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NRC RAI 7.1-131

Ensure that the events and accidents evaluated in the D3 analysis is consistent with
DCD Tier 2 Chapter 15

NEDO-33251 is now inconsistent with DCD. Tier Revision 5 Chapter 15. DCD Tier 2
Revision 4, Chapter 15 and NEDO-33251, Appendices A and B, identify that there are
no reactor and power distribution anomalies. However, DCD Tier 2, Revision 5, Chapter
15 identifies two reactor and power distribution anomalies, "Control Rod Withdrawal
Error During Startup," and "Control Rod Withdrawal Error During Power Operation."
Revise NEDO-33251 to ensure that the events and accidents evaluated in the diversity
and defense-in-depth (D3) analysis is consistent with DCD Tier 2 Chapter 15.

GEH Response

GEH concurs that the evaluation of design basis events (including accidents)
documented in Appendices A (ESBWR Instrumentation & Control Defense-in-Depth and
Diversity (D3) Evaluation of Chapter 15 Events Assuming Common Mode Failure of a
Digital Protection System) and B (Summary Table of DCD Chapter 15 Events Evaluated
for D3) of Licensing Topical Report (LTR) NEDO-33251, ESBWR I&C Diversity and
Defense-In-Depth Report, Revision 1, is inconsistent with the update of the Safety
Analyses incorporated into Revision 5 of DCD Tier 2, Chapter 15. GEH will update the
evaluation of chapter 15 events as part of Revision 2 to NEDO-33251. The updated
evaluation addresses the changes to the Safety Analyses documented in Revision 5 of
DCD Tier 2, including evaluations of the "Control Rod Withdrawal Error During Startup"
and "Control Rod Withdrawal Error During Power Operation" events.

In Revision 2 of NEDO-33251, GEH intends to delete Appendix B, since this appendix is
redundant to Appendix A and does not provide additional value.

DCD/LTR Impact

The evaluation of DCD Tier 2 Chapter 15 events documented in Appendix A of GEH
Licensing Topical Report NEDO-33251 will be updated as part of Revision 2, per the
attached.

DCD Tier 2, Chapters 1 and 7, will be updated in Revision 6 to reflect the revision to
NEDO-33251 per the attached.
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Table 1.6-1

Referenced GE / GEH Reports

Report No. Title Section No.

NEDC-33238P Global Nuclear Fuel, "GEl 4 Pressure Drop 4.4
Characteristics", NEDC-33238P, Class III

NEDO-33238 (Proprietary), and NEDO-33238, Class I (Non-
proprietary), December 2005.

NEDC-33239P Global Nuclear Fuel, "GEI 4 for ESBWR Nuclear 4.3, 4.4, 4D,
Design Report," NEDC-33239-P, Class 111 15.0, 15.2,

NEDO-33239 (Proprietary) and NEDO-33239, Class I (Non- 15.3, 15.5,
proprietary), Revision 2, April 2007. Chapter 16

B3.1.1

NEDC-33240P Global Nuclear Fuel, "GE14E Fuel Assembly 4.2
Mechanical Design Report," NEDC-33240P, Class III

NEDO-33240 (Proprietary), and NEDO-33240, Class I (Non-
proprietary), January 2006.

NEDC-33242P Global Nuclear Fuel, "GEl 4 for ESBWR Fuel Rod 4.2
Thermal-Mechanical Design Report," NEDC-33242P,

NEDO-33242 Class Ill (Proprietary), and NEDO-33242, Class I
(Non-proprietary), Revision 1, February 2007.

NEDC-33243P Global Nuclear Fuel, "ESBWR Marathon Control Rod 4.2,
Nuclear Design Report," NEDC-33243P, Class III Chapter 16
(Proprietary), Revision 1, October 2007. B3.1.3

NEDC-33244P Global Nuclear Fuel, "ESBWR Marathon Control Rod 4.2
Mechanical Design Report," NEDC-33244P, Class III
(Proprietary), Revision 1, November 2007.

NEDE-33245P GE Energy - Nuclear, "ESBWR I&C Software 7.1, 7.2, 7.3,
Quality Assurance Plan," NEDO-33245P, Class IIl 7.8, 17.1

NEDO-33245 (Proprietary), and NEDO-33245, Class I (Non-
proprietary), Revision 2, July 2007.

NEDO-33251 GE Energy-Nuclear, ESBWR I&C Defense-In-Depth 7.1, 7.8
and Diversity Report, NEDO-33251, Class I (Non-
proprietary), Revision 2-1, A.g•4-200-7.

1.6-11
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Inspections, tests, analyses, and acceptance criteria (ITAAC) associated with the cyber-security
program plan are provided in Tier I together with the SDP.

7.1.7 COL Information

None

7.1.8 References

7.1-1 (Deleted)

7.1-2 (Deleted)

7.1-3 (Deleted)

7.1-4 GE-Hitachi Nuclear Energy Licensing Topical Report (LTR) entitled, "ESBWR I&C
Defense-In-Depth and Diversity Report." NEDO-33251, Class I (Non-proprietary),
Revision -2, ug.t... 200 -7. I

7.1-5 (Deleted)

7.1-6 (Deleted)

7.1-7 (Deleted)

7.1-8 GE Energy, "ESBWR Cyber Security Program Plan," NEDO-33295, Class I (Non-
Proprietary); and "ESBWR Cyber Security Program Plan," NEDE-33295-P, Class III
(Proprietary).

7.1-9 GE-Hitachi Nuclear Energy, "GEH ABWR/ESBWR Setpoint Methodology," NEDO-
33304, Class I (Non-proprietary); and "GEH ABWR/ESBWR Setpoint Methodology,"
NEDE-33304P, Class III (Proprietary), Revision 0, October 2007.

7.1-10 GE HitachiEfiergy Nuclear Energy, "ESBWR -M&C-- Software Quality Assurance
P-IaProgram Manual," NEDO-33245, Class I (Non-proprietary); and "ESBWR -1&G
Software Quality Assurance P1a*Program Manual," NEDE-33245P, Class III
(Proprietary), Revision -23, July 24002008.

7.1-11 GE Nuclear Energy, "General Electric Instrument Setpoint Methodology," NEDO-31336,
Class I (Non-proprietary); and "General Electric Instrument Setpoint Methodology,"
NEDC-31336P-A, Class III (Proprietary), September 1996.

7.1-12 GE Hitachigner-gy Nuclear Energy, "ESBWR -4&G Software Management P-a-Program
Manual," NEDO-33226, Class I (Non-proprietary); and "ESBWR 4&G Software
Management Ple4'ro4ram Manual," NEDE-33226P, Class Ill (Proprietary), Revision 32-,
4hWly-June 20078.

7.1-13-7---3-(Deleted)GE 7.y . uclear,3 ,ESBWR Ma. achine rface Syste, and
Hwmanq Facter:s Engineering Impleen:tatieon Plan, "Revisien 3, ATEDO 33217.

7.1-84
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Conformance: Reference 7.8-1 details the echelons of defense used in the design that
conforms to BTP HICB-19. This document also discusses the basis for selection of the
DPS functions used as backups for the RPS and SSLC/ESF. A failure modes and effects
analysis based on the Guidance in NUREG/CR-6303 (Reference 7.8-2) is performed to
ensure the radiation guidelines from 10 CFR 100 are not exceeded in the event of a
common mode failure of the RPS or SSLC/ESF software platform during the design basis
events discussed in the Safety Analyses.

BTP HICB-21, Guidance on Digital System Real-Time Performance:

* Conformance: The safety-related ATWS mitigation logic conforms to the guidance in
HICB-21. This BTP is not applicable to the nonsafety-related DPS.

7.8.4 Testing and Inspection Requirements

Periodic testing to verify proper operation of the ATWS/SLC logic is performed. Periodic
testing to verify proper operation of the DPS logic is also performed.

7.8.5 Instrumentation and Control Requirements

The ATWS/SLC uses logic that is diverse from the RPS. Logic and controls for ATWS/SLC are
located in divisional RTIF cabinets. Operating status is available to the operator in the MCR.
Division of sensors bypass capability is provided for the ATWS/SLC logic. Communication
with external interfaces is through isolation devices. Provisions are made to allow testing of the
ATWS/SLC logic and maintenance of the ATWS/SLC equipment.

