
GE Hitachi Nuclear Enerav

ijjji HITACHI Jerald .o HeadSenior Vice President, Regulatory Affairs

3901 Castle Hayne Road
P0 Box 780 M/C A-18
Wilmington, NC 28402-0780
USA

T 910 819 5692
F 910 362 5692
jerald.head~ge.com

MEN 15-069 Docket number: 52-045

September 9, 2015

US Nuclear Regulatory Commission
Document Control Desk
Washington, DC 20555-0001

Subject: GEH Proposed Resolution of Item # 26 - Fukushima Recommendation 4.2
Mitigation Strategies of NRC Suggested U.S. Advanced Boiling Water Reactor
Design Changes

References:

1. Letter from R.E. Kingston, GEH to USNRC, Subject: ABWR Standard Plant Design
Certification Renewal Application Design Control Document, Revision 5, Tier 1 and
Tier 2, December 7, 2010.

2. Letter from USNRC to Jerald G. Head, GEH, Subject: GE-Hitachi Nuclear Energy -
United States Advanced Boiling-Water Reactor Design Certification Renewal
Application, July 20, 2012.

3. Letter from Jerald G. Head, GEH, to USNRC, Subject: Response to NRC Letter: GE
Hitachi Nuclear Energy - United States Advanced Boiling-Water Reactor Design
Certification Renewal Application (July 20, 2012), September 17, 2012.

GEH submitted a Design Certification Renewal application for the U.S. Advanced Boiling Water
Reactor (ABWR) in Reference 1 pursuant to the requirements of Subpart B, "Standard Design
Certifications," of Title 10 of the Code of Federal Regulations (10 CFR) Part 52, "Licenses,
Certifications, and Approvals for Nuclear Power Plants."

In Reference 2, the NRC suggested design changes to address issues that the agency
considered to be regulatory improvements or changes that could meet the 10 CFR 52.59(b)
criteria. In addition, the NRC requested that GEH implement the Fukushima Near-Term Task
Force recommendations contained in SECY-12-0025, "Proposed Orders and Requests for
Information in Response to Lessons Learned from Japan's March 11, 2011, Great Tohoku
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Earthquake and Tsunami," dated February 17, 2012. Collectively, these items are termed the
'28-item backfit list".

In Reference 3, GEH responded to Reference 2 and committed to address the "28-item backfit
list".

In public and private meetings the NRC held with GEH on May 7 th, 2015, GEH reviewed the
closure plan for the "28-item backfit list" for those items that GEH would not receive any
additional Requests for Additional Information. During that meeting, Item #26 of the "28-item
backfit list" was discussed and GEH's approach was revised taking into consideration the staff's
feedback.

Please find GEH's proposed resolution to Item #26 of the "28-item backfit list" transmitted in
Reference 2. Enclosure 1 contains the complete response, while Enclosure 2 contains the
Design Control Document markups associated with this response.

If you have any questions concerning this letter, please contact Hugh Upton at 408-314-8499.

I declare under penalty of perjury that the foregoing information is true and correct to the best of

my knowledge, information, and belief.

Sincerely,

Jerald G. Head L-

Senior Vice President, Regulatory Affairs

Commitments: No additional commitments are made in this response.

Enclosures:

1. GEH Response to Item #26 - Fukushima Recommendation 4.2 Mitigation Strategies

2. GEH Response to Item #26 - Fukushima Recommendation 4.2 Mitigation Strategies -

ABWR DCD Revision 5 Markups

cc: Adrian Muniz, NRC
David Sledzik, GEH
Peter Yandow, GEH
Patricia Campbell, GEH
Shailesh R. Sheth, GEH
Hugh A. Upton, GEH
James A. Beard, GEH
Erik Kirstein, GEH
Julie Leong, GEH
Bruce Rudd, GEH
Daniel Pierce, GEH
DBR - 0012411
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GEH Response to Item #26 - Fukushima Recommendation 4.2

Mitigation Strategies

IMPORTANT NOTICE REGARDING CONTENTS OF THIS DOCUMENT
Please Read Carefully

The information contained in this document is furnished solely for the purpose(s) stated
in the transmittal letter. The only undertakings of GEH with respect to information in this
document are contained in the contracts between GEH and its customers or
participating utilities, and nothing contained in this document shall be construed as
changing that contract. The use of this information by anyone for any purpose other
than that for which it is intended is not authorized; and with respect to any unauthorized
use, GEH makes no representation or warranty, and assumes no liability as to the
completeness, accuracy, or usefulness of the information contained in this document.
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NRC - Fukushima Recommendation 4.2 - Mitiqation Strateqies

Address the design related aspects of Fukushima Recommendation 4.2 regarding mitigation
strategies for beyond-design-basis external events as outlined in Attachment 2 of the Order
issued on March 12, 2012 (ML 12054A 735).

GEH Response:

To provide plant operators with additional mitigation options for response to a Beyond Design
Basis Event, GEH will make the following modifications:

* Add Alternating Current (AC3) Independent Water Addition (ACI1WA) subsystem to
Residual Heat Removal (RHR) Loop B, including connection to the Fire Protection
system (FP) and external hose connection for fire truck.

* Make FP diesel-driven fire pump fuel capacity sufficient for 72 hours of operation;
include severe weather/flooding protection for A~l WA and the diesel-driven fire pump.

* Analyze Reactor Core Isolation Cooling (RCIC() system for operation with 1210C (250°F)
pump suction temperature.

* Add Reactor Building (RB) external connections for Diverse and Flexible Coping
Strategies (FLEX.) diesel generators to 480 VAC3 RB 1 E power centers.

summary

To address core cooling, spent fuel pool (SFP) makeup, and containment spray, GEH will
amend the ABWR DC3D, Tier 1, Section 2.4.1 and Tier 2, Table 1AA-2, Table 3.2-1, Table 3.9-8,
Attachment 3MA.2, Section 5.4, Technical Specifications (TS) Limiting Conditions for Operation
(LC3Os) 3.5.1 and 3.6.2.4 Actions/Bases, and Section 19.9 to include the addition of ACI1WA
capability to Loop B of RHR. Tier 1, Section 2.15.6 will be amended to include wetwell spray
and SEP makeup in the firewater supply to RHR description. Tier 1, Section 2.4.4 and Tier 2,
Section 5.4 will also be amended to show analysis of RC31C operation at 121°(C SP temperature
during beyond design basis events. Tier 2, Section 19.8 will be amended to include severe
weather and flooding protection, minimum fuel supply requirement for ACI1WA and the diesel-
driven fire pump. Tier 2, Sections 19.8 and 19.9 will be amended to include wetwell spray and
spent fuel pool makeup in the ACI1WA description.
GEH will amend ABWR DC3D, Tier 1, Section 2.12.1 and Tier 2, Section 8.3 to describe the
addition of external connection points for FLEX portable 480 VAC3 diesel generator(s).

Impact on the DCD

ABWR DC3D rev 5, Tier 1, Section 2.4.1, third paragraph will be changed to read:

Except for the non-ASME Code components of the alternating current (AC3) power
source independent water addition feature (Figures 2.4.Ib and 2.4.1c), the entire
RHR System shown on Figures 2.4.1a, 2.4.1b, and 2.4.1c is classified as safety-
related.

ABWR DC3D rev 5, Tier 1, Section 2.4.1 RHR operating modes list item (7) will be changed to
read:

(7) AC3 power source independent water addition (Divisions B and C3)



MEN 15-069 Page 2of 7
Enclosure 1

ABWR DOD rev 5, Tier 1, Section 2.4.1 AC Independent Water Addition Mode will be changed
to read:

Divisions B and C of the RHR System will also function in an AC independent water
addition mode. This mode provides a means of injecting emergency makeup water
to the reactor by cross connecting the Reactor Building Fire Protection (FP) System
header, or alternately utilizing additional sources of water from external connections
just outside the Reactor Building. This makes the mode independent of the normal
safety-related AC power distribution network. This mode is accomplished by manually
opening two in-series valves on the cross-connection piping just upstream of the tie-in
to the normal RHR piping. This is accomplished by local manual action at the valves.
Fire Protection System water can be directed to either the RPV, the wetwell or drywell
spray sparger, or the spent fuel pool by local manual opening of the Division B or C
RHR injection valve, the Division B or C wetwell spray valve, the two Division B or C
drywell spray valves, or the two Division B or C valves to the Fuel Pool Cooling and
Cleanup System (FPC), respectively. "Local manual" as used in this paragraph means
manually operating the valves at the valves.

ABWR DOD rev 5, Tier 1, Section 2.4.1 Other Provisions, last sentence of last paragraph will be
changed to read:

For RHR-B and C, the upgraded branch lines include all the paths listed for RHR-A
plus the supplemental fuel pool cooling suction path from the Fuel Pool Cooling System
(including the RHR isolation valve) that connects to the shutdown cooling suction line,
titled "From FPC." The upgraded lines also include the pipelines and valves that are
part of the AC independent water addition mode that extend from the non-code
boundary indicated by "NNS" to the "external connection" outside the "reactor
building" and to the Fire Protection System interfaces indicated by "FR'.

ABWR DOD rev 5, Tier 1, Figure 2.4.1.b Residual Heat Removal System (RHR-B) will be
updated to show the new AC independent water addition piping, valves, and Connections for
Loop B.

To ABWR DOD rev 5, Tier 1, Section 2.4.4, the following text will be added:

The ROIC system is capable of injecting sufficient water to the vessel to maintain core
cooling with suction aligned to the suppression pool and a suction temperature of 121°C
(250°F) during beyond design basis events (e.g. Extended Station Blackout).
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To ABWR DOD rev 5, Tier 1, Section 2.4.4, Table 2.4.4 the following text will be added:

Design Commitment Inspections, Tests, Analyses Acceptance Criteria
11. The ROIC system has the 11. Analyses will be 11. The RCIC system is

capability of injecting performed of the as-built capable of injecting
sufficient water to the RCIC System to assess sufficient water to the
vessel to maintain core the system capability with vessel to maintain core
cooling with suction 121°C water at the pump cooling with suction
aligned to the suppression suction. aligned to the suppression
pool and a suction pool and a suction
temperature of 121°C temperature of 121°C
(250°F) during beyond (250°F) during beyond
design basis events (e.g. design basis events (e.g.
Extended Station Extended Station
Blackout). Blackout).

ABWR DOD rev 5, Tier 1, Section 2.15.6 will be modified to read:

Fire water supply connections to Loops B and C of the Residual Heat Removal System
piping are provided from the portion of EPS used for the Reactor and Control Buildings.
These connections are part of the AC independent water addition mode of the RHR
System for reactor vessel injection, wetwell or drywell spray, or spent fuel pool makeup.

ABWR DCD rev 5, Tier 2, Table 1AA-2, page 1AA-1 1 will be modified to read:

FPS Supply Valve Ell-F101, 102, 103;B,C Valve Rm. B,C (SC)

ABWR DOD rev 5, Tier 2, Table 3.2-1, El11 RHR System will be modified to read:

11. Valves to fire protection,
Subsystems B and C (F100B/C,
F103B/C and F104B/C)

ABWR DOD rev 5, Tier 2, Table 3.9-8, page 3.9-1 05 will be modified as follows:

E11-F101 and E11-F102 "Qty"will be changed to 2.
Figure 5.4-10 sh. 5 will be added to "Tier 2 Fig." column for El11-F101 and El11-F102.

ABWR DOD rev 5, Tier 2, Attachment 3MA.2.2 will be modified to reflect the addition of AClIWA
to RHR Loop B.

ABWR DOD rev 5, Tier 2, Attachment 3MA.2.3 will be modified to move the "RHR Subsystem C
suction piping from the suppression pool" from the middle of RHR B section to the beginning of
the RHR C section and to add the new "RHR Subsystem B outdoor fire truck connection in RHR
pump discharge pipe to the RPV" to the end of the RHR B section.
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ABWR DOD rev 5, Tier 2, Section 5.4.6.1.1.1 will be modified to read:

The ROIC System shall initiate and discharge, within 30 seconds, a specified constant flow
into the reactor vessel over a specified pressure range. The RCIC water discharge into the
reactor vessel varies between a temperature of 1000 up to and including a temperature of
770C during design conditions and up to 12100 during beyond design basis events (e.g.
Extended Station Blackout). The mixture of the cool ROIC water and the hot steam does
the following:

ABWR DOD rev 5, Tier 2, Section 5.4.7.1 will be modified to read:

The RHR System has two AC-independent water addition subsystems which consist of
piping and manual valves connecting the fire protection system to the RHR pump
discharge lines on loops B and C downstream of each main pump's discharge check
valve. These flow paths allow for injection of water into the reactor vessel, wetwell or
drywell spray, or the spent fuel pool during severe accident conditions in which all AC
power and all ECCS pumps are unavailable. Additionally, hookups are provided external
to the reactor building for connection of a fire truck pump and alternate water source to
each subsystem. The hookups are on different faces of the reactor building and separated
by more than 40 meters.

ABWR DOD rev 5, Tier 2, Section 5.4.7.1.1.10 will be modified to read:

The AC-independent water addition mode (Alternating Current independent) of the RHR
System provides a means for introducing water from the Fire Protection System (FPS)
directly into the reactor pressure vessel, to the drywell or wetwell spray header, or to the
spent fuel pool under degraded plant conditions when AC power is not available from
either onsite or offsite sources. The RHR System provides the piping and valves which
connect the FPS piping with RHR loops B and C pump discharge piping. The manual
valves in these lines permit adding water from the FPS to the RHR System if the RHR
System is not operable. The primary means for supplying water through this connection is
by use of the diesel-driven pump in the FPS. A backup to this pump is provided by
connections on the outside of the reactor building at grade level, which allows hookup of
the ACIWA to fire truck pumps.

Figure 5.4-10 shows the connections from either the diesel-driven pump or the fire truck to
RHR system loops B and C. The connections to the diesel-driven pump (FPS) are
adjacent to the RHR valve rooms. Opening valves Fl101 B/C and F1 02B/C allows water to
flow from the FPS into the RHR piping. Periodic stroke testing of these valves is required
by Table 3.9-8 to ensure valve operability. The fire truck connections are located outside
the reactor building at grade level, on different faces of the building. Both connections to
the RHR system are protected by a check valve (F100OB/C and F104B/C for the diesel-
driven pump and the fire truck, respectively) to insure that RCS pressurization does not
result in a breach of the injection path. Detailed procedures for the operation of the
AClIWA, including operation of the FPS valve in the yard, are required to be developed by
the COL applicant. See Section 19.9.7.
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ABWR DCO revS5, Tier 2, Section 5.4.7.1.1.10.4 will be modified to read:

Operation of the AC-independent water addition mode is entirely manual. All of the valves
which must be opened or closed during fire water addition are located adjacent to or within
the applicable ECCS valve room. The connections to add water using fire truck pumps
are located outside the reactor building at grade level on different faces of the building.

ABWR DCD rev 5, Tier 2, Section 5.4.7.2.6(8) will be modified to read:

The RHR System is provided with piping and valves which separately connect RHR loops
B and C pump discharge piping to the Fire Protection System (FPS) and to reactor
building external fire truck pump hookups. These connections allow for addition of FPS
water to the reactor pressure vessel, the drywell or wetwell spray header, or the spent fuel
pool during events when AC power is unavailable from both onsite and offsite sources.
Operation of the RHR System in the AC-independent water addition mode is entirely
manual. All valves required to be opened or closed for operation are located adjacent to
or within the respective loop ECCS valve room to provide ease of operation.

ABWR DCD rev 5, Tier 2, Table 5.4-2 will be modified to account for analysis of RCIC system
operation at 121°C SP temperature during beyond design basis events (e.g. Extended Station
Blackout). This appears in two places in the table.,

ABWR DCD rev 5, Tier 2, Figure 5.4-10 Residual Heat Removal System P&ID (Sheet 5 of 7)
will be updated to show the new AC independent water addition piping, valves, and connections
for Loop B.

ABWR DCD rev 5, Tier 2, Figure 5.4-10 Residual Heat Removal System P&ID (Sheet 7 of 7)
will be updated to show the naming changes for ACIWA valves and instruments for Loop C.

ABWR DCD rev 5, Tier 2, Chapter 16 Technical Specification LCOs 3.5.1 and 3.6.2.4 Actions
will be updated to reflect the addition of ACIWA to RHR Loop B.

ABWR DCO rev 5, Tier 2, Chapter 16 Technical Specification LCOs 3.5.1 and 3.6.2.4 Bases will
be updated to reflect the addition of ACIWA to RHR Loop B.

To ABWR DCD rev 5, Tier 2, Section 19.8.1.3 the following text will be added:

The ACIWA System (including the diesel-driven fire pump fuel supply tank) will be
protected against site flood and severe weather events. The ACIWA diesel fuel storage
tank will have sufficient storage capacity to support 72 hours of operation.

ABWR DCD rev S, Tier 2, Section 19.8.2.3 will be updated to include wetwell spray and spent
fuel pool makeup in the ACIWA description.

ABWR DCD rev S, Tier 2, Table 19.8-2 Seismic qualification of the ACIWA system Basis will be
updated to include wetwell spray and spent fuel pool.

ABWR DCD rev 5, Tier 2 ,Table 1.9.8-7 Firewater Addition System Injection Locations will be
updated to include wetwell spray and spent fuel pool.
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ABWR DCD rev 5, Tier 2, Section 19.9.7 will be amended to include spent fuel pool makeup.

