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Reference 1. Two RAI questions, 19-589 and 19-591, were previously responded to in
Reference 2.

Please contact Mr. Joseph Tapia, General Manager of Licensing Department, Mitsubishi
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On behalf of Mitsubishi Heavy Industries, LTD.

Enclosure:

1. Second Response to Request for Additional Information No.1022-7082



CC: J. A. Ciocco
J. Tapia

Contact Information
Joseph Tapia, General Manager of Licensing Department
Mitsubishi Nuclear Energy Systems, Inc.
1001 19th Street North, Suite 710
Arlington, VA 22209
E-mail: joseph tapia@mnes-us.com
Telephone: (703) 908 - 8055



Docket No.52-021
MHI Ref: UAP-HF-13143

Enclosure 1

UAP-HF-13143
Docket Number 52-021

Second Response to Request for Additional Information
No. 1022-7082

June 2013



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

06120/2013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 1022-7082

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

APPLICATION SECTION: 19

DATE OF RAI ISSUE: 04/22/2013

QUESTION NO.: 19-588

Per discussion during the ACRS US-APWR subcommittee meeting on 2/22/13, please describe
in detail how the a) main steam relief valve failures, b) main steam safety valve failures, and c)
turbine bypass valve failures (i.e., fail to open, spurious actuation, fail to reclose etc.) are
modeled in the US-APWR PRA. Provide the assumptions and failure probability values for
these failures, or justification if these valves are excluded from the PRA model and/or the risk
profile.

ANSWER:

Failure of (1) main steam relief valves (MSRV), (2) main steam safety valves (MSSV) and (3)
turbine bypass valves (TBV) has no significant impact on the reliability of the decay heat
removal function via the steam generators (SG). In the US-APWR PRA results, the failure of
the decay heat removal function via the SGs has a small contribution to the total risk. Also,
the failure probability of the emergency feedwater system (EFWS) to supply emergency
feedwater (EFW) to the SGs is significantly higher than that of the failure to provide a release
path for the steam. Therefore, the failure of EFWS to supply to SGs dominates the failure
probability of the decay heat removal function via SGs and only the fault tree for the EFWS was
developed. This RAI response compares the failure probability of the secondary heat sink
with the failure probabilities of the EFWS and release path for the steam.

A. Main Steam Relief Valve

a. Failure to Open

This failure mode of MSRVs is an insignificant contributor to the unreliability of the decay heat
removal function via SGs. Even if the MSRVs fail to open, either MSSVs or TBVs can release
steam and a loss of this function would require:

1. Failure of MSRV to open AND

2. Failure of MSSVs to open AND

3. Failure of TBVs to open
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The concurrent failure probability of all of these valves is considered to be much less than that
of the EFWS to supply EFW to SGs. Therefore, the failure mode is not modeled in the fault
trees for decay heat removal via SGs.

The MSRVs are normally closed during at-power operation and the function to open the
MSRVs is not required. The failure mode does not cause initiating events; thus, the failure
probability is not a contributor to an initiating event frequency.

b. Spurious Actuation and Failure to Re-close

These failure modes are only modeled in the fault tree for isolation of the ruptured SG, which is
used for the steam generator tube rupture (SGTR) event because the plant response becomes
more severe. The failed valves in the ruptured loop, with failure of the main steam relief valve
block valve (MSRVBV) to close, result in a failure to equalize the primary and secondary side
systems, leading to continuous leakage from the ruptured tube. Following RCS
depressurization, the operation of RHR is required to be maintained to prevent core damage
and the success criterion of this scenario (Scenario No.3 in SGTR event tree of DCD Rev. 3
Figure 19.1-1, Sheet 5) is different from that of success of the ruptured SG isolation (Scenario
No.1 in SGTR event tree of Figure 19.1-1 Sheet 5). The failure modes are considered only in
this fault tree to capture the plant response.

These failure modes affect the reliability of the decay heat removal function via the SGs, but the
failure modes are not modeled in the fault tree of the decay heat removal function via the SGs.
This is because the failure probability of the decay heat removal function via SGs due to these
failures is smaller than that of the failure of EFWS to supply EFW to SGs because:

- Motor-operated MSRVBV is installed upstream of the MSRV and automatically closes
upon detection of low main steam line pressure.

- Even if the MSRVBV fails to close, the MSIV is credited for isolation of the faulted loop.

DCD Table 19.1-20 provides the failure probabilities of the decay heat removal function via the
SGs due to failure of EFWS to supply EFW to SGs for each initiating event and the probabilities
are between approximately 105 and 10-3 (see fault tree probabilities under Emergency Feed
Water System subheading). The failure probability of the decay heat removal function via the
SGs due to valve failures is evaluated to be on the order of 10.8 and the result is much lower
than the failure probability of the EFWS to supply EFW to SGs. Spurious actuation and failure
to reclose does not significantly contribute to the unreliability of the EFWS, so that the failure
modes are not modeled in the fault trees for decay heat removal via the SGs.

Spurious opening of at least one MSRV may result in a condition similar to a steam line break
upstream of the main steam isolation valve event (ID: SLBI) considered in the internal events
PRA. As discussed above, automatic closure of the MSRVBV can be credited to prevent this
condition. The frequency of the spurious opening of MSRVs combined with failure of
MSRVBV to close is evaluated to be on the order of 10 6/year, which is much smaller than the
initiating event frequency of the SLBI event used in the at-power PRA (See DCD Table 19.1-2).

B. Main Steam Safety Valve

a. Failure to Open

Failure of both MSRVs and TBVs results in an increase in main steam line pressure and the
MSSVs automatically open to release steam when the setpoint is reached. As discussed in
Item A, the failure probability of all of the MSRVs, MSSVs and TBVs is very low compared with
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the failure probability of the EFWS to supply EFW to SGs. Therefore, the valve failure to open
is not modeled in the fault tree for decay heat removal via SGs.

The MSSVs are normally closed during at-power operation. The failure to open does not
cause an initiating event; thus, the failure probability is not a contributor to an initiating event
frequency.

b. Spurious Actuation and Failure to Re-close

The failure of the MSSVs is modeled in the fault tree, along with the MSRVs, for isolation of the
ruptured SG, which is used in the steam generator tube rupture (SGTR) event.

Similar to the MSRVs, spurious actuation and failure to reclose has the potential to fail the
decay heat removal function via the SGs; the probability is considered to be much lower than
the failure probability of the EFWS to supply EFW to SGs because:

- If the MSRVs are actuated to release steam, the main steam line pressure does not reach
the setpoint of these safety valves. Then, the function to open MSSVs is not demanded.

- Even if MSSVs open and are stuck open following the failure of MSRVs, the MSIV is
credited for isolation of the faulted loop.

The failure probability of the decay heat removal function due to spurious actuation and failure
to reclose is evaluated to be less than 10-8 and is much lower than the failure probability of
EFWS to supply EFW to SGs. Because the failure modes have insignificant impact on the
reliability of the decay heat removal function via the SGs, the failure modes are not modeled in
the fault trees for decay heat removal via the SGs.

Similar to MSRVs, spurious opening of at least one MSSV may cause conditions similar to SLBI
event modeled in the internal event PRA. The contribution to the initiating event frequency
can be considered to be much smaller than the initiating event frequency for SLBI. In the U.S.,
many Licensee Event Reports (LERs) associated with the pressurizer safety valves and
MSSVs that exceeded the lift setpoint tolerance required by Technical Specifications have
been issued (Ref. Information Notice 2006-24); however, spurious opening of these valves
during normal operation rarely occurs. Also, MSRVs are designed to prevent an unnecessary
lifting of the MSSVs and when the MSRV opens to release steam, the main steam line pressure
does not exceed the setpoint of the valves. The following is the scenario that results in a
condition similar to the SLBI event due to spurious actuation of MSSVs:

- A transient event, with an increase of main steam line pressure, occurs.

- Main steam line pressure increases due to failure of the MSRV to open.

- Following an increase of main steam line pressure, MSSVs spuriously open due to setpoint
drift.

- MSSVs fail to re-close, that is, one or more MSSVs become stuck open

Assuming that the frequency of an event with an increase in main steam line pressure is the
same as the frequency of a general transient (i.e., 0.8/year), the frequency of the event similar
to SLBI due to spurious opening of MSSVs is evaluated to be less than 10-5/year and is much
smaller than the initiating event frequency of SLBI event used in the at-power PRA (See DCD
Table 19.1-2).
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C. Turbine Bypass Valve

a. Failure to Open

This failure mode has an insignificant impact on the unreliability of decay heat removal via the
SGs, for reasons similar to those discussed for MSSV failure to open.

The TBVs are normally closed during at-power operation and the function to open the TBVs is
not required. The failure to open does not cause an initiating event; thus, the failure
probability is not a contributor to an initiating event frequency.

b. Spurious Actuation and Failure to Re-close

The failure of the TBVs is modeled in the fault tree, along with the MSRVs, for isolation of the
ruptured SG, which is used in the steam generator tube rupture (SGTR) event.