The DPS uses triple redundant microprocessor-based automatic actuation logic that is diverse
from the RPS and SSLC/ESF automatic actuation logic.

The information available to the operator from the diverse I&C systems is described in
Subsection 7.8.1.3.

7.8.6 COL Information

None

7.8.7 References

7.8-1 GE-Hitachi Nuclear Energy, "ESBWR I&C Defense-In-Depth and Diversity Report",
NEDO-3325 1, Class I (Non-proprietary), Revision 2 ,, Augu.st--.•2

7.8-2 NUREG/CR-6303, "Method for Performing Diversity and Defense-in-Depth Analyses of
Reactor Protection Systems, December 1994

7.8-3 GE Hitachi Nuclear Energy, "ESBWR -C!&G Software Quality Assurance Xan--Program
Manual (SQAPM)," NEDO-33245, Class I (Non-proprietary); and "ESBWR -T1&G
Software Quality Assurance P-Inn-Pro ram Manual (SQAPM)," NEDE-33245P, Class III
(Proprietary), Revision -23, July 200W72008.

7.8-19



NEDO-313251

Refeirenee4--,Chapter 15 Event Analysis

15.2 Analysis of Anticipated Operational Occurrences

15.2.1 Decrease in Core Coolant Temperature (Event Category)

15.2.1.1 Loss of Feedwater Heating (AOO)

Systems / functions required (DCDTable 15.1-5: System Event Matrix): SCRRI/SRI I
Automatic Trip (from DCD Table 15.1-6): None
Event Diagram: 15.1-2
Event Analysis: Non-limiting event. No reactor SCRAM is assumed for this event
(which results in a slow power increase--eee--s). SCRRI/SRI which is initiated by
DPS and ATLM separately is available to mitigate the event. Bypass valves are
assumed to remain functional. No barrier breaches occur. No radiological
consequences associated with this event.
Conclusion: No radiological consequences and no significant pressure challenge are
associated with this event.

15.2.2 Increase in Reactor Pressure

15.2.2.1 Closure of One Turbine Control Valve (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): None
Automatic Trip (from DCD Table 15.1-6): None
Event Diagram: 15.1-3
Event Analysis: Event bounded by load reject. SB&PC failure escalates event to
infrequent event, but is not credible. SB&PC uses a triple modular redundant (TMR)
controller and a discussion on the likelihood of its failure is presented in Section
15.2.4.2 of Reference 6-3. SB&PC acts to open remaining TCVs and some TBVs to
maintain reactor pressure. -and-, The plant stabilizes at a new steady state. No
barrier breaches occur and this event results in neutron flux within acceptable limits.
This event does not result in fuel failure. Overpressure protection is available but not
challenged.
Conclusion: No radiological consequences and no significant pressure challenge are
associated with this event.

15.2.2.2 Generator Load Rejection With- Turbine SystemBvpass (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): TBV
Initiation - TCV Fast Closure; SCRRI/SRI
Automatic Trip (from DCD Table 15.1-6): None
Event Diagram: 15.1-4
Event Analysis: Event bounded by load rejection with a single failure in the Turbine
Bypass. SB&PC a .t .to opn rcmaining TC, Vs and sefmeproduces a fast opening of
the TBVs and plant stabilizes at new steady state with a slight pressure increase.
SCRRI/SRI assumed to function. Neutron flux may reach reactor SCRAM setpoint
(but CCFCNAF fail*re precludes trip). There is a possibility of SCRAM on high
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reactor pressure from DPS. However SB&PC acts to mitigate event. This event does
not result in fuel failure.
No barrier breaches occur.
Conclusion: No radiological consequences are associated with this event. This
E-event results in a slight pressure increase within the control range of 4*e-SB&PC.
Overpressure protection is available from the ICS and SRVs.

15.2.2.3 Generator Load Rejection With Aa Single Failure lin lTthe Turbine Bypass
System (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): ICS
initiation - MSIV position ICS initiation - RPV High Dome Pressure (10 sec delay);
ICS initiation and MSIV closure - RPV Low Water Level (L2 + 30 sec delay); MSIV
closure - Low Turbine Inlet/Main Steamline Pressure: TBV Initiation - TCV Fast
Closure; Automatic Trip (from DCD Table 15.1-6): TCV Fast Closure (with
insufficient bypass available)
Event Diagram: 15.1-5
Event Analysis: Only_50% of the BPVs are assumed to be available; pressurization is
less severe than MSIV closure event and the event does not challenge SCRAM
setpoints. This Eevent is bounded by MSIV closure event. Peak neutron flux and
average simulated thermal power may increase but the event does not result in fuel
failure.
Conclusion: No radiological consequences and no significant pressure challenge are
associated with this event. Overpressure protection is available from the ICS and
SRVs.

15.2.2.4 Turbine Trip With Turbine Bypass (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): TBV
Initiation - TSV Closure; SCRRI/SRI
Automatic Trip (from DCD Table 15.1-6): None
Event Diagram: 15.1-6
Event Analysis: This event is abounded by Turbine trip with a Single Failure in the
Turbine Bypass system. This event is similar to the generator load reiection with
turbine bypass event. The P-pressure increase is mitigated by SB&PC, which in turn
limits the thermal power increase.
Conclusion: No radiological consequences and no significant pressure challenge are
associated with this event. Overpressure protection is available from the ICS and
SRVs.

15.2.2.5 Turbine Trip With -Aa Single Failure fin T-the Turbine Bypass System (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): ICS
initiation- MSIV Position; ICS - RPV High Dome Pressure (10 sec delay); ICS
initiation and MSIV closure - RPV Low Water Level (L2 + 30 sec delay); MSIV
closure - Low Turbine Inlet/Main Steamline Pressure; TBV Initiation -TSV Closure;
Automatic Trip (from DCD Table 15.1-6): TSV Closure (with insufficient bypass
available)
Event Diagram: 15.1-7

A-8
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Event Analysis: This Eevent is bounded by the MSIV closure event. This event is
similar to the generator load reiection with a single failure in the turbine bypass
system event. In this event the single failure assumed results in the worst-case
scenario of 50% of the bypass valves failing. A realistic failure is failure of one
bypass valve to open (a TMR controller failure discussion is provided in Section
15.2.4.2 of Reference 6-3). The pressurization resulting from this event is less severe
than all MSIV closure event. The credited. RPS flux SCRAM is assumed to fail.
SCRRI/SRI is available to reduce power to avoid fuel failure.
Conclusion: No radiological consequences are associated with this event.
Overpressure protection is available from the ICS and SRVs.

15.2.2.6 Closure of One Main Steamline Isolation Valve (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): ICS
initiation - MSIV position; MSIV Closure - High Steamline Flow
Automatic Trip (from DCD Table 15.1-6): MSIV Position
Event Diagram: 15.1-8
Event Analysis: This Eevent is bounded by closure of all MSIVs.
Conclusion: No radiological consequences are associated with this event.
Overpressure protection is available from the ICS and SRVs.

15.2.2.7 Closure of All Main Steamline Isolation Valves (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): ICS
initiation - MSIV position
Automatic Trip (from DCD Table 15.1-6): MSIV Position
Event Diagram: 15.1-9
Event Analysis: in worst ease anal.sis, SI. psitin trip (whi:h is th..pri•ra.• y
trip) is noet ercditcd, and high aetutr-en flux trip is credited. Safety v'alves fidnetien to
P.Ot..t the reactOr c..lan.t p..ssu.. beun.dar.y (RCPB). In this event, assume RPS
(i.e., the RTIF platform including LD&IS - MSIV logic) does not function. The DPS
MSIV position trip and ICS initiation occurs to mitigate the event. Additionally,
Tathe DPS high reactor pressure trip isreached within seconds and serves to limit the
pressure transient. So~me ficl failure may cc'ur. Pressure transient is bounded by the
ATWS scenario. High neutron flux and; vessel pressure and suppression peel
teeatWe-are anticipated for this event.
Conclusion: No radiological consequences are associated with this event. DPS'
MSIV position SCRAM occurs. ICS is initiated on MSIV position to limit the
pressure increase, and results in no radiological consequences. -Some fucl failure may
E~eeur if the DPS high prcSSurc SCRAA is credited vice the M4SIV position . [WOrst
ease, dose less than D3 acctnccitcria (i.e., With 10-03 of 10 CEFR 100 guidelinies.]
Pressure response is bounded by ATWS analysis (discussed in DCD Section 15.5.4).
Implementation of an MSIV closure trip in DPS provides margin. ICS operation
prevents a challenge to the SRVs.

