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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-09379

Subject: MHI's Responses to US-APWR DCD RAI No.395-3007 Revision 1

References: 1) "Request forAdditional Information No. 395-3007 Revision 1, SRP Section:
19 - Probabilistic Risk Assessment and Severe Accident Evaluation,
Application Section: 19.1.6," dated June 18, 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. 395-3007 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 Ogat 1,
General Manager-APWR Promoting Department
Mitsubishi Heavy Industries, LTD.
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Enclosures:

1. Affidavit of Yoshiki Ogata

2. Responses to Request for Additional Information No. 395-3007 Revision 1 (Proprietary
Information Included)

3. Responses to Request for Additional Information No. 395-3007 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-09379

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. 395-3007 Revision 1" dated July
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 to the NRC staff.

6. The referenced information is not available in public sources and could not be gathered
readily from other publicly available information. Other than through the provisions in
paragraph 3 above, MHI knows of no way the information could be lawfully acquired by
organizations or individuals outside of MHI.

7. Public disclosure of the referenced information would assist competitors of 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 17th day of July 2009.

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

7117/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO.395-3007 REVISION I

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

APPLICATION SECTION: 19.1.6

DATE OF RAI ISSUE: 6/18/2009

QUESTION NO.: 19-345
(Follow-up to Question 19-307) The response to Question 19-307(a) states that the residual heat
removal (RHR) system "is designed to pump saturated water" because its suction piping has a downward
pitch and the pumps are installed on the lowest floor of the reactor building. The response also states
that reactor coolant system (RCS) flow is very slow, so the potential [for] steam bubble entrainment to
[the] RCS suction is very low." This discussion is not supported by the RHR system design information in
Design Control Document (DCD) or any design-specific analyses. Please either provide a description
and results of an analysis (supported by test data and a discussion of the uncertainties in the analysis)
demonstrating that a single RHR pump will function in a dynamic boiling system (e.g., where
condensable steam voids can be swept into the pump), or revise the PRA and DCD to document and
assess the effect of a more restrictive RHR success criterion.

Answer:

There are no design-specific analyses to support the operability of RHR pumps in a dynamic boiling
system. To preclude the uncertainty of the success criterion of the RHR pumps, a more restrictive RHR
success criterion will be applied for POSs where a single RHR pump cannot prevent boiling in the RCS.

Figure 1 shows the time variation of decay heat generation in the core after shutdown. Decay heat
generation decreases gradually with time and during POS 4-1, and at the end of POS 4-1, decay heat
generation is low enough for a single RHR pump to maintain the RCS temperature below saturated
temperature. Therefore, during and after POS 4-2, the success criterion of the RHR pump is one pump.
On the other hand, for POS 4-1, the success criterion will be changed to two pumps.

The RHR system configuration during POS 4-1 will also be changed. In order to minimize the impact of
common cause failure (CCF) of RHR pumps caused by flooding in reactor building (R/B), which is
divided into two flooding partitions containing two RHR pumps in each, the RHR system configuration
during POSs where the RHR pump success criterion is two will be changed to assume all RHR pumps to
be available.
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The RHR pump success criteria as well as the RHR system configuration assumed in POS 4-1 will be
revised in the next DCD. The success criterion for the RHR pumps during POS 4-1 will be more
restrictive. However, the number of standby pumps will be increase to two pumps so the number of
mitigation functions in each event trees will be the same with base case. Moreover, the number
redundant RHR pumps compared to the success criteria is the same for initiating events that result in
loss of the running RHR pump (such as LOCA, OVDR). Considering that the reliability of mitigation
functions are dominated by human error, the changes in success criterion and RHR system configuration
will have small impact on CDF.

It will be documented as PRA insights in the DCD that, in order to minimize the impact of flooding events,
all four RHR pumps should be all available during POSs where the RHR pump success criterion is two.
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Figure 1 Variation of decay heat generation after reactor trip

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

7/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO.395-3007 REVISION I

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

APPLICATION SECTION: 19.1.6

DATE OF RAI ISSUE: 6/18/2009

QUESTION NO.: 19-346
(Follow-up to Questions 19-318 and 19-319) When a high-elevation vent is used, the staff must examine
whether the surge line flooding phenomenon can occur. Following a loss of RHR and boiling in the RCS,
the steam velocity in the pressurizer surge line may be high enough to cause water to be held up in the
pressurizer. This phenomenon occurs if there is a large vent on the pressurizer, the decay heat is high,
and all or most of the decay heat generates steam that goes to the pressurizer. Even if initial RCS level
is low, water may have been forced into the pressurizer by swelling after boiling initiates or entrained with
the steam from boiling. The phenomenon may occur when decay heat is above 3 megawatts-thermal
(MWt). If surge line flooding occurs, the actual time to core uncovery may be less than calculated, RCS
level indication using an upper tap in the pressurizer may be in error, and RCS pressure may increase
high enough to prevent gravity flow.

The response to Question 19-319 states only that surge line flooding is "unrealistic" because the surge
line is connected vertically to the hot leg rather than horizontally as in a drawing in NUREG-1410.
However, for the scenario evaluated in NUREG-1410, page G-9 states that "[t]he difference in heights
between the RWST [refueling water storage tank] level and the top of the pressurizer determines the
amount of water available in the RWST for gravity feeding." In the case of the US-APWR in plant
operating state (POS) 4-3 and 8-1, venting is achieved via the pressurizer manway, which is about 50
feet higher than the spent fuel pool (SFP) gravity drain suction nozzle. Therefore, without support from a
design-specific analysis that demonstrates water would successfully drain from the SFP to the RCS in
POS 4-3 and 8-1, credit should not be provided for gravity injection (GI). Please address this issue.

In addition, water held up in the pressurizer could be expected to cause erroneous readings if level is
measured with reference to the pressurizer, regardless of the location of the surge line. Please discuss
this issue. In addition, please document all important related assumptions and insights in the DCD.

Answer:
MHI would like to withdraw the answer to RAI#19-319 as pointed by the NRC staff in this question.

Decay heat during POS 4-3 exceeds 10 MWt and the possibility of surge line flooding cannot be denied if
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the RCS water is swept into the pressurizer and counter-current flow limitation is observed. The
availability of gravity injection involves uncertainty, and therefore gravity injection is not credited
conservatively for POS 4-3 and 8-1 in the current LPSID PRA regardless of its likelihood.

The RCS waterillevel during midloop operation is measured by differential pressure between the
pressurizer and crossover leg. Water held up in the pressurizer could therefore cause erroneous
readings of the RCS water level. Such erroneous readings of the RCS water level can lead to operational
failure of water injection in the reactor and lead to core heat up. To prevent such accidents caused by
erroneous readings of the RCS water level, the following measures can be adapted.

- Installation of an additional RCP water level sensor
An additional water level sensor that measure the MCP water level with reference to pressure
at the reactor vessel head vent line and cross over leg can be used under surge line flooding
events. Such an additional sensor installed during midloop operation can provide information to
ensure maintaining the RCP water level above MCP level.