ABWR DCD rev 5, Tier 2, Section 19.9.7 will be amended to read:

The procedures to be developed by the applicant will address operation of the AClIWA for
vessel injection, drywell or wetwell spray operation, and spent fuel pool makeup.
Operation of the AClIWA System in the vessel injection mode requires valves F005B/C,
Fl101 B/C, and F1 02B/C to be opened and valve F592B/C to be closed. Reactor
depressurization to below AClIWA System operating pressure is required prior to AClIWA
operation in the vessel injection mode. Operation of the ACIWA in the drywell spray mode
requires valves F017B/C, F018B/C, F101B/O, and F102B/C to be opened and valve
F592B/C to be closed. Operation of the ACIWA in the wetwell spray mode requires valves
F019B/O, F101IB/C, and FI02B/O to be opened and valve F592B/C to be closed.
Operation of the AClIWA in the spent fuel pool makeup mode requires valves F014B/C,
F015B/C, F101B/C, and F102B/C to be opened and valve F592B/C to be closed. These
valves are shown on Figure 5.4-10. The diesel fire pump will start automatically when the
ACIWA is properly aligned. If the normal firewater system water supply is unavailable, the
alternate water supply can be made available by opening the manual valve between the
diesel driven fire pump and the alternate water supply. This valve is shown in Figure 9.5-
4. If it is necessary to use a fire truck, valve F103B/C must be opened in addition to
operation of the valves discussed above for AClIWA operation. The valve for operation of
the AClIWA using the fire truck is also shown on Figure 5.4-10. All of the valves required
for ACIWA operation are manually operable.

To ABWR DOD rev 5, Tier 1, Section 2.12.1, the following text will be added:

External (to Reactor Building) connections are provided to all three 1 E Reactor Building
480 VAC Power Centers for portable FLEX diesel generators. The connectors are
isolated from the Power Centers by normally open 1 E breakers.

ABWR DOD rev 5, Tier 1, Figure 2.12.1 will be updated to show the FLEX diesel generator tie-in
points to the 1 E divisional power centers.

To ABWR DOD rev 5, Tier 2, Section 8.3.1.1.2.1, the following text will be added:

To deal with an Extended Loss of AC Power (ELAP), external (to the Reactor Building)
connections to each 1 E RB divisional power center for portable FLEX 480 VAC diesel
generators (DG) are installed, normally isolated from the 1 E 480 VAC divisional Power
Centers by open 1 E breakers. The Reactor and Control Building 480 VAC buses can be
re-energized via FLEX DGs, powering the 1 E battery chargers, DC buses, and vital
buses through UPS. The 480 VAC bus feeder breaker from the 6.9 Ky to 480 V
transformer and all load breakers on the Power Center will be opened to isolate the bus.
The FLEX DG is connected, started, then the bus feeder from the DG is closed,
energizing the 480 VAC power center. Power center load breakers are then closed one
by one to energize loads (MO~s and discrete loads).

ABWR DOD rev 5, Tier 2, Figure 8.3-1 Sheet 3 will be updated to show the FLEX diesel
generator tie-in points to the I1E divisional power centers.
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The ABWR DCD Rev 5 marked-up pages are provided in Enclosure 2. Pages from the
beginning of the DOD section have been included even though they may not have changed to
provide easier review.
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GEH Response to Item #26 - Fukushima Recommendation 4.2
Mitigation Strategies

ABWR DCD Revision 5 Markups

IMPORTANT NOTICE REGARDING CONTENTS OF THIS DOCUMENT
Please Read Carefully

The information contained in this document is furnished solely for the purpose(s) stated
in the transmittal letter. The only undertakings of GEH with respect to information in this
document are contained in the contracts between GEH and its customers or
participating utilities, and nothing contained in this document shall be construed as
changing that contract. The use of this information by anyone for any purpose other
than that for which it is intended is not authorized; and with respect to any unauthorized
use, GEH makes no representation or warranty, and assumes no liability as to the
completeness, accuracy, or usefulness of the information contained in this document.
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2.4.1 Residual Heat Removal System

Design Description

The Residual Heat Removal (RHR) System has three separate divisions. The major functions

of the RHR System are:

(1) Containment heat removal.

Except for the non-ASME Code components of the alternating current (AC) power source
independent water addition feature (Figures 2.4.1b and 2.4.lc), the entire RHR System shown on
Figures 2.4.1a, 2.4.1b, and 2.4.lc is classified as safety-related.

(4) Augmented fuel pool cooling.

Figures 2.4.1 a, 2.4.1 b, and 2.4.1I c show the basic system configuration and scope. Figure 2.4.1I d
sows the RI-R System control interfaces.

Exo t fo t- o A L -- J ASM 1- :-_---:K.., ... tho• .•alt-ra ti, urr• A )p~'r

The RHR System operates in the following modes:

(1) Low pressure core flooder (LPFL) (Divisions A, B, and C)

(2) Suppression pooi cooling (Divisions A, B, and C)

(3) Wetwell spray (Divisions B, and C)

() AC power source independent water addition (Divisions B and C)]

(5) Shutdown cooling (Divisions A, B, and C)

(6) Augmented fuel pool cooling, and fuel pool makeup (Divisions B, and C)

(7)X AC poo .......... indop.n... A ntcr .. ÷• additi (D-vbircn;•' C)'

(8) Full flow test (Divisions A, B, and C)

(9) Minimum flow bypass (Divisions A, B, and C)

Low Pressure Core Flooder Mode
As shown on Figure 2.4.1 d, the RHR System channel measurements are provided to the Safety
System Logic and Control (SSLC) for signal processing, setpoint comparisons, and generating
trip signals. The RHR System is automatically initiated when either a high drywell pressure or
low reactor water level condition exists (i.e., LOCA signal). A RHR initiation signal is provided

Residual Heat Removal System 2.4.1-1
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to the systems as identified on Figure 2.4.1 d. The SSLC processors use a two-out-of-four voting
logic for RHR System initiation. Each RH-R division can also be initiated manually (LPFL
mode).

Following receipt of an initiation signal, the RHR System automatically initiates and operates
in the LPFL mode to provide emergency makeup to the reactor vessel. The initiation signal
starts the pumps, which run in the minimum flow mode until the reactor depressurizes to less
than the pump's developed head pressure. A low reactor pressure permissive signal occurs
above the pump's developed head pressure, which signals the injection valve to open. As the
injection valve opens, the reactor pressure is contained by the testable check valve until the
reactor pressure becomes less than the pump's developed head pressure of the minimum flow
mode, at which time injection flow begins. This sequence satisfies the response requirements
for all potential LOCA pipe breaks when the injection valve opens within 36 seconds after
receiving the low reactor pressure permissive signal. The LPFL injection flow for each division
begins when the reactor vessel pressure is no less than 1.55 MPa above the drywell pressure.
When the reactor vessel pressure is no less than 0.275 MPa greater than the drywell pressure,
the LPFL injection flow for each division is 954 m3/h minimum. The LPFL mode is
accomplished by all three divisions of the RHR System by transferring water from the
suppression pool to the reactor pressure vessel (RPV), via the RHR heat exchangers. The
system automatically aligns to the LPFL mode of operation from the test mode, the suppression
pool cooling, or wetwell spray modes upon receipt of an initiation signal. The wetwell spray
mode is applicable for Divisions B or C. If a drywell spray valve is open in Division B or C,
that RHR division automatically aligns to the LPFL mode in response to the injection valve
beginning to open. The RPV injection valve in each division requires a low reactor pressure
permissive signal to open, and closes automatically on receipt of a high reactor vessel pressure
signal.

Suppression Pool Cooling Mode
The suppression pool cooling mode of the RHR System limits the long-term post-LOCA
temperature of the suppression pool, and limits the long-term peak temperatures and pressures
within the wetwell and drywell regions of the containment. In this mode, the RHR System
circulates water through the RHR heat exchangers and returns it directly to the suppression
pool. This mode is manually initiated by control of individual system components. In the
suppression pool cooling mode, the total heat removal capacity between the RHR and ultimate
heat sink is no less than 0.371 MJ/s-°C for each division. 0.371 MJ/s-0C is the limiting heat
removal capacity of all the RHR modes. The heat removal path is the RHR heat exchanger, the
Reactor Building Cooling Water (RCW) System, and the Reactor Service Water (RSW)
System. In the suppression pool cooling mode, the RHR tube side heat exchanger (Hx) flow
rate is 954 m3/h minimum per division. The RHR pumps have sufficient net positive suction
head (NPSH) available at the pump. Suction from the suppression pool is the limiting NPSH
condition of all the RHR modes.

2.4.1-2 24.1-2 Residual/Heat Removal/System
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Containment Spray Mode
The containment spray mode of the RHR System is available in Divisions B and C, and consists
of the wetwell spray and drywell spray operating together. In this mode, the RHR System
pumps suppression pooi water to a single wetwell spray header and single drywell spray header
through the associated RH-R heat exchanger. The containment spray mode of the RHR System
is initiated manually by control of individual system components. The drywell spray inlet
valves can only be opened if a high drywell pressure condition exists and if the injection valves
are fully closed. The wetwell spray flow rate for either Division B or C is no less than 114 ma/h.

Shutdown Cooling Mode
In the shutdown cooling mode of operation, the RHR System removes decay heat from the
reactor core, and is used to achieve and maintain a cold shutdown condition by removing decay
and sensible heat from the core and reactor vessel. This mode reduces reactor pressure and
temperature to cold shutdown conditions. In this mode, each division takes suction from the
RPV via its dedicated suction line, pumps the water through its respective heat exchanger tubes,
and returns the cooled water to the RPV. Two divisions (B and C) discharge water back to the
RPV via dedicated spargers, while the third division (A) utilizes the vessel spargers of one of
the two feedwater lines (FW-A). Shutdown cooling is initiated manually once the RPV has been
depressurized below the system low pressure permissive. In any division, the shutdown cooling
suction valve cannot be opened unless the following valves in that division are closed:

(1) Suppression pool suction valve

(2) Suppression pool return valve

(3) Drywell spray valves

(4) Wetwell spray valve

Each shutdown cooling suction valve automatically closes on low reactor water level. The low
pressure portions of the shutdown cooling piping are protected from high reactor pressure by
automatic closure of the shutdown cooling suction valves on a high reactor vessel pressure. The
shutdown cooling flow rate for any division is no less than 954 m3/h.

Augmented Fuel Pool Cooling and Fuel Pool Makeup
The augmented fuel pool cooling mode of the RHR System (Divisions B and C) can supplement
the Fuel Pool Cooling (FPC) System as follows: (I) directly cooling the fuel pool by circulation
fuel pool water through the RHR heat exchanger and returning it to the fuel pool; and (2) while
providing shutdown cooling during refueling operations, return the Cooled RHR shutdown
cooling flow to the fuel pooi. Also, this mode provides for fuel pool emergency makeup
capability by permitting the RHR pumps (Divisions B and C) to transfer suppression pool water
to the fuel pool. This mode is accomplished manually by control of individual system
components. In the augmented fuel pool cooling mode, the RHR tube side heat exchanger flow
rate for Division B or C is no less than 350 m3/h.

2.4.1-3
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AC Independent Water Addition Mode

... a prvi..... a .means cfinjzcting emergency, makeup ... t.r to the............ •*' reactor by cro....connecting•

accomplished by' manu-ally op.ning t...wo• ÷. in series -','al..... o..n t.he cross connection piping jus't

at the "ah-'es. Fire Protection Sy'stem wa;-ter can be directed to either the PYPV or the dr,-we!!

'is"" "y sargrb 11ca m Iua apain zfh Diisar C4 " JR" njtizn ;'h r/
opcra

Full Flow Test Mode
Each. division, of, the. RHR. System, has a. full. flow .test, mode to. permit., pump flow. testing, during.

/_ Divisions B and C of the RHR System will also function in an AC independent water addition mode. This
mode provides a means of injecting emergency makeup water to the reactor by cross connecting the
Reactor Building Fire Protection (FP) System header, or alternately utilizing additional sources of water
from external connections just outside the Reactor Building. This makes the mode independent of the
normal safety-related AC power distribution network. This mode is accomplished by manually opening two
in-series valves on the cross-connection piping just upstream of the tie-in to the normal RHR piping. This is
accomplished by local manual action at the valves. Fire Protection System water can be directed to either
the RPV, the wetwell or drywell spray sparger, or the spent fuel pool by local manual opening of the
Division B or C RHR injection valve, the Division B or C wetwell spray valve, the two Division B or C drywell
spray valves, or the two Division B or C valves to the Fuel Pool Cooling and Clean Up System (FPC),
respectively. "Local manual" as used in this paragraph means manually operating the valves at the valves.

Other Provisions
The RHR System is classified as Seismic Category I. Figures 2.4.1la, 2.4.1lb, and 2.4.1lc show
the ASME Code Class for the RHR System. The RHR System is located in the Reactor
Building.

Each of the three divisions is powered from the Class 1E division as shown on Figures 2.4.1la,
2.4.lIb, 2.4.1lc. In the RHR System, independence is provided between Class 1E divisions, and
also between the Class 1E divisions and non-Class IE equipment.

Outside the primary containment, each mechanical division of the RH-R System (Divisions A,
B, and C) is physically separated from the other divisions.

The RHR System has the following displays and controls in the main control room:

(1) Parameter displays for the instruments shown on Figures 2.4.lIa, 2.4.1lb, and 2.4.1lc.

2.4.1-4 2.4.1-4Residual Heat Removal System
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(2) Controls and status indication for the active safety-related components shown on
Figures 2.4.1a, 2.4.Ib, and 2.4.lc.

(3) Manual system level initiation capability for the following modes:

(a) LPFL initiation

(b) Standby

(c) Shutdown cooling

(d) Suppression pool cooling

(e) Drywell spray

RHR System components with displays and control interfaces with the Remote Shutdown
System (RSS) are shown on Figures 2.4.1l a and 2.4.1 b.

The safety-related electrical equipment shown on Figures 2.4.1 a, 2.4.1I b, and 2.4.1l c located
inside the primary containment and the Reactor Building is qualified for a harsh environment.

The motor-operated valves shown on Figures 2.4.1Ia, 2.4. lb, and 2.4. lc have active safety-

related functions and perform these functions to open, close, or both open and close, under

differential pressure, fluid flow, and temperature conditions.

The check valves (CVs) shown on Figures 2.4.la, 2.4.lb, and 2.4.1c have safety-related

functions to open, close, or both open and close under system pressure, fluid flow, and

temperature conditions.

The RHR System main pumps are interlocked to prevent starting with a closed suction path.

Each RHR loop has a continuously running jockey pump to maintain the system piping
For RHR-B and C, the upgraded branch lines include all the paths listed for RHR-A plus the supplemental
fuel pool cooling suction path from the Fuel Pool Cooling System (including the RHR isolation valve) that

connects to the shutdown cooling suction line, titled "From FPC." The upgraded lines also include the
pipelines and valves that are part of the AC independent water addition mode that extend from the non-
code boundary indicated by "NNS" to the "external connection" outside the "reactor building" and to the
Fire Protection System interfaces indicated by "FP."

. . .. .. . .. .. . .. i .. .. .. . . . .. .. . . . . . . o> - IJ . . . . . - -
intersystem LOCA (ISLOCA) conditions. Ref r to Figures 2.4.1la, 2.4.lIb,
A, the upgraded branch lines from the main pu np suction include the paftl
suppression pool suction valve, the path to thel shutdown cooling outboar
isolation valve, and the path to the jockey puup 's discharge check valve

pumps byass return lne. rar RIIRx- LI,,. ,.d C, th Ul,•.=,,.,d uhu....,h l=.,.,,

and 2.4.1lc. For RHR-
i to and including the

:d containment
including the jockey

inc-l.Jc- --ll tLha --th

II,'tCJ -. r , iinC piu mc.A•.- patn1 ...... a *'nc-u Iing tn÷c,- ;=Ia:---- 1t"c' tuc lraci Lai ng F ..... m--t
branchtoz zffth zhy Iutdcwn zal •ing• Oucticn linz, titlad1I~l 1Far [P. 1 Fal lRHR•-• Cl tha ~a

p~irt ci :nu ~ iI1zJapunu~n1 ~'awr iuuxtiun mouu mat exienuc irom mn~ nuncoati oounuary

Residual Heat Removal System24.5 2.4.1-5
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Inspections, Tests, Analyses and Acceptance Criteria

Table 2.4.1 provides a definition of the inspections, test and/or analyses, together with
associated acceptance criteria, which will be undertaken for the RHR System.

2.4.1-6 2.4.1-6Residual Heat Removal System
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2.4.4 Reactor Core Isolation Cooling System

Design Description

The Reactor Core Isolation Cooling (RCIC) System consists of a turbine, pump, piping, valves,

controls and instrumentation. The RCIC turbine is driven by the steam from the reactor pressure
vessel (RPV) which then drives the RCIC pump. The function of the RCIC System is to provide

makeup water to the RPV.

The RCIC steam supply to the turbine branches off one of the main steamlines inside

containment upstream of the inboard MSIV and exhausts to the suppression pool (SIP). The

primary source of RCIC pump suction is the Condensate Storage Tank (CST). The suppression

pool is the secondary source of RCIC pump suction. Figure 2.4.4a shows the basic system

configuration and scope. Figure 2.4.4b shows RCIC System control interfaces.