15.2.2.8 Loss of Condenser Vacuum (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): ICS
initiation - MSIV position; TBBV. Closure Low Low C,.;. ,ose Vacuum; TSV
Closure - Low Condenser Vacuum; MSIV Closure - Low Condenser Vacuum

A-9
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Automatic Trip (from DCD Table 15.1-6): Low Condenser Vacuum
Event Diagram: 15.1-10
Event Analysis: If RPS GMFCCF is assumed, vessel pressurization and peak
cladding temperature may approach MSIV closure event which is bounding.
Overpressure protection is available (with peak pressure controlled by the SRVs).
AsieAn RPS GM-CCF asis the worst case for this event. With an RPS GM-FCCF,
it may be possible that ATWS/SLC may fail to function due to unavailability of the
NMS neutron flux permissive (same platform for RPS and NMS), but this function is
not required for event mitigation. DPS MSIV closure and high reactor pressure
tfipSCRAMs_-•,a ,•l)functions to provide negative reactivity insertion within
seconds. DPS initiates ICS on high reactor pressure to avoid challenging the SRVs.
The DPS MSIV closure and high reactor pressure SCRAMsti4 and ICS initiationa4se
attenuates the pressure transient. As an. additional layer f defense, manu..l initiation:
of ATWS' Mitigation is av'ailable to pfevide initi-ation of ARI1, and FMCQRD Ru-n
inSLC inj9,ction and fc,'dwater r'unback. Manual ser-am SCRAM from RPS or DPS is
available to mitigate this event. (ATWS/SLC sensor indication and DPS sensor
indication are available for operators to assess and determine an ATWS event has
occurred and manual iniiatien-action is required.)
Conclusion: No radiological consequences are associated with this event.
Overpressure protection is available ffrimfrom the ICS and SRVs.

15.2.2.9 Loss of Shutdown Cooling Function of RWCU/SDC Sys•em (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): ICS
initiation - RPV High Dome Pressure (10 sec delay); ICS initiation - RPV Low
Water Level (L2 + 30 sec delay); GDCS
Automatic Trip (from DCD Table 15.1-6): None
EventDiagram: 15.1-11
Event Analysis: Not a significant event or limiting event. Operating systems function
to mitigate this event. (One train of SDC still assumed to function. In the unlikely
event that both RWCU/SDC trains are lost, ICS is initiated by the DPS as a backup to
SSLC/ESF. Fuel and Auxiliary Pools Cooling System (FAPCS) is available to
provide alternate shutdown cooling in the event ICS is unavailable during Refueling
mode. GDCS (initiation via the DPS) provides an additional layer of protection if
RPV level approaches Level 1.)
Conclusion: No radiological consequences are associated with this event and this
event does not challenge the RCPB.

15.2.3 ReactivityReaetor and Power Distribution Anomalies (Event Category)

(No events identified fr ESBsAWR)

15.2.3.1 Control Rod Withdrawal Error During Startup

Systems / functions required (DCD Table 15.1-5: System Event Matrix): None
Automatic Trip (from DCD Table 15.1-6): No automatic trip credited. Rod Block -
SRNM Period, RWM, ATLM Parameter Exceeded, or MRBM Parameter Exceeded
Event Diagram: 15.1-24a
Event Analysis: The Control Rod Withdrawal Error During Startup with Failure of
Control Rod Block event, which is discussed in 15.3.8, bounds this event.
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Conclusion: No radiological consequences are associated with this event and this
event does not challenge the RCPB.

15.2.3.2 Control Rod Withdrawal Error During Power Operation

Systems / functions required (DCD Table 15.1-5: System Event Matrix): None
Automatic Trip (from DCD Table 15.1-6): No automatic trip credited. Rod Block -

SRNM Period, RWM, ATLM Parameter Exceeded, or MRBM Parameter Exceeded
Event Diagram: 15.1-25b
Event Analysis: The Control Rod Withdrawal Error During Power Operation with
ATLM Failure event, which is discussed in 15.3.9, bounds this event.
Conclusion: No radiological consequences are associated with this event and this
event does not challenge the RCPB.

15.2.4 Increase in Reactor Coolant Inventory (Event Category)

15.2.4.1 Inadvertent Isolation Condenser Initiation (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): FWCS
(Level Controller)Nene
Automatic Trip (from DCD Table 15.1-6): None
Event Diagram: 15.1-12
Event Analysis: This event is potentially limiting for OLMCPR: however no
significant effect is experienced andNet a signifiant or- lim.iting ... nt, plant control
systems (i.e., water level control and SB&PC) respond to mitigate this event.
Conclusion: No radiological consequences are associated with this event. Startup of
the isolation condenser causes a slight pressure decrease, therefore the event--h4ci-
does not challenge the RCPB.

15.2.4.2 Runout of One Feedwater Pump (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): NeneFWCS
(Level Controller)
Automatic Trip (from DCD Table 15D1-6): None
Event Diagram: 15.1-13
Event Analysis: The Feedwater eControl sSystem acts to reduce flow' from other
pumps to maintain desired water level. NeNeither RPS nor SSLC/ESF-pre, t
sty, stem isa-e credited. With failure of RPS, DPS is available to produce a high water
level L8 reactor 4i-ipSCRAM as a worst-case scenario. This is Nnot a significant or
limiting event.
Conclusion: No radiological consequences are associated with this event and this
event does not result in an RCPB challenge.

15.2.5 Decrease in Reactor Coolant Inventory (Event Category)

15.2.5.1 Opening of One Turbine Control or Bypass Valve (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): None
Automatic Trip (from DCD Table 15.1-6): None
Event Diagram: 15.1-14
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Event Analysis: SB&PC mitigates event by modulating of other TCVs and/or TBVs
to stabilize the transient. No protection systems are credited.
Conclusion: No radiological consequences are associated with this event and no
RCPB challenge is associated with this event.

15.2.5.2 Loss of Non-eEmergency AC Power to Station Auxiliaries (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): T-gV-
G Cl6-Sure LOW LOW COndenser Vacuum; ICS initiation - Loss of Power Generation

*issBus (Loss of Feedwater Flow); an&d-MSIV closure - RPV Low Water Level (L2
+ 30 sec delay); TBV Initiation - TCV Fast Closure; TCV Fast Closure - Load
rejection; MSIV Closure - Low Condenser Vacuum;
Automatic Trip (from DCD Table 15.1-6): Loss of Power on Power Generation
t ,ssesBuses - Loss of Feedwater Flow
Event Diagram: 15.1-15
Event Analysis: This event is 9similar to the loss of all feedwater flow event. Level
approaches L3 very quickly due to loss of power to the feedwater pump motors.
Condenser vacuum is lost due to circulating water pump trips. Brief operation of
bypass valves is assumed until vacuum decays. Hfssttm RPS fails to process
tf-ipSCRAM signals,
DPS (L3) SCRAM is availabletased to ..iekly provide negative reactivity insertion

quickly. SCRRI/SRI is also available for power reduction prior to the DPS SCRAM.
DPS can initiate ICS on a delayed L2 signal to maintain level. HP CRD flow to the
RPV is available for level recovery after diesel generator start (i.e., within 145
seconds).
Conclusion: No radiological consequences are associated with this event and no
RCPB challenge is associated with this event.