Fifteen TBVs are installed downstream of MSIVs and the failure of at least one TBV is assumed
to potentially cause failure of the decay heat removal function via the SGs. If the TBVs are
stuck open, MSIVs are credited for isolation. MHI evaluated the failure probability of the decay
heat removal function via SGs due to at least one TBV stuck open combined with the common
cause failure of MSIVs to close. The failure probability was on the order of 10-6, which is at
least one order of magnitude lower than that of EFWS to supply EFW to SGs.

TBVs are normally closed and designed to fail closed. This calculation used the failure
probability of air-operated valves reported in NUREG/CR-6928 (i.e., 1.2E-3/demand) and the
failure probability of being stuck open is considered to be lower than this probability. As
discussed previously, the failure probability of the decay heat removal function via the SGs has
a small contribution to the total CDF. Therefore, if the failure modes are modeled in the PRA,
the potential increase in the total CDF is considered to be negligible.

The failure modes are modeled in the fault tree for isolation of the ruptured SG, which is used in
steam generator tube rupture (SGTR) event (the MSRVs and MSSVs are also in the model for
this event). And the failure modes are not modeled in the fault trees for decay heat removal
via the SGs for all events, including the SGTR event.

Spurious opening of at least one TBV may result in a condition similar to a steam line break
downstream of the main steam isolation valve event (ID: SLBO) considered in the internal
event PRA. Under this condition, manual closure of manual valves installed upstream of the
TBVs and automatic closure of main steam isolation valves can be credited. The frequency of
spurious opening of TBVs combined with the failure of these valves to close is evaluated to be
on the order of 10-6/year, which is much smaller than the initiating event frequency of the SLBO
event used in the at-power PRA (See DCD Table 19.1-2).

Application to Fire PRA

The preceding discussion regarding the failure modes and effects is also applicable to the fire
PRA. However, in the fire PRA, it is assumed that a fire, which could directly impact cables or
equipment associated with the MSSVs, MSRVs or TBVs, causes a "spurious actuation and
failure to reclose". The "spurious actuation and failure to reclose" failure mode is assumed to
occur because it is potentially more limiting than the "failure to open" mode.

The fire frequency for the scenario that causes the condition similar to the SLBO event modeled
in the internal events PRA (i.e., FA6-101-01 fire scenario) is relatively large (5.6E-2/yr, See
DCD Table 19.1-58). Also, in this fire scenario, manual closure of manual valves installed
upstream of the TBVs is not credited because the valves located in the T/B are damaged due to
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the T/B fire and US-APWR fire PRA credits no recovery of equipment, as addressed in the fire
PRA assumption I of DCD Subsection 19.1.5.2.1 (Ref. UAP-HF-11380, dated November 8,
2011). Therefore, the failure of MSIVs to close following a fire-induced SLBO due to the
assumed spurious opening of the TBVs is one of the dominant core damage scenarios in the
fire PRA.

Impact on DCD

There is no impact on DCD.

Impact on R-COLA

There is no impact on R-COLA.

Impact on PRA

There is no impact on PRA.

Impact on Topical/Technical Report

The discussion will be addressed in an update to PRA Technical Report "US-APWR
Probabilistic Risk Assessment" (MUAP-07030, Proprietary) by May 2014 (Ref. UAP-HF-13101,
dated April 26, 2013)
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

06/20/2013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 1022-7082

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

APPLICATION SECTION: 19

DATE OF RAI ISSUE: 04/22/2013

QUESTION NO. 19-590:

As described in SRP Section 14.3 "Inspections, Tests, Analyses, and Acceptance
Criteria (ITAAC)," the important insights and assumptions from the PRA provided in
FSAR Chapter 19 should be used to determine the appropriate top-level design features
for inclusion in Tier 1. A discussion of how the important insights or assumptions from
the PRA should be addressed in the selection of the Tier 1 material. The important
integrated plant safety analyses from Tier 2 should be considered, such as analyses of
internal events, fires, floods, severe accidents, and shutdown risk.

In accordance with the guidance in SRP Section 14.3, please describe how the US-
APWR PRA was used in determining the scope of ITAAC and provide the list of ITAAC
that were derived from the important PRA insights and assumptions.

ANSWER:

US-APWR DCD, Tier 2, Section 14.3.3.5, Safety Analyses and Probabilistic Risk
Assessment Risk Insights and Key Assumptions, describes the process for identifying
important insights and assumptions from the PRA for inclusion into Tier 1. This section
specifies that risk insights and key assumptions from the PRA related to SSCs be
included in Tier 1.

Top-level design features required by SRP 14.3 are identified using DCD Table 19.1-119
"Key Insights and Assumptions". Table 19.1-119 consists of following information:

a. Design features and insights that have impact on Level 1 and Level 2 PRA,
including mitigation functions for both design basis event (DBE) and beyond-
design basis event (BDBE). Scope of this table is both at-power and low-
power and shutdown (LPSD) operations.

b. Risk significant human actions, identified by probabilistic risk assessment (PRA)
importance values, i.e., Fussell-Vesely (FV) importance and risk achievement
worth (RAW)

c. Key assumptions applied to the PRA
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d. Design features to prevent significant increase in plant risk caused by external
events such as internal fire, internal flooding and earthquake (e.g., plant layout,
cable routing, fire protection and flowing protection) and risk insights from
external events PRA results

Table 19.1-119 includes a wide range of risk insights and assumptions obtained from the
PRA. On the other hand, SRP 14.3 specifically requires "top-level design features".
Therefore, the following criteria were used to identify information to be addressed in
Chapter 14:

a. Table 14.3-1a, Design Basis Accident Analysis Key Design Features, covers
safety systems to prevent and/or mitigate DBE, given in DCD Chapter 15, while
systems used to mitigate BDBE and severe accidents are not included.
Therefore, systems expected to cope with BDBE and severe accident, and of
those not covered in Table 14.3-1a are addressed in Table 14.3-1d, PRA and
Severe Accident Analysis Key Design Features.

b. US-APWR commits to develop operating procedures such as emergency
operating procedures and training programs, based on risk-significant operator
actions provided in DCD Table 19.1-119. Operator actions themselves are not
addressed in Table 14.3-1d because operator actions are not design features.
However, components associated with risk-significant operator action are
documented in this table.

c. Key assumptions associated with the design requirements are included in DCD
Table 14.3-1d.

d. Design features against external events are summarized in Tables 14.3-1b,
Internal and External Hazards Analysis Key Design Features, and Table 14.3-1 c,
Fire Protection Key Design Features. Design features against external events
listed in DCD Table 19.1-119, but not addressed in DCD Tables 14.3-1b and
14.3-1c, are documented in Table 14.3-1d.

Table 14.3-1d contains PRA and severe accident analysis key design features (i.e. key
insights and key assumptions identified through the PRA or severe accident analysis, in
other words "major risk significant SSCs"). The key design features are presented in the
table with references to the Chapter 19 information for PRA (Section 19.1) or severe
accident (Section 19.2) information. These key designs features are derived from
appropriate Tier 2 chapters such as Chapters 2 through 10. Because this table provides
DCD Tier 1 to Tier 2 cross-references, its focus is on key design features.

As described in SRP Section 14.3, severe accident design features are described in the
Tier 1 design description, and the basic configuration ITAAC verify that they exist. In
accordance with the SRP, the capabilities of the severe accident design features,
including equipment survivability, are not included in the ITAAC. Detailed analyses are
retained in Tier 2.

As noted above, programmatic, operational aspects of the SSCs, such as system
lineups during normal operation or maintenance requirements, are not the subjects of
Tier 1 information and are likewise excluded from these tables.

During a recent review of the latest DCD Tier 2 Chapter 19 content and the content of
DCD Tier 2 Table 14.3-1d to ensure that key design features from the latest PRA
assumptions were listed in Table 14.3-1d, several clarifications were identified and
several items added to Table 14.3-1d. Other revisions to this table were also made, such
as correcting DCD Section references and removing redundant entries.
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IAttachment to Question 19-590 I
2.2 STRUCTUAL AND SYSTEM ENGINEERING US-APWR Design Control Document

27. Emergency feedwater pump area HVAC system's outside air intakes and exhaust outlets DCD_14.03.
are protected from tornado generated missiles and hurricane generated missiles by 07-59
protective barriers. DCD_02-03

S01

28. The T/B electrical rooms are separated from each other and from the T/B by partitions to DCD_19-590
limit the propagation of a fire.

2.2.4 Inspection, Tests, Analyses, and Acceptance Criteria

Table 2.2-4 describes the ITAAC for structural and systems engineering.

Tier 1 2.2-5 TierRaara 2 .- eeR



2.2 STRUCTUAL AND SYSTEM ENGINEERING US-APWR Design Control Document

Table 2.2-4 Structural and Systems Engineering Inspections, Tests, Analyses, and
Acceptance Criteria (Sheet 6 of 6)

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

28. The T/B electrical rooms are 28. Inspection and analysis will be 28. A report exists and concludes
separated from each other and performed of the arrangement of that the as-built T/B electrical
from the T/B by partitions to limit the as-built T/B electrical rooms rooms are separated from
the propaaation of a fire. and the T/B. each other and from the T/B by

partitions that can limit the
propagation of fire for a
minimum of 1-hour.