- Operational procedures to continue RCS injection during surge line flooding events
Under loss of RHR function, continuous RCS injections by the safety injection pump or the
charging pump will keep the RCS water level to be higher than the core top. Injection flow rate
will be set high enough to replenish water lost by boiling in the core. In addition, RCS injection
is accomplished via direct vessel injection line for the case of safety injection pumps and via a
loop cold leg for the case of charging injection pumps. Both injection lines are independent from
the vapor release path, which is the B loop MCP where the surge line is connected.

Operational procedure for low power shut down will be developed incorporating at least one of the
measures listed above to prevent severe accidents resulting from surge line flooding events.

Imoact on DCD

The following description will be added to the DCD as risk insights in Table 19.1-115.

"Surge line flooding may occur if decay heat removal function is lost during plant operating states where
the pressurizer manway is the only vapor release pass from the RCS. Water held up in the pressurizer
can erroneous readings of water level indicators measured with reference to the pressurizer. Measures
to prevent accident evolution caused by surge line flooding are important. Adoption of at least one of the
measures listed below can reduce risk from surge line flooding event.

Installation of an additional RCP water level sensor that measure the MCP water level with reference to
pressure at the reactor vessel head vent line and cross over leg.

Operational procedures to perform continuous RCS injections when loss of RHR occurs under conditions
where the pressurizer manway is the only vapor release pass from the RCS.

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

7/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 395-3007 REVISION I

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

APPLICATION SECTION: 19.1.6

DATE OF RAI ISSUE: 6/18/2009

QUESTION NO.: 19-347

(Follow-up to Question 19-310) The intent of Question 19-310(a) was that the accident
management framework should include an indication of the plant conditions that allow or prohibit
GI or steam generator (SG) cooling, not the specific timing for operation as stated in the response.
For example, GI can only be used when the RCS is at atmospheric pressure. Discuss whether
the accident management framework should be revised to include this information, possibly
referring to the penetration-status table provided in response to Question 19-317.

ANSWER:

MHI will revise the description of accident management framework proposed in the answer to RAI
19-310.

Impact on DCD

DCD change proposed in the answer to RAI#19-310 (b) related to SG and GI is revised reflecting
the penetration status information provided in the answer to RAI#19-317 as follows:

* Heat removal through the secondary system is expected during LPSD operations,
including, natural circulation during the operations that RCS is fully filled with water and
reflux cooling during mid-loop operations. Operators are required to handle the related
devices to achieve the secondary system cooling. Secondary system cooling is available
when RCS is closed so that the natural circulation flow within RCS is established.

* If water in the spent fuel pit is available, operators are required to manually control
several valves installed between SFP and RCS and gravitationally provide adequate
amount of water to the RCS. In parallel, operators are required to establish the lineup
between RWSP and SFP to continuously provide coolant water. Water supply from
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RWSP to SFP is achieved by a motor-driven pump. Gravity iniection is available when
RCS is open and RCS pressure is maintained near atmospheric so that the SFP water
can be drained into the RCS.

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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7/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 39"007 REVISION 1

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

APPLICATION SECTION: 19.1.6

DATE OF RAI ISSUE: 6/18/2009

QUESTION NO.: 19-348

(Follow-up to Question 19-310) One intent of Question 19-31 O(e) was to define an "accidental
incident." The response appears to clarify that the "accidental incident" requiring containment
closure is a loss of decay heat removal. The accident management framework should be revised
to remove the confusing term "accidental incident" and clarify which scenarios would require
immediate containment closure.

ANSWER:

MHl understands the position of the NRC that the use of the term "accident incident" is not
appropriate and the term should be removed.

Entry into a specific accident management procedure of containment closure and the required
response is based upon symptom oriented actions rather than scenario response. There are
abundant scenarios as such that require entry into the accident management procedure but it is
very difficult to specify the certain scenario. Rather there are symptoms that are comprehensive
that do require such entry. These symptoms are independent of scenario definitions but are
caused by the various scenarios that are postulated to occur. For example, loss of decay heat
removal capability is a symptom of an entry condition that independent of the cause of such loss.
The scenario includes the cause. By focusing on the symptom the operator is able to better
control the situation and respond accordingly without confusion. This practice is consistent with
currently adopted accident management procedures for operating plant.

The procedures are not yet written and may deviate from the following description. This
description that follows is provided to clarify the intent of the procedure rather than the content
with may deviate when completed.

The intent is to identify loss of decay heat removal as a condition requiring response.
The response will include a hierarchy of response which will include actions to confirm
the loss of decay heat removal, to restore decay heat removal, and if warranted by the
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actions above to initiate action to isolate the containment. In addition the action will
include assurance of level control and core inventory. control.

Another symptom included will be onset of boiling in the core. This symptom will cause
the operator to take the same actions to restore cooling, monitor level, and restore
inventory control, and isolate containment but may also include additional actions as part
of the site emergency procedures.

Impact on DCD

DCD change proposed in the answer to RAI#1 9-211 is revised in accordance with this answer as:

19.2.5 Accident Management

(3) To maintain containment integrity as long as possible

(During LPSD operations)

It is h4kh likely that containment is epen not isolated during LPSD operations in order for various
maintenance activities. The accident management functions to maintain containment integrity
during LPSD include firstly recovery of containment isolation from the environment, and
secondary heat removal from the isolated containment.

tIf an -anccidental incident is obeerved, operatoes arc required to- i~mmFeadiately Giese the
nncninact quch aq ci equipmnt hatch and airlock. It OR alcon neceecarv to ectablicm

............... ,# .. ...........

mrethod to alert perconnel to cVacuate containment an the event o-f. Sdex enViroRnmentAl
r-ARddtean6q

* According to the identification of some symptoms, such as loss of decay heat removal
capability and onset of boiling in core, operators are required to take actions of
containment isolation.

(4) To minimize offsite release

(During LPSD operations)

It is highfy likely that containment is Gpen not isolated during LPSD operations in order for various
maintenance activities. The accident management functions to minimize offsite release during
LPSD include firstly recovery of containment isolation from the environment, and secondary
deposition of fission products within the containment.

.If n a..ide.ntal inc.ident is observed, operators aF rGeqired to immediately close the
openings such as equipment hatch and airoc~k.
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According to the identification of some symptoms, such as loss of decay heat removal
capability and onset of boiling in core, operators are required to take actions of
containment isolation.

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
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7/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 395-3007 REVISION I

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

APPLICATION SECTION: 19.1.6

DATE OF RAI ISSUE: 6/18/2009

QUESTION NO.: 19-349

(Follow-up to Question 19-310) The response to Question 19-31 O(e) did not address how long it
will take to closePontainment, with and without electrical power. Please address this topic. In
addition, discuss how long after a loss of decay heat removal that containment closure would
begin. Discuss how long it would take before temperature, humidity, radiation, and other
concerns would make containment closure unachievable. Discuss the requirements (e.g., TS),
procedures, and training that will ensure that containment closure can be completed.