15.2.5.3 Loss of All Feedwater Flow (AOO)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): ICS
initiation -Loss of Power Generation BossBus (Loss of Feedwater Flow); MSIV
closure - RPV Low Water Level (L2 + 30 sec delay)
Automatic Trip (from DCD Table 15.1-6): Loss of Power on Power Generation
g•sesBuses- Loss of Feedwater Flow
Event Diagram: 15.1-16
Event Analysis: (This -event is similar to loss of power generation bus, which trips
power to all feedwater pump motors.) IfC-Mr-CCF of RPS assumed, DPS provides
trih-SCRAM at L3. It is possible that the loss of all feedwater flow resulted from the
trip of the feedwater pumps on high RPV level. In this case, DPS provides a
jEigSCRAM at L8, with a resultant level decrease. DPS also starts ICS on delayed L2
signal. HP/CRD pumps also start on a delayed L2 signal to provide level recovery.
Not a limiting event.
Conclusion: No radiological consequences are associated with this event and no
RCPB challenge is associated with this event.
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15.2.6 AOO Analysis Summary

Conclusions are provided within each event evaluation. (Event -.atege.y

15.2.7 COL Information (Event Category) - Not Applicable

15.3 Analysis of Infrequent Events

15.3.1 Loss of Feedwater Heating With Failure of SCRRI and SRI (Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): Nenei-ligh
Radiation MCR EFU Initiation
Automatic Trip (from DCD Table 15.1-6): NeR- (APRM High Simulated Thermal
Power-Ret-endied)
Event Diagram: 15.1-17
Event Analysis: ATLM and DPS independently initiate SCRRI/SRI on a loss of
feedwater heating event. APRA4 High ,inm-ltcd th÷lc.mal P&.... SCR.AM4 available
for this event, but net ,,,ditd. Failure of beth-SCRRI/SRI and RPS simultaneously
is of extremely low probability, especially when combined with the failure of the
feedwater temperature controller. (In the unlikely scenario of both SCRRI/SRI
failure and RPS C-MFCCF, a percentage of fuel may fail.)
Conclusion: Worst case- dose is within 10% of 10 CFR 100 guidelines. The ESBWR
is designed such that no single operator error or equipment failure shall cause a loss
of more than 55.6 'C (100 'F) feedwater heating. AnalysL coEc, Sr;Vati-'ely assumes a
loss of 55."., FW heuing, hil. 390C i, realistie. The Aassumption of 1000 rods
entering transition boiling and subsequently failinged is conservative. Using realistic
assumptions, acceptance criteria is met, without crediting DPS action.

15.3.2 Feedwater Controller Failure - Maximum Flow Demand (Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): ICS
initiation - MSIV Position; ICS initiation - RPV High Dome Pressure (10 sec delay);
ICS initiation- and MSIV closure - RPV Low Water Level (L2 + 30 sec delay); TBV
Initiation - TSV Closure; TSV Closure - RPV high water Level (L8); -MSIV Closure
- Low Turbine Inlet/Main Steamline Pressure
Automatic Trip (from DCD Table 15.1-6): RPV High Water Level (L8)
Event Diagram: 15.1-18
Event Analysis: Assume RPS failure for this event, DPS provides SCRAM on L8 to
mitigate this event. FW runback occurs. As a backup, DPS trips the feedwater
pumps at L9. SB&PC is available to control pressure.
Conclusion: No radiological consequences associated with this event. SB&PC
controller failure mode not assumed credible, using realistic assumptions. DPS
initiated SCRAM on L8 occurs early enough to limit neutron flux peak and fuel
thermal transient so that no fuel damage occurs. This event does not challenge RCPB
pressure and temperature limits.
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15.3.3 Pressure Regulator Failure Opening of All Turbine Control and Bypass Valves
(Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): ICS
initiation -MSIV Position; MSIV Closure - Low Turbine Inlet Pressure;-GRP
Makeup Water RPV Lcw Watcr Level (L2)
Automatic Trip (from DCD Table 15.1-6): MSIV Position
Event Diagram: 15.1-19
Event Analysis: Using realistic assumptions, a complete failure of the SB&PC is not
assumed credible. SB&PC should function to mitigate this event. Failure of RPS
requires DPS MSIV closure SCRAM and/or L3 SCRAM to mitigate the event.
If SSLC/ESF GMFCCF assumed, RPS SCRAMs on MSIV closure from low turbine
inlet pressure. Diverse ICS initiation occurs on decreasing level (delayed L2). If level
drops to LI, diverse ESF (ECCS) initiation occurs.
Conclusion: No radiological consequences are associated with this event and no
RCPB challenge associated with this event.

15.3.4 Pressure Regulator Failure - Closure of All Turbine Control and Bypass Valves
(Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): ICS
initiation - MSIV Position; ICS initiation - RPV High Dome Pressure (10 sec delay);
ICS initiation and MSIV Closure - RPV Low Water Level (L2 + 30 Sec delay);
MSIV closure - Low Turbine Inlet/Main Steamline Pressure
Automatic Trip (from DCD Table 15.1-6): APRM High Neutron Flux
Event Diagram: 15.1-20
Event Analysis: Using realistic assumptions, a complete failure of the SB&PC is not
assumed as'a credible event. Therefore, R•eactor power and pressure should be
controlled by SB&PC. This Eevent is bounded by closure of all MSIVs for over
pressure (an analysis of this event is provided in DCD Section 15.5.4). RGPB.
Reactor pressure is maintained below ASME Service Level C limit (<120% of design
pressure). Astuieln the event of an unlikely SB&PC failure, a turbine trip is
generated with a -failure of RPS to .SpRAMSCRAM as the worst case scenario.
DPS SCRAMs on high pressure and initiates ICS to limit the pressure transient.
Overpressure protection is available from ICS and SRVs.
Conclusion: No radiological consequences are associated with this event. With
failure of the RPS flux SCRAM fuel failure is more likely to occur. The Ddose
within acceptance e ,-it-e-criterion (10% of 10 CFR 100 guidelines) is not
challenged. Overpressure protection is available from ICS and SRVs to protect the
RCPB.

15.3.5 Generator Load Rejection with Total Turbine Bypass Failure (Infrequent
Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): ICS
initiation - MSIV Position; ICS initiation - RPV High Dome Pressure (10 sec delay);
ICS initiation and MSIV Closure - RPV Low Water Level (L2 + 30 Sec delay); TCV
Fast closure - Load Rejection; MSIV closure - Low Turbine Inlet/Main Steamline
Pressure; High Radiation MCR EFU Initiation
Automatic Trip (from DCD Table 15.1-6): TCV Fast Closure (with insufficient
bypass available)
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Event Diagram: 15.1-21
Event Analysis: Using realistic assumptions, a complete failure of the SB&PC not
assumed. Bounded by closure of all MSIV event for overpressure. If RPS GM-FCCF
fili!We assumed, DPS provides high-pressure t-ipSCRAM. ICS and HP-CRD are still
available to stabilize the plant. If SSLC/ESF CMKCCF assumed, RPS scram occurs
on TCV fast closure with insufficient bypass capacity and RPS high neutron flux
SCRAM sigm4 and high RPV pressure SCRAMs are st4l-available as backups.
Conclusion: Although not likely to occur if realistic assumptions are applied, Tthere
is a fuel failure analysis in DCD 15.3.1.5 for this event which is bounding. With
failure of the TCV/flux SCRAM fuel failure would be more severe.
Overpressure protection still available. Radiological consequences are bounded by
the analytical assumption of 1000 rods entering transition boiling and subsequently
failinged-Fe&, with off-site dose below the acceptance criterion (i.e., less than 10% of
10 CFR 100 guidelines). Overpressure protection is available from the ICS and SRVs.

15.3.6 Turbine Trip with Total Turbine Bypass Failure (Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): ICS
initiation - MSIV Position: ICS initiation - RPV High Dome Pressure (10 sec delay);
ICS initiation and MSIV Closure - RPV Low Water Level (L2 + 30 Sec delay);
MSIV closure - Low Turbine Inlet/Main Steamline Pressure; High Radiation MCR
EFU Initiation
Automatic Trip (from DCD Table 15.1-6): TSV Closure (with insufficient bypass
available)
Event Diagram: 15.1-22
Event Analysis:
Using realistic assumptions, a complete failure of the SB&PC is not assumed. If RPS
GM-F-CCF assumed, DPS provides high-pressure trip and can initiate ICS on high
RPV pressure. If SSLC/ESF GMFCCF i__.fe is assumed, RPS available for high-
pressure SCRAM, high neutron flux SCRAM and TSV closure with insufficient
bypass SCRAMs.
Conclusion: There is a fuel failure analysis in DCD 15.3.1.5 for this event. With
failure of the @-CV-TSV closure and& flux SCRAMs, fuel failure is more severe. This
event is assumed to be bounded by the load rejection with no bypass. Radiological
consequences are bounded by the analytical assumption of 1000 fai4ed-rods entering
transition boiling and subsequently failing, with off-site dose below the acceptance.
criterion (i.e., less than 10% of 10 CFR 100 guidelines).
Overpressure prtetion availablcprotection is available from the ICS and SRVs to
protect RCPB.