DCD_19-590

Tier 1 2.2-30 Tier I2.2-30rton 2



2.6 ELECTRICAL SYSTEMS US-APWR Design Control Document

15.

16.

17.

18.

19.

20.a

20.b

The MT and GLBS power feeders are separated from the RATs power feeders.

The dc control power for Class 1 E switchgear and load centers of each division is
supplied from the same division of the dc system.

Equipment and circuits of each Glaes-l-E--division of the Class 1E electric power system IMC03oTl

are uniquely identified. 0009

The Class 1 E equipment is protected from sustained degraded voltage conditions.

There is no provision for automatic connection between redundant Class 1 E buses.

Displays of voltage and current of the Class 1 E medium voltage buses are provided in the
MCR.

Controls are provided in the MCR and locally to open and close the Class 1 E 6.9kV
switchgear and 480V load center buses incoming circuit breakers identified in Table
2.6.1-2.

Displays of the Class 1 E 6.9kV switchgear and 480V load center buses incoming circuit
breakers listed in Table 2.6.1-2 are provided in the MCR.

Class 1 E ac electric distribution system overcurrent protection is set for proper
coordination.

The post-fire safe-shutdown circuit analysis ensures that one success path of shutdown
SSCs remains free of fire damage.

The potential effects on Class 1 E equipment of harmonics introduced by non-linear loads
are maintained within requirements.

20.c

21.

22.

23.

OA,

arc sgroga-tod into tWo groUPG by qualifiod firo hbrro*rcDeleted.

25. The raceway systems for Class 1 E ac electric power system cable,
Category I requirements.

26. The Class 1 E ac electrical power system cables are routed in racer
1 E ac power system cables within their respective division.

27. The RATs are separated from each other and from the MT and the

distance to limit the propagation of a fire.

2.6.1.2 Inspections, Tests, Analyses, and Acceptance Criteria

Table 2.6.1-3 describes the ITAAC for the onsite ac electric power system.

r tm mtor"

I -

s meet seismic

vay systems for Class

UATs by partitions or I DCD-19-590

Tier I 
2.6-3 Re~R4

Tier I 2.6-3 ROVOGOOR 3



2.6 ELECTRICAL SYSTEMS US-APWR Design Control Document

Table 2.6.1-3 AC Electric Power Systems Inspections, Tests, Analyses, and
Acceptance Criteria (Sheet 7 of 8)

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

22 The post-fire safe-shutdown 22. Analyses of post fire safe 22. A report exists and concludes that
circuit analysis ensures that shutdown circuit analysis and the post-fire safe-shutdown circuit
one success path of supporting breaker coordination analysis ensures that one success
shutdown SSCs remains will be performed. path of shutdown SSCs remains
free of fire damage. free of fire damage.

23. The potential effects on 23. Analyses will be performed to 23. A report exists and concludes that
Class 1 E equipment of determine the potential effects the potential effects on Class 1 E
harmonics introduced by on Class 1 E equipment of equipment of harmonics
non-linear loads are harmonics introduced by introduced by non-linear loads are
maintained within non-linear loads, maintained within requirements.
requirements.

24. The new sygretesor 24. Inspeztion will be performed of 24. The as built new sygsgatemd
a, ductc.'cgablo buccc8 to thp ac; bu ilt nzn cgrzgatcd ------ c-obl bhuczz to CA- o G lasE4

Class 14E cc in phow e the bas-bu it racy in the 1 E c eBlcatrcal p rowrstm
teml eetral seim ac s 1se busis for th E o electrical are sgrzgted ie ntorted gbyaup 43

Cegrogytd Inte t e remnps FeeFrDeleted. qualifabdefira baRCisrct eleted.
bype baified siFe-
198Fnie Oeieted.

25. The raceway systems for 25.i Inspections will be performed to 25.i The as-built raceway systems for
Class 1 E ac electric power verify that the as-built raceway Class 1 E ac electric power system
system cables meet seismic systems for Class 1 E ac electric cables are supported by a seismic
Category I requirements. power system cables are Category I structure(s).

supported by a seismic
Category I structure(s).

25.ii Analysis of the raceway systems 25.ii A report exists and concludes that
for Class 1 E ac electric power the raceway systems for Class 1 E
system cables will be performed ac electric power system cables
using analytical assumptions meet seismic Category I
which bound the seismic design requirements.
basis requirements.

25.iii Inspection and analysis will be 25.iii A report exists and concludes that
performed to verify that the the as-built raceway systems for
as-built raceway systems for Class 1 E ac electric power system
Class 1 E ac electric power cables are seismically bounded by
system cables are seismically the analyzed conditions.
bounded by the analyzed
conditions.

26. The Class 1 E ac electrical 26. Inspection of the as-built Class 26. The as-built Class 1 E ac electrical
power system cables are 1 E ac electrical power system power system cables are routed in
routed in raceway systems cables routing will be performed. raceway systems for Class 1 E ac
for Class 1 E ac electric power system cables within their
power system cables within respective division.
their respective division.

DCD_19-590
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2.6 ELECTRICAL SYSTEMS US-APWR Design Control Document

Table 2.6.1-3 AC Electric Power Systems Inspections, Tests, Analyses, and
Acceptance Criteria (Sheet 8 of 8)

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

27. The RATs are separated 27. Inspection will be performed of 27. The as-built RATs are separated
from each other and from the arranaement of the as-built from each other and from the MT
the MT and the UATs by RATs. MT and UATs. and the UATs by a minimum of
partitions or distance to limit 1-hour rated fire barriers or a
the propagation of a fire. minimum distance of 30 ft.

DCD_19-590

Tier I 
2.6-13 Rev~A4

Tier 1 2.6-13 Revision 3



14. VERIFICATION PROGRAMS US-APWR Design Control Document

Table 14.3-1d PRA and Severe Accident Analysis Key Design Features
(Sheet I of 10)

Tier 2
Tier I Ref.(1) Key Design Features Tier 2

Location(2)

2.2.3.1 The RIB is physically separated into two divisions (i.e., east 3.4.1.3
Table 2.2-4 and west areas) by flooding propagation preventive equipment 19.1.5.3
ITAAC #1 .a. #9, such as water-tight doors, to prevent a loss of all safety Table 19.1-119
#10. #11, #12, systems. Additionally, the radiological controlled area is

#13.#14 physically separated from the non-radiological controlled area
by concrete barrier walls in the R/B.

2.2.3.1 The RIB is separated from the T/B and auxiliary building by 19.1.5.3
Table 2.2-4 water-tight doors. Table 19.1-119
ITAAC #1 .a. #9,
#10. #11, #121
#13 #14
2.2.3.1 Water-tight doors are installed on the safety-related SSC 19.1.5.3
Table 2.2-4 areas, safety-related electrical I&C rooms and main control Table 19.1-119
ITAAC #10 room.
2.2.3.1 Safety systems are physically seoarated by a fire barrier in 9.5.1
Table 2.2-4 order to assure safe shutdown following fire-induced events. 19.1.5.2
ITAAC #17. #18.a, Table 19.1-119
#18.b 19.2.2.4

2.2.3.13 SSCs that require evaluation in the seismic fragilities task of a 19.1.5.14.-
Table 2.2-4 seismic margin analysis have sufficient seismic margin. Table 19.1-54
ITAAC #24 Table 19.1-119

2.4.1.1 No penetrations through the RV are located below the top of the 5.3.3.1
Table 2.4.1-2 reactor core. This minimizes the potential for a loss of coolant Table 19.1-119
ITAAC #3 accident by leakage from the reactor vessel, allowing the reactor

core to be uncovered.
2.4.2.1 The reactor vessel head vent valves; the safety 5.4.12
Table 2.4.2-2 depressurization valve (SDV) and depressurization valves Table 5.4.12-3
Figure 2.4.2-2 (DV) could be used for high point vents to support prevention 19.1.3.1
Table 2.4.2-5 of beyond design basis events and severe accident mitigation. 19.1.3.2
ITAAC #2, #11.a 19.2.3.3

Table 19.1-1
Table 19.1-119

2.4.2.1 Safety depressurization valves (SDVs) are provided at top 5.4.12.2
Table 2.4.2-5 head of the pressurizer in order to cool the reactor core by feed 19.1.3.1
ITAAC #2, #1 1.a and bleed operation when loss of heat removal from steam Table 19.1-1

generator occurs. Table 19.1-119
19.2.2.6

NOTES: (1) Source: Tier I section or table. (2) Tier 2 location or table where addressed.