The RCIC System shown on Figure 2.4.4a is classified as safety-related.

The RCIC System operates in the following modes:

(1) RPV water makeup.

(2) Full flow test.

(3) Minimum flow bypass.

RPV Water Makeup Mode
As shown on Figure 2.4.4b, the RCIC System channel measurements are provided to the Safety

System Logic and Control (SSLC) System for signal processing, setpoint comparisons, and

generating trip signals. The RCIC System is automatically initiated when either a high drywell
pressure or low reactor water level condition exists. RCIC System is actuated at a reactor water
level higher than the High Pressure Core Flooder (HPCF) system actuation level. The SSLC

processors use a two-out-of-four voting logic for system initiation and shutdown. Manual RCIC

System initiation can be performed from the main control room (MCR). The RCIC System can
be started by local operation of RCIC System components outside the MCR.

The RCIC System automatically shuts down when a high reactor water level condition exists.

Following RCIC shutdown on high reactor water level signal, the RCIC System automatically
restarts to provide RPV water makeup, if the low reactor water level initiation signal recurs.

During this mode, the primary source pump suction is the CST. Automatic transfer of pump

suction from the CST to the S/P occurs when a low CST water level or a high suppression pool
water level signal exists. This transfer can be manually overridden from the MCR. The CST and
S/P water level signals are processed through SSLC's two-out-of four voting logic to initiate

suction transfer.

2.4.4-38 2.4.4-38Reactor Core Isolation Cooling System
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The RClC system is capable of injecting sufficient water to the vessel to maintain core

cooling with suction aligned to the suppression pooi and a suction temperature of 121°C
(250°F) during beyond design basis events (e.g. Extended Station Blackout).

Inthe RPV water makeup mode, the RCIC pump delivers a flow rate of at least 182 m3/h

gainst a maximum differential pressure (between the RPV and the suction source) of 8.12

Pa. This flow rate is achieved within 29 seconds of receipt of the system initiation signal. The
dC pump has sufficient net positive suction head (NPSH) available at the pump.

he RCIC System operates for a period of at least 2 hours under conditions of no AC power

ilability and no other simultaneous failures, accidents or other design basis conditions.

Full Flow Test Mode
The RCIC System has a full flow test mode to permit pump flow testing during plant operation.

During the test, water is pumped from the suppression pool and returned to the suppression pool

via the test return line. The vessel injection valve is kept closed.

If a system initiation signal occurs during the full flow test mode, the RCIC System

automatically aligns to the RPV water makeup mode.

Minimum Flow Bypass Mode
The RCIC System has a minimum flow bypass mode that assures there is always flow in the
RCIC pump when it is operating. This is accomplished automatically by monitoring pump

discharge flow, and opening a minimum flow valve to the suppression pool when flow falls

below minimum value. The minimum flow valve closes when the pump flow exceeds the

minimum value. Minimum flow bypass operation is automatic based on a flow signal opening
the minimum flow valve when the flow is low, with a concurrent high pump discharge pressure

signal.

Other Provisions
The RCIC System shown on Figure 2.4.4a is classified as Seismic Category I. Figure 2.4.4a

shows the ASME Code class for the RCIC System. The RCIC System is located inside primary

containment and in the Reactor Building.

As shown on Figure 2.2.4a, the RCIC System components are powered from Class I1E Division

I, except for the steam supply outboard containment isolation valve, which is powered from

Class 1 E Division II. All RCIC System components shown on Figure 2.2.4a except the inboard

containment isolation valves are powered from DC sources. In the RCIC System, independence
is provided between Class I E divisions, and also between Class 1 E divisions and non-Class I E

equipment.

Outside the primary containment, except for the piping from the CST, the RCIC System shown

on Figure 2.4.4a is physically separated from the two divisions of the High Pressure Core

Flooder (HPCF) System.

The RCIC System has the following displays and controls in the main control room (MCR):

(1) Parameter displays for the instruments shown on Figure 2.4.4a.

Reactor Core Isolation Cooling System 24432.4.4-39



~Table 2.4.4 Reactor Core Isolation Cooling System (Continued)
~~Inspections, Tests, Analyses and Acceptance Criteria _

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

9. 9. 9.

a. MOVs designated in Section 2.4.4 as a. Tests of installed valves for opening, a. Upon receipt of the actuating signal,
having active safety-related function closing, or both opening and closing will each MOVs opens, closes, or both
open, close or both open and close be conducted under pre-operational opens and closes, depending upon the
under differential pressure, fluid flow, differential pressure, fluid flow, and valve's safety functions. The following
and temperature conditions. temperature conditions. valves open, or close, in the following

time limits:

Valve Time

Steam Supply < 30 s Close
Containment
Isolation Valves

Injection Valve <_15 s Open

b. CVs designated in Section 2.4.4 as b. Tests of installed valves for opening, b. Based on the direction of the differential
0,

having an active safety-related function closing, or both opening and closing, will pressure across the valve, each CV
open, close, or both open and close, be conducted under system opens, closes, or both opens and closes,
under system pressure, fluid flow, and preoperational pressure, fluid flow, and depending upon the valve's safety
temperature conditions. temperature conditions. functions.

S10. The RClC turbine is tripped if low suction 10. Test will be conducted using a simulated low 10. The turbine trip and throttle valve receives a
pressure condition is present. suction pressure signal. trip signal.

o"Design Commitment Inspections, Tests, Analyses Acceptance Criteria •
~.11. The RCIC system has the capability of 11. Analyses will be performed of the as- 11. The RClC system is capable of

Sinjecting sufficient water to the vessel to built RCIC System to assess the system injecting sufficient water to the vessel to
Smaintain core cooling with suction aligned to capability with 121°C water at the pump maintain core cooling with suction aligned to 0n

Sthe suppression pool and a suction suction. the suppression pool and a suction
'~temperature of 221°C (250°F) during beyond temperature of 121°C (250°F) during beyond

Sdesign basis events (e.g. Extended Station design basis events (e.g. Extended Station
Blackout). Blackout). .
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2.15.6 Fire Protection System
Design Description

The Fire Protection System (FPS) detects, alarms and extinguishes fires. Fire detection and
alarm systems are provided in all fire areas. The FPS consists of a motor driven pump, a diesel
drive pump, sprinkler systems, standpipes and hose reels, and portable extinguishers. The foam
systems are also used for special applications. The basic configuration of the FPS water supply
system is shown on Figure 2.15.6. The FPS provides fire protection for the Reactor Building,
Control Building, Turbine Building, Radwaste Building, and other plant buildings.

Areas covered by sprinklers or foam systems are also covered by the manual hose system. Areas
covered only by manual hoses can be reached from at least two hose stations. A hose reel and
fire extinguisher are located no greater than 30.5m from any location within the buildings.

The FPS is classified as non-safety-related. The sprinkler systems and the standpipe systems in
the Reactor and Control Buildings and portions of the FPS water supply system identified in
Figure 2.15.6 remain functional following a safe shutdown earthquake (SSE). These portions
of the water supply are separated from the remainder of the system by valves as shown in Figure
2.15.6.

Fire water supply connections to Loops B and C of the Residual Heat Removal
System piping are provided from the portion of FPS used for the Reactor and
Control Buildings. These connections are part of the AC independent water
addition mode of the RHR System for reactor vessel injection, wetwell or drywell
spray, or spent fuel pool makeup.

or Control Building. The two fire water pump4 provide 5678 liters/min of flow each at a

differential pressure of 863 kPa.

A. ......... ......... :ccnnctic to. thz A,• Roiua .Hea ..mo..l Syt piping..;.;. ii prvded from

.at.r addition,. system m^'de of•' Dh D CR ...... for ...... r ÷ ...... i .joctn or dry--e!l zprays.

Automatic foam water extinguishing systems are provided for the diesel generator rooms and
day tank rooms.

Fire detection and alarm systems are supplied with power from a non-Class 1E uninterruptible
power supply.

The FPS has the following displays and alarms in the Main Control Room (MCR):

(!) Detection system fire alarms.

(2) Status of FPS pumps.

Fire Protection System2.564 2.15.6-48



25A5675AC Revision 5

ABWR Design Control Document/Tier 2

Table 1AA-2 Post-Accident Emergency Core Cooling Systems and
Auxiliaries

Equipment MPL Location

ADS & Transmitters
SR Valve

SR Accumulator

Rx Water Level (ADS,RHR)

Rx Water Level (HPCF)

Rx Pressure (RHR)

DW Pressure (HPCF, RHR)

HPCF

Pumps

SP Suction Valve

Rx Injection Valve

CST Suction Valve

Essential HVH (HVAC)

CST Water Level

Flow

Suction Pressure

Injection Pressure

LPCF

B21-F010A,C,F,H,L,N, R,T
B21-A004ACFHLNR,T

B21-LTO03A thru H

B21 -LT001A, B,C,D

B21-PT301A,B,C,D

B21 -PT025A,B,C,D

E22-C001 B.C

E22-F006B,C

E22-F003B,C

E22-F001 B.C

U41-D 102, 106

P13-LT001A,B,C,D

E22-FT008B1 ,B2,C1 ,C2

E22-PT002,003; B.C

E22-PT006,007; B,C

Ei1-C001A,B,C

E11-B001A,B,C

P21-F013A,B,C

E11-F001A,B,C

E11-F005A,B,C

Ell-F010,0i11,012;A,B,C

E11-F017,018;B,C

E11-F019B,C

E11-FT008A1,B1,C1

Eli1-FT008A2, B2,C2

Upper Drywell (PC)
Upper Drywell (PC)

Instrument Rack Rm. (SC)

Instrument Rack Rm. (SC)

Instrument Rack Rm. (SC)

Instrument Rack Rm. (SC)

HPCF Rm. B,C (SC)

HPCF Rm. B,C (SC)

Valve Rm. B.C (SC)

Valve Rm. B,C (SC)

HPCF Rm. BC (SC)

HPCF Rm. BC (SC)

By HPCF Rm. B,C (SC)

By HPCF Rm. BC (SC)

By HPCF Rm. BC (SC)

RHR Rm. AB.C (SC)

RHR Rm. AB.C (SC)

RHR Rm. A,B,C (SC)

RHR Rm. ABC (SC)

Valve Rm. ABC (SC)

Valve Rm. A.BC (SC)

Valve Rm. B.C (SC)

Valve Rm. B.C (SC)

Valve Rm. B,C (SC)

Valve Rm. B,C (SC)

RHR Rm. (SC)

By RHR Rm. A,B,C (SC)

By RHR Rm. A,B,C (SC)

Pump
Heat Exchanger

RCW Discharge Valve

SP Suction Valve

Rx Injection Valve

Rx Return Valve

DW Spray Valve

VWW Spray Valve

FPC Supply Valve

FPS Supply Valve

Essential HVH (HVAC)

Flow

Flow

Plant Shielding to Provide Access to Vital Areas A-11AA -11
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Table 3.2-1 Classification Summary (Continued)
Quality

Quality Assur-
Group ance

Safet% Location Classi- Require- Seismic
Principal Componenta Class" c ficationd ment0  Categoryf Notes

El RHR System

1. Heat exchangers--
primary side

2. Deleted

3. Piping including supports
within outermost
isolation valves*

4. Containment spray
piping including supports
and spargers, within and
including the outer most
isolation valves 2

4a. Piping including
supports beyond
outermost isolation
valves

5. Main Pumps including
supports

6. Main Pump motors

2 SC B B

1 C,SC

2 C,SC

A

B

B

B

(g)

I

2 SC B B (g)

7. Valves--isolation, (LPFL
line) including shutdown
suction line isolation
valves

8. Valves--isolation, other
(pool suction valves and
pool test return valves)

9. Valves beyond
isolation va.lv11. Valves

10. Jockeymp mPSubsy!

motor includI F1O3B
superts,......

2 SC

2 SC

1 C,SC

2 SC

2 SC

B

B

A

B

B

B

B

B

B

B

B

E

S (g)

(g)

S (g)

to fire protection,
stems B and C (F1OOB/C,
IC, and F1O4B/C)

JB
r

C~bs,~,tem C (FlOOC,
FIO3C ~nd F104C

t]. N SC

E2NigtPessure Cootoeare Flster Systaem 25 houh325
Notes and footnotes are listed on pages 3.2-52 through 3.2-59

3.2-25 3.2-25Classification of Structures, Components, and Systems
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Table 3.9-8 Inservice Testing Safety-Related Pumps and Valves (Continued)

Safety Code Valve Test Test
Class Cat. Func. Para Freq Tier 2

No. Qty Description (h) (i) (a) (c) (d) (e) (f) Fig. (g)

F049 2 Drywell spray line vent & test
line inboard valve

F051 3 Fill pump discharge line relief
valve

F052 1 Drain line for the suppression

F0124 Cindependent water addition
iput valve

F0224 Cindependent water addition
nput valve

F500 3 Heat exchanger inlet drain line
inboard valve

F502 3 HX outlet line drain line
inboard valve

F504 3 RPV injection line vent line
inboard valve

F506 1 RPV injection line drain line
inboard valve

F506 2 RPV injection line drain line
inboard valve

F508 3 Shutdown Cooling suction line
vent line valve

F509 2 Vent valve--FPC return line

F511 2 Drywell spray line inboard
drain line valve

F513 2 Drywell spray line inboard
drain line valve

F515 2 Wetwell spray line inboard
drain line valve

F517 3 RHR pump min flow line drain
line inboard valve

F700 3 RHR pump suction line
pressure instrument line

F701 3 RHR pump suction line
pressure instrument line

2 B P El 5.4-10
sh. 5,7

2 C A R 5 yr 5.4-10
sh.3,4,6

2 B P El 5.4-10

2 B A S 3 mo 5.4s10

•-sh.•5,7

2 B A S 3 mo" 5.4-10

2 B P El -'.t1"

sh.3,4,6

2 B P El 5.4-10
sh.3,4,6

2 B P El 5.4-10
sh.3,4,7

2 B P El 5.4-10
sh. 3

1 B P El 5.4-10
sh. 5,7

2 B P El 5.4-10
sh. 2

2 B P El 5.4-10
sh. 5,7

2 B P El 5.4-10
sh. 5,7

2 B P El 5.4-10
sh. 5,7

2 B P El 5.4-10
sh. 5,7

2 B P El 5.4-10
sh.3,4,6

2 B P El 5.4-10
sh.3,4,6

2 B P El 5.4-10
sh.3,4,6

Mechanical Systems and Components3.-5 3.9-105
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3MA System Evaluation For ISLOCA

3MA.1 General Comments About the Appendix

This Attachment discusses each of the systems evaluated in detail, presented in the order listed
in the Appendix, and following a repetitive outline format.

The first section, "Upgrade Description," describes the changes made to the system and the
reasons for placement of the URS boundary.

The second section, "Downstream Interfaces," discusses the systems that interface with the
subject system, that could potentially be pressurized by reactor pressure passed through
(downstream) the subject system. Each downstream system is dispositioned as being either not
applicable for URS upgrading or applicable and the topic of another Attachment 3MA section.

The third section, "Upgraded Components," provides a detailed listing of the components
upgraded to the URS design pressure. Also, to indicate some components were not
inadvertently overlooked, some components are shown as "No change." The listings are
grouped in sections that describe a particular pressure travel path. This grouping may include
more than the system of the subject section to detail the path to the tank or sink in which the
pressure is dissipated after crossing the last closed valve at the URS boundary.

3MA.2 Residual Heat Removal System

3MA.2.1 Upgrade Description

The RHR System pump suction piping was low pressure and has been upgraded to the URS
design pressure. The RHR has two suction sources, one from the suppression pool and the other
from the RPV as used for shutdown cooling. The suction piping also includes the keep-fill
pump and its piping.

The URS boundary was terminated at the last valve before the suppression pool, which is valve
El1l-F001. The suppression pool is a large structure, designed to 0.3 10 MPaG and impractical
to upgrade to the URS design pressure.

The other suction branch to the RPV is not a URS boundary because it interfaces to the high
pressure RPV. The only portions of the RHR System that are not upgraded to the URS design
pressure is unobstructed piping to the suppression pool.

3MA.2.2 Downstream Interfaces

Other systems are listed below that interface with RHR and could possibly be exposed to
reactor pressure. A description of the interface location and a statement of its applicability to
ISLOCA is given.

3MA- 1 3MA-1System Evaluation For ISLOCA
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*Makeup Water (Condensate) System upstream of the injection valve for the purpose of
providing a filling and flushing water source. Another interface with MUWC is between
the pair of valves to the FPC System. The MUWC System is discussed in Section 3MA. 11,
where it is explained how certain MUWC upgrades were made that provide an open path
to the CST. The MUWC line cannot be pressurized because of the open communication to
the CST, and the CST is vented to atmosphere. There is no source to pressurize the MUWC
line because of closed valves in the RHR System's URS region.

* High Conductivity Waste (Radwaste) for drainage located up stream of the pump suction.
HCW upgrades are discussed in the Radwaste System, Section 3MA. 13.