15.3.7 Control Rod Withdrawal Error During Refueling (Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): None
Automatic Trip (from DCD Table 15.1-6): NeeNo automatic trip credited. Rod
Block - SRNM Period, RWM, ATLM Parameter Exceeded, or MRBM Parameter
Exceeded
Event Diagram: 15.1-23

A-15



NEDO-33251

Event Analysis: Core is designed to meet shutdown requirements and remain
subcritical with one control rod pair or one rod of maximum worth withdrawn. Event
is a low probability event that is mitigated by RC&IS interlocks that prevent
additional withdrawals.Net a credible event.
Conclusion: Not analyzed based on core design and RC&IS interlocks.

15.3.8 Control Rod Withdrawal Error During Startup with Failure of Control Rod
Block (Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): None
Trip/Protection (from DCD Table 15.1-6): SRNM Period; Red Block SRNM Pcrid
or ATLM=N Parameter &eeecded
Event Diagram: 15.1-24
Event Analysis: Tightly controlled evolution with monitoring and feedback.
Although withdrawal error postulated, recovery from error crediting operator action
to manually SCRAM the reactor and place the plant in a safe condition is assumed.
Operability verified just prior to the event. Any aberrant indication requires the
operator to stop and verify information and place the plant in a safe condition, before
significant reactivity excursion occurs. Either APRM or SRNM assumed to fail but
not both.
Conclusion: No radiological consequences are associated with this event. No RCPB
challenge associated with this event.

15.3.9 Control Rod Withdrawal Error During Power Operations with ATLM Failure
(Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): Nenefli h
Radiation MCR EFU Initiation
Automatic Trip (from DCD Table 15.1-6): No automatic trip credited. Rod Block -

SRNM Period, RWM, r--ATLM Parameter Exceeded, or MRBM Parameter
Exceeded
Event Diagram: 15.1-25
Event Analysis: Simultaneous failure of RC&IS and RPS/NMS is extremely low.
Event not analyzed. If a failure of both ATLM channels occurs which does not inhibit
rod movement as designed, MRBM stpLesprevents control rod withdrawal from
continuing. The radiological analysis performed in DCD 15.3.1-.5 which
conservatively assumes 1000 44ed-rods enter transition boiling and subsequently
fail, bounds this event.
Conclusion: Radiological consequences associated with this event if conservative
assumptions are used are still below the acceptance criterion (i.e., less than 10% of 10
CFR 100 guidelines). No RCPB challenge associated with this event. Seiit-ne
alalyzed.

15.3.10 Fuel Assembly Loading Error, Mis-located Bundle (Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): None
Automatic Trip (from DCD Table 15.1-6): None
Event Diagram: 15.1-26
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Event Analysis: Tightly controlled evolution with procedural steps for error
checking. DPS not required.
Conclusion: No safety systems are credited in mitigating this event. The existing
DCD Chapter 15 analysis applies.NO, radic~lgical ccncjqucnces asseiated with this

15.3.11 Fuel Assembly Loading error, Mis-oriented Bundle (Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): None
Automatic Trip (from DCD Table 15.1-6): None
Event Diagram: 15.1-27
Event Analysis: Tightly controlled evolution with procedural steps for error
checking. DPS not required.
Conclusion: No safety systems are credited in mitigating this event. The existing
DCD Chapter 15 analysis applies.No, radielgical c•,nouences ascciatcd with this

15.3.12 Inadvertent SDC Function Operation (Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): None
Automatic Trip (from DCD Table 15.1-6): APRM High Neutron Flux
Event Diagram: 15.1-28
Event Analysis: If RPS C-MFCCF assumed, SB&PC is available to mitigate this I
event. This event is characterized by a slow power rise. Operator action can be
credited for tightly controlled startup/shutdown scenario where the largest effects are
manifested.
Conclusion: No radiological consequences are associated with this event. No RCPB1
challenge is associated with this event.

15.3.13 Inadvertent Opening of a Safety/Relief Valve (Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): None
Automatic Trip (from DCD Table 15.1-6): High Suppression Pool Temperature
Event Diagram: 15.1-29
Event Analysis: SB&PC available to stabilize pressure prior to occurrence of
SCRAM, after which time the pressure will decrease. If RPS GM-CCF assumed,
DPS available to SCRAM on high suppression pool temperature. FAPCS provides
suppression pool cooling.
Conclusion: This event should not result in a release. Therefore no radiological
consequences are associated with this event.

15.3.14 Inadvertent Opening of a Depressurization P-Valve (Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): SRV -
Power Actuated Mode (ADS); DPV - Actuation; GDCS; Passive Containment
Cooling System (PCCS).
Automatic Trip (from DCD Table 15.1-6): High Drywell Pressure
Event Diagram: 15.1-30
Event Analysis: SB&PC is available to stabilize pressure prior to occurrence of
SCRAM after which time the pressure decreases. If RPS CM-FCCF assumed, DPS is
available to SCRAM on high drywell pressure. PCCS is available to limit
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containment pressure. Transient controlled by SB&PC and high drywell pressure
trip. Diverse ESF is available and may be required if conditions degrade
Conclusion: No fuel damage anticipated for this event, only coolant activity is a
concern. Worst-case dose is within 10% of 10 CFR 100 guidelines Radiation
monitoring and isolation can be credited.

15.3.15 Stuck Open Safety/Relief Valve (Infrequent Event)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): SRV -

Power Actuated Mode (ADS); DPV - Actuation; ICS initiation - MSIV Position;
MSIV Closure - Low Turbine Inlet /Main Steamline Pressure; GDCS; PCCS
Automatic Trip (from DCD Table 15.1-6): None
Event Diagram: 15.1-31
Event Analysis: If RPS C-M-4CCF assumed DPS SCRAMs on high suppression pool
temperature. FAPCS provides suppression pool cooling.
t--lf SSLC/ESF GMFCCF assumed, RPS provides SCRAM on high suppression pool
temperature.
Conclusion: No fuel failure occurs in this event, only coolant activity is a concern.
Worst-case dose within 10% of 10 CFR 100 guidelines. Radiation monitoring and
isolation can be credited.

15.3.16 Liquid Containing Tank Failure (Infrequent Event) [COL Applicatnt Se-op.

Systems / functions required (DCD Table 15.1-5: System Event Matrix): NefeHigh
Radiation MCR EFU Initiation
Automatic Trip (from DCD Table 15.1-6): None
Event Diagram: 15.1-32
Event Analysis: All normally operating systems assumed available to mitigate this
event. This event does not involve the RPV or containment and requires no actions
from RPS. or DPS.A 5 rem onsite dose is assumed which could potentially impact
control room habitability. Area and process radiation monitors are assumed to
function to annunciate any potential release. If SSLC/ESF fails to automatically
isolate the control room and start the EFUs, manual actuation of the EFUs is assumed
to be available.
Conclusion: No adv-erse censequence aszumed.This event results in potential
adverse consequences to the main control room operators, if there is a failure to
maintain control room habitability, due to a failure of SSLC/ESF logic processors.
SSLC/ESF capability to manually provide control room habitability is assumed due to
the diversity between the VDU controls and the automatic logic.

15.3.17 COL Information - Not Applicable

15.4 Analysis of Accidents (Event Category)

15.4.1 Fuel Handling Accident (Accident)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): None
Automatic Trip (from DCD Table 15.1-6): None
Event Diagram: 15.1-33
Event Analysis: Tightly controlled evolution; ventilation systems assumed available
to mitigate this event. Credit taken for Radiation mMonitoring sSystem. This event
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does not involve, the RPV or containment and requires no actions from RPS,
SSLC!ESF or DPS.
Conclusion: Worst case dose within 10 CFR 100 guidelines.