DCD_19-590

DCD 19-590

DCD_19-590

DGD_1 9-590

I DCD19-590

Tier 2 14.3-43 Ravocann 2
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Table 14.3-1d PRA and Severe Accident Analysis Key Design Features
(Sheet 2 of 10)

Tier 2
Tier 1 Ref.(1) Key Design Features Tier 2(Location(2

2.4.2.1 In the event of delay in establishing RHR cooling after safety 19.1.3.1
Table 2.4.2-5 injection, the SDV and SI pump ensure long term heat Table 19.1-119
ITAAC #2, #11 .a removal. 19.2.2.6
2.4.4.1
Table 2.4.4-5
ITAAC #1.a, #10.a

2.4.2.1 RCS depressurization system dedicated for severe accident is 5.4.12.2
Table 2.4.2-5 provided to prevent high pressure melt ejection. 19.1.3.2
ITAAC #2, #11.a Table 19.1-1

Table 19.1-119
19.2.3.3

NOTES: (1) Source: Tier 1 section or table. (2) Tier 2 location or table where addressed.

DCD19-590

DCD_19-590

DCD_19-590

DCD_19-590

Tier 2 14.3-44 Re~A4
Tier 2 14.3-44 FleviGiOR 3
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Table 14.3-1d PRA and Severe Accident Analysis Key Design Features

(Sheet 3 of 10)

Tier 1 Ref. 10) Key Design Features Tier 2
Location(2)

2.4.2.1

Table 2.4.2-5
ITAAC #15

2.4.4.1
Table 2.4.4-5
ITAAC #12

2.4.5.1
Table 2.4.5-5
ITAAC #13
2.4.6.1
Table 2.4.6-5
ITAAC #13
2.5.2.1
Table 2.5.2-3
ITAAC #7, #8
2.7.1.2.1

Table 2.7.1.2-5
ITAAC #11

2.7.1.9.1
Table 2.7.1.9-5
ITAAC #11
2.7.1.10.1
Table 2.7.1.10-4
ITAAC #11
2.7.1.11.1
Table 2.7.1.11-5
ITAAC #11
2.7.3.1.1
Table 2.7.3.1-5
ITAAC #12

2.7.3.3.1
Table 2.7.3.3-5
ITAAC #12

2.7.3.5.1
Table 2.7.3.5-5
ITAAC # 12

2.7.5.1.1
Table 2.7.5.1-3
ITAAC#8
2.7.5.2.1

Table 2.7.5.2-3
ITAAC #8

2.7.5.4.1

The control and monitoring of normal and shutdown functions
can be performed from the remote shutdown console (RSC)
located outside the main control room (MCR) in the reactor
building (R/B).

7.4.1.5
9.5.1

19.1.5.2

Table 19.1-119

DCD_1 9-590

NOTES: (1) Source: Tier 1 section or table. (2) Tier 2 location or table where addressed.

Tier 2 14.3-45 Tie 2 4.345Rpv~R 2
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Table 14.3-1d PRA and Severe Accident Analysis Key Design Features
(Sheet 4 of 10)

Tier 1 Ref. 10) Key Design Features Tier 2
Location(

2)

Table 2.7.5.4-3
ITAAC #7
2.7.6.3.1

Table 2.7.6.3-5
ITAAC #10

2.7.6.7.1

Table 2.7.6.7-5
ITAAC #13
2.11.2.1
Table 2.11.2-2
ITAAC #11.b
2.11.3.1

Table 2.11.3-5
ITAAC #12

2.4.4.1 In the event of loss of heat removal by the RHRS and SGs_ Table 19.1-119

Table 2.4.4-5 during shutdown operation, a SI pump can be manually started

ITAAC #1.a, #10.a to maintain RCS water level.

2.4.4.1 RWSP suction isolation valves can be closed to prevent Table 19.1-119

Table 2.4.4-5 leakage of RWSP water from SI, CS/RHR or RWS.

ITAAC #1 .a, #8

2.4.5.1 In the case of failure of running RHRS, with RHR flow rate - low Table 19.1-119

Table 2.4.5-5 the valves on the standby RHR suction line and discharge line

ITAAC #9, #11 can be opened and the standby CS/RHR pump started in order
to maintain RHR operation.

2.4.5.1 Alternate core cooling/injection utilizing CSS/RHRS is available 19.1.3.1

Table 2.4.5-5 in case all safety injection fails. Table 19.1-1

ITAAC #1.a Table 19.1-119

19.2.2.6

2.4.5.1 In high RCS pressure sequences, a fast depressurization of the Table 19.1-119

Table 2.4.5-5 RCS by using the EFW pumps to remove heat through the SGs

ITAAC #11 and by manually opening the MSDRVs allows alternate core
2.7.1.12 cooling injection using the CS/RHR pumps.

Table 2.7.1.2-5

ITAAC #8.a

2.7.1.11.1

Table 2.7.1.11-5
ITAAC #18

2.4.5.1 CSS/RHRS provides water to flood the reactor cavity. 19.1.3.2
Table 2.4.5-5 Table 19.1-119
ITAAC #1.a

NOTES: (1) Source: Tier 1 section or table. (2) Tier 2 location or table where addressed.

DCD_19-590

DCD_1 9-590

DCD19-590

DCD_19-590

DCD_19-590

DCD_19-590

DCD_19-590

DCD_19-590

DCD_1 9-590

DCD_19-590

Tier 2 14.3-46
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Table 14.3-1d PRA and Severe Accident Analysis Key Design Features
(Sheet 5 of 10)

Tier 2
Tier I Ref.(1 ) Key Design Features Tier 2

Location(2)

....Pdod piping decign prro for the ,RciduA' hoot rA AYal 4u.4..4-
bl24.66 system (RHR¶ rcc.utc in a nagligibic (Fucn ... of z•ar..... Tebe- 41; 4 1

f nAt intcr cyctcm LOC6 . Ta,1 40 4 4110
2.4.5.1 Two motor operated valves in series on the RHR suction line 5.4.7.1
Table 2.4.5-5 with power lockout capability during normal power operation 19.1.3.4
ITAAC #1 .a, #2, minimize the probability of RCS pressure entering the RHR Table 19.1-1
7.a system. Even if both these valves are opened during normal Table 19.1-119

power operation, the RHR system is designed to discharge the
RCS inventory to the in-containment RWSP. The RHRS is 19.2.2.5

designed to prevent an interfacing system LOCA by having a
design rating of 900 lb.

2.4.5.1 RHR suction isolation valves can be manually closed to isolate a Table 19.1-119

Table 2.4.5-5 LOCA in the RHR line.

ITAAC #9

2.4.5.1 One normally closed air-operated valve is installed in each of Table 19.1-119
Table 2.4.5-5 two low-pressure letdown lines that are connected to two of four

ITAAC #1.a RHR trains.

2.4.5.1 To prevent loss of RCS inventory during mid-loop operation and 5.4.7.2
Table 2.4.5-5 support severe accident prevention, the low-pressure letdown 7.6.1.7
ITAAC #1 .a line isolation valves are automatically closed and the CVCS is 19.1.3.4

isolated from the RHRS, after receiving a RCS loop low-level Table 19.1-1
signal. Table 19.1-119

19.2.2.2

2.4.6.1 CVCS charging pumps can provide decay heat removal in the Table 19.1-119
Table 2.4.6-5 event of loss of RHR and SG cooling during shutdown 19.2.2.2
ITAAC #1.a operation. The RWSP .an P...ide m..k.up to the RW.. is the

2.7.6.3.1 water source for charging pump suction.

Table 2.7.6.3-5
ITAAC #1

2.5.1 Containment isolation and heat removal can be manually Table 19.1-119

Table 2.5.1-3 actuated in the event of failure of the containment isolation

Table 2.5.1-6 signal.

ITAAC #4

24&4

ITAWAA A 4 "2

NOTES: (1) Source: Tier 1 section or table. (2) Tier 2 location or table where addressed.

DCD_1 9-590

DCD_1 9-590

DCD_19-590

DCD_1 9-590

DCD_19-590

DCD_19-590

DCD_19-590

DCD_1 9-590

Tier 2 14.3-47 RaWa"niq 2
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Table 14.3-1d PRA and Severe Accident Analysis Key Design Features
(Sheet 6 of 10)

Tier 2
Tier I Ref.(1 ) Key Design Features Tier 2

Location(2)

2.5.1.1 ESF actuation can be performed manually in the event of failure 7.8.1

Table 2.5.1-3 of automatic ESF actuation. Table 19.1-119

Table 2.5.1-6
ITAAC #4

2.5.4.1
Table 2.5.4-2
ITAAC #2

2.5.1.1 Redundant narrow range water level instruments are provided 5.4.7.2.3.6
Table 2.5.1-4 to measure mid-loop water level during the reduced RCS Table 19.1-119

Table 2.5.1-6 inventory condition.

ITAAC #23
2.5.3.1 In the event of digital I&C CCF. DAS provides the following 7.8.1
Table 2.5.3-3 functions Table 19.1-119
Table 2.5.3-4 - Reactor trip 19.2.2.1
ITAAC #1.c, 1.d - Actuation of emergency feedwater systems

- Open safety depressurization valves
= Actuation of SI oumos

2.6.1.1 Non-Class 1E 6.9kV permanent buses P1 and P2 are also 8.3.1.1.1
Table 2.6.1-3 connected to the non-Class 1E A-AAC GTG and B-AAC GTG, Table 19.1-119
ITAAC #1 respectively. The loads which are not safety-related but require

2.6.5.1 operation during LOOP are connected to these buses.