ANSWER:

The time to achieve containment isolation is dependent upon the actual plant state at the time.
Personnel in the 'containment must be evacuated prior to initiating isolation. Key restoration
activities must be complete prior to evacuating personnel if time permits such actions to be taken.
In addition the hatch may be blocked with mechanical or electrical equipment which must be
removed. All of these factors influence the time to close the containment for the specific plant
operating state. Since the detail of outage risk management is actually at a fine level of detail
regarding the actual plant conditions it is better to refer to the evaluation as being performed on
an operating sub' state so that these influences can be factored into the sub-state specific review
and pre-plan, which can be reflected in the procedures and contingency plans for that specific
case.

The direction in the procedure set to isolate containment will be one of a hierarchy of directions
initiated in accordance with the procedures being developed. The direction will be initiated by the
procedure based, upon the symptoms and the time to cause them to be initiated will vary
according to the actual event encountered. Maintenance procedures have not been developed
yet within the design certification stage, and hence which penetrations are open at which timing
cannot be discussed now. The following discussion is therefore general as expected for the
typical outage of a plant.

The actual implementation of an outage will include review during the preparation for the outage
and careful management of the risk identified using configuration control processes. As a result,
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compensatory actions and other actions to limit the risk will be part of the pre-planned response
should an actual event occur.

The time to close containment assuming AC power is available will therefore be dependent upon
the actual outage condition at the time. The PRA addresses typical outage states meant to cover
a wide range of actual outage plans. In practice most outages are unique. Cases in which
inventory is low in the reactor are preferentially performed with the containment intact. When the
containment is open steps to control the risk include assuring adequate inventory and monitoring.
Time to close the containment depends upon the activities being performed during that particular
part of the outage. Periods in which the time to close are long are typically performed with steps
taken to extend the time to allow for closure of the containment if required.

The onset of conditions quoted in the question (i.e. temperature, humidity, radiation, or other
concerns) only arise after onset of boiling which is dependent upon the inventory, the level of
decay heat present, and the degree of loss of cooling.

The ability to close the containment without AC power is minimal and may not be possible. As a
result any period in which the level is low is planned to be undertaken with maximum confidence
in off-site and on-site power reliability. Maintenance activities in the switch yard are minimal or
precluded by risk management during mid-loop for example.

The technical specifications cannot adequately address the entire spectrum of actual outage
plans and are not required as the risk management program assures that risk is low and
managed.

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

7/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 395-3007 REVISION I

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

APPLICATION SECTION: 19.1.6

DATE OF RAI ISSUE: 6/18/2009

QUESTION NO.: 19-350

(Follow-up to Question 19-310) The response to Question 19-310(f) indicates that more detailed
information in NUMARC 91-06 and GL 88-17 will be used to develop shutdown response
guidelines. Should the accident management framework refer directly to these documents so
their use is ensured?

ANSWER:

The response to an event will be determined by the symptom oriented procedures which will be
developed prior to fuel load. These procedures will follow an accident management framework
presented in DCD Subsection 19.2.5, and will include the symptoms and conditions that cause
transition from a lower set of procedures (normal) to a higher set (accident) when required.

In LPSD conditions and in preparation for entering these conditions, NUMARC 91-06, GL 88-17,
and the more recent INPO 06-008 will be used to guide and direct the development and
implementation of the optimum procedures and procedural enhancements (such as provision of
compensatory measures) consistent with the objectives stated and the guidance provided. These
documents should not however be specifically included as a commitment as they may change, be
superseded, or evolve.

It is noted that in the PRA credit for containment isolation is not taken such that the LPSD PRA is
conservative. While this is so, it is also noted that achieving containment isolation when
challenges to safety arise is a prime insight and one that will be heeded in planning for LPSD
events and in implementation of the actions derived from the procedures and the planning activity.
The INPO guidance says it very well and is paraphrased as, "establish procedures for covering or
closing the containment hatches in less time than the time to boil". Where appropriate it also
states that the utility should "establish contingency plans for penetration closure when electrical
power is unavailable."

It is appropriate at this stage to identify the key insight involved in achieving containment closure
when warranted by symptoms yet at the same time it is unwise to commit to the specific wording
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of the three references above. This is due to the fact that the actual language and hierarchy of
recommendations may change and evolve and the utility should adopt the most recent and
relevant recommendations.

In this light, it is noted that each outage is in fact unique. The LIPSID PRA treats key plant
operating states (but does so in a general sense) with some key plant states actually
encompassing many sub-states. In planning the actual outage, the sub-states themselves are
investigated and ýladdressed with contingency plans as needed and as warranted. For example,
some activities a re performed with the containment in an isolated condition, others are performed
with no work going on in the switch yard to reduce the likelihood of loss of off-site power, or in
some cases provisions for rapid action such as containment isolation are in place. Such
contingency plan ' s address the actual state of the plant systems and components during the
outage sub-state.

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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7/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 395-3007 REVISION I

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

APPLICATION SECTION: 19.1.6

DATE OF RAI ISSUE: 6/18/2009

QUESTION NO.: 19-351

(Follow-up to Question 19-310) The response to Question 19-73 stated that DCD Section 19.2.5
would be revised', to reflect the information about indications presented in the response.
Knowledge of which sensors are important to shutdown risk may be important in developing
shutdown response procedures. However, these specific sensors and alarms are not included in
the proposed accident management framework; the response to Question 19-319 simply states
that their availability will be controlled by the configuration risk management program (CRMP).
Justify why they were excluded from the accident management framework, or include them.

ANSWER:

MHI's intention of the accident management framework described in DCD Section 19.2.5 is to
provide the high level operator actions considering the four features specified in RG 1.206. MHI
responded in the answer to RAI#1 9-73 that DCD 19.2.5 will be revised to reflect the information
about indicationsl however MHI now considers that the discussions of the answer including the
indication information is too specific and not very appropriate to be described in DCD 19.2.5.
Hence, MHI would like to propose changing the location that the indication information is provided
from 19.2.5 to 19.1.6.1 of LPSD PRA section.

The following description will be added before the first sentence in page 19.1-101 of DCD revision
1.

Indications of temperature and water level are provided to detect unfavorable events that occur
during shutdown.' Indications are listed below.

* Indications of temperature

As for inaccurate hot leg temperature measurement after loss of flow, reactor coolant hot
leg temperature instruments are located in the flow path during RHR operation, so this
parameter can be accurately indicated.
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0 Indications of water

Three types of instruments are provided in US-APWR design to measure RCS water
level for shutdown. The first one is narrow range water level instrument, the second one
is mid range water level and the third one is wide range water level. Narrow range and
mid range water level instruments that refer pressure at the bottom of cross over leg and
pressurizer gas phase are provided to measure RCS water level during midloop
operation.

Impact on DCD

DCD section 19.1.6.1 will be amended as described in this response.

Impact on COLA

There is no impact on COLA from this RAI.

Impact on PRA

There is no impact on PRA from this RAI.