15.4.2 Loss-of-Coolant AccidentOCA- Inside Containment (C.......... Ana i•si)
(Accident)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): SRV -
Power Actuated Mode (ADS); DPV - Actuation; ICS initiation - MSIV position; ICS
initiation - RPV High Dome Pressure (10 sec delay); ICS initiation and MSIV
Closure- RPV Low Water Level (L2 + 30 sec delay); ICS initiation and MSIV
Closure- RPV Low Water Level (LI); ICS initiation - Loss of Power Generation
Bu, sBus (Loss of Feedwater Flow); Feedwater Isolation Signals: SLC System - DPV
Open; GDCS; GDCS Equalizing Lines; PGG-, High Radiation MCR FeeiFetilation
EFU Initiation; PCCS
Automatic Trip (from DCD Table 15.1-6): RPV Low Water Level (L3); Loss of
Power Generation Bus- Loss of Feedwater Flow; High Drywell Pressure
Event Diagram: 15.1-34
Event Analysis: If RPS GMFCCF assumed, DPS provides SCRAM on low water
level (L3) or high drywell pressure. LD&IS (MSIV) isolation failure assumed
because of the same platform as RPS and DPS provides MSIV isolation (on low
steamline pressure or high steamline flow or low RPV level) to limit consequences.
SSLC/ESF initiation occurs to mitigate the event. Non-MSIV LD&IS isolation
occurs. If SSLC/ESF C-M4 CCF is assumed, diverse ESF initiation (at LI) is required
to mitigate the event. In the event of a feedwater line break inside containment, the
DPS is also capable of isolating the feedwater lines on high differential pressure
between -the feedwater lines coincident with high drywell pressure.
Conclusion: The Wworst-case dose may .eal.legedoes not exceed 10 CFR 100
guidelines. Diverse ECCS initiation available to mitigate the event. Diverse
containment or feedwater system isolation may be required to mitigate the event,
either of which is provided by the DPS.

15.4.3 Loss-of-Coolant Accident ECCSOCA insidc C.ntainmcnt •(.Performance
Analysis* (Accident)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): SRV -
Power Actuated Mode (ADS); DPV - Actuation; ICS initiation - MSIV Position; ICS
initiation - RPV High Dome Pressure (10 sec delay); ICS initiation and MSIV
Closure- RPV Low Water Level (L2 + 30 sec delay); ICS initiation and MSIV
Closure- RPV Low Water Level (LI); ICS initiation - Loss of Power Generation
BffsBus (Loss of Feedwater Flow); Feedwater Isolation Signals: SLC System - DPV
Open.; GDCS; GDCS Equalizing Lines; High Radiation MCR Ieeireuiftien -EFU
Initiation; PCCS

Automatic Trip (from DCD Table 15.1-6): RPV Low Water Level (L3); Loss of
Power Generation Bus-Loss of Feedwater Flow; High Drywell Pressure
Event Diagram: 15.1-34
Event Analysis: Refer to 15.4.2
Conclusion: Refer to 15.4.2
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15.4.4 O=A--Loss-of-Coolant Accident Inside Containment (Radiological Analysis)
(Accident)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): SRV - I
Power Actuated Mode (ADS); DPV - Actuation; ICS initiation - MSIV Position; ICS
initiation - RPV High Dome Pressure (10 sec delay); ICS initiation and MSIV
Closure- RPV Low Water Level (L2 + 30 sec delay); ICS initiation and MSIV
Closure- RPV Low Water Level (LI); ICS initiation - Loss of Power Generation
&+ -ssBus (Loss of Feedwater Flow); Feedwater Isolation Signals; SLC System - DPV
Open; GDCS; GDCS Equalizing Lines; High Radiation MCR Feekeulaaief+EFU
Initiation; PCCS
Automatic Trip (from DCD Table 15.1-6): RPV Low Water Level (L3); Loss of
Power Generation Bus-Loss of Feedwater Flow; High Drywell Pressure
Event Diagram: 15.1-34
Event Analysis: Refer to 15.4.2
Conclusion: Refer 15.4.2

15.4.5 Main Steamline Break Accident Outside Containment (Accident)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): SRV -
Power Actuated Mode (ADS); DPV - Actuation; ICS initiation - MSIV Position; ICS
initiation - RPV High Dome Pressure (10 sec delay); ICS initiation and MSIV
Closure- RPV Low Water Level (L2 + 30 sec delay); ICS initiation and MSIV
Closure- RPV Low Water Level (LI); ICS initiation - Loss of Power Generation-
B+tssBus (Loss of Feedwater Flow); MSIV Closure.- Low Turbine Inlet/Main I
Steamline Pressure; MSIV Closure - High Steamline Flow; SLC System - DPV
Open; SLC System IPV L. Water. Level L. 2 PA4R n•t Drwnseale;. GDCS;
GDCS Equalizing Lines: High Radiation MCR EFU Initiation
Automatic Trip (from DCD Table 15.1-6): RPV Low Water Level (L3); MSIV
Position; Loss of Power Generation Bus-Loss of Feedwater Flow
Event Diagram: 15.1-35
Event Analysis: If RPS C44FCCF is assumed, DPS provides SCRAM on low water
level (L3). LD&IS (MSIV) isolation failure is assumed because of the same platform
as RPS and DPS isolates the MSIVs (on low steamline pressure or high steamline
flow or low RPV level) to limit consequences. SSLC/ESF initiation occurs. Di*'e-se
ESF may be r-equired fer N4S!V isolation (Li) (en low turbine inlet pressur-e or byw
flow) to isolate any r.adiation release quikly. If SSLC/ESF GM-ICCF assumed,
diverse ESF initiation (at LI) is required to mitigate the event.
Conclusion: Worst-case dose may oha!!engedoes not exceed 10 CFR 100 guidelines.
Diverse ECCS initiation and diverse MSIV isolationa.......le... mitigate the event.
Diverse cotimn'SVisolation may be r-equirOEd to mitigate the event.

15.4.6 Control Rod Drop Accident (Accident)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): No systems
credited. None
Automatic Trip (from DCD Table 15.1-6): NefteRod Block - SRNM Period, RWM,
ATLM Parameter Exceeded, or MRBM Parameter Exceeded
Event Diagram: 15.1-36
Event Analysis: No clad failures are predicted and no automatic trip or ESF is
creditedNoEt a credible event.
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Conclusion: This event does not result in any fuel failures or any radiological
consequences, and does not challenge the RCPBNet. afia yed.

15.4.7 Feedwater Line Break Outside Containment (Accident)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): SRV -
Power Actuated Mode (ADS); DPV - Actuation; ICS initiation - MSIV Position; ICS
initiation- and MSIV Closure- RPV Low Water Level (L2 + 30 sec delay); ICS I
initiation and MSIV Closure- RPV Low Water Level (LI); ICS initiation - RPV
High Dome Pressure (10 sec delay); ICS initiation - Loss of Power Generation
8t*sBus (Loss of Feedwater Flow); SLC System - DPV Open; GDCS; GDCS
Equalizing Lines; High Radiation MCR EFU Initiation: PCCS
Automatic Trip (from DCD Table 15.1-6): RPV Low Water Level (L3); MSIV
Position; Loss of Power Generation Bus-Loss of Feedwater Flow
Event Diagram: 15.1-37
Event Analysis: If RPS CMCCF is assumed, DPS provides SCRAM on low water
level (L3). SSLC/ESF initiation occurs. If SSLC/ESF GM-FWCF assumed, diverse
ESF initiation (at LI) is required to mitigate the event.
Conclusion: No fuel failure is assumed for this event. Worst-case dose does not
challenge 10 CFR 100 guidelines.

15.4.8 Failure of Small Line Carrying Primary Coolant Outside Containment
(Accident)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): SRV - I
Power Actuated Mode (ADS); DPV - Actuation; ICS initiation - MSIV Position; ICS
initiation and MSIV Closure- RPV Low Water Level (L2 + 30 sec delay); ICS
initiation and MSIV Closure- RPV Low Water Level (LI); ICS initiation - RPV
High Dome Pressure (10 sec delay); ICS initiation - Loss of Power Generation
9*•-eBus (Loss of Feedwater Flow); SLC System - DPV Open; GDCS; GDCS
Equalizing Lines; High Radiation MCR EFU Initiation: PCCS
Automatic Trip (from DCD Table 15.1-6): RPV Low Water Level (L3); MSIV
Position; Loss of Power Generation Bus-Loss of Feedwater Flow
Event Diagram: 15.1-38
Event Analysis: Leak detection by aberrant indication (radiation, temperature,
humidity or noise) alerts operator to perform an orderly shutdown. If RPS GM-4CCF
assumed, manual reactor SCRAM is still available. DPS provides manual backup
SCRAM. Manually controlled orderly shutdown is performed to depressurize the
reactor if leak is not isolable. Manual containment isolation and diverse ESF are
available. CR habitability not impacted adversely.
Conclusion: This line break is bounded by larger breaks. Using realistic
assumptions, excess flow check valves limit the release of coolant. Dose is within 10
CFR 100 guidelines.