* Low Conductivity Waste, (Radwaste) at the end of a branch off of the loop B mainline

The Fire Protection System and the fire truck connections provide water for the Alternating
Current (AC) Independent Water Addition piping of RHR loops B and C upstream of the RPV
injection lines, wetwell and drywell spray lines, and spent fuel pool lines. The Fire Protection System
piping is designed for 1.37 MPaG and each line is protected from over pressure by two locked closed
block and bleed valves. RHR-F1 01 B/C and RHR-F 102B/C. and drain DiDes between these valves which

are vented to the HCW sump in the Reactor Building.

upgrades are discussed in Section 3MA.8.
Flammability Control System branches off the main discharge line downstream of the
branch that returns to the suppression pool. The FCS design pressure exceeds the URS

tSAIEt~J1t ~ fl~.J *IA~Jt'jJS.k1SA~hLL VT t.LS.L LS. AItI.flS jJLJJEEl5 JA iSA AIX X EAjJ.JtA t.&EA tfl LLE~ AXA

injection, ~:etwell spray line, and dg'well spray line. The Fire Protection Syztem piping iz
dzzigncd fcr 1.37 MPaG and iz protcctcd frcm ovcr prczzurz by two locked clczcd block

~ DUD 11A1 ~.-,ADUD ritv A::.~+i.,~~A ----------------- ,~.-***.-.*,-* ~ AXE AAX..S;~, flEEt. Li '-~Ai titlE F'F" '~"~"~'~'' tilt~2~ VIAl V~-,..E TV~iiLtttl

to........ the HCW• .... p in the. R••.•eactor Buil'!ding. This design very effectively prevents reactor
pressure from reaching the Fire Protection System. No upgrade to URS is practical or
appropriate for the extensive piping of the Fire Protection System since the system function
is not related to ISLOCA nor is its interconnection a normal plant operational pathway.

3MA.2.3 Upgraded Components - RHR System

A detailed listing of the components upgraded for the RHR System follows, including
identification of those interfacing system components not requiring upgrade.

System Evaluation For ISLOCA M-3MA-2
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RESIDUAL HEAT REMOVAL SYSTEM, Tier 2 Figure 5.4-10, Sheets 1 through 7.

RHR Subsystem A suction piping from the suppression pool.

Reference Components

Sheet 3

Sheet 2

RHR Pump COO 1A450A-RHR-002 Pipe
20A-RHR-701 Pipe
20A-RHR-F70 ! A Valve
20A-RHR-PX002A Press.Pt.
450A-RHR-D002A Temp.Str.
20A-RHR-700 Pipe
20A-RHR-F700A Valve
20A-RHR-PI00 1A Press.I
50A-RHR-018 Pipe
50A-RHR-F026A Valve
450A-RHR-F001A MO Valve
450A-RHR-001I Pipe
450A-RHR-D001IA Suct.Str.

Press./Temp./Design/Seismic Class

3.43 MPaG, 1820 C, 3B, As
2.82 MPaG, 182°C, 3B, As
2.82 MPaG, 182°C, 3B, As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182 0 C,3B,As
2.82 MPaG, 182°C,3B,As
0.3 10 MPaG, 104°C,3B,As
0.3 10 MPaG, 104 0 C,3B,As

Remarks

No changeWas 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG

No change
No change

RHR Subsystem A suction piping from the reactor pressure vessel.

Press./Temp./Design/Reference Components
Sheet 3 350A-RHR-011I Pipe

350A-RHR-F012A MO Valve
25A-RHR-032 Pipe
25A-RHR-F042A Rel.Valve
20A-RHR-707 Pipe
50A-RHR-F71I2A Valve
20A-RHR-PT009A Press.T

Sheet 2 350A-RHR-011I Pipe
* 20A-RHR-504 Pipe
* 20A-RHR-F508A Valve
25A-RHR-030 Pipe
** 100A-RHR-031 Pipe
** 100A-RHR-F041A Check V

** 100A-RHR-F040A Valve.

Seismic Class
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As

2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As

Remarks
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG

Was 1.37 MPaG
Was 1.37 MPaG

* To LCW funnel drain to LCW Sump.
** To MUW (Condensate) Stem interface.

RHR Subsystem A discharge fill pump suction piping from the suppression pool.

Reference Components
Sheet 3 40A-RHR-C002A Pump

40A-RHR-015 Pipe
40A-RHR-F022A Valve
40A-RHR-D008A Temp.Str.
20A-RHR-708 Pipe
20A-RHR-F7 13A Valve
20A-RHR-PX010 APress.Pt.

Press./Temp./Design!Seismic Class
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As

Remarks
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
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25A-RHR-017 Pipe

Reference Components
25A-RHR-F025A Valve
25A-RHR-D009A RO

2.82 MPaG, 182°C,3B,As

Press./Temp./Design/
Seismic Class
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As

Was 1.37 MPaG

Remarks
Was 1.37 MPaG
Was 1.37 MPaG

RHR Subsystem A discharge from relief valves and test line valve directly to the suppression pool
without restriction.

Reference Components
Sheet 3 250A-RHR-008 Pipe

100A-RHR-025 Pipe
100A-RHR-014 Pipe
50A-RHR-037 Pipe
50A-RHR-033 Pipe
50A-RHR-021 Pipe

Sheet 2 250A-RHR-008 Pipe
Suppression Pool

Press./Temp./Design/Seismic Class
0.3 10 MPaG, 104°C,3B,As
0.3 10 MPaG, 1040C,3B,As
0.3 10 MPaG, 104°C,3B,As
0.3 10 MPaG, 104°C,3B,As
0.3 10 MPaG, 1040C,3B,As
0.3 10 MPaG, 104 0C,3 B,As
0.3 10 MPaG, 104°C,3B,As

Remarks
No change
No change
No change
No change
No change
No change
No change

RHR Subsystem A flushing line interface at branch discharging to feedwater.

Reference
Sheet 1
Sheet 2

Components
100OA-MU WC- 134 Pipe
100A-RH-R -F032A Valve
100A-RH-R -026 Pipe
100A-RHR -F033A Check V.

Press./Temp./Design/Seismic Class
1.37 MPaG, 66°C,4D,B
3.43 MPaG, 182 0C,3B,As
3.43 MPaG, 182 0C,3B,As
3.43 MPaG, 182°C,3B,As

Remarks
No change
No change
No change
No change

RHR Subsystem A flushing line interface at suction shutdown branch from RPV.

Reference
Sheet 1
Sheet 3

Components100OA-MUWC- 133 Pipe
100A-RHR -F040A Valve
1 00A-RHR -031 Pipe
100A-RHR -F041A Check V.

Press./Temp./Design/
Seismic Class
1.37 MPaG, 66°C,4D,B
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As

Remarks
No change

Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG

RHR Subsystem B suction piping from the suppression pool.

Reference ComponentsSheet 4 RHR Pump COO 1B
450A-RHR-102 Pipe
20A-RHR-731I Pipe
20A-RHR-F70 1B Valve
20A-RHR-PX002B Press.Pt.
450A-RHR-D002B Temp.Str.
20A-RHR-730 Pipe
20A-RHR-F700B Valve
20A-RHR-PI00 I B Press.l
50A-RHR-124 Pipe
50A-RHR-F026B Valve
450A-RHR-F001B MO Valve

Sheet 2 450A-RHR-101 Pipe

Press./Temp.iDesign/
Seismic Class
3.43 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182 0 C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
0.3 10 MPaG, 1040 C,3B,As

Remarks
No Change

Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG

No change

System Evaluation For ISL OCA3M 43MA-4
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450A-RHR-D001IB Suct.Str. 0.3 10 MPaG, 104°C,3B,As No change

RHR Subsystem B suction piping from the reactor pressure vessel.

Reference ComponentsSheet 4 350A-RHR-1 11 Pipe
350A-RHR-F012B MO Valve
25A-RHR-139 Pipe
25A-RHR-F042B Rel.Valve
20A-RHR-737 Pipe
20A-RHR-F71I2B Valve
20A-RHR-PT009B Press.T

Press./Temp./Design/Seismic Class
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182 0 C,3B,As
2.82 MPaG, 182°C,3B,As
2.82 MPaG, 182°C,3B,As

Remarks
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG

Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG
Was 1.37 MPaG

Sheet 2 350A-RHR-111 Pipe* 20A-RH-R-534 Pipe
* 20A-RHR-F508B Valve
25A-RHR-137 Pipe
** 300A-RHR-I14 Pipe
** 300A-RIHR-F016B Valve LC
***" 100A-RHR-138 Pipe
***a 100A-RHR-F041B Check Valve
***~ 100A-RHR-F040B Valve

2.82 MPaG,2.82 MPaG,
2.82 MPaG,
2.82 MPaG,
2.82 MPaG,
2.82 MPaG,
2.82 MPaG,
2.82 MPaG,
2.82 MPaG,

182 0C,3 B,As1 820 C,3B,As
1 82°C,3B,As
1 82°C,3B,As
1 82°C,3 B,As
1 82°C,3 B,As
1 820 C,3B,As
1 820 C,3B,As
1 820 C,3B,As

* ** To MUW (Condensate) System interface.

RH-R Subsystem B discharge fill pump suction piping from the suppression pool.

Reference ComponentsSheet 4 40A-RHR-C002B Pipe
40A-RHR- 121 Pipe
40A-RHR-F022B Valve
40A-RHR-D008B Temp.Str.
20A-RHR-738 Pipe
20A-RHR-F7 13 B Valve
20A-RHR-PX0 10BPress.Pt.
25A-RH-R-123 Pipe
25A-RHR-F025B Valve
25A-RHR-D009B RO

Press./Temp./Design/Seismic Class Remarks
2.82 MPaG, 182 0C,3B,As Was 1.37 MPaG
2.82 MPaG, 182 0C,3B,As Was 1.37 MPaG
2.82 MPaG, 182 0C,3B,As Was 1.37 MPaG
2.82 MPaG, 182°C,3B,As Was 1.37 MPaG
2.82 MPaG, 1 82°C,3B,As Was 1.37 MPaG
2.82 MPaG, 182 0C,3B,As Was 1.37 MPaG
2.82 MPaG, 182°C,3B,As Was 1.37 MPaG
2.82 MPaG, 182°C182°C,3B,As Was 1.37 MPaG
2.82 MPaG, 182°C,3B,As Was 1.37 MPaG
2.82 MPaG, 182°C,3B,As Was 1.37 MPaG

RHR Subsystem B flushing line interface at branch discharging to RPV.

Reference
Sheet 1
Sheet 5

Components100OA-MUWC- 137 Pipe
100OA-RHR -F032B Valve
100A-RHR -132 Pipe
100A-RHR -F033B Check V.

Press./Temp./Design/
Seismic Class
1.37 MPaG, 66 0C,4D,B
3.43 MPaG, 182°C,3B,As
3.43 MPaG, 182°C,3B,As
3.43 MPaG, 182°C,3B,As

RemarksNo change
No change
No change
No change

RHR Subsystem B flushing line interface at suction of shutdown branch from RPV.

Press ./Temp./Design/Seismic ClassReference Components Remarks
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Sheet 1 100A-MUWC-136 Pipe 1.37 MPaG, 66°C,4D,B No change
Sheet 2 100A-RHR -F040B Valve 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG

Press./Temp./Design/
Reference Components Seismic Class Remarks
Sheet 2 100A-RHR -138 Pipe 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG

100A-RHR-F041B Check V. 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG

Susstem C suction piping from the suppression pooi.
~Press./Temp./Design/

Reference Co eponts Seismic Class Reak
Sheet 6 RHR Pum p0.01C 3.43 MPaG, 1820 C, s ,No change,_

450A-RHR-20"i-p~e 2.82 MPaG, 18 0, •,B,As Was 1.37 MPaG
20A-RHR-761 Pipe-,. 2.82 M• 0 ,3,s Ws 1.3 MPaG
20A-RHmR-F701C Valve 2.82 aG, 1820 C,3B,As Was 1.37 MPaG

............ 2 .MPaG, 182°C,3B,As Was 1.37 MPaG

RHRSubystm0Bdisharg7 ie 2.8rlifvlesadtetln valv, dirctlyA Watesupesio 13Mpool

wihoA-esriRctirson28.MaI BA Ws137Ma

Reference ComponentsSheet 4 250A-RH-R-109 Pipe
100A-RHR-131 Pipe
100A-RIHR-120 Pipe
50A-RH-R- 145 Pipe
50A-RHR-140 Pipe
50A-RHR- 127 Pipe

Sheet 2 250A-RH-R-109 Pipe
Suppression Pool

Press ./Temp./Design/Seismic Class
0.3 10 MPaG, 104°C,3B,As
0.3 10 MPaG, 104°C,3B,As
0.3 10 MPaG, 104°C,3B,As
0.3 10 MPaG, 104°C,3B,As
0.3 10 MPaG, 104°C,3B,As
0.3 10 MPaG, 104°C,3B,As
0.3 10 MPaG, 104°C,3B,As

Remarks
No change
No change
No change
No change
No change
No change
No change

RHR Subsystem B interface with Radwaste System.

Reference ComponentsSheet 4 150A-RHR-129 Pipe
1 50A-LCW-F006 Valve
150A-LCW-CS Pipe
200A-LCW-CS Pipe
200A-LCW-CS Valve LO
200A-LCW-CS AG Valve
* LCW Collector Tank A
200A-LCW-CS Valve LO
200A-LCW-CS AG Valve
*LCW Collector Tank B

Press./Temp./Design/Seismic Class
3.43 MPaG, 182°C,3B,As
2.82 MPaG, 66°C,4D,B
0.981 MPaG, 66°C,4D,B
0.981 MPaG, 66°C,4D,B
0.981 MPaG, 66°C,4D,B
0.981 MPaG, 66°C,4D,B
0 MPaG, 66°C,4D,B
0.981 MPaG, 66°C,4D,B
0.981 MPaG, 66°C,4D,B
0 MPaG, 66°C,4D,B

Remarks
No change

Was 0.981 MPaG
No change
No change
No change
No change
No change
No change
No change
No change

* Each LCW collector tank is served by the HVAC tank vent system exhausting tank air through filter to
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W Stack.

•HR Subsystem C suction piping from the reactor pressure vessel.

Press./Temp./Design/
Reference Components Seismic Class Remarks

RHR Subsystem B outdoor fire truck connection in RHR pump discharge pipe to RPV.

Press./Temp./Designl
Reference Components Seismic Class Remarks
Sheet 7 100A-RHR -FI03B Valve 2.82 MPaG, 66°C,7E,C New Item

100A-RHR -Fl04BCheck V. 2.82 MPaG, 660C,7E,C New Item
100A-RHR - Pipe 2.82 MPaG, 660C,7E,C New Item
100A-RHR - Pipe 2.82 MPaG, 660C,7E,C New Item
100A-RHtR -Fl00BCheck V. 2.82 MPaG, 66°C,7E,C New Item
100A-RHR -FI01B Key Lock V. 3.43 MPaG, 182°C,3B,As New Item
100A-RHR - Pipe 1.43 MPaG, 182 0C,3B,As New Item
20A-RHR - Pipe 3.43 MPaG, 182°C,3B,As New Item
20A-RHR-.F790B Globe V. 3.43 MPaG, 182°C,3B,As New Item
20A-RHR -PI-099B Press I 3.43 MPaG, 182 0C,3B,As New Item
20A-RHR - Pipe 3.43 MPaG, 182°C,3B,As New Item
* 20A-RHR -F592B Globe V. LO 3.43 MPaG, 182°C,3B,As New Item
20A-RHR - Pipe 3.43 MPaG, 182°C,3B,As New Item
** 20A-RHR -F591B Globe V. NC 3.43 MPaG, 182 0C,3B,As New Item
100A-RHR -FI02B Kev Lock V. 3.43 MPaG, 182°C,3B,As New Item
20A-RHR -FE-10OB Flow El. 3.43 MPaG, 182°C,3B,As New Item

**300A-RI-R - 105 Pipe 3.43 MPaG, 182°C,3B,As No change

* Funnel drain to LCW sump in Reactor Building.
* * Test valve.
***' Injection pipe to RPV at outboard isolation valve MO F-005B

RHR Subsystem C suction piping from the suppression pool.

Press./Temp./Design/
Reference Components Seismic Class Remarks
Sheet 6 RHR Pump C001C 3.43 MPaG, 182°C,3B,As No change

450A-RH-R-202 Pipe 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG
20A-RHR-761 Pipe 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG
20A-RHR-F701C Valve 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG
20A-RHR-PX002C Press.Pt. 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG
450A-RHR-D002C Temp.Str. 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG
20A-RHR-760 Pipe 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG
20A-RHR-F700C Valve 2.82 MPaG, I182°C,3B,As Was 1.37 MPaG
20A-RHR-PI001C Press.l 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG
50A-RHR-225 Pipe 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG
50A-RHR-F026C Valve 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG
450A-RHR-F001C MO Vlv 2.82 MPaG, 182°C,3B,As Was 1.37 MPaG

Sheet 2 450A-RHR-201 Pipe 0.310 MPaG, 104°C,3B,As No change
450A-RHR-D001C Suct. Str. 0.3 10 MPaG, 104°C,3B,As No change

iuuta-isxii'-lr-: ripe50A-RHR-246 Pipe
50A-RHR-241 Pipe
50A-RHR-228 Pipe

0.3 10 M~l~aGI 10"0 CL,3B•-',s
0.3 10 MPaG, 104°C,3B,As
0.3 10 MPaG, 104°C,3B,As

£N•U tal lJl1lC
No change
No change
No change

3MA- 7 3MA-7System Evaluation For ISLOCA



25A5675AG Revision 5

A BWR Design Control Document/Tier 2

conditions during a 2 hour SBO event (for which HVAC systems will not be available) will not
exceed the envelope of conditions used to qualify the RCIC equipment. These evaluations will
be documented in an RCIC Two Hour Station Blackout Evaluation. Auxiliaries have the
capability to operate for a period of 8 hours. Analyses to demonstrate this non-design basis
capability utilize realistic, best-estimate assumptions and analysis methods. See Subsection
5.4.15.2 for COL license information requirements.