19-351-2
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RAI NO.: NO.395-3007 REVISION I

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

APPLICATION SECTION: 19.1.6

DATE OF RAI ISSUE: 6/18/2009

QUESTION NO. : 19-352
(Follow-up to Question 19-314) The assumption that the control room operators will also perform actions
outside the control room (e.g., unlocking motor-operated valves (MOV) via breaker manipulation) should
be documented in the DCD. If another person (e.g., an auxiliary operator) performed the action, the
human reliability analysis (HRA) may need to be changed. For comparison, see the NCCOO02CCW
action, which has :separate steps for "power on" and "unlock and open" certain valves. Please discuss
this subject. In addition, the response to Question 19-314 indicates that the description of the action
in the probabilistic risk assessment (PRA) will be revised, but the "impact on PRA" section does not
address this topic. Please clarifywhether the PRA will be revised.
In addition, please document all important related assumptions and insights in the DCD.

Answer:

In response to question 19-314, MHI answered that "one of the two RO will move to the class 1E
electrical room" to unlock the motor operated valves. This statement will be amended. For unlock actions
performed in the Class 1 E electrical room, the auxiliary operator (AO) will perform the action.

The "unlock" action in the Class 1 E electrical room and the operation of the component that has been
unlocked will be treated as one subtask in the human reliability analysis. The success or failure of the
unlock action by the AO in the class 1 E electrical room can be monitored in the main control room where
the RO who operates the unlocked component. These two actions, unlock and operation of the unlocked
component, will be performed in a short period of time for the same purpose, and therefore, the actions
are strongly dependant. It is unlikely that only the unlock action will fail while the RO in the MCR correctly
performs one action. Even if the AO fails to manipulate the breaker and the RO finds that the RO cannot
control the component due to AO's error, the RO will direct the AO to correct the unlock action. For this
reason, the unlock action will be treated as part of the operation in the MCR. However, considering the
addition action needed to control unlock valves, valves that need unlock action will be handled as
subtask apart from operation of valves that con be operated only from the MCR even if the actions will be
performed in series.
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It should also be noted that for other local actions performed outside the Class 1 E electrical room, such
as manipulating manual operated valves, the HRA will treat the operator action as a separate subtask
from those performed in the MCR.

To clarify the actions or series of action that are treated as one subtask in the HRA, the criteria for actions
that are treated as one subtask were summarized.

- Operator action performed on valves in the same system, same line, for the same purpose are
modeled as one subtask as long as timing of the action is close. (ex. Opening of two or more
isolation valves located in series) These types of actions will have high dependency to each
other and therefore handled as one subtask.

- For same operator actions that will be performed for several trains will be handled as one
subtask. If the required action is the same among several trains, the identical actions
performed among trains have high dependency it is unlikely that operator will either fail to
operate all trains or to succeed for all trains. Therefore, these actions are handled as one
subtask.

- Operator action to electrically unlock the valve in the electrical room and the operator action in
the MCR to operate that valve is handles as one subtask. These unlock status can be
monitored in the MCR and therefore feedback from the MCR can be expected if the operator
in the MCR is correct.

MHI will revisit the HRA and re-quantify the human error probability as necessary. An example of the
reassessed HRA for NCCOO02CCW, which is the operation to establish alternate containment cooling
by containment fan cooler unit is shown in Table 1. The schematic diagram of the system is shown in
Figure 1. Unlock of valves via breaker manipulation and opening of the valves in the MCR described in
Items 12 and 13 is treated as one subtask. Items 6 through 8 are manipulation of components in the
same system but the actions are treated as separate subtasks because of the valves are located in
different lines and the purpose of the action is different. Similarly, Item 9 through Item 11 and Items 12
and 13 are handled as different subtasks. The HRA will be amended, not limited to NCCOO02CCW to
have consistency with the basic rule applied for HRA shown above. The results will be adapted in DCD
revision 2.

The communication between the AO and the RO that will allow the recovery of unlock action in the
electrical room from the MCR will be documented in the DCD as key assumptions. This aspect will be
inputted to the human factor engineering program (chapter 18) to assure that such human error can be
prevented. Therefore, the disposition will refer section 18.6.

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.

19-352-2



Table 1 Example of Re-quantified Human Error Probability (NCCOO02CCW)

19-352-3



19-352-4
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Figure 1 Simplified System Diagram of Alternate Containment Cooling by Recirculation Unit
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QUESTION NO.: 19-353
(Follow-up to Question 19-315) The statement that the RHR full-flow pump test can occur in any POS is
an important assumption that should be documented in the DCD so that it can be verified in the future. In
addition, since loss-of-coolant accidents (LOCA) are the dominant shutdown contributor, discuss any
important insights that could be masked by assuming that the operator-induced LOCA can occur with
equal likelihood in any POS. Discuss whether the results and insights of the PRA would be significantly
different if the test were restricted to a single POS or if a probability of occurrence during each POS were
assigned.
In addition, please document all important related assumptions and insights in the DCD.

Answer:

RHR full-flow pump test will be performed during at-power operation in accordance with the technical
specification for containment spray system. The possibility of performing RHR full flow pumps during
shutdown is actually very low and accordingly, the probability of loss of coolant cause by an opened full
flow line will be relatively low for POSs at late stages of shutdown operation compared to early stages of
shutdown. The same frequency of loss of coolant event is applied to POSs of late stages of shutdown
since flow diversion can occur by other maintenance activities and the reduction of the loss of coolant
event frequency is uncertain.

The frequency of loss of coolant events were compared with industry experience to investigate the
applicability of the initiating event frequency applied to US-APWR PRA. Frequency of LOCA events that
result in loss of decay heat removal is reported in a report published by EPRI (1003113). The frequency
of LOCA event written in Table 5-8 of EPRI report is 5.4E-6/hr. The maximum and minimum duration
time of US-APWR is respectively 55.5 hours in POS 8-1 and 2.3 hours in POS 3, as listed in Table 20.2-2
of the PRA technical report (MUAP-07030 Rev.1). The initiating event frequencies estimated by the
duration of POSs and the LOCA frequency reported in the EPRI report will be 1.5E-041Y for POS 8-1 and
6.2E-06/Y for POS 3. The LOCA frequency of US-APWR is 1.OE-4/Y and the initiating event frequency
for POS 8-1 which is one of the POS during late stage of shutdown does not deviate much from the value
estimated from industry experience.
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The initiating event frequency of loss of coolant applied to the US-APWR LPSD PRA has uncertainty.
And the values chosen for this initiating event may impact risk insights. MHI performed sensitivity
analysis to confirm that the uncertainty of loss of coolant initiating event frequency does not mask the
importance of SSCs and operator actions.

