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NRC RAT 19.1-22

NEDOQ-33201, Tables 4.5-5, Common Cause Failure (CCF), and 4.5-7, List of System
Basic Events, are included in Section 4.5 without any discussion. It is not clear to the
staff how some of the probabilities reported in these two tables were obtained. Examples
are: (1) the basis for the probability of basic event C51-ACT-LO-CHASRNM (1.90E-02);
(2) the reason some basic events with same code (e.g., VLU-FC) have different failure
probabilities; and (3) the reason that some CCFs, involving software failure, mentioned
in Section 5.3.5 (e.g., C74-DIM-CF-RTIFALL) are not included in Table 4.5-5.

(4) Provide complete lists of 1&C basic and CCF events and discuss how the associated
failure probabilities were calculated.

(B) Discuss how the potential for CCF (both hardware and software) was investigated.
Include discussion on the following:

-The potential for software failure within subsystems and among cards;
-Sensor and transmitter miscalibration;

-Loss of cooling ventilation;

-Manufacturing and installation errors;

-Earthquake and fire;

-Setpoint drift or incorrect setpoint;

-Maintenance and test errors; and

-Electromagnetic interference

GE Response:

A list of 1&C basic events is provided in Table 19.1-22-1. A list of I&C CCF events is
provided in Table 19.1-22-2.

A discussion of how the basic event and common cause failure probabilities are
calculated is found in NEDO-33201 Sections 5.2 and 5.3, respectively. This includes a
discussion on how basic events with the same code (e.g., VLU-FC) have the same
demand failure rate, but may have different test intervals, thus resulting in different
failure probabilities.

The design of the I&C systems is not complete. Therefore, the lists provided in response
to this RAI contain all of the I&C basic events and common cause failures representing
all 1&C components that are in the current PRA model. In addition, a discussion on the
potential for hardware and software CCF will not be available until the I&C design is
complete. When the design is complete, this information will be available in the updated
PRA model.
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Note that the mean failure rate in Table 19.1-22-1 for the type “ACT-LO” has been
revised. The original failure rate was reported as 2.20E-6/hr, which was found to be in
error. The actual failure rate is 1.20E-6/hr, per IEEE-Std-500. The erroneous data value
was reported to the NRC in Table 19.1.0-5-1, which was provided in response to NRC
RAI 19.1.0-5 (Reference MFN 06-20, January 23, 2006.) The erroneous data point has
been corrected and will be reflected in a future revision to NEDO-33201. The effect of
the data error on the CDF is insignificant because the erroneous value is slightly higher
and thus, more conservative, than the original value.

No DCD changes will be made in response to this RAIL
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Table 19.1-22-1 I&C Independent Failure Basic Event List