During loss of AC power, the RCIC System, when started at water Level 2, is capable of
preventing water level from dropping below the level which ADS mitigates (Level 1). This
accounts for decay heat boiloff and primary system leakages.

Following a reactor scram, steam generation will continue at a reduced rate due to the core
fission product decay heat. At this time, the turbine bypass system will divert the steam to the
main condenser, and the feedwater system will supply the makeup water required to maintain
reactor vessel inventory.

In the event that the reactor vessel is isolated and the feedwater supply unavailable, relief valves
are provided to automatically (or remote manually) maintain vessel pressure within desirable
limits. The water level in the reactor vessel will drop due to continued steam generation by
decay heat. Upon reaching a predetermined low level, the RCIC System will be initiated
automatically. The turbine-driven pump will supply demineralized makeup water from (1) the
condensate storage tank (CST) to the reactor vessel and (2) the suppression pool. Seismically
installed level instrumentation is provided for automatic transfer of the water source with
manual override from CST to suppression pool on receipt of either a low CST water level or
The RCIC System shall initiate and discharge, within 30 seconds, a specified
constant flow into the reactor vessel over a specified pressure range. The RCIC
water discharge into the reactor vessel varies between a temperature of 1000 up
to and including a temperature of 7700 during design conditions and up to 12100

F-during beyond design basis events (e.g. Extended Station Blackout). The
\mixture of cool RCIC water and the hot steam does the following:

eaLL[utu UGay lleat. 1u 11Will res•Ult In a rise In puui water teulipeuature. ist-lr ileal ex~ulallgeis

are used to maintain pool water temperature within acceptable limits by cooling the pool water.

5.4.6.1.1 Iesidual Heat and Isolation

mivt~re of the cool-, RC"IC w•atr and the• ht-,te- doss-.4= the foll-,wing:.

(1) Quenches steam.

(2) Removes reactor residual heat.
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5.4.6.2.5.3 Test Mode

A design functional test of the RCIC System may be performed during normal plant operation
by drawing suction from the suppression pooi and discharging through a full flow test return
line back to the suppression pool. The discharge valve to the vessel remains closed during test
mode operation. The system will automatically return from test to operating mode if system
initiation is required and the flow will be automatically directed to the vessel.

5.4.6.2.5.4 Limiting Single Failure

The most limiting single failure with the RCIC System and its HPCF system backup is the

failure of HPCF. With an HPCF failure, if the capacity of the RCIC System is adequate to
maintain reactor water level, the operator shall follow Subsection 5.4.6.2.5.2. However, if the
RCIC capacity is inadequate, Subsection 5.4.6.2.5.2 still applies. Additionally, the operator
may initiate the ADS described in Subsection 6.3.2.2.2.

5.4.6.3 Performance Evaluation

The analytical methods and assumptions in evaluating the RCIC System are presented in
Chapter 15 and Appendix 15SA. The RCIC System provides the flows required from the analysis
(Figure ) within a 30 second interval based upon considerations noted in Subsection 5.4.6.2.4.

5.4.6.4 Preoperational Testing

The preoperational and initial startup test program for the RCIC System is presented in Chapter

14.

5.4.7 Residual Heat Removal System

Evaluations of the Residual Heat Removal (RHR) System against the applicable General
Design Criteria (GDC) are provided in Subsections 3.1.2 and 5.4.7.1.4.

5.4.7.1 Design Basis

The RHR System is composed of three electrical and mechanical independent divisions

designated A, B, and C. Each division contains the necessary piping, pumps, valves and heat
exchangers. In the low pressure flooder mode, suction is taken from the suppression pool and
injected into the vessel outside the core shroud (via the feedwater line on Division A and via
the low pressure flooder subsystem discharge retumn line on Divisions B and C).

The RHR System provides two independent containment spray cooling systems (on loops B
and C), each having a common header in the wetwell and a common spray header in the drywell
and sufficient capacity for containment depressurization.

Shutdown cooling suction is taken directly from the reactor via three shutdown cooling suction
nozzles on the vessel. Shutdown cooling return flow is via the feedwater line on loop A and via
low pressure flooder subsystem discharge return lines on loops B and C.

5. 4-26 5.4-26Component and Subsystem Design
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Connections are provided to the upper pools on two ioops to return shutdown cooling flow to
the upper poois during normal refueling activities if necessary. These connections also allow
the RHR System to provide additional fuel pooi cooling capacity as required by the Fuel Pool
Cooling System during the initial stages of the refueling outage.

f';,t"cr inta thc rcaptar ;vzszcl and thc drywcll spray during zc;vcrc accidant conditions in w¢,hich

............building f ... n.......... f.....r. truck pump to.an.......t....t.r......... prov ided./
As shown in Table 5.4-4, the RHR heat exchanger primary (tube) side design pressure is 3.43
MPaG and the secondary (shell) side design pressure is 1.37 MPaG. This pressure distribution
is acceptable for the following reasons:

(1) Heat exchanger primary side leakage is accommodated by the surge tank of the pump
loop of the reactor building cooling water system. The inlet to the secondary side of

/4 The RHR System has two AC-independent water addition subsystems which consist of piping and manual
valves connecting the fire protection system to the RHR pump discharge lines on loops B and C
downstream of each main pump's discharge check valve. These flow paths allow for injection of water
into the reactor vessel, wetwell or drywell spray, or the spent fuel pool during severe accident conditions
in which all AC power and all ECCS pumps are unavailable. Additionally, hookups are provided external to
the reactor building for connection of a fire truck pump and alternate water source to each subsystem.
The hookups are on different faces of the reactor building and separated by more than 40 meters.

tube side of the heat exchanger, whereas, prior BWRs had the reactor water flowing
through the shell side. The primary purpose for the change was to reduce radiation
buildup in the heat exchanger by providing a more open geometry flow path through
the center of the tubes, as apposed to the shell side construction of spacers, baffles,
and low flow velocity locations, which can provide places for radioactive slug to
accumulate. Also, the ABWR does not have a steam condensing mode, which needed
reactor water or steam on the shell side. Tubes can accommodate a higher design
pressure much more easily and effectively than the shell's large cylindrical structure;
therefore, the shell can take advantage of the reactor building cooling water system's
lower design pressure.

5.4.7.1.1 Functional Design Basis
The RIHR System provides the following four principal functions:

(1) Core cooling water supply to the reactor to compensate for water loss beyond the
normal control range from any cause up to and including the design basis (LOCA).

(2) Suppression pool cooling to remove heat released to the suppression pool (wetwell),
as necessary, following heat inputs to the pool.

Component and Subsystem Design 5425.4-27



The AC-independent water addition mode (Alternating Current independent) of the RHR System provides a means for
introducing water from the Fire Protection System (FPS) directly into the reactor pressure vessel, to the drywell or
wetwell spray header, or to the spent fuel pool under degraded plant conditions when AC power is not available from

either onsite or offsite sources. The RHR System provides the piping and valves which connect the FPS piping with RHR
loops B and C pump discharge piping. The manual valves in these lines permit adding water from the FPS to the RHR
System if the RHR System is not operable. The primary means for supplying water through this connection is by use of

the diesel-driven pump in the FPS. A backup to this pump is provided by connections on the outside of the reactor
building at grade level, which allows hookup of the ACIWA to fire truck pumps.
Figure 5.4-10 shows the connections from either the diesel-driven pump or the fire truck to RHR system loops B and C.
The connections to the diesel-driven pump (FPS) are adjacent to the RHR valve rooms. Opening valves FIOIB/C and
F1O2B/C allows water to flow from the FPS into the RHR piping. Periodic stroke testing of these valves is required by
Table 3.9-8 to ensure valve operability. The fire truck connections are located outside the reactor building at grade level,
on different faces of the building. Both connections to the RHR system are protected by a check valve (FIOOB/C and
FIO4B/C for the diesel-driven pump and the fire truck, respectively) to insure that RCS pressurization does not result in a
breach of the injection path. Detailed procedures for the operation of the ACI WA, including operation of the FPS valve in
the yard, are required to be developed by the COL applicant. See Section 19.9.7.

5.4.7.1.1.10 AC-Independent Water Addition (ACI WA) Mode

'lAC-independent water addition mode'(Altemnating Current independent) of the RHRJ
Syste r~povides a means for introducing water from the Fire Protection System (FPS) ectly
into the re to~r pressure vessel, or to the drywell spray header, or to the wetwell s y header
under degrade lant conditions when AC power is not available from either jsite or offsite
sources. The RHR tern provides the piping and valves which connec be FPS piping with
the RHR loop C pump harge piping. The manual valves in this ej permit adding water
from the FPS to the RHR Sy m if the RHR System is not opele. The primary means for
supplying water through this con tion is by use of the d• el-driven pump in the FPS. A
backup to this pump is provided by a c nection on h usd fterator building at grade
level, which allows hookup of the ACIW a ftruck PUMP.

Ftiiguey 5.-1thows elvthed connectionlels fro eisther the aeerveas pumsere the firves truckito the
RHRW System. Thforvseinnections tor thsdrivenl pupra ae incathed PrHlmnry valvelaroompnin
vnalves thOan doFserallos erul toaflo from2to1Rhi thes FP aitoea depipding. osperiodic stroke
testingoftesenvalveshilig n GSoeain h Oplcn is required b al .- to enuevleorbpt.Terfire truck
connecactionis loatn tsd the reIA topra biing atrgradues level Bohections1.97 t co theminat R

system aere circulted byathruhseckfi valve (F10indeF10 forlwn thre diesl-rien mpe anda therefire

trCkA restemy top isuer ta C rsuiation wilntbeur dfo esownot cresultain an sbrea uoeinjetionC
opeatho. taildpoedrtese forsthlaedodtos operation of the ACEAiCluin opraion ofvat the Feevalve

rAteW calcuations.nteAIAoeaigpoeue. e eto 997 fcnaiae
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5.4.7.1.1.10.4 Containment Performance Without AClWA

The ACIWA mode of the RHR System provides manual capability to prevent core damage
when all emergency core cooling systems are lost. If core damage occurs and heat removal is
not recovered, this system increases the time to COPS operation, provides cooling of the seals
of the movable penetrations, and provides cooling of the seals of the drywell air space. Without
ACIWA, the lower drywell would heat up after core damage and vessel failure until the passive
flooder system actuates. Flooder actuation will provide water to the debris in the lower drywell
in a similar manner as the ACI WA mode. However, the passive flooder does not add thermal
mass to the containment, nor does it have the capability of mitigating suppression pool bypass.

5. 12Design Basis for Isolation of RHR System from Reactor Coolant System

The low pressure portions of the RHR System are isolated from full reactor pressure whenever

the primary system pressure is above the RHR System design pressure (see Subsection 5.4.7.1.3
Operation of the AC-independent water addition mode is entirely manual. All of the valves which must be
opened or closed during fire water addition are located adjacent to or within the applicable ECCS valve room.
The connections to add water using fire truck pumps are located outside the reactor building at grade level on
[different faces of the building.,

Subsection 5.2.5.2.1 (12) and Table 5.4-6].

The RHR pumps are protected against damage from a closed discharge valve by means of

automatic minimum flow valves which open on low mainline flow and close on high mainline

flow.

5.4.7.1.3 Design Basis for Pressure Relief Capacity

The relief valves in the RHR System are sized on the basis of thermal relief and valve bypass

leakage only.

Redundant interlocks prevent opening valves to the low pressure suction piping when the
reactor pressure is above the shutdown range. These same interlocks initiate valve closure on

increasing reactor pressure.

Overpressure protection is achieved during system operation when the system is not isolated
from the reactor coolant pressure. The RI-R System is operational and not isolated from the
Reactor Coolant System only when the reactor is depressurized. Two modes of operation are

applicable: the flooder mode and the shutdown cooling mode. For the flooder mode, the
injection valve opens through interlocks only for reactor pressure less than approximately 3.45

MPaG. For the shutdown cooling mode, the suction valves can be opened through interlocks

only for reactor pressures less than approximately 0.93 MPaG. Once the system is operating in
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5.4.7.2.6 Manual Action

(1) Emergency Mode [Low pressure flooder (LPFL) mode]

Each ioop in the subsystem is initiated automatically by a low water level in the

reactor vessel or high pressure in the drywell. Each loop in the system can also be

placed in operation by means of a Manual Initiation pushbutton switch.

During the LPFL mode, water is initially pumped from the suppression pool and

diverted through the minimum flow lines until the injection valve in the discharge

line is signalled to open on low reactor pressure. As the injection valve opens on low

reactor pressure, flow to the RPV comes from the suppression pool, through the RHR

heat exchanger, and the injection valve. This creates a flow signal that closes the

minimum flow line.

The system remains in the operating mode until manually stopped by the operator.

(2) Test Mode

Full flow functional testing of the RHR System can be performed during normal
plant operation or during plan shutdown by manual operation of the RHR System

from the control room. For plant testing during normal plant operation, the pump is

started and the return line to the suppression pool is opened. A reverse sequence is

used to terminate this test. Upon receipt of an automatic initiation signal while in the
flow testing mode, the RHR System is returned to automatic control.

(3) Suppression Pool Cooling

The suppression cooling (SPC) mode of RHR can be initiated and stopped manually.

The SPC mode removes heat released into the suppression pool, as necessary,

following heat additions to the pool. During this mode of operation, water is pumped

from the suppression pool through the RHR heat exchangers, and back to the

suppression pool. This RHR SPC mode is also initiated automatically as described in

Subsection 5.4.7.1. 1.5.

(4) Wetwell and Drywell Spray Cooling

Two of the RHR loops provide containment spray cooling subsystems. Each

subsystem provides both wetwell and drywell spray cooling. This subsystem
provides steam condensation and primary containment atmospheric cooling
following a LOCA by pumping water from the suppression pool, through the heat

exchangers and into the wetweli and drywell spray spargers in the primary

containment. The drywell spray mode is initiated by manual operator action post-

LOCA in the presence of high drywell pressure. The wetwell spray mode is initiated
as required by manual operator action. If the wetwell spray is operated without
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drywell spray, it will be in conjunction with suppression pool cooling to achieve rated
flow through the RHR heat exchanger for containment cooling. The drywell spray
mode is terminated automatically following a LOCA signal as the injection valve
opens, and the wetwell spray is terminated automatically by a LOCA signal. Both
drywell and wetwell spray can be terminated manually by operator action with no
permissive interlocks to be satisfied.

(5) Shutdown Cooling

The Shutdown Cooling Subsystem is manually activated by the operator following
insertion of the control rods and normal blowdown to the main condenser. In this
mode, the RH-R System removes residual heat (decay and sensible) from the reactor
vessel water at a rate sufficient to cool it to 600 C within 24 hours after the control
rods are inserted. The subsystem can maintain or reduce this temperature further so
that the reactor can be refueled and serviced.

Reactor water is cooled by pumping it directly from the reactor shutdown cooling
nozzles, through the RHR heat exchangers, and back to the vessel (via feedwater on
loop A and via the LPFL Subsystem on the other two loops).

This system is initiated and shut down by manual operator action.

(6) Fuel Pool Cooling

Two of the RHR loops provide supplemental fuel pool cooling during normal
refueling activities and any time the fuel pool heat load exceeds the cooling capacity
of the fuel pool heat exchangers. For normal refueling activities where the reactor
well is flooded and the fuel pool gates are open, water is drawn from the reactor
shutdown suction lines, pumped through the RHR heat exchangers and discharged
through the reactor well distribution spargers. For 100% core removal, if necessary,
water is drawn from the Fuel Pool Cooling (FPC) System skimmer surge tanks,
pumped through the RHR heat exchangers and returned to the fuel pool via the FPC
System cooling lines. These operations are initiated and shut down by operator
action.

(7) Reactor Well and Equipment Pool Drain

The RHR System provides routing and connections for emptying the reactor well and
equipment pool to the suppression pool after servicing. Water is pumped or drained
by gravity through the FPC System return lines to the RHR shutdown suction lines
and then to the suppression pool.

(8) AC-Independent Water Addition
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lIi~ RHK ~ .s ~ro~JcJ ~;tI ~ M vaI~ hi..-h ~ RI 1K ic~p C
pump di~chargc piping to the Firc Prctzztizn Syztcrn (EPS) and tz a rcactcr building
c~tcmal firc truck pump hzzkup. Th~e cennections allow for addition of FPS "rater
tG thc rcactG~ przJ~urc vc~zl, zr thc drywcll spray hzadcr zr wctwzll spray hcadcr
during eventz when AC powzr iz unavailable frcm both cn~itc and off~itc ~zurcc~.
Opcrati&~ ~fthc RI IR Sy~tcm in thc AC indcpcndcnt wntcr additicn mcdc
(Alternating Current independent) iz entirely manual. All valvz~ rzguirzd to bc
opened or dozed for cperaticn are located within the zame locp C EGGS valve room
tU ~ ~ ~ d... casc Gf zjcratizn.