MHI performed two sensitivity analyses for POS 8-1 of LPSD condition assuming less frequencies of loss
of coolant events and assessed the impact to the importance results. Two values were assumed for loss
of coolant event frequency, 1.OE-05/Y (case 1) and 1.0E-06iY (case 2). Initiating event frequencies of
other events were kept the same with the base case. Table 1 shows the top 30 basic events sorted by FV
and RAW of the base case and sensitivity analysis cases. Even though the orders of risk important basic
events vary with initiating event frequency, same basic events appear to be risk significant. Risk
important SSCs and operator actions are the same regardless of the frequency of initiating event. This is
because the systems and operator actions used to mitigate loss of coolant initiating event is not special
to that initiating event, but commonly credited in other initiating events. Mitigation systems and actions
required to prevent core damage does not have large vary among initiating events and the change in
initiating frequency of one event will not distort the risk insights.

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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Table 1-1 Basic Event (FV) of POS 8-1 for LPSD PRA

rank Base Case (1.OE-04) LOCA (1.OE-05) LOCA (1.OE-06)B.E. ID VBE. ID FV RAW B.E. ID F RAW
I HPIOO02S-DP2 6.3-1 1-Eoi HPIOO02S-DP2 3.9E- 7.7Ea0 HPIOO02S-DP2 ____ 6.9+00
2 CHIOO02CV21 3E-O1 1.2E+02 RSSOO02RHR2 3.1 E-01 5.1E+01 ACWOO02SC 3.3E-01 1.1E+01
3 RSSOO02RHR2 28E-01 4.6E+01 ACWOO02SC 3.OE-01 1.0E-O1 RSSOO02RHR2 3.1E-01 5.1E+01
4 CH10002CV212-DP3 2OF-1 2.OE+00 CHI0002CV212-DP3 2.7E-01 2.4E+00 CHIOO02CV212-DP3 2.8E-0 E+00
5 ACWOO02SC 1.8E-01 6.5E+00 EPSOO02RDG 9.4E-02 5.4E+00 EPSOO02RDG I.OE-01 5.7E+00
6 CHIOO02CV2-DP3 1.2E-01 1.6E+00 CHIOO02CV212-DP2 8.3E-02 2.1E+00 CH10002CV212-DP2 8.9E-02 2.1E+00
7 HPIOO02S 9=- 3E+ HPIOO02S 8.2-0 1.8E+5 HPIOO02S T TUE+0
8 EPSOO02RDG 5.5E-02 3.6E+00 CHIOO02CV21 7.7E-02 3.1E+01 EPSCF3DLLRDG-ALL 7AE-02 6.7E+01
9 CHIOO02CV212-DP2 4.8E-02 1.6E+00 EPSCF3DLLRDG-ALL 6.9E-02 6.2E+01 EPSCF4CBTD6H-ALL 5.E 0 2 2.7E+03
10 LOAOO02LC 4 EPSCF4CBTD6H-ALL 0-= 2.5+ CHIOOO2CV21 3.= 1W
11 EPSCF3DLLRDG-ALL 41E-02 3.7E+01 CHIOO02CV2-DP3 3.0E-02 1.2E+00 EPSBTSWCCF 27E-02 2.7E+03
12 EPSCF4CBTD6H-ALL 2.9E-02 1.4E+03 EPSBTSWCCF 2.5E-02 2.5E+05 EPSCF3DLADDG-ALL 1.6E-02 6.7E+01
13 EPSBTSWCCF 1.5E-02 1.5E+03 EPSCF3DLADDG-ALL 1.5E-02 6.2E+01 EPSDLLRDGA-CG3 1.4E-02 1.8E+00
14 EPSCF3DLADDG-ALL 8.6E-03 3.7E+01 EPSDLLRDGA-CG3 1.3E-02 1.8E+00 CHIOO02CV2-DP3 1.3E-02 1.1E+00
15 EPSDLLRDGA-CG3 7.8E-0311.5E+00 EPSCF3DLSRDG-ALL 1.1E-02 6.2E+01 EPSCF3DLSRDG-ALL 12E-02 6.7E+01
16 CHIOO02CV2-DP2 7.6E-03 1.1 E+00 ESWCF3PMBDOO1ABC-ALL 9.1 E-03 1.5E+02 ESWCF3PMBDO01ABC-ALL 9.9E-03 1.7E+02
17 EPSCF3DLSRDG-ALL 6.E-03 3.7E+01 EPSDLLRDGB-CG3 9.2E-03 1.5E+00 EPSDLLRDGB-CG3 9.9E-03 1.6E+0
18 EPSDLLRDGB-CG3 5.5=-3 N LOAOO02LC 8.3E-03 4.2E EPSCF3DLLRDG-12 730 1.E0
19 ESWCF3PMBDO01ABC-ALL 5.3E-03 8.9E+01 EPSCF3DLLRDG-12 6.8E-03 1.4E+01 LOAOO02OD 7.OE-03 2.SE+00
20 EPSCF3DLLRDG-12 4.1E-03 9.OE-00 LOAOO02D 6.5E-03 2.7E+00 EPSCF2DLLRDGP-ALL 7.OE-03 5.8E+00
21 EPSCF2DLLRDGP-ALL 38- 3.6E+00 EPSCF2DLLRDGP-ALL 6-7.5- +54E EPSDLLRDGP2-L2 7U 1.4E+0
22 LOAOO020D 3.8E-03 2.OE-00 EPSDLLRDGP2-L2 64E-03 1.4E+00 EPSDLLRDGC-CG3 66E-03 1.4E+00
23 EPSDLLRDGP2-L2 3.8E-03 1.2E+00 EPSDLLRDGC-CG3 6.1E-03 1.4E+00 CWSCF3PCBDO01ABC-ALL 54E-03 1.7E+02
24 EPSDLLRDGC-CG3 _ 2E+ C0 0WSCF3PCBD1ABC-ALL .E-03 1.5E02 EPSCF3SEFFDG-ALL 5.OE 6.7E+01
25 OPSLOOP 2.9E-03 1.5E+00 EPSCF3SEFFDG-ALL 4.6E-03 6.2E+01 CHIOO02CV212 4AE-03 1.2E+00
26 CWSCF3PCBD01ABC-ALL 2.9E-03 8.9E+01 CHIOO02CV212 4.1E-03 1.2E+00 EPSTMDGP2 4.1E-03 1.3E+00
27 CHIMFPMB-DOOIAB-ALL 2.8E-03 1.5E+1 EPSTMD-GP-2 3 .-03YT+-a0O EPS DLADDG-A-CUG3 -38E-O3'1 .8E+oo
28 EPSCF3SEFFDG-ALL 27E-03 3.7E+01 EPSDLADDGA-CG3 3.6E-03 1.8E+00 EPSCF3DLLRDG-13 3.7E-03 8.2E+06
29 CH10002CV212 2.E-03 1.1E+00 EPSCF3DLLRDG-13 3.4E-03 7.7E+00 EPSDLLRDGP1-L2 3.4E-03 1.2E+00
30_ RWSOO04XVO51 .3E0 EPSDLLRDGP1-L2 3.2E-03 1.21: EPSDLADDGB-CG3 17F0 T 0



Co

7'1
(O)

