertainty.

* The positive reactivity insertion rate is assumed to be( ) This value covers the
maximum reactivity insertion rate during the withdrawal of control bank D with the
maximum speed (45 inches per minute). The simultaneous withdrawal of two RCCA
banks is not assumed since only control bank D is inserted when the core is near
criticality during the normal startup process.

* In this D3 coping analysis the smaller delayed neutron fraction (13 ef) gives more
conservative analysis results because the timing of the reactor trip by the high
pressurizer pressure signal is later than that of the DCD case. So /3 elf is assumed to be

)as a minimum value at BOC.

* In the evaluation of the neutron flux transient of the DCD case using the TWINKLE-M
code, the heat transfer rate from the fuel pellet surface to the clad inner surface (Hgap) is
assumed to be the maximum value. This assumption results in a smaller Doppler
negative reactivity effect and a larger moderator positive reactivity effect. In this D3
coping analysis, Hgap is calculated by considering the fuel pellet expansion/contraction
caused by the fuel pellet temperature increasing/decreasing.

The value of FNH for the DNBR analysis in the VIPRE-01 M code is assumed to b4 IJ
which covers the actual core and is a conservative value. (The value of FNH in the DCD

case isC J)

(b) Results
The time sequence of events is provided in Table 07.08-20-1. Figures 07.08-20-2 and 07.08-
20-3 are plots of key system parameters versus time. Reactor trip occurs on the high
pressurizer pressure reactor trip setpoint by the DAS. The minimum DNBR is above the
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95/95 DNBR limit. Therefore, the peak cladding temperature does not exceed 2200'F and
the core coolability is maintained for this event concurrent with a CCF.

(3) Dose
Core coolability is maintained for this event concurrent with a CCF. Therefore, the dose
associated with this event does not exceed 10 percent of the 10 CFR 100 dose guidelines for
AQOs. No explicit analysis is performed here.
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Table 07.08-20-1
Time Sequence of Events for RCCA Bank Withdrawal from Subcritical (DNBR Analysis)

Event Time (sec)
Initiation of rod withdrawal 0.0
Initial peak of neutron flux (limited by Doppler feedback effect) occurs 29.0
High pressurizer pressure diverse reactor trip setpoint (2440 psia) reached 34.5
Pressurizer safety valves open 37.4
Rod motion begins 51.3
Peak reactor power occurs 51.3
Peak RCP outlet pressure occurs 51.5
Minimum DNBR occurs 51.7
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Impact on DCD
There is no impact on the DCD.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on S-COLA
There is no impact on the S-COLA.

Impact on PRA
There is no impact on the PRA.

This completes MHI's response to the NRC's question.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

9/30/2011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 753-5742 REVISION 2

SRP SECTION: 07.08 - DIVERSE INSTRUMENTATION AND CONTROL
SYSTEMS

APPLICATION SECTION: 7.8

DATE OF RAI ISSUE: 5/10/2011

QUESTION NO. : 07.08-21

Section 5.4.2 of MUAP-07014 R2 describes the RCCA bank withdrawal event at power.
Chapter 15 of the Standard Review Plan directs the NRC staff to verify that the applicant has
identified the major input parameters and initial conditions used in the analyses. Provide the
following additional information:
a. Additional basis for the 200 pcm (BOC) and 500 pcm (EOC) assumed for reactivity insertion,
b. Additional basis for the 50 sec assumed for the withdrawal time.

ANSWER:

a. Basis for reactivity insertion

The reactivity insertion was calculated for the first cycle and equilibrium cycle cores at BOC and
EOC conditions. The reactivity insertion considered is the reactivity difference between the Rod
Insertion Limit (RIL; Control Bank-D at 205 step) and All Rods Out (ARO; 265 step) RCCA
positions. Note that the RCCAs are not inserted to the RIL during hot full power operation due to
the Axial Flux Difference limitation; however, RCCA reactivity from RIL to ARO was considered to
make the reactivity insertion larger for conservatism.

Table 07.08-21-1 shows the reactivity insertion evaluation results, which are bounded by the
assumed values of 200 pcm at BOC and 500 pcm at EOC.