5.4.7/3' Performance Evaluation
RHR System performance depends on sizing its heat exchanger and pumping flow rate
characteristics with enough capacity to satisfy the most limiting events. The worst case transient

I,

/_JThe RHR System is provided with piping and valves which separately connect RHR loops B and C pump
discharge piping to the Fire Protection System (FPS) and to the reactor building external fire truck pump
hookups. These connections allow for addition of FPS water to the reactor pressure vessel, the drywell or
wetwell spray header, or the spent fuel pool during events when AC power is unavailable from both onsite
and offsite sources. Operation of the RHR System in the AC-independent water addition mode is entirely
manual. All valves required to be opened or closed for operation are located adjacent to or within the
respective loop ECCS valve room to provide ease of operation.

mue lntlnlte variety ot suchl curves thlat is posslole clue to: (,1) clean steam systems tmat may allOW
the main condenser to be used as the heat sink when nuclear steam pressure is insufficient to
maintain steam air ejector performance; (2) the condition of fouling of the exchangers; (3)
operator use of one or two cooling loops; (4) coolant water temperature; and (5) system flushing
time. Since the exchangers are designed for the fouled condition with relatively high service
water temperature, the units have excess capability to cool when first cut in at high vessel
temperature. Total flow and mix temperature must be controlled to avoid exceeding a
55 0C/hour cooldown rate. See Subsection 5.4.7.1.1.7 for minimum shutdown time to reach
1000C.

5.4.7.3.2 Worst Case Transient

Several limiting events were considered for RHR heat exchanger sizing. Those events were:

(1) Feedwater line break (FWLB)

(2) Main steamline break

(3) Inadvertent opening of a relief valve

(4) Normal shutdown

(5) Emergency shutdown

(6) ATWS
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Table 5.4-2 Design Parameters for RCIC System Components
(1) RCIC Pump Operation (CO01)

Flow rate

Water temperature range

NPSH

Developed head

Maximum pump

shaft power

Design pressure

(2) RCIC Turbine Operation (C002)

Injection flow - 182 m3/h

Cooling water flow - 4 to 6 m3 /h

Total pump discharge - 188 m3/h
(includes no margin for pump wear)

100 to 60°C, continuous duty 4000 to 121°C during beyond
4Q o77C hotdt design basis events (e.g.

7.3m minimum Extended Station Blackout)
900m at 8.22 MPaA reactor pressure

186 m at 1.14 MPaA reactor pressure

675 kW at 900m developed head
125 kW at 186m developed head

11.77 MPaG

High Pressure Condition
8.19 MPaA

Low Pressure Condition

1.14 MPaA

(3)

Reactor pressure
(saturated temperature)

Steam inlet pressure

Turbine exhaust

pressure

Design inlet pressure

Design exhaust pressure

RClC leakoff orifices
(D017, D018)

Flow element (FE007)

Flow at full meter
differential pressure

Normal temperature

System design
pressure/temperature

Maximum unrecoverable
loss at normal flow

Installed combined accuracy
(Flow element, Flow
transmitter and Flow
indicator)

8.12 MPaA, 1.03 MPaA,
minimum minimum

0.11 to 0.18 MPaA, 0.11 to 0.18 MPaA,
maximum maximum

8.62 MPaG at saturated temperature

8.62 MPaG at saturated temperature

Sized for 3.2 mm diameter minimum to 4.8 mm
diameter maximum

250 m3/h

10 to 770C

8.62 MPaG/302°C

0.031 MPa

±2.5% at normal flow and normal
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Table 5.4-2 Design Parameters for RCIC System Components (Continued)

Vacuum breaker check
valves (F054 & F055)

Steam inlet drain pot
system isolation
(F040 & F041)

Steam inlet trip bypass valve (F058)

Cooling loop shutoff valve (F012)

Pump test return valve (F009)

Steam supply bypass valve (F045)

Turbine exhaust check valve (F038)

Vacuum pump discharge
isolation valve (F047)

Vacuum pump discharge
check valve (F046)

Full flow and open with a minimum pressure drop (less
than 3.92 kPa across the valves)

These valves allow for drainage of the steam inlet drain
pot and must operate against a differential pressure of
8.12 kPa

This valve bypasses the trap 0008 and must operate
against a differential pressure of 8.12 kPa

This valve allows water to be passed through the
auxiliary equipment coolant loop and must operate
against a differential pressure of 9.65 MPa

This valve allows water to be returned to the
suppression pool during ROlC system test and must
operate against a differential pressure of 9.65 MPa

Open and/or close against full differential of 8.12 MPa
within 5 seconds

Capable of with standing impact loads due to "flapping"
during startup.

Open and/or close against 0.314 MPa differential
pressure at a temperature of 170°C.

Located at the highest point in the line.

(5) Instrumentation - For instruments and control definition, refer to Subsection 7.4.1.1.
(6) Condensate Storage Requirements

Total reserve storage for RClC and HPCF System is 570 in3.

(7) Piping RClC Water Temperature
The maximum water temperature ran i usystem operation shall not exceed
60°C; however, due to potential sho ttr'prtofat igher temperatures, piping
expansion calculations were based 121°( "C

(8) Turbine Exhaust Vertical Reactor F
The turbine exhaust sparger is capable of withstanding a vertical pressure unbalance of 0.137
MPa. This pressure unbalance is due to turbine steam discharge below the suppression pool
water level.

(9) Ambient Conditions
Normal plant operation

Relative Temperature
10 to 40°C

Humidity(%)
10 to 90

(10O)Suction Strainer Sizing
The suppression pool suction shall be sized so that:

(a) Pump NPSH requirements are satisfied when strainer is 50% plugged; and
particles over 2.4 mm diameter are restrained from passage into the pump and feedwater
sparger.
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ECCS -Operating
3.5.1

3.5 EMERGENCY CORE COOLING SYSTEMS (ECCS)

3.5.1 ECCS-Operating

LCO 3.5.1

APPLICABILITY:

Each ECCS subsystem and the Automatic Depressurization
System (ADS) function of eight safety/relief valves shall be
OPERABLE.

MODE 1,
MODES 2 and 3, except ADS valves and RCIC are not required

to be OPERABLE with reactor steam dome pressure
S0.343 MPaG for ADS and • 1.03 MPaG for RCIC.

ACTIONS ______________ ________

CONDITION REQUIRED ACTION COMPLETION TIME

A. One or two ECCS A.I Restore ECCS 14 days
subsystems inoperable subsystem(s) to
provided RCIC is OPERABLE status.
OPERABLE.

B. RCIC inoperable. 8.1.1 Verify the CTG is 7 days
functional by

OR verifying the CTG
starts and achieves

RCIC and any one other steady state voltage
ECCS subsystem and frequency within
inoperable. 2 minutes.

AND

8.1.2 Verify the CTG 7 days
circuit breakers are
capable of being AN
aligned to each of
the ESF buses. Once per 8 hours

OR B• or_•reafter

B.2 Verify the A7 days
mode of RHR
subsystem is
functional.

(continued)
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ACTIONS (continued)
CONDITION REQUIRED ACTION COMPLETION TIME

B. (continued) AND

B.3 Restore ECCS 14 days
subsystem(s) to
OPERABLE status.

C. RCIC and any other two
ECCS subsystems
inoperable provided at
least one HPCF
subsystem is OPERABLE.

C.1.1.1 Verify the CTG isfunctional by
verifying the CTG
starts and achieves
steady state voltage
and frequency within
2 minutes.

AND2

C.1.]1.2 Verify the CTG
circuit breakers are
capable of being
aligned to each of
the ESF buses.

72 hours

72 hours

AND

r 8 hours

172 hours

7 days

C.1.2

AND

C.2

Verify the AC

mode of RHRf)-•
subsystem is
functional.

Restore one ECCS
subsystem to
OPERABLE status.

0. Any three ECCS 0.1 Restore one ECCS 3 days
subsystems inoperable subsystem to
provided RCIC is OPERABLE status.
OPERABLE.

(continued)
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RHR Containment Spray3.6.2.4

3.6 CONTAINMENT SYSTEMS

3.6.2.4 Residual Heat Removal (RHR) Containment Spray

LCO 3.6.2.4

APPLICABILITY:

Two RHR containment spray subsystems shall be OPERABLE.

MODES I, 2, and 3.

ACTIONS

CONDITION
4

REQUIRED ACTION
.B or C

A.1 Verify t ]BACIWA mode
of RHR(- subsystem
is functional.

COMPLETION TIME

A. One RHR containmentspray subsystem
inoperable.

7 days

AND
A.2 Restore RHRcontainment spray

subsystem to OPERABLE
status.

14 days

B. Two RHR containment B.1 Restore one RHR 8 hours
spray subsystems containment spray
inoperable, subsystem to OPERABLE

status.

C. Required Action and C.1 Be in MODE 3. 12 hours
associated Completion
Times not met.AN

C.2 Be in MODE 4. 36 hours

ABWR TS 3.6-28 ABWRTS 36-28Design Control Document/Tier 2
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ECCS - OperatingB 3.5.1

B 3.5 EMERGENCY CORE COOLING SYSTEMS (ECCS)
B 3.5.1 ECCS-Operating

BASES

BACKGROUND The ECCS is designed, in conjunction with the primary andsecondary containment, to limit the release of radioactive
materials to the environment following a loss of coolant
accident (LOCA). The EUCS directs water to both inside and
outside the core shroud to cool the core during a LOCA. The
ECCS network is composed of the High Pressure Core Flooder
(HPCF) System, the Reactor Core Isolation Cooling (RCIC)
System, and the low pressure core flooder (LPFL) mode of the
Residual Heat Removal (RHR) System. The ECCS also consists
of the Automatic Depressurization System (ADS). The
suppression pool provides the required source of water for
the ECCS. Although no credit is taken in the safety
analyses for the condensate storage tank (CST), it is
capable of providing a source of water for both the RCIC
System and the two HPCF subsystems.

On receipt of an initiation signal, ECCS pumps automaticallystart; simultaneously the system aligns, and the pumps
inject water, taken either from the CST or suppression pool,
into the Reactor Coolant System (RCS) as RCS pressure is
overcome by the discharge pressure of the ECUS pumps.
Although the system is initiated, ADS action is delayed, to
allow time for confirmation of the initiating signal. The
discharge pressure of the HPCF pumps exceeds that of the
RCS, and the pumps inject coolant into the flooding sparger
above the core. Once the steam driven RCIC turbine has
accelerated, the RCIC pump discharge pressure exceeds that
of the RCS and injects coolant into the reactor pressure
vessel (RPV) via one of the feedwater lines. If the break
is small, RCIC or either of the HPCF pumps will maintain
coolant inventory, as well as vessel level, while the RCS is
still pressurized. If the RCIC and HPCFs fail, they are
backed up by ADS in combination with the LPFL. In this
event, the ADS timed sequence would be allowed to time out
and open the selected safety/relief valves (S/R~s),
depressurizing the RCS and allowing the LPFL to overcome RCS
pressure and inject coolant into the vessel. If the break
is large, RCS pressure drops rapidly, and the HPCF and LPFL
subsystems cool the core.

(continued)
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ECCS -OperatingB 3.5.1

BASES

BACKGROUND Water from the break returns to the suppression pool where
( Continued ) it is used again and again. Water In the suppression pooi

is circulated through a heat exchanger cooled by the Reactor
Butlding Cooling Water (RCW) System. The ECCS network is
effective in cooling the core regardless of the size or
location of the piping break.

Apart from its ECCS function the RCIC System is also
designed to operate either automatically or manually
following reactor pressure vessel (RPV) isolation
accompanied by a loss of coolant flow from the feedwater
system to provide adequate core coolting and control of RPV
water level. Under these conditions, the HPCF and RCJC
systems perform similar functions. The RCIC System design
requirements ensure that the criteria of Reference 11 are
satisfied.

All1ECCS subsystems are designed to ensure that no single
active component failure will prevent automatic initiation
and successful operation of the minimum required ECCS
subsystems.

The ECCS injection systems are arranged in three separate
divisions each comprised of a high pressure and low pressure
subsystem. ECCS Division 1 consists of the RCIC system and
LPFL-A. ECCS Division 2 consists of HPCF-B and LPFL-B.
ECCS Division 3 consists of HPCF-C and LPFL-C.

LPFL is an independent operating mode of the RHR System.
There are three LPFL subsystems. Each LPFL subsystem
(Ref. 2) consists of a motor driven pump, a heat exchanger,
piping, and valves to transfer water from the suppression
pool to the RPV. Each LPFL subsystem has its own suction
and discharge piping. Each LPFL subsystem takes suction
from the suppression pool. LPFL subsystems B and C have
dedicated discharge nozzles to the RPV that connect to
flooding spargers in the vessel annulus area outside the
core shroud. LPFL subsystem A discharges to one of the main
feedwater injection limes and thus also supplies coolant to
the vessel annulus area outside the core shroud via the
feedwater sparger. The LPFL subsystems are designed to
provide core cooling at low RPV pressure. Upon receipt of
an Initiation signal, each LPFL pump is automatically
started approximately 10 seconds after electrical power is
available. When the RPV pressure drops sufficiently, LPFL
flow to the RPV begins. RHR System valves in the LPFL flow

(continued)
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BASES

BACKGROUND path are automatically positioned to ensure the proper flow
( Continued ) path for water from the suppression pooi to inject into the

RPV. A discharge test line is provided to route water from
and to the suppression pooi to allow testing of each LPFL
pump without injecting water into the RPV.

The HPCF System is comprised of two separate subsystems.
Each HPCF subsystem (Ref. 1) consists of a single motor
driven pump, a flooder sparger above the core, and piping
and valves to transfer water from the suction source to the
sparger. Suction piping is provided from the CST and the
suppression pool. Pump suction is normally aligned to the
CST source to minimize injection of suppression pool water
into the RPV. However, if the UST water supply is low or
the suppression pool level is high, an automatic transfer to
the suppression pool water source ensures a water supply for
continuous operation of the HPCF System. The HPCF System is
designed to provide core cooling over a wide range of RPV
pressures, (0 to 8.12 I4PaD), vessel to the air space of the
compartment containing the water source for the pump
suction. Upon receipt of an initiation signal, the HPCF
pumps automatically start (when electrical power is
available) and valves in the flow path begin to open. Since
the HPCF System is designed to operate over the full range
of RPV pressures, HPCF flow begins as soon as the necessary
valves are open. A full flow test line is provided to route
water from and to the CST to allow testing of the HPCF
System during normal operation without injecting water into
the RPV.

The RCIC System (Ref. 1) consists of a steam driven turbine
pump unit, piping, and valves to provide steam to the
turbine, as well as piping and valves to transfer water from
the suction source to the core via the feedwater system
line. Suction piping is provided from the condensate
storage tank (CST) and the suppression pool. Pump suction
is normally aligned to the CST to minimize injection of
suppression pool water into the RPV. However, if the CST
water supply is low, or the suppression pool level is high,
an automatic transfer to the suppression pool water source
ensures a water supply for continuous operation of the RCIC
System. The steam supply to the turbine is piped from main
steam line B, upstream of the inboard main steam line
isolation valve.

(continued)
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BACKGROUND The RCIC System is designed to provide core cooling for a
( Continued ) wide range of reactor pressures, 1.03 MPaG to

AC Independent water Addition (ACI WA) mode of RHR (References 13
and 14). If RCIC is inoperable, water can be injected into the RPV either
by powering other ECCS subsystems from the CTG or by the Fire
Protection System (FPS) using one of the loops of the ACIWA mode of
RHR.

the station black out scenario, where al1 AC power from the
offsite AC circuits and from/Ithe standby diesel generators
are assumed to be lost, RC[q is designed to provide makeup
water to the RPV. Diverse~ iternatives to RCIC are provided
by the Combustion Turbine enerator (CTG) and the

The ECCS pumps are provided with minimum flow bypass l ines,
which discharge to the suppression pool. The valves in
these lines automatically open to prevent pump damage due to
overheating when other discharge line valves are closed or
RPV pressure Is greater than the LPFL pump discharge
pressures following system initiation. To ensure rapid
del ivery of water to the RPV and to minimize water hammer
effects, the ECCS discharge line "keep fill" systems are
designed to maintain all pump discharge lines filled with
water.

The ADS (Ref. 1) consists of 8 of the 18 S/R~s. It is
designed to provide depressurization of the primary system
during a small break LOCA if RCIC and HPCF fail or are
unable to maintain required water level in the RPV. ADS
operation reduces the RIPV pressure to within the operating
pressure range of the low pressure ECCS subsystems (LPFL),
so that these subsystems can provide core cooling. Each ADS
valve is supplied with pneumatic power from either its own
dedicated accumulator located in the drywell, or from the
atmospheric control system (ACS) directly when pneumatic
power from the accumulators is not needed. The ACS also
supplies the nitrogen (at pressure) necessary to assure the
ADS accumulators remain charged for use in emergency
actuation.