Table 1-2 Basic Event (RAW) of POS 8-1 for LPSD PRA

rank Base Case (1.OE-04) LOCA (1.OE-05) LOCA (1.OE-06)B.E. ID T RB.E. ID FT RAW B.E. ID FV RAW
1 SWSCF3PMYRO01ABC-ALL 04 5O+03 SWSCF3PMYRO01ABC-ALL 6II 04 5E03 SWSCF3PMYRO01ABC-A 6,E-04 5.+03
2 CWSCF3PCYRO01ABC-ALL 3.E-04 5.OE+03 CWSCF3PCYROOIABC-ALL 3.6E-04 5.4E+03 CWSCF3PCYRO01ABC-ALL 3.7E-04 55E+03
3 CWSCF3RHPROO1ABC-ALL 1.8E-04 5.OE+03 CWSCF3RHPROOIABC-ALL 1.9E-04 54E+03 CWSCF3RHPRO01ABC-ALL 2.OE-04 5.5E+63

EPSBTSWCCF T1FEb21:03 EPSBTSWCCF 2.5-02 2.5E+03 EPSBTSWCCF 2.7E-0 2 2.7E+3
5 EPSCF4CBTD6H-ALL 2.9E-02 14E+03 EPSCF4CBTD6H-ALL 5.OE-0212.5E+03 EPSCF4CBTD6H-ALL 5AE-02 2.7E+03
6 RWSXVEL001 1E-05 1.9E+02 RWSXVEL001 1.8E-05 2.5E+02 RWSXVEL001 1.9E-05 2.7E+02
7 RWSMVEL002 4.E-06 1. RWSMVE LT02 0-6 2.5E 2 RWSMVELO02 6.4E-06 2.7E+0
8 RTPBTSWCCF 1.3E-05 13E+02 RTPBTSWCCF 2.1 E-05 2.2E+02 RTPBTSWCCF 2.3E-05 2.3E+02
9 CWSPNELCCWB 1.3E-04 1.2E+02 EPSCF4CBTD6H-124 85E-04 1.6E-02 EPSCF4CBTD6H-124 9.1E-04 1.8E+02
10 CWSRIEL001B1 = 1- CWSPNELCCWB 1UEW 7.=+ CWSPNELCCWB .8-04 1.7
11 CWSPMEL001B 2.3E-0512E+02 CWSRIELOO1B 1.2E-04B1.6E-02 CWSRIELOO1B1 12E-04 1.7E+02
12 HPIXVEL114B 8.8E-06 1.2E+02 CWSPMEL001B 3.1E-05 1.6E+02 CWSPMELOO1B 3.3E-05 1.7E+02
13 CWSXVEL104B 8.8E-06 1.2E+02 HPIXVEL119B 1.2E-05 1.6E+02 CWSXVEL005B 12E-05 1.7E+62
14 HPIXVEL115B 8.8E-06 1.2E+02 HPIXVEL116B 1.2E-05 1.6E+02 HPIXVEL111B 1.2E-05 1.7E+02
15 HPIXVEL111B 8.8E-06 1.2E+02 HPIXVEL111B 1.2E-05 1.6E+02 H PIXVEL119B 1.2E-05 1.7E+02
16 HPIXVEL119B 8.8E-06 1.2E+02 HPIXVEL115B 1.2E-05 1.6E+02 CWSXVEL018B 12E-05 1.7E+02
17 HPIXVEL116B 8.8E-06 1.2E+02 CWSXVELOO8B 1.2E-05 1.6E+02 HPIXVEL1I6B 12E-05 1.7E+02
18_ CWSXVEL018B 88E-06 1.E0 HPIXVEL114B 1.-05 1 HPIXVEL115B 1 E5 17E-7-0
19 CWSXVELO08B 9.8E-06 12E+02 CWSXVEL018B .2E-05 1.6E+02 H PIXVEL114B 12E-05 1.7E+02
20 CWSXVEL005B 8.8E-06 12E-02 CWSXVEL101B 1.2E-05 1.6E+02 CWSXVEL101B 12E-05 1.7E+02
21 CWSXVEL101B 8EM7 E -+02 CWSXVEL005B T7- TE- 2 CWSXVELO0BB 72-5 1.7E02
22 CWSCVEL016B 5.8E-06 1.2E+02 CWSXVEL104B 1.2E-05 1.6E+02 CWSXVEL104B 1.2E-05 1.7E-02
23 CWSMVEL007B 2.9E-06 1.2E+02 CWSCVEL016B 7.8E-0611.6E+02 CWSCVEL016B 8.2E-06 1.7E+02
24 CWSMVEL020B I f02 CWSMVEL007B 39-0 1602 CWSMVEL007B 4.1E-06 1.7E+02
25 CWSPNELCCWA 1.1E-04 1.2E-02 CWSMVEL020B 39-06 1.6E+02 CWSMVEL020B 4.1E-06 1.7E+02
26 CWSRIEL0OlA1 8.7E-05 1.2E+02 CWSPNELCCWA I.E-04 1.6E+02 CWSPNELCCWA 1.5E-04 1.7E+02
27 CWSPMEL001A 2-05 Th2 CWSRIELOO1A1 1.2E-04 1.6E+02 CWSRIELOO1A1 1.2E-04 1.7E+02
28 CWSXVELCCW0001A 8.7E-06 1.2E+02 CWSPMEL001A 3E-05 1.6Eo2 CWSPMEL001A 3.3E--05 1.7E+02
29 CWSXVELOO8A 8.7E-0611.2E+02 HPIXVEL111A 1.2E-0516E-02 CWSXVEL104A 12E-05 1.7E+02
30 CWSXVEL005A .E- F-+ HPIXVELII5A 12- 5 1.5- CWSXVEL005A 12E-05 1
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QUESTION NO.: 19-354
(Follow-up to Question 19-316) The response to Question 19-316 states that operators are expected to
isolate only the RHR train that is unavailable because of a LOCA. However, the response to Question
19-225(b) states that it "may be difficult to identify which train of RHR has the LOCA by operators." If two
trains of RHR are running and a third is in standby (assumedly with valves in the proper lineup for RHR
function) as indicated in DCD Table 19.1-80, and if the operator has difficulty determining which train has
the leak, it is unclear how the leaking can be isolated and the standby train kept available for use later in
the event sequence (if charging recovers enough level for their use). Note that this difficulty applies
whether the LOCA is caused by an operator error (failing to close a valve, in which case the subsequent
action would be dependent) or another cause such as a pipe break (not included in the event frequency
because of lower likelihood, but possible). Please discuss this scenario in more detail.
In addition, please document all important related assumptions and insights in the DCD.

Answer:

In the response to 19-225(b), it is written that "may be difficult to identify which train of RHR has the
LOCA by operators". It is considered that the identification and isolation of LOCA within a short time
before the RCS water level decreases to a level where RHR pump cavitation may occur is difficult. The
intent of response to 19-225(b) was to explain that it may be difficult to isolate LOCA "before the running
RHR pumps fail".