Table 07.08-21-1 React!vit Insertion Evaluation Results
Core Reactivity Insertion (pcm)

First Cycle BOC
EOC

Equilibrium Cycle BOC
EOC
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b. Basis for the 50 sec assumed for the withdrawal time

The withdrawal time is calculated as follows:

Time = Control rod step / maximum rod speed

At hot full power conditions, the number of control rod steps from RIL to ARO for bank D is 60
(265 - 205). The maximum rod speed for the US-APWR is 45 inches per minutes. A single rod
step corresponds to 5/8 of an inch. The withdrawal time is therefore 50 seconds based on the
following calculation.

Time = 60 [step] / (45 [inches per minute] * 8/5[steps/inch]) * 60 [sec/minute] = 50 seconds

Impact on DCD
There is no impact on the DCD.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on S-COLA
There is no impact on the S-COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's response to the NRC's question.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

9/30/2011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 753-5742 REVISION 2
SRP SECTION: 07.08 - DIVERSE INSTRUMENTATION AND CONTROL

SYSTEMS

APPLICATION SECTION: 7.8

DATE OF RAI ISSUE: 5/10/2011

QUESTION NO. : 07.08-22

Section 5.4.8 of MUAP-07014 R2 describes the rod ejection events. Justify why explicit analysis
is not needed to show compliance with the acceptance criteria provided in Table 4.3-3 of
MUAP-07014 R2. Also, Section 3.4, "Operator Actions," implies that the rod ejection event
requires operator action(s) to cope with the CCF. Identify and justify the required operator
action(s) for the rod ejection event.

ANSWER:

The rod ejection event in DCD Section 15.4.8 describes the fuel and cladding temperature and
fuel enthalpy analysis that are performed using a conservatively large reactivity insertion. For the
D3 coping analysis, a more realistic reactivity insertion can be assumed. This more realistic
reactivity insertion, considering appropriate uncertainty, was assumed in the analysis provided in
the response to US-APWR RAI No. 785-5885, submitted by MHI letter UAP-HF-1 1276 dated
August 31, 2011. Since the analysis does not take credit on any reactor trip, this analysis is
applicable to the D3 coping analysis. The results provided in that response showed that the
reactor core does not experience DNB in the short-term period. Because DNB does not occur,
there is no significant fuel or cladding temperature increase. The nuclear power increase is small
and therefore the fuel temperature increase is also small. As a result, there is no need to perform
the PCT, fuel and cladding temperature, or fuel enthalpy evaluations in the short-term. MHI will
revise Section 5.4.8 of MUAP-07014 to reference the rod ejection event in DCD Section 15.4.8 as
justification that DNBR does not occur in the short-term.

For the long-term period in which the RCS depressurization causes deteriorating thermal-
hydraulic conditions, this event is bounded by the large break loss-of-coolant accident (LBLOCA)
from the view point of pressure boundary integrity and core coolability since the leak flow in this
event is much smaller than the LBLOCA event described in Section 5.6.5 of MUAP-07014. The
reactor will be tripped by the low pressurizer pressure reactor trip in DAS and SI is actuated
automatically to cool the reactor core. This mitigation scenario is identical to the LBLOCA
analysis which shows that PCT is less than the limit. Therefore, an explicit analysis is not needed
for this event.
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MHI will revise Section 5.4.8 of MUAP-07014 to reference the LBLOCA analysis, instead of the
currently referenced SBLOCA analysis, as the bounding case in order to bound possible break
sizes due to a CRDM housing break.

The actuation of containment spray is not time critical for containment vessel integrity, which is
similar to the LOCA events concurrent with CCF described in MUAP-07014 R4. The time
available from the reactor trip actuation alarm to manual actuation of the containment spray is at
least 24 hours for the LOCA events concurrent with CCF. This time is sufficient for manual
actuation of the containment spray using local controls.

Impact on DCD
There is no impact on the DCD.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on S-COLA
There is no impact on the S-COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's response to the NRC's question.
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