NAME(BE) DESC SOURCE™ o1sT| S4n%C |rmission| Trest |EF|Prambdalam| Type "’""’"(7,'?)"“""’ Unavallabllity Notes
B21-LT_-NO-DPSWRA DPS WIDE RANGE LEVEL TRANSMITTER A (LEVEL 182) FAILS  |Advanced Lightwater | L | toos08 | 24 | o |10 1.00e08|nr|Lr_No 240505
821-LT_NO-DPSWRB DPS WIDE RANGE LEVEL TRANSMITTER B (LEVEL 182) FAILS  |Advanced Lightwater | L | 100E06 | 24 | o [10]1.00e08nr[L7_nNo 2.40E-05
B821-LT_-NO-DPSWRC DPS WIDE RANGE LEVEL TRANSMITTER C (LEVEL 182)FALS  |AdvancedLightwater | L | toos06 | 24 | o |10|1.00e08|nrfLr_no 240605
B21-LT_-NO-DPSWRD DPS WIDE RANGE LEVEL TRANSMITTER D (LEVEL 182)FAILS  |Advanced Lightwater | L | 100E08 | 24 | o [10]1.00e08]ne [LT_NO 2.40E05
B21-LT_NO-NOOIA WIDE RANGE LEVEL TRANSMITTER 1A (LEVEL 182) FAILS AdvancedLightwater | L | 100e08 [ 24 | o [10]1.008-08]nrfLT_NO 240E.05
B21-LT_-NO-N0O1B WIDE RANGE LEVEL TRANSMITTER 1B (LEVEL 182) FAILS AdvancedLightwater | L | 100e06 [ 24 | o [10]1.00e-08]nr LT NO 2.40E05
B21-LT_NO-N0OIC WIDE RANGE LEVEL TRANSMITTER 1C (LEVEL 182) FAILS AdvancedLightwater | L | 100E08 | 24 | o [10}1.00E08| e |LT_-NO 2.40E-05
B21-LT_-NO-NOO1D WIDE RANGE LEVEL TRANSMITTER 1D (LEVEL 182) FAILS AdvancedLightWater | L | 100208 [ 24 | o |[10]1.008-08nr [LT_-NO 2.40E05
B21-OR_-PGO1A ORIFICE INSTR. INE 1A FAILS TO REMAIN OPEN (PLUG) NUREG/CR-2815 L |eooeor | 24 | o |3]eocoe07|nr|or PG 1.44E-05
B21-OR_-PG01B ORIFICE INSTR. LINE 1B FAILS TO REMAIN OPEN (PLUG) NUREG/CR-2815 L |eooeor | 20 | o |3]eooe0r|nr|or_rs 1.44E05
B21.0R_-PG01C ORIFICE INSTR. LINE 1C FAILS TO REMAIN OPEN (PLUG) NUREG/CR-2815 L|eooeor | 24 | o |3|eooe-07|nr{or PG 1.44E05
B21-0R_PG-01D ORIFICE INSTR. LINE 1D FAILS TO REMAIN OPEN (PLUG) NUREGICR-2815 L | eoosor [ 2¢ | o [3]ecoe07|nr|or P 1.44E.05
C31-VLUFC-RUNBACK €31 SYSTEM VOTER LOGIC UNIT FAILS GENERALELECTRIC | L | 780805 | o | o |10}7.808-05] ¢ [vuFc 7.80E-05
C51-ACT-LO-CHASRNM SRNM CHANNEL A FALS IEEE-S1d-500 L | 120e08 | o |17520|10] 1.20e-08 tr [acT-LO to4g02  [The generc data has been changed in the new
C51-ACT-LO-CHBSRNM SRNM CHANNEL B FAILS IEEE-Sd-500 L | 120808 | o [17520]10} 1.20E08] r [acT-LO 104502 | Fhe generc data has been changed in the new
C51-ACT-LO-CHCSRNM SRNM CHANNEL C FAILS IEEE-Std-500 L | 120e08 | o |17520]10] 1.208-08| b [acTLO 104g02 | Fhe genenc data has been changed in tha new
C51-ACT-LO-CHDSRNM SRNM CHANNEL D FAILS IEEE-Std-500 L | 120208 | o [17520]10] 1.208-08| b [acT-LO 104g.02  [The 9enenc data has been changed in the new
C51:VLU-FC-1APRM APRM DIV | 2/4 MODULE FAILS GENERALELECTRIC | L | 780e0s | o | o® |10|7.80e05] a [vurc 7.80E-05
C51-VLU-FC-2APRM APRM DIV 1l 2/4 MODULE FALLS GENERALELECTRIC | L | 7.80E-05 0 o™ |10]7.80E-05| d |[VLU-FC 7.80E-05
C51-VLUFC-3APRM APRM DIV Il) 2/4 MODULE FAILS GENERALELECTRIC | L | 78005 | o | o |10|7.80e05] @ [vuFC 7.80E-05
C51-VLUFC~4APRM APRM DIV [V 2/4 MODULE FAILS GENERALELECTRC | L | 780e0s | o | o® |10|7.80e05] ¢ [viurc 7.80E-05
C62-BYP-FC-DIVBN1E BYPASS UNIT DIV B(N1E) FAILS TO FUNCTION S BOMILHOBK- | | sooe08 | 60 | o |10|s00E-08 | nr[BVP-FC 300604
C62-BYP-FC-DIVCNIE BYPASS UNIT DIV C (NIE) FAILS TO FUNCTION S ROMLHOBK- [y | soos08 | 60 | o |10]s00E-08 | nr [BYP.FC 3.00E-04
C62-VLU-FC-ESF1ADID 1STDIVA ESFVOTERLOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 78005 | o  |17520]10|7.80e05 | o [vLu-FC 7.12E-08 6.24E-04
C62-VLU-FC-ESF1BDID 1ST DIVB ESF VOTERLOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 780e05s | o  |17520|10|7.80E05 ] o [vLu-FC 712608 6.24E-04
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Table 19.1-22-1 I&C Independent Failure Basic Event List