(cont inued)
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BASES

ACTIONS A.1, B.1.1. B.1.2, 8.2. and B.3

With one or two ECCS subsystem(s) inoperable provided RCIC
is OPERABLE (Condition A), the inoperable subsystem(s) must

eac ofth ESF buses E r une cr th~e ACoops of the AC-IndepeAditint ae
Ad ito(ACIWA) mode~ f RHR(C is verified to be finctionlI within 7 I

days. In these Conditions, the remaining OPERABLE
subsystems provide more than adequate core cooling during a
LOCA. However, overall ECCS reliability is reduced; and a
single failure impacting one or more of the remaining
OPERABLE subsystems concurrent with a LOCA would result in
degraded ECCS performance and reduced margins to 10 CFR
50.46 acceptance criteria. Nevertheless, even given the
worse case single failure concurrent with a LOCA initiated
from this Condition, there will always be at least one ECCS
subsystem available to inject water into the RPV. (For the
special case of an LPFL-A line break and failure of a diesel
generator, the CTG would be available to provide emergency
electrical power to the ECCS pumps.) Additional analyses of
limiting design basis scenarios demonstrate that in such
cases 10 CFR 50.46 acceptance criteria will still be met.
Furthermore, results of PRM sensitivity studies performed
(References g and 15) for Condition A show that this

:ompensate for RCIC's inoperability, if one of the loops of the
ACIWA mode of RHR is verified to be functional, the Fire
Protection System (FP8) can be used to inject water into the •
RPV during a station blackout with the RPV sufficiently
iepressurized. Loop B(C) of ACIWA is verified to be
functional by

each or tne Lbi Duses (.LLU •.B.1), otner LLLb suosystems can
be powered by the CTG durin(I a station blackout to
compensate for RCIC's inope bility. Alternatively, to

(continued)

ABWR TS B 3.5-8 ABWR S B .5-8Design control Document/Tier 2



25A5675AU Revision 5

ECCS - Operat ingB 3.5.1

BASES

ACTIONS A.I. B.I..I 0,.1., 8.2. and 8.3 (continued)
(Continued )

... ... k ... .. ,n -....lct cycic of .. . h... th.. .... .. u.......
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~afdwee-.'I
stroking one complete cycle of each of the two manual valves
n the FPS connection to the RHR Loop B(C) injection line, by
starting the FPS diesel-driven fire pump and verifying that the
-PS header pressure is maintained, and by stroking one
complete cycle of the RHR Loop B(C) injection valve using its
handwheel.

ECCS reliability.

C.1.1.1. C.1.1.2. C.1.2. C.2.D.1 and E.1

With RCIC and any other two ECCS subsystems inoperable,
provided at least one HPCF subsystem is OPERABLE, one ECCS
subsystem must be restored to OPERABLE status within 7 days.
With any three ECCS subsystems inoperable, provided RCIC is
OPERABLE, one ECCS subsystem must be restored to OPERABLE
status within 3 days. With all three high pressure ECCS
subsystems inoperable, at least one high pressure ECCS
subsystem must be restored to OPERABLE status within 12
hours. In these Conditions, the remaining OPERABLE
subsystems provide adequate core cooling during a LOCA, but
the single failure criterion capability for all combinations
of systems out of service is not satisfied. Therefore, the
Completion Times are limited to 7 days, 3 days and 12 hours,
respectively, depending on the combination of ECCS
subsystems that are inoperable. Additional analyses of
limiting design basis scenarios demonstrate that in such
cases 10 CFR 50.46 acceptance criteria will still be met
(Ref. 8). Furthermore, results of PRA sensitivity studies
performed (References 9 and 15) show that this situation is
acceptable from an overall plant risk perspective.

Additionally, for Condition C, where RCIC is inoperable,
either the CTG must be verified, within 72 hours, to be

(continued)
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ACTION(continued)
C.I.1.1. C.1.1.2. C.1.2. C.2. D.1 and E.I (continued)

functional and the circuit breakers are capable of being
gn to each o te ES uses, or, alternatiyely, te

A moeof RHR(C) subsystem must be verified to be/
fuci ihin 72 hours. If the CTG is verifie, dto be
fntoa caable of being aligned to eac the ESF
buses (LCO 3.8. l)other ECUS subsystems c e powered by
the CTG during a s~t ion blackout to c ensate for RCIC's
inoperability. If the WA mode j•'HR(C) subsystem Is
veiidt efncinl ePotection System (FPS)
can be used to inject wate h P uring a station
\'blacou wthth RV cinty ressurized. The ACIWA
is verifiedt ef inlb strok one complete cycle
ofec f h aul valves in the FF onnection to
RHR(C) tni •lon line, ysatng the FPS die- •3-driven
fir n vrfigthat the FPS header press is
malind an bysrkn on copeecceo th (C)

ACIWA is not available, the Completion Time for Condition Cis limited to 72 hours based on an overall risk perspective.

Since the ECCS availability is reduced relative to
Conditions A and B, a more restrictive Completion Time is
imposed. The 7 and 3 day Completion Times for Required
Actions C.2 and D.1 are based on the low probability of a
LOCA occurring during this period and the overall redundancy
provided by the ECCS and its continued ability to perform
the intended safety function while assuring a return towards
full.ECCS capability in .... a reasonable time so, ,_as ,,tonot

Lialigned to each of the ESF buses, or, alternatively, one of the loops ofACIWA mode of RHR must be verified to be functional within 72 hours.
If the CTG is verified to be functional and capable of being aligned to
each of the ESF buses (LCO 3.8.1), other ECCS subsystems can be
powered by the CTG during a station blackout to compensate for RCIC's
inoperability. If one of the loops of ACIWA mode of RHR is verified to
be functional, the Fire Protection System (FPS) can be used to inject
water into the RPV during a station blackout with the RPV sufficiently
depressurized. Loop B(C) of ACIWA is verified to be functional by
stroking one complete cycle of each of the two manual valves in the
FPS connection to the RHR Loop B(C) injection line, by starting the FPS
diesel-driven fire pump, and verifying that the FPS header pressure is
maintained, and by stroking one complete cycle of the RHR Loop B(C)
injection valve using its handwheel. If the CTG or
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B 3.6 CONTAINMENT SYSTEMS

B 3.6.2.4 Residual Heat Removal (RHR) Containment Spray

BASES

BACKGROUND The primary containment is designed with a suppression poolso that, in the event of a loss of coolant accident (LOCA)
or a rapid depressurization of the reactor pressure vessel
(RPV) through the safety/relief valves, steam released from
the primary system is channeled through the suppression pool
water and condensed without producing significant
pressurization of the primary containment. The primary
containment is designed so that with the pool initially at
the minimum water volume and the worst single failure of the
primary containment heat removal systems, suppression pool
energy absorption combined with subsequent operator
controlled pool cooling will prevent the primary containment
pressure from exceeding Its design value. However, the
primary containment must also withstand a postulated bypass
leakage pathway that allows the passage of steam from the
drywe11 directly into the wetwe11 airspace, bypassing the
suppression poo1 . Some means must be provided to condense
steam from the wetwell so that the pressure inside primary
containment remain within the design limit. This function
is provided by two redundant RIHR containment spray
subsystems (only RHR subsystems B and C operate in this
mode. The purpose of this ICO is to ensure that both
subsystems are OPERABLE in applicable MODES.

Each of the two RHR containment spray subsystems contains apump and a heat exchanger, which are manually initiated and
independently controlled. The two subsystems perform the
containment spray function by circulating water from the
suppression pool through the RHR heat exchangers and

returin t~o the comuon wetwe11 spray sparger and the
co an r~wC•tT-parger. In addition, the ACIWA mode
of PfR•)4R•-)-eeef4mpiovides a backup drywel1 or wetwell
spr a wetwe11 sparger only accommodates a
small portion of the total RHR pump flow; the remainder of
the flow is routed to the drywe11 spray sparger. Reactor
Building Cooling Water (RCW) circulating through the shell
side of the heat exchangers, exchanges heat with the
suppression pool water and discharges this heat to the
external heat sink via the reactor service water (RSW)
system. Either RHR wetwe11 spray subsystem is sufficient to

(continued)
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BASES (continued)

APPLICABILITY
(continued) these MODES. Therefore, maintaining the RHR containmentspray subsystems OPERABLE is not required in NODE 4 or 5.

ACTIONIS k.l

With one RiIR containment spray subsystem inoperable, the
ACI kA w.ieA ;f i Uif() uln I th;A F ire rrA J-.....1 .-- te ...... 1

The functionality of ACIWA ~equlred here is not as
restrictive as that requi r• for LCO 3.5.1 Required Action
B.2 where the concern is s tation blackout.

If the ACIWA Is verified t4 be functional, it compensates

ACIWA mode of RHR B or C using the Fire Protection System (FPS)
can be used to inject water into the drywell or wetwell spray spargers.
Loop B(C) of ACIWA is verified to be functional by stroking one
complete cycle of each of the two manual valves in the FPS connection
to the RHR Loop B(C) injection line, by verifying that the FPS header
pressure is maintained, and by stroking one complete cycle of the RHR
Loop B(C) injection valve.

verified to be functional, a Completion Time of 14 days is
chosen in light of the redundant containment spray
capabilities afforded by the OPERABLE subsystem and ACIWA,
and the low probability of a small break In the reactor
coolant boundary occurring during this period.

B.]

With both RHR containment spray subsystems inoperable, at
least one subsystem nust be restored to OPERABLE status
within 8 hours. In this Condition, there is a substantial
loss of the primary containment bypass leakage mitigation
function. The 8 hour Completion Time is based on this loss
of function and is considered acceptable due to the low

(continued)

ABWR TS B 3.6-58 ABWR S B 36-58Design Control Oocument/Tier 2



25A5675AX Revision 5

AB WR Design Control Document/Tier 2

As an example, the first 20 cutsets contribute approximately three quarters of the total core
damage frequency. Two-thirds of this amount is due to station blackout events, all of which

involve failure or unavailability of the Reactor Core Isolation Cooling (RC1C) system. In
addition, eight of the twenty basic events of greatest Fussell-Vesely importance belong to
RCIC. If the RCIC were not present in the design, the calculated CDF would be approximately

one decade higher. These observations highlight RCIC and its capability to operate without AC

power for several hours as important features of the ABWR. They also identify the importance
of station battery capability to provide RCIC control power for several hours.

As an additional example, failure of the combustion turbine generator (CTG) is included in each

of the station blackout failure sequences and cutsets. It is also among the top twenty in Fussell-

Vesely importance. These insights identify the diverse source of emergency power provided by

the CTG as an important feature of the ABWR design.

Other systems and features which provide diversity in addition to fulfilling redundant functions
were identified and their importance assessed. Following these evaluations important ABWR

features and capabilities were identified.

19.8.1.3 Features Selected

The specific capabilities and features identified as being important to safety are listed in

Table 19.8-1. The basis for the selection of each feature or capability is also provided in the

table.

RCIC
In the unlikely event that offsite AC power is lost and the three Emergency Diesel Generators

and the CTG are not available, the RCIC system can provide core cooling from a diverse power

source (reactor steam) for an extended amount of time. RCIC operation for an extended period

of time requires that makeup water supply be switched from the CST to the suppression pool.

In addition, the station battery capability must be adequate to provide RCIC control and motive

power for approximately eight hours. The capability of the RCIC to provide core cooling from

a power source diverse from AC provides approximately decade reduction in the calculation of

the estimated CDF. Sensitivity studies have shown that RCIC operation for two hours provides

most of the benefit.

Combustion Turbine Generator
In the unlikely event that offsite AC power is lost and all three EDGs are unavailable, the CTG

provides a diverse source of AC power. It is connectable to any of the three safety divisions and

is capable of powering one complete set of normal safe shutdown loads. No plant support
systems are needed to start or run the CTG. The CTG starts automatically (this feature is not
"important" in the context of this analysis) and safety-grade loads are to be added manually.
Although the probability of losing offsite power and all three EDGs at the same time is very
small, the consequences of such an event is potentially very significant. The capability to

19.8-3 198-3Important Features Identified by the ABWR PRA
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provide AC power from a diverse source substantially reduces the risk of a loss of offsite power
resulting in a station blackout.

High Pressure Core Flooder (HPCF) Logic and Control

The operation of the HPCF is controlled by the digital safety system logic and control (SSLC)
system. As identified in SECY 93-087, the common cause failure of digital instrumentation and

flood and severe weather events. The ACIWA diesel fuel storage tank will have sufficient storage

capacity to support 72 hours of operation.
operation through an independent and diverse "hard wired" circuit. Although the probability of
a common cause failure of the SSLC is very low, an independent and diverse means of HPCF
operation further reduces the risk associated with system operation through the multiplexed
digital SSLC.

AC-Independent Water Addition (ACI WA) System
The ACIWA provides diverse capability to provide water to the reactor in the event that AC
power or the ABWR engineered safety systems are not available. The system has a diesel driven
pump with an independent water supply and all needed valves can be accessed and operated
manually. In addition, support systems normally required for emergency core cooling systems
are not required for ACIWA operation. Even though the ACIWA is not a first line prevention
ormitigation system with respect to core damage, it is important in preventing and mitigating

~vere accidents in the unlikely event all other systems are unavailable.

Reactor Building Cooling Water (RCW) I Reactor Service Water (RSW)
The RCW system and the RSW system are each designed with two parallel loops in each
division. Each loop (i.e., 50% of the capacity of each division) is capable of removing all of the
component heat loads associated with operation of the ECCS pumps. Together, the two loops
in each division are capable of removing heat from the suppression pool through the RHR heat
exchangers during LOCA. The parallel loops of RSW and RCW within each division

substantially reduce the calculated CDF.

Prevention of Intersystem LOCA
In SECY 90-0 16 and 93-087 it has been recommended that designers should reduce the
possibility of a loss of coolant accident outside containment by designing (to the extent
practical) all systems and subsystems connected to the Reactor Coolant System (RCS) to
withstand full RCS pressure. All piping systems, major systems components (pumps and
valves), and subsystems connected to the reactor coolant pressure boundary (RCPB) which
extend outside the primary containment boundary are designed to the extent practicable to an
ultimate rupture strength (URS) at least equal to full RCPB pressure. The design provisions
provided reduce the possibility of an intersystem loss of coolant accident (ISLOCA) and
consequently the probability of a loss of coolant accident outside the containment being an
initiating event that could lead to core damage.

Important Features Identified by the ABWR PRA 1.-19.8-4
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seismic event. Therefore, all of the seismic analyses assume that only emergency AC power and
DC power are potentially available.

19.8.2.2 Logical Process Used to Select Important Design Features

The seismic margins analysis did not include the calculation of minimal cutsets which

contribute to CDF. Therefore, there was no calculation of importance parameters such as
Fussell-Vesely or Risk Achievement. Since importance parameters were not available, two

alternate bases were used to select the important features. The first basis used was the
identification of the functions and equipment whose failure would result in the shortest path to

core damage in terms of the number of failures required and the relative seismic capacities of

the components involved. The second basis used was the identification of the most sensitive

functions and equipment in terms of the effect on accident sequence and accident class HCLPFs

due to potential variations of component seismic capacities. Using these two bases, the seismic

margins analysis was systematically reviewed to identify the "important" features.

19.8.2.3 Features Selected

Table 19.8-2 lists the features selected and the rationale for selection. These features met the
criteria of either the shortest path to core damage or the most sensitive components.

Shortest Paths to Core Damage
It is assumed that the failure of any Category I structure leads directly to core damage. The
structures with lowest HCLPFs are the containment and the reactor building. It is important that

I-CLPFs for Category l structures not be compromised by future modifications or additions

that could affect safety equipment.

Seismic failure of DC power also is assumed to lead directly to core damage. Without DC

power, all instrument and equipment control power is lost and the reactor cannot be controlled
or depressurized. In the seismic margins analysis it is assumed that this results in a high pressure

core melt. The limiting components for DC power are the batteries and the cable trays.

It is possible that a large seismic event could impair the ability to scram due to deformation of

the channels that enclose each fuel bundle. In the event that the scram function is impaired, the

only means of reactivity control would be the Standby Liquid Control (SLC) System. Seismic

failure of the SLC system to insert borated solution into the reactor is controlled by the seismic

capacity of the SLC pump and the SLC system boron solution tank.

Emergency AC power and plant service water were both treated as having the same effects in
the seismic margins analysis. Failure of either system would require only one additional failure

to result in core damage. The limiting components for seismic failure of emergency AC power
are the diesel generators, transformers, motor control centers, and circuit breakers. The limiting

components for seismic failure of plant service water are the service water pumps, room air

conditioners, and the service water pump house.

Important Features Identified by the ABWR PRA 1.-19.8-8
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Most Sensitive Components
The HCLPFs of the accident sequences with the lowest HCLPFs could be increased by
increasing the individual HCLPFs of the AICWA pumps, the fuel channels, or the RHR heat
exchangers. The HCLPFs of the appropriate accident sequences would be increased by an
amount equal to the increase in the HCLPF of any of these components.

The only single item that could, by itself, decrease the HCLPF of any accident sequence below
the acceptance criteria is a Category [ structure having a HCLPF below 1.67 times SSE. This
would also decrease the HCLPF of accident class IE; ATWS with high pressure melt due to loss
of inventory.