15.4.9 RWCU/SDC System Line Failure Outside Containment (Accident)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): SRV - I
Power Actuated Mode (ADS); DPV - Actuation; ICS initiation - MSIV Position; ICS
initiation and MSIV Closure- RPV Low Water Level (L2 + 30 sec delay); ICS
initiation and MSIV Closure- RPV Low Water Level (LI); ICS initiation - RPV
High Dome Pressure (10 sec delay); ICS initiation - Loss of Power Generation
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gi*.Bu.s (Loss of Feedwater Flow); SLC System - DPV Open; GDCS; GDCS
Equalizing Lines: High Radiation MCR EFU Initiation: PCCS
Automatic Trip (from DCD Table 15.1-6): RPV Low Water Level (L3); MSIV
Position; Loss of Power Generation Bus-Loss of Feedwater Flow
Event Diagram: 15.1-39
Event Analysis: If RPS GMFCCF assumed, DPS available to SCRAM on L3. If
level continues to drop, ESF initiation occurs at LI, and differential flow sensors are
available to isolate the RWCU/SDC line. If SSLC/ESF CCF is assumed which
results in failure of LD&IS to provide isolation signal. Ddiverse ESF is available.
Diverse initiation occurs at LI. Diverse Ddifferential flow sensors are available
toma-y isolate the RWCU/SDC line. to terminiate event. CM4F faiiilurc of LD&IS
extends the duratien of the event until leak is identified and isolated. Manual remote
.... ti.nis available toM t p r. High radiation Main Control Room
Reeireulationi aetuation igaalrthe perfator to a poSSible line br-eaki.. Additional
mitigationi measure fmay be requir-ed if dose eansequefnees are unaeeeptable. [if time
permfitS (radiation release is not excessive for- 30 minutes), consider differential flow
indieation to DPS for- r-emote manu~al OperatEor isolation, or diverse automatic isol-ation
of bfeak.

Conclusion: Werst easeWorst-case dose may challenge 10 CFR 100 guidelines with
G4,-FCCF-failure of LD&IS. Diverse RWCU/SDC isolation and diverse ECCS are
provided-f.,, ..-be-. --t:i to mitigate. If exposure does not challenge 10 CFR 100
guidelines, no additional DPS scope is required.

15.4.10 Spent Fuel Cask Drop Accident (Accident)

Systems / functions required (DCD Table 15.1-5: System Event Matrix): None
Automatic Trip (from DCD Table 15.1-6): None
Event Diagram: 15.1-40
Event Analysis: Controlled evolution. Normal operating systems are assumed to be
available. This event does not involve the RPV or containment and requires no
actions from RPS, SSLC/ESF. andor DPS.
Conclusion: No adverse consequences.

15.4.11 (COL Information) - Not Applicable

15.5 Special Event Evaluations (Event Category)

The events in this section are beyond design basis events per DCD 15.0.1.2 and are
not included in this evaluation.
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5..4 Loss of Feedwater Heating AGO No-SCRA Divcrsc Protection System

asewie (DPS) hass no action. Worst
c.as fa,-ure is failure f

RC&S!S/CRRI. No
radiological cInse•u•incs

15.2.2 Increase in Reac tr .S.. . .(Event Gate-go..)

16.2..Ar Closumrem of One Turbine Control ValVe AGO No signi-fian Bounded by lead cA-ct
p~essU-re Common Modc failurep of
+nGease, an" pr-otection syste

assumed.No. presents no challenge-.
Dev~e.Se Since the cloSure of one

ProteGtaen TC-V Will automatically
System (DP.Sj result in the opening of a

GhaIlel1§e sufficient number Of
TUbie Bypass Valves

VlV~~~~~~qb,4illb•, ~~~~~~ ~ ~ ( l3 s VlGfse tiihep i -bi -hii -~lb VIi ii•8VV••ll~bll i~l~lq~V k•m~biivv v
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DesG ipti DYe~se 4&G Comments
_ _ _ __ _ _ -yte

steam floMW to the turbine,
nethn.h , eýther thaf

a reduction of gencrator
oupu nd a aaM.DPS

has no action. No
radioIGlical consequences
associated with this eent

!5.2.2T2 Generator Load rejection With Turbine AGO NO Ghallne, DPS has no a•tion. Event
Bypasst -CA boudedby load rjcto

setpoets With tU~bnbypass system
fa4l~e

1..4 Gene.~atG Lead RejectIen-With a AGO No OPS A 50% reduction an bypass
Single Fallure in the TUrbinc Bypass SGRAJ capacty is conservatively

System assuimed; assouimedd. It is possible this
results in reaching a R-PS

SCRAM (flux,) SCRAM
setpoint (but no DPS

SCRAM). Therea should not
be a presur inrase- to
the DPS SC-R-A.M- setpoint,

so no DPS action. Ti
should look like a turbine
trip With good level and
pressure control. Evn

bounded by MSIV closure
event

&B-2



NEDO-33251

SectA DesrFmt Even Dove~se4&G G~mment&
Gas system

,2.2A Tubinc Trip With Turbinc Syp ,ss Evet bounded by turbine
Vapa•BiBty •e-n- trip With a single failurie •i
affentedNo the turbine bypass system.
Ghale~ge4to

Dp&.
1V. .2. Turbin Triip With a Single Failum• in AGO NoSigIIifIGaI A 50% reduction in bypass

the Tw~bie By-pass--System pwessure capacity Is conservatively
in~ase-Ne assumed. Event bounded

crhallenge to by MSIV closure event.

15.2.2. Closu -re- of One M.ain Ste a-mli'ne ADO High rear.e D12S will SCRA A at
Isolation Valve (MSPIV peessuwe apomately the same

SCRAM prsueas RPS. Event
unde m by MSIV roveuiFe

i .2. Closure of All Main SteamliniG AVVO Hg u vieactn DPS SCRAMs on MSIV
Isolation Valives p~essUe closur-e or SCRAMs on

SGRAM. resultiug reactor pressue-
effertms a M-VG&losr-
with a slightly delayed
SCRAM. ATWISeen

bounds this event. Some
fuel failur-e may occu--r of

DIPS is- credited. Worst rase
dose less than 2.5 REM.
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Se4A- DeGit vent Dneuse4C Gommenits

Loss ~ ~ ~ ~ Gls systemerVcumT~~lL2IL

jwes We tWbie44~pwithout bypas
SCRAM OF a M.4ain S~team isolationf

Valve (MSIV) losuire - -DPSU
-Aps on pr-•ennR;f RPS

does not SCRAM gn

15.2.2.9 Loss of Shutdown Cooling Function AGO -NG-DPS 1 train still asmdt
of RWCUISDC altmonU functio"n. No chlle'ng to

ORS
15.24-3 Reactor and PowerDisitribuition Anomalies &- -Ct~W

(N eets intfiedfo ESBWR)
15.2.4 InrGease in Reactor Gel~ netr (vn aeoy

16.2.4. Inadvertent Isolation Condenser AGO Ne-si§Ilifisn No DPS action. No
___Ii•;÷"aio;" challenge to DPS.

16.2.4. Runout Of One Feedwater Pump AGO No-SCRAM A feedwater (F;W) PUMP FRu
orroUFS. DPSou eutna lw w e
I it R^RAM Os the other FW pump speeds
WGF~t rase. and therefore there is no

level change (failure of the
TMR feedwater coGnt•rller

(FWC) inredible
DPS has no ac•tion •• (ike
RPS) Worst case r
DPS SCRAM at level L.
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SetDeGipiEen4IDoverse4&G- Commet
____Class syst-

15.2.5 Decrease in Reactor Coolant Invientor~y (Event Category-)
45.2..4 IOpening of One Turbine Control or AGO No SCRAM Non-,eent s;nc, •SPDC ,.,A;1

Bypass Valve assumed ~alltyamealyeOG-e theF
~ontrol valve positio-ns. If

level does get to W3, then
DPS wallI SCRAM-

1-5T24.2 Loss of Non-Emergency AC Poere to AGO 12 -SCRAMR R-PS normally SCRAMs on
Station AuxiliarieS D 1S-ii f 6. s 0 TVI to plant i3.8

avaiable kV busses ePS doesnot
,batte, ,,pwer). However if RPS fails to

high manto SCRAM, then DPS SGRAMs
essUen .