NAME(BE) DESC SOURCE® o1sT| S0 |tmission| Trost |EF|Prambdaldam| Type L‘"‘""(fhf)“""”y Unavaitabitity Notes
C62-VLU-FC-ESFIBNIE 1STDIVB N1E ESFVOTER LOGIC UNIT FAILSTOFUNCTION  |GENERALELECTRIC | L | 780805 | o  |17520|10|7.80E05} ¢ |viurc 7.12E08 6.24E:04
C62-VLU-FC-ESFICDID 1ST DIV C (DID) ESF VOTERLOGIC UNIT FAILSTOFUNCTION |GENERALELECTRIC | L | 780s05 | o  [17520[40]7.808-05| ¢ [VLUFC 7.126-08 8.24E-04
C62-VLU-FC-ESFICNIE 1ST DIV C N1E ESF VOTER LOGIC UNIT FALSTOFUNCTION ~ |GENERALELECTRIC | L | 780805 | 0  |[17520{10]7.80e-05] o [vLu-FC 7.12608 8.24E-04
C62.VLU-FC-ESF2ADID 2ND DIV A (DID) ESF VOTER LOGIC UNIT FAILLS TOFUNCTION |GENERALELECTRIC | L | 7.80e05 | o  |17520{10]7.80805] o |viu-FC 7.12E08 6.24E-04
C62-VLU-FC-ESF2BDID 2ND DIV B (DID) ESF VOTER LOGIC UNIT FAILS TOFUNCTION  |GENERALELECTRIC | L | 780805 | o  |17520{10{7.80805] ¢ [viurre 712608 6.24E.04
C2.VLU-FC-ESF2BNIE 2ND DIV B (N1E) ESF VOTER LOGIC UNIT FALSTOFUNCTION |GENERALELECTRIC | L | 780505 | o  [17520{10]7.808-05] o [viuFc 7.12E08 8.24E-04
C62.VLU-FC-ESF2CDID 2ND DIV C{(DID) ESF VOTER LOGIC UNIT FALS TOFUNCTION  |GENERALELECTRIC | L | 7.80e05 | 0 [17520|10|7.808.05| ¢ [viuFe 7.12E08 6.24E-04
CE2-VLU-FC-ESF2CNIE 2ND DIV C (N1E) ESF VOTER LOGIC UNIT FAILS TO FUNCTION |GENERALELECTRIC | L | 780E05 | 0  |17520]|10|7.808-05| ¢ [viuFc 7.12608 6.24E-04
C72-BYP-FC-DPSDIVY BYPASS UNIT OIV 1 FAILS TO FUNCTION T BOMILHDBIC |y | 500208 [ 60 o |10]s.00e08 | r |BYP-FC 3.00E-04
C72-BYP-FC-DPSDIV2 BYPASS UNIT OIV 1 FAILS TO FUNCTION TOCBOMILHDBK- | | | 500208 | 60 o [10|500e08| tr |BYP-FC 3.00E-04
C72-BYP-FC-DPSDIV3 BYPASS UNIT DIVl FAILS TO FUNCTION T BOMLHDBK: | [ so0e08 | 60 o |10]s.00e08] tr [BYP-FC 3.00E-04
C72-BYP-FC-DPSDIV4 BYPASS UNIT DIVIV FAILS TO FUNCTION I BOMILHDBIC | | s00s08 | 60 o |10]|s.00e08]tr |evP-FC 3.00E04
C72-DTM-FC-DPSDIV DTM OF DPSDIV. 1 FAILS TOTRIP Engineering Criterta L | eooeos | o [2160]10|6.00e-04| o [DTM-FC 6.00E-04
C€72.DTMFC-DPSDIV2 DTM OF DPV DIV. 2 FAILS TO TRIP Engineering Criteria L | eocos0s | o |2160]10|600E04| o [oTMFC 6.00E-04
C72-DTM-FC-DPSDIV3 DTM OF DPS DIV. 3 FAILS TO TRIP Engineering Criteria L | eooEos | o |2160]10|6.00e-04| d [OTM-FC 6.00E-04
CT2-DTMFC-DPSDIV4 DTM OF DPS DIV. 4 FAILS TO TRIP Enginesring Criterta L | ecoeos | o ]2160]10|6.00E04| o [oTM-FC 6.00E-04
C72VLU-FC-DPSESF11 1ST DIV 1 ESF VOTERLOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 7.80e05 | o [17s20|10]7.80505| ¢ [viu-FC 7.12E-08 6.24E:04
CT2.VLU-FC-DPSESF12 1ST DIV 1 ESF VOTERLOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 7.80e05 | o  [t7s20[10]7.608-05] o [viu-re 7.12E08 8.24E-04
C72.VLU-FC-DPSESF13 1ST DIV Il ESE VOTER LOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 7.80e05 | o0 [17520]|10|7.80E-05| ¢ |viu-Fe 7.12E08 6.24E-04
CT2-VLU-FC-DPSESF14 1ST DIV IV ESF VOTER LOGIC UNIT FAILS TO FUNGTION GENERALELECTRIC | L | 7.60e05 | o |17520|10{7.808-05| ¢ Jviu-FC 7.12608 6.24E-04
C72-VLU-FC-DPSESF21 2ND DIV 1 ESF VOTER LOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 7.60E05 | © |t7s20[10]|7.808-05] o [viurc 7.126-08 6.24E.04
C72VLU-FC-DPSESF22 2ND DIV { ESF VOTER LOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 780e05 | o |17520]10|7.808-05] ¢ [viu-re 7.12E08 6.24E-04
C72.VLU-FC-DPSESF23 2ND DIV il ESF VOTER LOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 780808 | o0  [17520]10|7.80E05] ¢ [viu-Fc 7.126-08 624604
CT2.VLU-FC-DPSESF24 2ND DIV IV ESF VOTER LOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 780e05 | o |17520]40|7.808-05] o [viu-FC 7.12E.08 6.24-04
C74-BYP-FCDV BYPASS UNIT DIV 1 FAILS TO FUNCTION TIRIBAMILHDBK- | | | sooe0s | 60 | o |10|s0008tr [BYP-FC 3.00E04
C74-BYP-FC-DIV2 BYPASS UNIT DIV 1 FAILS TO FUNCTION T SOMILHDBI: | | s00e06 | 60 | o |10]5008-08|he |BYPFC 3.00E04
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Table 19.1-22-1 I&C Independent Failure Basic Event List