Table 2.6.5-1
ITAAC #1

2.6.1.1 The RATs are separated from each other and from the MT and 8.2.1.2
Table 2.6.1-3 the UATs by a minimum of 1-hour fire barriers or a minimum Table 9.5.1-2
ITAAC #27 distance of 30 ft. 19.1.5.2

Table 19.1-119
2.2.3&64 Olen c.gr.gatd budute,•,,• l buseo_ t. safety bu•c.. in h 41 A-

Table 2.2-464-3 T48 oIoot-8.1 r.xm Bro o •;grgated i;te t,., 9F..p6 b; qualifid. 9A.3.1434446
ITAAC #284 48.. braFefrThe T/B electrical rooms are separated from each 19.1.5.2

other and from the T/B by partitions that can limit the Table 19.1-1
propagation of fire for a minimum of 1-hour. Table 19.1-119

2.6.4.1 The GTG does not need a cooling water system. Cooling of 9.5.5

2.6.4.2 GTG is achieved by air ventilation system 9.5.8

Table 2.6.4-1 GTG combustion air intake and exhaust system for each of the Table 19.1-119

ITAAC #3, #11, four GTGs supply combustion air of reliable quality to the gas

#32 turbine and exhausts combustion products from the gas turbine
to the atmosphere. The air intake also provides
ventilation/cooling air to the GTG assembly.

NOTES: (1) Source: Tier 1 section or table. (2) Tier 2 location or table where addressed.

DCD_19-590

DCD_19-590

DCD_19-590

DCD 19-590

DCD_1 9-590

DCD_19-590

DCD_19-590

DCD_1 9-590

Tier 2 14.3-48 Re8YOGOOR



14. VERIFICATION PROGRAMS US-APWR Design Control Document

Table 14.3-1d PRA and Severe Accident Analysis Key Design Features
(Sheet 7 of 10)

Tier 2
Tier I Ref.(1 ) Key Design Features Tier 2

Location(2)

2.6.5.1 Common cause failure between class 1 E GTG and non-class 1 E 8.4.1.3
Table 2.6.5-1 GTG supply-is minimized by design characteristics. The AAC Table 19.1-119
ITAAC #43- #14_ power sources arc of diffront c-iz-, have different starting

#15 systems from the EPS, and the AAC power source engine and
generator are designed by a different manufacturer than the
class 1 E EPS engine and generator.

2.6.5.1 In the event of SBO, power to one Class 1 E 6.9kV bus can be 8.3.1.1.2.4
Table 2.6.5-1 restored manually from the AAC GTG. Power to the shutdown 8.4.1.2
ITAAC #6 buses can be restored from the AAC sources within 60 8.4.1.3

minutes.
Table 19.1-119

2.6.5.1 Alternate ac power supported by two non-Class 1E GTGs is 8.4.1.3
Table 2.6.5-1 incorporated as a countermeasure against SBO. Alternate ac 19.1.3.1
ITAAC #1 power sources can supply power to two of the four safety 19.1.3.4

buses in case class 1 E GTGs fail during loss of offsite power. 19.1.4-4

19.1.5
AAC power sources are non-Class 1 E and non-seismic. AAC Table 19.1-1
power sources supply power to loads required to bring and
maintain the plant in a safe shutdown condition for a station 19.2.2.3

blackout (SBO) condition.
2.6.5.1 AA.C power corzc use diffcrcnt rat~in GTGTc then the Clasc 8.4.1.3
Table 2.6.5-1 ,,- E=P.s, with di,4r; c . tartingq system, .nd.p..d.nt and- Table 19.1-119
ITAAC #1, #5, . .paaot .. •wliar an, c-upprtk syctsmc tc , ,inimize .ommen
#43-#14. #15 cauce feel-ferAAC power sources use diverse starting

systems, independent and seoarate auxiliary and suroort
systems to minimize common cause failure, and AAC power
source engine and generator are designed by a different
manufacturer than the class 1 E EPS engine and generator.

2.7.1.2.1 Main steam depressurization valves (MSDVs) on intact SG(s) Table 19.1-119
Table 2.7.1.2-5 can be opened and EFW flow established to promote heat
ITAAC #8.a removal and RCS depressurization.

2.7.1.11.1
Table 2.7.1.11-5
ITAAC #8.a, #18

2.7.1.11 .1 EFW control valves and EFW isolation valves are automatically 10.4.9.2
Table 2.7.1.11-2 closed on receipt of high SG water level signal and opened on Table 19.1-119
Table 2.7.1.11-5 receipt of low SG water level signal.

ITAAC #8.b. 9.a
2.7.1.11.1 Each EFW pump discharge line connects with a cross-tie line 10.4.9.2
Table 2.7.1.11-5 using normally closed motor-operated isolation valves to 19.1.4.1
ITAAC #1 .a provide separation of four trains. Operation to open the EFW 19.2.2.6

cross-tie valve when an EFW pump is not available is an
important feature to reduce core damage frequency.

NOTES: (1) Source: Tier 1 section or table. (2) Tier 2 location or table where addressed.

DCD_08.03.
01-38

DCD_19-590

DCD19-590

DCD_08.03.
01-38
DCD_19-590

DCD_1 9-590

DCD_19-590

DCD_1 9-590

Tier 2 14.3-49 RevusaeR 3
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Table 14.3-1d PRA and Severe Accident Analysis Key Design Features
(Sheet 8 of 10)

Tier 2
Tier I Ref.(1 ) Key Design Features Tier 2

Location(2)

2.7.3.1.1 In the case of failure of running ESWS, with ESW flow rate - Table 19.1-119

Table 2.7.3.1-5 low, the standby ESW pump can be started in order to maintain

ITAAC #10.a ESWS operation.

2.7.311.1 In the case of ESW pump discharge blockage, flow can be Table 19.1-119
Table 2.7.3.1-5 switched from the blocked strainer to the standby strainer.

ITAAC #1.a

2.7.3. QQC h~Adzr toR lino icoloIonA velvc may be m~anually elocoed Tabilc 10. 11I0I
Table 247.3.3 6 W.c -a hic .... hcRp ttni thec 0WAAt f failuro cf

PAAG #8.a utcmotia Yalvo BlczUro.
2.7.3.3.1 In the case of failure of running CCWS, with CCW flow rate - Table 19.1-119

Table 2.7.3.3-5 low, the standby CCW pump can be started in order to

ITAAC #10.a maintain CCWS operation.

2.7.3.3.1 If loss of seal injection should occur, CCW continues to provide 5.4.1.34..3

Table 2.7.3.3-5 flow to the thermal barrier heat exchanger; which cools the Table 19.1-119

ITAAC #1.a reactor coolant. The pump is able to maintain safe operating
temperatures and operate safely long enough for safe shutdown
of the pump.

2.7.3.3.1 Alternate containment cooling via natural CV circulation can be 9.4.6.2

Table 2.7.3.3-5 established by pressurizing CCWS with nitrogen, disconnecting 19.1.3.1

ITAAC #1 .a nonessential heat loads and connecting to the containment fan 19.1.3.2

Table 2.7.3.6-3 cooler units. Table 19.1-1

ITAAC #1 Table 19.1-119

19.2.3.3

2.7.3.6.1 Non-essential chilled water system provides alternate 9.2.2.2
Table 2.7.3.6-3 component cooling water to charging pumps in order to maintain Table 19.1-1
ITAAC #1 RCP seal water injection. Table 19.1-119

2.7.3.6.1 Alternate containment cooling using the containment fan cooler 9.4.6.2

Table 2.7.3.6-3 system is provided to prevent containment over pressure even 19.1.3.1
ITAAC #1 in case of containment spray system failure. The fan cooling Table 19.1-1
2.7.5.3.1.2 units are cooled by the component cooling water system. The 19.1.3.2

Table 2.7.5.3-1 containment fan cooler system enhances condensation of Table 19.1-119
surrounding steam by natural convection and thus enhances
continuous depressurization of the containment.

2.7.6.3.1 As a countermeasure for loss of RHR, RCS makeup by gravity 5.4.7.2.3

Table 2.7.6.3-5 injection from spent fuel pit is available when the RCS in 19.1.6.1

ITAAC #1 atmospheric pressure. Table 19.1-1
Table 19.1-119

19.2.2.2
NOTES: (1) Source: Tier 1 section or table. (2) Tier 2 location or table where addressed,

DCD_19-590

DCD_19-590

DCD_19-590

DCD_1 9-590

DCD1 9-590

DCD_19-590

DCD_1 9-590

DCD_19-590

0DCD_19-590

DCD_19-590

Tier 2 14.3-50 RpWa8an 2
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Table 14.3-1d PRA and Severe Accident Analysis Key Design Features
(Sheet 9 of 10)

Tier 2
Tier I Ref.(1 ) Key Design Features Tier 2

Location(2)

2.7.6.9.1 The fire protection water supply system (FSS) is available as an 9.2.2.2
Table 2.7.6.9-2 alternative component cooling water source for severe accident 9.5.1.2.2
ITAAC #6.a prevention, including support of CVCS for RCP seal water

injection. 19.1.5.3.2

19.2.3.3.3
Table 19.1-119

2.7.6.9.1 The FSS is available to the containment spray system and 9.5.1.2.2

Table 2.7.6.9-2 water injection to the reactor cavity for severe accident 19.1.3.2

ITAAC #6.b mitigation. 19.2.3.3.3
Table 19.1-119

2.11.1.1 A set of drain tioespaths is provided from the steam generator 19.1.3.2

Table 2.11.1-2 compartments to the reactor cavity to flood the reactor cavity Table 19.1-119

ITAAC #4 with containment spray water during severe accidents.
2.11.1.1 The core debris trap enhances capturing of ejected molten 19.1.3.2
Table 2.11.1-2 core in the reactor cavity to support severe accident mitigation. Table 19.1-1
ITAAC #5 The consequences of a postulated high pressure melt ejection Table 19.1-119

accident, including direct containment heating, are mitigated by 19.2.3.3.4
the debris trap in the reactor cavity as well as no direct
pathway to the upper compartment for the impingement of
debris on the containment shell.