SCRAM "A'''÷

case.
5... Loss of All FeedwAateF Flow AGO Wa-SGR DSGSRAMs on L4

1& 2 A AMO Analysis of Infr-equent Evexnt Summary~ (Event Category)
15.2.7 C - Information

NoAppllcabFew
15.3 Analysis of infrequcnt Events (Event Category)

16..1 Loss of Feedwatc, Heating With I-frequent RAMRot Failure Of bhc^ SCRRI and
Fa:lu-re- of Selected Control Rod Run- Event eiedoted- RPS unlikely, if botefil

h ,.•j,-g n•perentage ff fuel may, fai.

SiRAM Doses w Aithin 10% of 10C
100 guidelines (2.5 REM).

AB-5 I



NEDO-3325 1

Se~A DeGi~iEent DoveF Ge4&Gt

16.3.2- FeediwvatePCr-COnRtrolc F~ailure Lneu -8!-; CRA.M IGeml vn u
Maximum Demand Event

16.3.3 Pressure -reguato Failure -Opening .Infeqaen~t Levl welsintillAM
-of• A",, Týr"n v811-V8.of 1 al ubn Control and Bypass E.vent. delayed SCRAM on lowA

Valv-es level from PPS (L3).
46.4.4 P•.,nU÷e F F!Ure - r,...Ifeuent Highteate. ncr.edible evnent but DPS

o-f All Turbine CoGntrol and Bypass Ev~ent. p~essUe SCRAMs on high pressure
Valves GRAM

46.3.6 Gepne-rator- Load Rejection With Total hRfrequen4 Hi~gh-FearGFe Increldible event but DPS
rw~b~ie By~pass Falurwe Eve pessu~e SCRAMs on high pressure

_ _ _ _ _SCRAM

i 63.6 Turbine TrFip With Total Turbine InFq igh Feact InRGcdible event but DPS
By-paSS Fall ~ Fvn p~sUe SCRAMs on high pr-essure

46.37 Control Rod Withdrawal ErrorF During I.nfrequentNo Diver-se l&C No DPS action
Ref uellingEe

15.3.8 Control Rod Withdrawal Error During !;eqe6No Diverse l&C No DPS action

46.3.9 Control Rod Withdrawal Error During !Rf*equientNo Diverse l&C No DPS action
PoweF~p Operation Evean fequ Fed;

45.3.10 Fuel Assembly Leadi§-E , inftequentt No Diver-se l&C No DPS action
MiSlocated Bundl Event iqire

4414..1 Fe Assembly Loading Ewe.r- Infr-equenlN Diverse l&C No DPS action
Misoriented Bundle Event qi!d ____________

AB-6
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serat Evs ent Dwyerse 4&G Gmments
_ CGlass system___

-iý-A2Inave~entR--G FunrmenOpeatmn #frequaent Ne-s~igniflsn SB&PJlC- -available to
Event mo,:-.pac .. ;. m..ng ..e

most likely tcVminated by

co'ntrolled sta-rtup
_ s~naF69).

4-5.3.3 inadvertent Opening of a Safety-Reliet~fI~qet N DPS also SCRAMs on high
Valve Event 4pIeso suppresonpl

tempe~aue

16.3.14 Inadvertent Opening of a Inreq Hgh-diywell DPS also SCRAMs on high
Dep•,SSUFi•ation Valve Evlen p ess!.Ie dwell ,•,essure

_ _ _ _ _SCRAM

45.3.6 Stuck Open Safety-Relief Valve inrqetSUPPIessif DPS also SC RAlfs on high
Event pool suppression pool

tempe~aUe tempe~a
SCRAM

4446 Leiquid Conntainin Tank FamIlUre (COL infrequ.eRno div.ersQe I&C No OPS action
applicant scope) Event fq&

15.3. 7 COL Information Not Applarable
___ 15.4 -Analy'sis of Acr~dents (Event Categeoy)

15.4.1- Fuel Handling Accident AGrmdent No di':er-se l&C No DPS action

_nj ____ e qS i~i 5 Vi VIr Be d _ __• VV~
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Sect eSGe4ten Event-Class Dever-se-lC- Comments
_ _ system

1.4.~2 6ess-f- AGermdent L4DR&SCRARAeo n
Coolant r!C-RAM#H4 pcactor lcvcldrycl

Accimden dFywell prcessUr and initiatc
(C-entainmen~t pressure. (ECCS) Automatic

Ana-ly-sis} SC-RAM Dpcsrzto
Dovr-e (ytmADS)!Gra-y

ESF4ECCS DFiven CoGolig System
at;uatioi- (GDCS), SLG S, tcm-,

ctc. WOrst rase dosc
mnay challcnge 10 CFR
100 guidelines. Need

con~firmator-y analysis.
Dovcr-sc cOntainmcnt

isolatiGR may be
feqm~ed-.

1-64 Les6-Gf- A cd- W =3SCRAM Refe Fto 15.14.2.

AcidenI F , IS,. ,RC
PerforMancc actuatae~t

-6.4.4 Less of- AGIident W-SC-RAM Rcfe F to A 6.4.2.
Goolant Dmverse

Aeeedent ESFIEGGCS
insde aetuatlan

ContaiRMent
Radic~ogica

Anaý
1545 mai. Ar.iden W=3SC-RAM PPS SCRAMs onlo

Steamkle l DIveIee IovoI (WV). Daverl
&~eak. ESPEGCS contaiRnmcntlMSlY

Ar.Gmdent aetuataen GGeSU~e -maybe
Outside rcguircd to limit

C-entahR~nent a eg
GonsequeRccc. Release*
May Ihallge. 10 CFR

Confirmatory analysis
i. u redl AVV I s .Im II i uI 1



NEDO-33251

SeOO aresetin Event-Glees. QiveFse4l&G Comimenits
system4

On fllw Fay be
_ feqU4~ed.

1-.4.6 Cent~el-Red Arendet Ne da-eiFSe No PPS action
DFep Ar.den &

fequie4
16.4.7 Feedwate• Aoiaepnf I-=SCRAM DPS SRAMl on low

bkeBi~ Dove-se. R-P 11i.. a tcr lvl. ci.Wr-st.
t11ESFBIEG$ Gcadose docnot

Genao4nmen aetuatoeit challcngcIO0CFRIO
guideies-.

16448 Fauiurzeef AGeidet I=WSG.RAM No DPS action unlc
Small -ne Dovei se level rcachcc L. "I
Car-ry-ing ESFJEGCS leovel reachee (LI), DP25
1 r-IIa. a- l t -a fi n p operatecd 1ivr i. ri ii
Coolant C-o-ntainment line break
Outside boundcd by largcrF

Containmcnt breaks. Manual
containmcntioltn

available. Aberrant.

available to alert the
operator. E=Xcoco flowA
check valves should

limmit release of coolant.
Dose within 10 CFR I00

___ g*delines-.
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Sect Descrifie revan C s Diverse4& C- atnm..e a-
_ _ _ system

1.4. RWGUi Aiident -RANo DPS action
r-te.'ne .. D.vecse unles s..I evelracc

Famiure FS.FIEGG W3. if lcvel rcp-ac-hc--
G utside actatie.V LI1, thc DPS actuatc

ConainctPossibe the deversc =SF=.My
oeeaiteF rcguirc operater
artien ac-tion to romotely

equi~e4 icoato or locally
w solate based on

conditions. Woret.
ease-dose-may

VhallngeI i1 CFR 100
iuidelincc. (Pecsible

w nrusien-of
dmffcr-ential floe

6Vneor for DPS Ioak

isolation function)
16.410 Sent FueI Arcident Ne-duveise NoDP)S-aamcton

Caski iHIIp IC -iequiieV
Acc~ide-nt

II4 COL tN liei•i ale

Categor-' 15.5 Spocial' E':ont E4valuiatfiones (Event Catogory). E-4orits
not. evaluated.
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