The purpose of RHR isolation after LOCA is to isolate the leak so that the RCS makeup can be
performed in order to continue RHR by the non-affected RHR pump, which is the pump that is in standby
and is actuated after RCS makeup has succeed. In the PRA, RHR pumps that have been operating
when LOCA has occurred are assumed to fail and to be inoperable even after RCS makeup has
succeeded. Only the RHR pump that was standby state during the event of LOCA are taken credit after
RCS makeup.

The RHR train that LOCA has occurred can be identified by alarm of the safeguard component area

drain tank water level if the external leak occurs in the reactor building. If leakages occur from the RHR
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full flow test line, the operator would notice the leak since the leak will occur when the operator connects
the RHR train to the RHR, which will be operated step by step. When LOCA occurs, RCS water level can
rapidly decrease to the bottom end level of the main coolant piping depending on the leak or flow
diversion rate. After the water level has reached bottom of MCP, water level decrease in the RCS will be
caused by release from the RV, which evolves relatively slow. In the PRA, it is conservatively assumed
that the operators can only isolate the leakage after water level has reached a level where the running
RHR pumps can fail.

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.: 19-355
(Follow-up to Question 19-317) The reactor vessel (RV) upper plenum row in the table provided with the
response to Question 19-317 appears to contradict the response to Question 19-148, which states that
"the reactor vessel is removed" (unclear what this means) in POS 4-2 and 8-2 and "the reactor vessel
head is removed during POS 4-3 and 8-1." Please clarify whether the "RV upper plenum" row refers to
the reactor vessel head status; if not, an additional row should be added to document the information in
the response to Question 19-148. In addition, this table does not appear to include proprietary
information. Please confirm that the marking is correct in both the response and the DCD.

Answer:

The statement in response to question 19-148 that the staff has pointed out in the question is a
typographical error. The correct statement is "Gravity injection is credited in POS 4-2 and POS 8-2 when
the reactor vessel head is not removed but the steam generator (SG) manhole is open.".
In the table provided in response to question 19-317, "RV upper plenum" row refers to the reactor vessel
head status.
The reactor vessel head is removed at the end of POS 4-3 and is replaced at the beginning of POS 8-1.
Since the duration of which the reactor vessel head is removed during POS 8-1 is a small fraction of time,
the reactor vessel head status for POS 8-1 is defined as "closed". The table has been revised as shown
in table 1. Table 1 will be incorporated into the DCD.

Impact on DCD
Table 1 will be incorporated into the DCD section 19.1.6.

Impact on COLA
There is no impact on COLA.

Impact on PRA

There is no impact on PRA.

19-355-1



Table 19-317-1 Status of RCS penetrations

Item

Pressurizer safety valve

Pressurizer manhole

Pressurizer spray vent line

SG manhole

Reactor vessel head

SG nozzle lid

Status of RCS penetrationE

GI

SG

POS 3 POS 4-1 POS 4-2 POS 4-3 POS 8-1 POS 8-2 1 POS 8-3 POS 9 POS 11

nstalled7 Removed Removed Removed Removed

Close Close Open Open Close

Open Open Open Open Open

Close Open Opn Open Open

,o
U.'

I.',

(*) It is necessary that operators close pressurizer spraly
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QUESTION NO.: 19-356
(Follow-up to Question 19-320) Although the risk benefit of an RHR recovery strategy may be small
when quantified in the PRA, success of this strategy would be quite risk beneficial especially in POS that
do not have standby RHR pumps, as noted in the response to Question 19-320. Therefore, please
discuss whether this strategy should be documented in the DCD as an important risk insight.

Answer:

Taking into account that the system configuration during actual shutdown has variation, the RHR
recovery strategy would in many cases increase the reliability of recovering RHR function after losses of
RHR events. MHI will document the importance of RHR recovery in the DCD.

Impact on DCD

The following statement will be documented as risk insights in Table 19.1-115.

In the event of decreasing RCS water level, operator actions to trip the RHR pumps before cavitation and
to restart the pumps after water level is restored will improve the reliability of RHR recovery. This operator
action is important to reduce risk during shutdown.

The disposition of this insight will refer COL 13.5(7).

Impact on COLA
There is no impact on COLA.

Impact on PRA
There is no impact on PRA.
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QUESTION NO.: 19-357
(Follow-up to Question 19-321) The response to Question 19-321 did not adequately address the
question. The response to Question 19-263 identifies several fire-induced LOCA, over-drain (OVDR),
and failure-to-maintain-water-level (FLML) pathways. These are not the same as the pathways the
operators would normally be directed to isolate when they identify a LOCA, OVDR, or FLML occurring for
a reason other than fire (e.g., they would normally isolate RHR suction or letdown). Therefore, these
fire-induced pathways, as well as the method for isolating them, should be documented in the DCD as
important PRA insights that should be included in appropriate procedures. Please discuss this subject.

Answer:
The fire-induced pathways and the method for isolating them against LOCA, OVDR and FLML are as
below. This information will be documented in the DCD as PRA insights and assumptions.

(1) The fire-induced pathways of LOCA and the method for isolation
The pathways and the method for isolation are as follows.

a. Spurious open of a safety depressurization Valve (SDV)
RCS operating conditions in POS 3 and 11 are under high pressure and high temperature.
Therefore, the spurious open of a safety depressurization valve (SDV) due to fire will result in LOCA.
In this case, the isolation of LOCA pathway could be accomplished by closing the SDV isolation
valve by operator manual action.

b. Flow diversion of reactor coolant to a holdup tank (spurious open of CVS-LCV-121A)
In POS 3, 9 and 11, reactor coolant will be extracted through RHRS and is fed to a volume control
tank (VCT) by way of three-way valve "CVS-LCV-121A". The extracted reactor coolant will be
returned to RCS from VCT. However, reactor coolant will be fed to a holdup tank (HT) if
CVS-LCV-121A is spuriously opened to HT due to the fire. Therefore, the fire-induced flow diversion
of reactor coolant to HT will result in LOCA.
In this case, the isolation of LOCA pathway could be accomplished by automatic closing of
RHS-AOV-024A and D.
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The following LOCA will not be caused by the impact of fire.

a. Spurious open of SDV during the POSs except POS-3 and 11
In the POSs except POS-3 and 11, pressure and temperature are maintained at atmospheric
pressure and 140°F respectively. Therefore, even if a SDV might open spuriously due to fire, reactor
coolant will not flow out from RCS.

b. Flow diversion of reactor coolant to a holdup tank (HT) during the POSs except POS-3, 9 and 11
LOCA due to reactor coolant flow diversion to HT is identified and evaluated as an initiating event in
POS 3, 9 and 11. In POS 4-1 and 8-1, OVDR is identified and evaluated as an initiating event. In
POS 4-2, 4-3, 8-2, and 8-3, FLML is identified and evaluated as an initiating event.

c. RCP seal LOCA
In POS 3 and 11, seal injection flow or cooling water of CCWS to RCPs is required in order to
ensure the RCP normal running. If both functions of seal injection and CCWS cooling will be failed
concurrently by a fire, RCP seal LOCA will be occurred. However, US-APWR fire protection design
prevents to cause such fire induced damage scenario.

d. LOCA caused by spurious open of RHS-MOV-025A (B, C, D)
LOCA scenario caused by spurious open of RHS-MOV-025A (B, C, D) due to human errors is
included in Internal Event PRA model. However, such scenario by the spurious open of valves is not
considered in the fire PRA. The reason that such scenario is not possible due to the fire is as
follows.
* It is expected that spurious opening of RHS-MOV-025 A (B, C, D) will not occur even if the control

circuit of these valves might be damaged by fire. This is because the mal-opening of these valves
will be prevented administratively by the key-locked control of control circuit at MCC (Motor
Control Center).