2.11.1.1 The geometry of the reactor cavity is designed to assure 19.1.3.2
Table 2.11.1-2 adequate core debris coolability. Sufficient reactor cavity floor Table 19.1-119
ITAAC #6 area and appropriate reactor cavity depth are provided to 19.2.3.3.3

enhance spreading debris bed for better coolability to support
severe accident mitigation.

2.11.1.1 There is a liner-plate-covering concrete as the floor surface of Table 19.1-119
Table 2.11.1-2 the reactor cavity, which supports severe accident mitigation by 19.2.3.3.3
ITAAC #7 protecting against short-term attack by relocated core debris.

2.11.2.1 Containment pressure sensor is provided to measure the 19.2.3.3.7

Table 2.11.2-2 ultimate containment pressure (216 psia). Table 19.1-119
ITAAC #1
2.11.2.1 Main containment penetrations are isolated automatically even 8.3.1.1.5
Table 2.11.2-2 when SBO occurs and alternative ac generators are not Table 8.3.1-10
ITAAC #14 available. Table 19.1-1

Table 19.1-119
NOTES: (1) Source: Tier 1 section or table. (2) Tier 2 location or table where addressed.

DCD_19-590

DCD1 9-590

DCD_19-590

DCD_19-590
DCD_14.03.
11-45 SO1

DCD_19-590

Tier 2 14.3-51 Re~R4
Tier 2 14.3-51 RaWagan 2
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Table 14.3-1d PRA and Severe Accident Analysis Key Design Features
(Sheet 10 of 10)

Tier 2
Tier I Ref.(I) Key Design Features Tior 2

Location(2)

2.11.4.1 The CHS includes 6.2.5
Table 2.11.4-1 1. a single hydrogen monitor located outside of Figure 6.2.5-1
ITAAC #1, #3, containment that measures hydrogen concentration 19.1.3.2
#4, #5, #6 in containment air extracted from the containment. 19.2.3

Table 19.1-119
2. 20 igniters installed inside the containment, designed

to burn hydrogen continuously to maintain hydrogen
concentration below the low limit of global burn
(approximately 10% hydrogen in air), thereby
preventing further hydrogen accumulation that could
become a threat to containment integrity.

3. The igniters start upon receipt of an ECCS actuation
signal and are powered by two non-class 1 E buses
with non-class 1 E GTGs as well as dedicated
batteries to 11 strategically located igniters.

2.13.1 US-APWR design reliability assurance program provides 17.4
Table 2.13-1 reasonable assurance that: 1) the US-APWR is designed and Table 17.4-1
ITAAC #1 constructed in a manner that is consistent with the

a.cumpti... And isk insights and key assumptions for the

risk-significant SSCs and 2) the risk-significant SSCs function
reliably when challenged.

NOTES: (1) Source: Tier 1 section or table. (2) Tier 2 location or table where addressed.

DCD_1 9-590

DCD_17.04-
64
DCD_1 9-590

Tier 2 
14.3-52

Tier 2 14.3-52
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The cable routes connecting yard transformers (the main transformer (MT), the DCD_19-590

unit auxiliary transformers (UATs), and the reserve auxiliary transformers (RATs))
to the SWGR within the turbine building have a high risk because the fire
frequency of the turbine building is high and its fire severity is large. Therefore, the
cable route has been designed to pass through the outside of the turbine building.

" In the US-APWR, Alternate AC power sources (AAC) composed of gas turbine
generators are back-up power sources for the emergency gas turbine generators
and act as countermeasures against common cause failures. The AAC power
sources and switchover panes are not located in turbine building.

" The T/B electrical rooms are separated from each other and from the T/B by DCD_19-590

partitions that can limit the propagation of fire for a minimum of 1-hour.

" The RATs are separated from each other and from the MT and the UATs by a
minimum of 1-hour rated fire barriers or a minimum distance of 30 ft.

The following subsections describe the internal fires risk evaluation and its results.

19.1.5.2.1 Description of the Internal Fires Risk Evaluation

The fire PRA methodology for the US-APWR is based on NUREG/CR-6850
(Reference 19.1-7). This methodology and related data were developed jointly by EPRI
and the NRC. NUREG/CR-6850 provides a state-of-the-art methodology for fire PRAs.
The fire PRA methodology is composed of 16 tasks, described below.

Step 1: Plant boundary definition and partitioning - The objectives of this task are to
define the global plant analysis boundaries relevant to the fire PRA, and to divide the
plant into discrete physical analysis units (fire compartments). The fire compartments are
the fundamental basis of fire PRA.

Step 2: Fire PRA component selection - This step establishes the link between internal
events PRA model (i.e., plant response model) and internal fire PRA. The purpose of this
step is to define the components that should be included in the CDF and LRF estimation
process. The list of relevant components comes from the internal events analysis and
often includes additional components unique to internal fire PRA.

Step 3: Fire PRA cable selection - For the components identified in the preceding step,
the associated circuits (including cables) and their locations in terms of the fire
compartments of defined in Step 1 are identified.

Step 4: Qualitative screening - Fire compartments that do not contain any fire PRA
components or cables are screened from further analysis. Also, if it can be shown that a
fire in a compartment cannot lead to a plant trip, those compartments are also screened.

Step 5: Plant fire-induced risk model - The purpose of this step is to create the model
that will be used in estimating the fire risk (i.e., the plant response model is put together in
this step). The initiating events and internal events model are examined for applicability
to fire events. Additional fire induced initiating events that are unlikely to occur by the
internal events are identified. Similarly, additional peculiarly fire accident sequences will
also be identified.

Tier 2 19.1-94 Tie 2 9.194Ravo8R 2
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Step 12: Post-fire HRA - Operator actions after fire ignition are assumed to be affected
by the fire unless it can be clearly shown otherwise. In this step identification, inclusion,
and quantification of operator action cases are addressed and their HEPs are estimated.

Step 13: Seismic fire interactions - The main purpose of this step is to identify and
correct any weaknesses in the fire protection systems and vulnerabilities in the ignition
sources due to seismic events. This is the qualitative evaluation that has been in NUREG/
CR 6850 to ensure that the impact of earthquake on fire related issues are addressed. No
risk are computed.

Step 14: Fire risk quantification - This is the final step of the analysis process, where the
risk values (i.e., CDF and LRF) are computed and risk contributors are identified.

Step 15: Uncertainty and sensitivity analyses - Uncertainty analysis is an integral part of
every preceding probabilistic analysis. Through a series of sensitivity analyses, the
assumptions that have the largest impact on the fire risk are identified. One purpose of
the sensitivity analysis is to demonstrate the importance of some of the assumptions.

Step 16: Fire PRA documentation - Appropriate documentation of the above steps is to

be accomplished in this step.

Step 8 has not been applied in this fire PRA for the reasons described below.

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

• A portion of Step 11, in which the method of giving the credit for the function of
mitigating fire adverse effects to the fire detection and suppression system is
provided, has been skipped, and the credit of those has not been taken.

Regarding Step 12, HRA has been performed for screening stage (Step 7).

Various assumptions and engineering judgments provide a basis for the internal fire
analysis. The keyassumptions and engineering judgments used in this analysis are as I DCD_19-557

follows:

a. All firc doo.. pr'yided to the fire ba. iems bet•een the ,,ddant cfo,' trin fret DCD_19-557

eompatm,,ntc ar- normally "lo-od, biut a .opened with the baror ' failue
A=ebat!-.'_-AII fire doors between the redundant safetv train fire comnartments qrp
normally closed, however, the barrier failure probability is considered.

b. ForF the tranciont combuctibloc "three airline trach begsc has been assumed in-
each fire compartmont~iach SWItchyard trancformor is coparatod by a fire b rio DCD_19-590

c. There can be on ly onc fire b~arrier fail ure and/or one fl re dam~per fail uro at any-
given time. Caccading effect will be unimpertant bocauce the probability of

Tier 2 19.1-96 Tier 2 19.1-96 Re 2
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water systems. Simultaneous operator failure to open the valve of EFW pit discharge
cross tie line and operator failure for feed and bleed operation result in core damage. This
scenario is dominant contributor of CDF (3.2E-08/RY) and LRF (2.7E-09/RY).