The only system that could, by itself, result in lowering an accident sequence HCLPF below the
acceptance criteria is DC power. DC power has two components that could fail the sequence--
the batteries and the cable trays.

operto AreW cno prequirde tose funjction, efeor ACAoprtinyT CwAl spay, oJ spethfel

poo~l makeupicn the er~ve'l pn i h nt all AC p cwewizuav i aable. z ltog hesse

sythem a diesel driven pump frmstring and rning.eTenfien wteruckuproviade al backup toatheseca

In.. adito to•:.. ... I t the abveieniieeaues t wasl judgede important. :,thAlthog the seimitwemow

notsaed in oubsetion an9. bxercndl uctigsed ) tohsek simcvlneapsfebuilditiesldno.pevn

183Imotant Fie eaturiesum from FiaretAngalysesg.Tefr tukpoidsabcupths

19.8.3.1 Summary of Analysis Results

An ABWR fire risk screening analysis based on the EPRI Fire Induced Vulnerability
Evaluation (FIVE) methodology was performed to assess vulnerability to fires within the plant.
Each scenario evaluated was calculated to have an acceptably low core damage frequency.

19.8.3.2 Logical Process Used to Select Important Design Features

The screening criterion for EPRI's FIVE methodology provided the primary basis for
systematically evaluating important design features. The FIVE methodology provides
procedures for identifying fire compartments for evaluation purposes, defining fire ignition
frequencies, and performing quantitative screening analyses. The criterion for screening

19.8-9 lg.8-gImportant Features Identified by the ABWR PRA
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Table 19.8-2 Important Features from Seismic Analyses

Feature Basis

Seismic design of the containment (2.14.1) and
reactor building (2.15. 10) and assurance that future
modifications or additions to internal structures
meet the requirements of Subsection 3.8 if they are
made in the vicinity of safety equipment.

Seismic qualification of the station batteries and
cable trays (2.12.12).

Seismic qualification of the emergency AC power
system diesel generators (2.12.13), 480V
transformers (2.12.1), circuit breakers (2.12.1,
2.12.12, and motor control centers (2.12.1,
2.12.12).

Seismic qualification of the plant service water
system service water pumps, room air conditioners,
and pump house (2.11.3).

Failure of seismic Category I structures could lead
directly to core damage because of possible
damage to ESF equipment. The Containment and
the Reactor Building are the seismic Category I
structures with the lowest HCLPFs.

DC power is required for all safety-related
instrument and equipment control functions. Failure
of the DC power system could lead directly to core
damage.

In a severe seismic event, it is likely that offsite AC
power will be lost and emergency AC power will be
the only source of AC power. The components in
the emergency AC power system with the lowest
HCPLFs are the diesel generators, 480V
transformers, circuit breakers, and motor control
centers.

In a severe seismic event, it is likely that offsite AC
power will be lost and emergency AC power will be
the only source of AC power. The plant service
water system is required for diesel generator
cooling and other cooling functions. The

IACIWA can provide vessel injection, •r
Iwetwell or drywell spray, or spent fuel pooli

Seismic qualification of SLC system boron solut makeup using equipment that does not
tank and SLC pumps (2.2.4) Irequire AC power.

deformation of the fuel channels and the SLC/system may be the only means of reactivity con ol.
The most sensitive components in the SLC sy/ tem
are ..... ....the boron solution tank and the SLC pu ps.

Seismic qualification of the ACIWA system
including the pumps, valves, and water supply
([2.15.6 (SSE only)]. The collapse of the AClWA
building (shed) should not prevent the pumps from
starting and running [2.15.6 (SSE only)]. All needed
valves for system operation can be accessed and
operated manually (2.15.6, 2.4.1).

Seismic qualification of the RHR heat exchangers
(2.4.1 ). See also Subsection 19K.5.

ACIV'L'\ ~on provido oithor vocccl inIccticn~ro

-A-owi. In addition, support systems normally
required for ECCS operation are not required for
ACIWA operation. ACIWA is an important system in
preventing and mitigating severe accidents.

Seismic failure of RHR heat exchangers could
partially drain the suppression pool and flood the
RHR rooms. RHR is needed for decay heat removal
and water in the suppression pool would provide
fission product scrubbing in the event of core
damage.
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~~Table 19.8-7 Key Severe Accident Parameters (Continued) 3
SParameter Description Value Relates to What Feature? Cross Reference

SLower Drywell Flooder

Elevation -10.5 m Lower Drywell Flooder
o')

S Area per valve 0.0081 m2  Lower Drywell Flooder

Plug Melting Temperature 533 K Lower Drywell Flooder

'• Suppression Pool Mass 3.6 x 106 kg Containment Performance ITAAC 2.14.1
(bl
z= COPS

S Equivalent Flow Diameter of Disk 0.2 m (8 in.) COPS

Diameter of Piping 0.25 m (10 in.) COPS

Setpoint 0.72 MPa COPS ITAA•C 2.14.6

Tolerance at nom. temp. 5% COPS ITAAC 2.14.6

Effect of temp. on setpoint 2% per 55.6°'C COPS -'.

Firewater Addition System Vesl ewe, rwll n F

Injection Locations ''l uiDyv AClWA ITAAC 2.4.1, 2.15.6 •

Maximum Flow Rate . sACIWA U'

Minimum Flow rate at COPS Setpoint 0.04 m3/s AClWA

Oxygen Concentration <3.5% By Volume Containment Inerting Technical
Specification LCO

3.6.3.2

ob

on
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(c) Service building,

(d) Pump house at the ultimate heat sink,

(e) Diesel generator fuel oil transfer pits, and

(f) Radwaste building.

(3) Close and dog all external water tight doors in the reactor and control buildings.

(4) Shut the plant down.

(5) Use power from the diesel generators or CTG if offsite power is lost.

Underground passages between buildings would not be affected because they are required to be
watertight.

19.9.4 Confirmation of Seismic Capacities Beyond the Plant Design Bases

The seismic analysis assumed seismic capacities for some equipment for which information
was not available. It is expected that these capacities can be achieved, but determination of
actual seismic capacities must be deferred to the COL applicant when sufficient design detail
is available. The actions specified in Subsection 19H.5 will be taken by the COL applicant.

19.9.5 Plant Walkdowns

The COL applicant shall develop procedures for the plant walkdown to seek seismic
vulnerabilities which will be conducted by the COL applicant as outlined in Subsection
19H.5.1.

Similar walkdowns will be conducted by the COL applicant for internal fire and flooding
events.

19.9.6 Confirmation of Loss of AC Power Event

The COL applicant will confirm the frequency estimate for the loss of AC power event
(Subsection 19D.3.1.2.4). This review will address site-specific parameters (as indicated in the
staff's licensing review basis document) such as specific causes (e.g., a severe storm) of the loss
of power, and their impact on a timely recovery of AC power.

19.9.7 Procedures and Training for Use of AC-Independent Water Addition
System

Specific, detailed procedures will be developed by the COL applicant for use of the
AC-independent Water Addition System • the fire truck) to provide vessel
injection, wetwell spray, drywell spray, ar• c:o•1•o makeup water, if necessary.
Training will be included in the COL appl~h4 et-•re," ing program.

19.9-3 19.9-3COL License Information
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roeure to be developed by the applicant will address oeain o h CW for/vessl in tionor drywell spray operation. Operation of theACW Sytmith se

injection mode- ursvavs"05 OIadF10 ob opened and valve F 9to be closed.
Ratrdepressuriza oblwAIASse operating pressure i aquired prior to
ACW prto nthe ye-Iinecio mode. Operation of the WA in the drywell spray
moerqie avs F017•,FI,01,, and FI02 to be o e~d and valve F592 to be closed.
These valves are shown on Figure 54 .hedee epm wilsatuoaiclywhen

the ACT WA is properly aligned for vseine nodrelspa.If the normal firewater
system water supply is unavailable, the mtew upply can be made available b y
opening the manual valve bewe ediesel driven fire pu nd the alternate water supply.

This valve is shown in Fi 54 If it is necessary to use a fire c for vessel injection or
drywell spray, valve d'3 must be opened in addition to operation oft ahlves discussed
above for AC!,W' operation. The valve for operation of the ACIWA using the tuck is also
shown igure 5.4-10. All of the valves required for ACIWA operation are manua~y,

19.9.i

/
-I,

IIf it is necessary to operate the ACIWA, radiation levels may be elevated in the rooms where

the valves required for ACIWA operation are located. The applicant will make dose rate
calculations for the specific configuration being constructed. These calculation will include the
specific piping layout, shielding considerations, the potential for systems within the room to
have recently been operated and thus contain radioactive coolant, and any other factors that
significantly affect the dose rates. These dose rate calculations will be considered in the
development of the specific plant procedures for ACIWA operation.

Actions to Avoid Common-Cause Failures in the Essential Multiplexing
System (EMUX) and Other Common-Cause Failures

The procedures to be developed by the applicant will address operation of the ACIWA for vessel
injection, drywell or wetwell spray operation, and spent fuel pool makeup. Operation of the
ACIWA System in the vessel injection mode requires valves F005B/C, F101B/C, and F102B/C to be
opened and valve F592B/C to be closed. Reactor depressurization to below ACIWA System
operating pressure is required prior to ACIWA operation in the vessel injection mode. Operation
of the ACIWA in the drywell spray mode requires valves F017B/C, F018B/C, F101B/C, and F102B/
C to be opened and valve F592B/C to be closed. Operation of the ACIWA in the wetwell spray
mode requires valves F019B/C, F101B/C, and F102B/C to be opened and valve F592B/C to be
closed. Operation of the ACIWA in the spent fuel pool makeup mode requires valves F014B/C,
F015B/C, F101B/C, and F102B/C to be opened and valve F592B/C to be closed. These valves are
shown on Figure 5.4-10. The diesel fire pump will start automatically when the ACIWA is
properly aligned. If the normal firewater system water supply is unavailable, the alternate water
supply can be made available by opening the manual valve between the diesel driven fire pump
and the alternate water supply. This valve is shown in Figure 9.5-4. If it is necessary to use a fire
truck, valve F103B/C must be opened in addition to operation of the valves discussed above for
ACIWA operation. The valve for operation of the ACIWA using the fire truck is also shown on
Figure 5.4-10. All of the valves required for ACIWA operation are manually operable.

COL License Information 1.-19.9-4
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2.12.1 Electrical Power Distribution System

Design Description

The AC Electrical Power Distribution (EPD) System consists of the transmission network
(TN), the plant switching stations, the Main Power Transformer (MPT), the Unit Auxiliary
Transformers (UAT), the Reserve Auxiliary Transformer(s) (RAT(s)), the plant main generator
(PMG) output circuit breaker, the medium voltage metal-clad (MIC) switchgear, the low
voltage power center (P/C) switchgear, and the motor control centers (MCCs). The distribution
system also includes the power, instrumentation and control cables and bus ducts to the
distribution system loads, and the protection equipment provided to protect the distribution
system equipment. The EPD System within the scope of the Certified Design starts at the low
voltage terminals of the MPT and the low voltage terminals of the RAT(s) and ends at the
distribution system loads. Interface requirements for the TN, plant switching stations, MPT,
and RAT(s) are specified below.

The plant EPD System can be supplied power from multiple power sources; these are
independent transmission lines from the TN, the PMG, and the combustion turbine generator
(CTG). In addition, the EPD System can be supplied from three onsite Class 1 E Standby Power
Sources (Emergency Diesel Generators (DGs)). The Class lE portion of the EPD System is
shown in Figure 2.12.1.

During plant power operation, the PMG supplies power through the PMG output circuit breaker
through the MPT to the TN, and to the UATs. When the PMG output circuit breaker is open,
power is backfed from the TN through the MPT to the UATs.

The UATs can supply power to the non-Class I E load groups of medium voltage M/C power
generation (PG) and plant investment protection (PIP) switchgear, and to the three Class I E
divisions (Division I, II, and III) of medium voltage M/C switchgear.

The RAT(s) can supply power to the non-Class I1E load groups of medium voltage M/C PG and
PIP switchgear, and to the three Class lIE divisions (Division I, II, and Ill) of medium voltage
M/C switchgear.

Non-Class I1E load groups of medium voltage M/C switchgear are supplied power from a UAT
with an alternate power supply from a RAT. In addition, the non-Class I E medium voltage M/C
switchgear can be supplied power from the CTG.

Class I E medium voltage M/C switchgear are supplied power directly (not through any bus
supplying non-Class IE loads) from at least a UAT or a RAT. Class IE medium voltage M/C
switchgear can also be supplied power from their own dedicated Class I E DG or from the non-

Class 1E CTG.

The UATs are sized to supply their load requirements, during design operating modes, of their
respective Class 1 E divisions and non-Class I E load groups. UATs are separated from the

Electrical Power Distribution System 21.-2.12.1-1
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RAT(s). In addition, UATs are provided with their own oil pit, drain, fire deluge system,

grounding, and lightning protection system.

The PMG, its output circuit breaker, and UAT power feeders are separated from the RAT(s)

power feeders. The PMG, its output circuit breaker, and UAT instrumentation and control
circuits, are separated from the RAT(s) instrumentation and control circuits.

The MPT and its switching station instrumentation and control circuits, from the switchyard(s)
to the main control room (MCR), are separated from the RAT(s) and its switching station
instrumentation and control circuits.

The medium voltage M/C switchgear and low voltage P/C switchgear, with their respective

transformers, and the low voltage MCCs are sized to supply their load requirements. M/C and

P/C switchgear, with their respective transformers, and MCCs are rated to withstand fault
currents for the time required to clear the fault from the power source. The PMG output circuit

breaker, and power feeder and load circuit breakers for the M/C and P/C switchgear, and MCCs

are sized to supply their load requirements and are rated to interrupt fault currents.

Class 1 E equipment is protected from degraded voltage conditions.

EPD System interrupting devices (circuit breakers and fuses) are coordinated so that the circuit
interrupter closest to the fault opens before other devices.

Instrumentation and control power for the Class 1 E divisional medium voltage M/C switchgear

and low voltage P/C switchgear is supplied from the Class 1 E DC power system in the same

division.

The PMG output circuit breaker is equipped with redundant trip devices which are supplied

from separate, non-Class l E DC power systems.

EPD System cables and bus ducts are sized to supply their load requirements and are rated to

withstand fault currents for the time required to clear the fault from its power source.

For the EPD System, Class I E power is supplied by three independent Class 1 E divisions.

Independence is maintained between Class 1 E divisions, and also between Class I E divisions

and non-Class 1 E equipment.

The only non-Class I E loads connected to the Class 1 E EPD System are the Fine Motion
Control Rod Drives (FMCRDs) and the associated AC standby lighting system.

Ther are no automatic connections between Class 1 E divisions.

Class I E medium voltage M/C switchgear and low voltage P/C switchgear and MCCs are
identified according to their Class I E division. Class l E M/C and P/C switchgear and MCCs

External (to Reactor Building) connections are provided to all three lE Reactor Building 480 VAC Power
Centers for portable FLEX diesel generators. The connectors are isolated from the Power Centers by

2.12.1-2 normally open lE breakers.
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Non-Class 1E loads being supplied from a Class ]E bus exists only in Division I, as described

above for the FMCRDs. Except for associated AC standby and associated DC emergency
lighting circuits, non-Class 1E loads are not permitted on Divisions II or 1II. This prevents any
possibility of interconnection between Class I E divisions.

5.3.1.1.2 Low Voltage Class 1E Power Distribution System

8.3.1.1.2.1 Power Centers

Power for 480V auxiliaries is supplied from power centers consisting of 6.9 kV/480V

transformers and associated metal clad switchgear (see Figure 8.3-1). There are two power

centers in each Class 1 E division.

Class I E 480V power centers supplying Class 1 E loads are arranged as independent radial

systems, with each 480V bus fed by its own power transformer. Each 480V Class I E bus in a
division is physically and electrically independent of the other 480V buses in other divisions

and non-Class 1 E load groups.

he 48Vpower centers are szdto supply motor cnrlcenters admotor lasgreater ta

p00 kW, and up to and including 300 kW. Switchgear for the 480V power centers is of indoor,

/metal-enclosed type with draw-out circuit breakers which will interrupt maximum fault

/currents. Control power is from the Class IE 125 VDC power system of the same Class IE
division.

Power centers are located in their respective divisional equipment areas.

8.3.1 1.2.2 Motor Control Centers

/ The Class l E 480V MCCs are sized to supply motors 100 kW or smaller, control power

Tlo deal wi/ -th an Extendled Loss" of A•C P'o'we'r (ELAiP'), exter'na I('to thle ReactorBuil'ding) connections to

each lE RB divisional power center for portable FLEX 480 VAC diesel generators (DG) are installed,
normally isolated from the lE 480 VAC divisional Power Centers by open lE breakers. The Reactor and
Control Building 480 VAC buses can be re-energized via FLEX DGs, powering the lE battery chargers, DC
buses, and vital buses through UPS. The 480 VAC bus feeder breaker from the 6.9 KV to 480 V
transformer and all load breakers on the Power Center will be opened to isolate the bus. The FLEX DG is
connected, started, then the bus feeder from the DG is closed, energizing the 480 VAC power center.
Power center load breakers are then closed one by one to energize loads (MCCs and discrete loads).

protection for fault currents in the penetration in the event of circuit breaker over-current fault

protection failure.

8.3.1.1.3 1201240V Distribution System

Individual transformers and distribution panels are located in the vicinity of the loads requiring
Class 1 E 1 20/240V power. This power is used for emergency lighting, and other 1 20V Class

1E loads.

8.3-10 8.3-10Onsite Power Systems
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