* Inter-cable hot shorts of the power cables which run from MCC to the location of RHS-MOV-025A
(B, C, D) will be prevented by installing each cable in independent metal conduit. Therefore,
spurious opening of RHS-MOV-025A (B, C, D) due to the inter-cable hot short of three-phase
power supply will not occur.

(2) The fire-induced pathways of OVDR and the method for isolation
The fire-induced pathways and the method for isolation are as follows.

a. Spurious open of CVS-PCV-104
In POS 4-1, and 8-1, the letdown flow rate will increase if fire causes spurious open of the flow
control valve "CVS-PCV-104" on the letdown line. In this case, RCS water level will decrease to
lower level than mid-loop water level. This results in OVDR.

b. Failure of changing the flow pathway by the valve "CVS-LCV-121A"
In POS 4-1 and 8-1, pathway of three-way valve "CVS-LCV-121A" is opened to HT. If fire would
cause the failure of three way valve function to switch-over the flow pathway to VCT, reactor coolant
will continue to be fed to HT and RCS water level will decrease to the lower level than the mid-loop
water level. This results in OVDR.

In both cases, the isolation of OVDR pathway could be accomplished by automatic closing of
RHS-AOV-024A and D.

(3) The cause of FLML and the method for isolation
The causes of FLML are the increase of letdown flow or loss of charging flow. Details of causes of
FLML and method for isolation are as follows.

a. Increase of letdown flow
- Spurious control of CVS-PCV-104

In POS 4-2, 4-3, 8-2 and 8-3, the letdown flow will increase if fire causes spurious open of the flow
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control valve "CVS-PCV-104" on the letdown line. In this case, RCS water level will decrease to
lower level than mid-loop water level. This results in FLML.

- Flow diversion of reactor coolant to a holdup tank (HT)
In POS 4-2, 4-3, 8-2 and 8-3, reactor coolant will be extracted through RHRS and is fed to a volume
control tank (VCT) by way of three-way valve "CVS-LCV-121 A". The extracted reactor coolant will
be returned to RCS from VCT. However, reactor coolant will be fed to a holdup tank (HT) if
CVS-LCV-121A is spuriously opened for HT due to the fire. Therefore, the fire-induced flow
diversions of reactor coolant to HT will result in FLML.

b. Loss of charging flow
* Spurious open of CVS-LCV-121 B or CVS-LCV-121C

In POS 4-2, 4-3, 8-2 and 8-3, water flow to supply to charging pumps will be lost if either valve of
CVS-LCV-121B or CVS-LCV-121B installed on volume control tank outlet is closed spuriously due
to the fire. Also the injection flow to RCS will be lost. In this case, RCS water level will decrease to
lower level than mid-loop water level. This results in FLML.

* Spurious trip of a charging pump
In POS 4-2, 4-3, 8-2 and 8-3, injection flow to RCS will be lost if the fire causes the trip of charging
pump spuriously. In this case, RCS water level will decrease to lower level than mid-loop water level.
This results in FLML.

* Spurious closing of MOV/AOV on charging line
In POS 4-2, 4-3, 8-2 and 8-3, injection flow to RCS will be lost if fire causes the closure of MOV or
AOV on charging line spuriously. In this case, RCS water level will decrease to lower level than
mid-loop water level. This results in FLML.

In these cases, the isolation of FLML pathway could be accomplished by automatic closing of
RHS-AOV-024A and D.

Impact on DCD
The above descriptions and summary of insights and assumptions will be added in the DCD
Chapter 19 subsection 19.1.5.2 and Table 19.1-115.

Impact on COLA
There is no impact on COLA.

Impact on PRA
There is no impact on PRA.
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QUESTION NO.: 19-358
(Follow-up to Question 19-206) The response to Question 19-206(b) addresses the conservative
approach of including all active components of the mitigating systems used only in POS other than 8-1 in
the reliability assurance program (RAP). However, it appears that the quantitative thresholds for inclusion
in RAP (and potentially other programs) are based on only the quantification of POS 8-1. This approach
appears to rely on the assumption that the importance measures of components are equal in all POS, so
the relative contribution is the same for the entire shutdown condition as for POS 8-1. If not, it is possible
that structures, systems, and components (SSC) that do not exceed the quantitative thresholds based
only on their POS 8-1 contribution could exceed the thresholds if all POS were quantified together.
Discuss this approach, and document any related assumptions (e.g., that the relative importance of
components is the same in all POS) in the DCD.

Answer:

It is correct that the approach used to identify risk significant SSCs is base only on the quantification of
POS 8-1. Exceptions are SSCs used for mitigation systems not credited in POS 8-1. For mitigation
systems not credited in POS 8-1, all related SSCs and operator actions are considered to be risk
important and included in the input to RAP and other programs such as human factors engineering
(HFE).

Reasons why the quantification results of POS 8-1 are considered applicable to identify SSCs risk
important to the overall LPSD are listed below.
" POS 8-1 has the largest contribution to the total CDF during LPSD. SSCs that are important for POS

8-1 are important for the total LPSD risk.
" The initiating event that has the largest contribution to risk during POS 8-1 is LOCA and the initiating

event that has the second largest contribution is loss of offsite power event. This tendency is the
same in all other POSs. This implies that the risk profile is similar for all POSs.

* POS 8-1 has the least number of mitigation functions. POSs other than POS 8-1 have additional
mitigation functions that are not available during POS 8-1 (e.g. RCS cooling by SGs and gravity
injection). Since number of mitigation functions credited in the POS is equal or more than that of
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POS 8-1, the risk importance of SSCs quantified for POS 8-1 will have lower or similar values in
other POSs. It is unlikely that SSCs that are below the quantitative thresholds in POS 8-1 to become
risk important in other POSs.
SSCs that are used for mitigation systems not credited in POS 8-1 may be risk important if all POS
were quantified together. SSCs of mitigation functions unique to other POS are all included in the list
of risk important SSCs to assure that the list includes all risk important SSCs.

Impact on DCD

Discussion on why MHI judge that the approach applied to identify risk important SSCs during shutdown
is applicable will be added in the subsection where component importance for LPSD is documented.

Impact on COLA
There is no impact on COLA.

Impact on PRA
There is no impact on PRA.
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