[FA2-111-01]

Major flood due to the rupture of piping in the east side corridor on the B1 F of R/B causes
partial loss of component cooling water systems. Simultaneous operator failure to open
the valve of EFW pit discharge cross tie line and operator failure for feed and bleed
operation result in core damage. This scenario is dominant contributor of CDF (3.0E-08/
RY) and LRF (2.5E-09/RY).

[FA2-108-01]

Major flood due to the rupture of piping in the D-EFW pump (T/D) room on the B1 F of R/B
causes loss of function of both C and D trains of component cooling water pumps,
essential chiller pumps, and batteries by the effect of flooding propagation. Also C and D
EFW pumps lose the function. This scenario causes partial loss of component cooling
water systems. Simultaneous operator failure to open the valve of EFW pit discharge
cross tie line and operator failure for feed and bleed operation result in core damage. This
scenario is dominant contributor of CDF (2.9E-08/RY) and LRF (7.3E-09/RY).

[FA2-420-01]

Flood due to the rupture of piping in the east side corridor on the 3F of R/B causes partial
loss of component cooling water systems. Simultaneous operator failure to open the
valve of EFW pit discharge cross tie line and operator failure for feed and bleed operation
result in core damage. This scenario is dominant contributor of CDF (2.3E-08/RY) and
LRF (2.5E-09/RY).

[FA2-109-01]

Major flood due to the rupture of piping in the C-EFW pump (M/D) room on the BI F of R/
B causes loss of function of both C and D trains of component cooling water pumps,
essential chiller pumps, and batteries by the effect of flooding propagation. Also C and D
EFW pumps lose the function. This scenario causes partial loss of component cooling
water systems. Simultaneous operator failure to open the valve of EFW pit discharge
cross tie line and operator failure for feed and bleed operation result in core damage. This
scenario is dominant contributor of CDF (2.3E-08/RY) and LRF (5.7E-09/RY).

Risk significant scenarios involve major flooding due to the ruptures of piping at R/3B west
side or east side non restricted areas. R/B contains safety related components. Major
flood causes partial (east side or west side) failures of many components, such as CCW
pumps and EFW pumps, due to submerge rapidly. Dominant cutsets are shown in Table
19.1-70. Fussell-Vesely importance and risk achievement worth are shown in Table 19.1-
71 and Table 19.1-72 respectively. Importance of common cause failures, human errors
and hardware failure are shown in Table 19.1-73 through 19.1-78. Significant SSCs are
EFWS, feed & bleed operation using high head injection system and SDVs. Key*4Rtti,,g w.DCD-19-590
events are partial loss of CCWS. CCW pumps are located in BIF and are affected by

Tier 2 19.1-123 ReiR2
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major floods. Key SSCs for internal flood are CCWS and mitigation systems for the partial
loss of CCWS such as EFWS and feed and bleed operations.

Separation of the electrical rooms on the first floor and the second floor of the T/B isand
separation between the T/B and the two electrical rooms are provided so that the
electrical rooms will not be affected by a single flood or fire. This design feature reduces
the risk from loss of offsite power caused by flooding in the T/B. To assess the risk benefit
of this design feature, a sensitivity analysis assuming that a flood in the T/B will result in
loss of offsite power was performed. If the electrical room of the T/B is not separated into
different flooding zones, flooding in the T/B followed by failure of all Class 1 E gas turbine
generators will result in a station blackout. The CDF and LRF of this scenario are 3.OE-
08/RY and 2.7E-09/RY, respectively. The total CDF from other flood scenarios is
approximately the same as that for the base case flooding scenario (CDF of 8.9E-7/RY);
however, if the loss of offsite power scenario is included, the total flooding CDF and LRF
will increase to 9.2E-07/RY and 1.6E-07/RY, respectively. This result shows that this
design feature is effective in reducing flooding risk.

US-APWR sets several water tight doors to prevent the propagation of floods. As a
bounding sensitivity study, assumed all water barrier doors except the controlled barriers
such as R/B separations between east side and west side and high energy compartments
are invalid. The CDF and LRF of this bounding study are 2.7E-06/RY and 8.9E-07/RY,
respectively. Although the several local watertight doors opened, the increasing of risk is
not significant.

The pipe rupture frequencies for internal flooding PRA used for the base case are based
on EPRI-TR-1013141 Revision1 Table 6-1. As a sensitivity analysis, case 7a in the Table
4-27 of the EPRI report and corresponding inspection effectiveness factor are assumed in
evaluating the pipe rupture frequencies except the piping of fire protection water supply
system and sampling system. The total internal flooding CDF and LRF are 5.6E-07/RY
and 1.0E-07/RY, respectively. This result shows that a development of an adequate
inspection program would be effective in reducing flood risk.

A flooding propagation to the MCR is not considered in the base case. A sensitivity study
was performed to identify the effectiveness of mitigation actions in the MCR and the RSC
in the case of flood propagation to the MCR. The CDF and LRF resulting from this
sensitivity study scenario are 2.9E-13/RY and 1.6E-14/RY, respectively. This result shows
that an adequate operator action in the MCR and RSC is effective in reducing the internal
flooding risk even though the MCR is not protected from flooding.

A significant contributor for flooding risk is the failure of switching over from the EFW pit to
the intact emergency feed water trains. This is because each EFW pit has a water source
of 50% to perform cold shutdown. This sensitivity study is selected to determine the
sensitivity of the estimated risk if such an action is not required. If each EFW pit has water
source of 100%, the switching over of the EFW pit is not needed in the case of severe
flooding events. The total CDF and LRF resulting from this sensitivity study are reduced
to 1.4E-07/RY and 4.4E-08/RY, respectively. This result shows that this operator action is
sensitive for internal flooding and a development of an adequate plant-specific procedure
would be effective in reducing flood risk.

I DCD 19-590
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To reflect the changes made to Table 14.3-1d, DCD Tier 1, Subsection 2.6.1.1 and
Table 2.6.1-3 will be revised to add an ITAAC that verifies the separation of the RATs,
and the separation of RATs and MT and UATs by a minimum of 1-hour fire partitions or
a minimum distance of 30 ft. Also, DCD Tier 1, Section 2.2.3 and Table 2.2-4 will be
revised to add an ITAAC that verifies the existence of partitions that can limit the
propagation of a fire for a minimum of 1-hour between the T/B electrical rooms and
between these rooms and the T/B.

DCD Tier 2 Subsections 8.2.1.1, 9A.3.143, 19.1.5.2, 19.1.5.2.1, 19.1.5.3.2 and Table
19.1-119 will also be revised to clarify these design requirements.

Impact on DCD

DCD Tier 1 Subsections 2.2.3 and 2.6.1.1, and Tables 2.2-4 and 2.6.1-3; and DCD Tier
2 Subsections 8.2.1.1, 9A.3.143, 19.1.5.2, 19.1.5.2.1, 19.1.5.3.2 and Tables 14.3-1d and
19.1-119 will be revised as shown in the Attachment to this response.

Impact on R-COLA

R-COLA Part 2 FSAR Table 19.1-119R will be revised to be consistent the attached
DCD markups.

Impact on PRA

There is no impact on the PRA.

Impact on Technical/Topical Report

There is no impact on a Technical/Topical Report.

19-590-3
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Table 19.1-119 Key Insights and Assumptions (Sheet 40 of 50)

Key Insights and Assumptions Dispositions

Internal fire design features and insights

1. The US-APWR has four divisions of safety systems and a physical
fire barrier separates each division to prevent a total loss of safety
systems against the fire. As a result of the fire PRA, it has been
confirmed that functions of the safety system for plant safe shutdown
will be ensured in the event of any postulated fire.

2. Turbine building electric rooms are segregated into two groups by
qualified fi,, brr,,c5a partition that can limit the propagation of fire
for a minimum of 1-hour. This feature is possible to prevent loss of
offsite power by a..........uildin fi..caused by a fire in one TIB
electrical room spreading to the second T/B electrical room.

3. In case of LOCA or loss of RHR caused by over drain or failure of
water level maintain by a fire during LPSD, the flow pathway could
be isolated by automatic closing of the low pressure letdown line
isolation valve.

4. The following design features of the US-APWR will contribute to
reduce the risk of MCR fire.
- The Class 1E I&C system of the US-APWR is digital; therefore,

fire damage of Visual Display Units due to a MCR fire would not
cause spurious operation of equipment.

- The possibility of spurious operation of components due to fire in
the operator console (00) is very low because OPT/CAX cables
are used between Safety VDUs and the ESF actuation system
in the OC. This reduces the fire risk in the MCR.

- The automatic start-up circuits of Engineered Safety Features
(ESF) necessary for plant safe shutdown are installed in safety
I&C rooms. Even though a MCR fire might damage the
equipment installed in the MCR, ESF equipment could be
started automatically by a start-up signal (e.g., ECCS actuation
signal) whose circuits will pass through the safety I&C room but
not the MCR.

- The MCR and four divisions of the safety I&C rooms are
separated individually by a physical fire barrier. Therefore, the
fire in the MCR will not propagate to multiple Class 1 E I&C
rooms simultaneously even though there could be a single
failure on the physical separation barrier of those rooms.

- The US-APWR is designed to have a RSC (Remote Shutdown
Console) as a backup system to the MCR. It is possible to
shutdown the reactor from the RSC in the event that a severe
MCR fire forces the operator to evacuate the MCR.

5. It is important to provide an oil collection system for the RCP motor
in order to prevent a fire from occurring. Even if fire could occur on
the oil pan of the oil collection system, the effects of fire to the
adjoining oil pan area would be negligible because the leaked oil in
the oil-pan is collected into a closed tank.

9.5.1

9.5.1

5.4.7.2.2.3

9.5.1

9.5.1

DCD_19-590

DCD_19-500
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Table 19.1-119 Key Insights and Assumptions (Sheet 41 of 50)

Key Insights and Assumptions Dispositions

6. The T/B electrical rooms are separated from the T/B by a partition 9A.3.143
that can limit the propogation of a fire for a minimum of 1-hour. This
feature can reduce the possibility of a loss of offsite power caused
by a fire in the T/B spreading to the T/B electrical rooms.

7. The reserve auxiliary transformers (RATs) are separated from each Table 9.5.1-2
other and from the main transformer (MT) and the unit auxiliary
transformers (UATs) by a minimum of 1-hour rated fire barriers or a
minimum distance of 30 ft.

DCD_1 9-590

DCD_1 9-590

Tier 2 19.1-949 
Re~R4
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Table 19.1-119 Key Insights and Assumptions (Sheet 42 of 50)

Key Insights and Assumptions Dispositions

Internal fire assumption

1. All fire doors serving as fire barriers between redundant safety train 9.5.1.2.1
fire compartments are normally closed. COL 9.5(1)

2. For transient combustibles, "three Airline trash bags" has been
assumed in each fire compartment.

3. Transient combustibles with total heat release capacity of 93,000
Btu (obtained from NUREG/CR-6850, "AppendixG-table-7LBL-Von
Volkinburg, Rubbish Bag" Test results) is assumed for Fire ignition
source within Containment Vessel.

9.5.1.2.1
COL 9.5(1)

9.5.1.2.1
COL 9.5(1)

4.

5.

6.

The Heat Release Rate of various items as specified in Chapter-11 9.5.1.2.1
of NUREG/CR-6850 is used. COL 9.5(1)

Damage temperature of thermoplastic cables as shown in Appendix- 9.5.1.2.1
H of NUREG/CR-6850 is used as the target damage temperature. COL 9.5(1)

Onorntor~ ~m w~II tr3in~d in ro~n3ndin3 to firo c~cntHumRn error
probabilities of post-fire operator actions are assumed as follows.

- No credit has been taken for the operator actions of any
equipment in the fire compartment affected by fire.

- The Fire Brigade is provided to meet the requirements of
Regulatory Guide 1.189. Higher stress levels of human actions
post-fire are not assumed.

- The HEP for operations at the remote shutdown console is
assumed as 0.1.

7. One of RCS letdown isolation valves and one of RCS vent line
isolation valves are locked close by administrative controls

9.5.1.2.1
COL 9.5(1)

COL 13.5(1)

COL 13.5(7)

10.1.6.2.18.3.1.1.8

DCD_19-503

DCD_1 9-557

DCD_1 9-557
DCD_19-590

8. Eaoh Yard taRsnfoRmcR8 ic soparatod by a fire ba~ior
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from significant water intrusion since they are installed above the floor elevation above
expected flooding levels.

Safe Shutdown Evaluation

A fire in this area has no potential to damage the ability of safe-shutdown function,
because they are not installed in this fire area. The fire in this fire area, therefore, will not
adversely impact the ability to achieve and maintain safe-shutdown.

Radioactive Release to Environment Evaluation

The AC/B serves as a controlled access to the radiological areas of the plant.
Radiological materials are not contained within the AC/B. The AC/B is separated form the
adjacent A/B containing radiological materials by 3-hour fire rated boundaries. The fire
load in the AC/B is very low, automatic wet-pipe sprinkler protection is provided, and
equipment to support manual fire suppression is provided. These defense-in-depth
measures provide adequate assurance that a fire occurrence within the AC/B would not
lead to a radioactive release.

9A.3.143 FA6-101 Turbine Building

Figures 9A-20 through 9A-26 show the twenty three fire zones associated with the T/B
fire area, FA6-1 01. The T/B contains no equipment classified as safety-related or
important to safety and is considered to be one fire area throughout to isolate the building
from the adjacent R/B and PS/B which contain safety-related equipment. The T/B
electrical rooms are separated from each other and from the T/B by partitions that can
limit the propagation of fire for a minimum of 1-hour. The following listing provides the
individual designation, number of the fire zones, and maximum expected fire load for
each T/B fire zone.

I DCD_19-590

This area is identified as being associated with non-safety train.

Fire Zone No.

FA6-101-01

FA6-101-02

FA6-101-03

FA6-101-04

FA6-101-05

FA6-101-06

FA6-101-07

FA6-101-08

FA6-101-09

FA6-101-11

FA6-101-12

Designation

Turbine Building B1F Floor

Turbine Building 1 F Floor

Electric Room (1 F)

FA6-101-04 Zone

FA6-101-05 Stairwell

FA6-101-06 Stairwell

FA6-101-07 E.V Shaft

FA6-101-08 Stairwell

FA6-101-09 Stairwell

FA6-101-11 Stairwell

Sampling Room

Fire Load (Btu/ft2)
2-63.1E+04

2.8E+04

&.42.7E+04

2.7-5E+04

2.7E+02

2.1 E+02

6.2E+02

3.7E+02

2.3E+02

1.9E+02

4.4E+01

MIC-03-09-
00015

MIC-03-09-
00015

Tier 2 9A-283 Re~R4
Tier 2 9A-283 RavonotaR 2
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emergency shutdown of the plant due to any electrical fault in the 26 kV system or
associated equipment and circuits, the fault is isolated by opening the main circuit
breaker on the high voltage side of the MT and all incoming circuit breakers of the MV
buses connected to the UAT power source; and all affected MV buses are automatically
transferred to the RAT source. The MV Class 1 E buses are not affected since these are
normally fed from the RATs. The UAT incoming breakers to these buses is locked out and
blocked from closing.

Unit synchronization is normally through the GLBS. Synchrocheck relays are used to
ensure proper synchronization of the unit to the offsite power system.

High voltage circuit breakers are sized and designed in accordance with IEEE Std
C37.010 and C37.06 (Reference 8.2-14, 8.2-15). High voltage disconnecting switches
are sized and designed in accordance with IEEE Std C37.32 (Reference 8.2-16).

The MTs, UATs and RATs have differential, over-current, sudden pressure and ground
over-current protection schemes per IEEE Std 666 (Reference 8.2-9). The COL
Applicant is to provide site-specific protection scheme.

Isolated phase busduct provides the electrical interconnections between generator load
terminals to the GLBS, the GLBS to the MT and the disconnect links on the high voltage
side of the UATs, and the UAT disconnect links to the UATs. Non-segregated phase bus
ducts/cable buses provide electrical connections between the low voltage side of the
UATs and RATs to the 13.8 kV and 6.9 kV MV switchgear. The non-segregated phase
bus ducts/cable buses from the UATs and RATs are physically separated to minimize the
likelihood of simultaneous failure.

Each of the single phase transformers of the MT is provided with disconnect links so that
a failed transformer may be taken out of service and the spare transformer can be
connected. All UATs are also provided with disconnect links so that a failed transformer
can be taken out of service. With one UAT or one RAT out of service, all MV buses will
have access to at least one offsite power source.

?= LL ...... EIJT ---- J J IAT= == J ..... • • A

+nc .... , U:.. ano. -R.. , arc icat..i in uin rc 0l r.i ii i + an I w ltc an i arca of r
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to the turbino bu,,ding (Ti. r[[lThe MT. UATs and RATs are located in the transformer yard
adjacent to the turbine buildino (T/B. and the RATs are senarated from the MT and the

DCD_19-590

UATs by 3-hour rated fire barriers.]] Cables associated with the normal preferred and
alternate preferred circuits are physically separated from each other to minimize common
cause failure[[, even supposing that these circuits share a common underground duct
bank]]. In accordance with the guidance of Generic Letter 2007-01, for preventing the
degradation of medium voltage cables that are installed in underground duct banks, the
manholes are at the low point with the conduits in the connecting duct banks sloped for
water drainage into the manholes. The manholes are available for temporary sump
pumps for water draining. The medium voltage cables whether in a duct bank or in a
conduit are monitored by periodical testing, such as partial discharge testing, time domain
reflectometry, dissipation factor testing, and very low frequency AC testing. These PPS
circuits are also designed to minimize common cause failure with standby power sources.
All of these transformers are provided with containment for collection of transformer oil in
case of tank leakage or rupture.
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