NAME(BE) DESC SOURCE" pisT| S%1C |rmission| Ttest |EF|Prambdalam| Type L"“""(‘,'hf)“"“y Unavallabltity Notes
C74-BYP-FC-DIV3 BYPASS UNIT DIVHl FAILS TO FUNCTION BOBOMILHDBK: | [ 50008 | 60 | o [10]s00e-08| e fBYPFC 3.00E-04
C74-BYP-FC-DIV4 BYPASS UNIT DIVIV FAILS TO FUNCTION DG BOMIL-HOBK- | | s00e08 | 60 o |10]s.00e-08|nr [BYPFC 3.00E-04
C74-BYP-FC-DIVADID BYPASS UNIT DIV A (DID) FAILS TO FUNCTION ITBAMILHDBK- | | s00E06 | 60 o |10]s.00e-08| e |BYPFC 3.00E-04
C74-BYP-FC-DIVBOID BYPASS UNIT DIV B (DID) FAILS TO FUNCTION TITOBMILHDEK- | | sooe08 | 60 o |10]|s00e-08| hr |BYPFC 3.00E-04
C74-BYP-FC-DIVCDID BYPASS UNIT DIV C(DID) FAILS TO FUNCTION DT BAMILHDBK- | o | s00e08 | 60 o |[10]5.00e-08| tr [BYP-FC 3.00E-04
C74-DTM-FC-OIVY DTM OF SSLC DIV, 1 FAILS TO TRIP Engineering Criterta L | eocoeos | o |2160]10]6.00e04| o [DTM-FC 6.005-04
C74-DTMFC-OIV2 DTM OF SSLC DIV. 2 FAILS TO TRIP Engineering Criteria L | 6ooe0s | o |2180]10]6.00e-04| o [OTMFC 8.00E-04
C74.DTM-FC-DIV3 DTM OF SSLC DIV. 3 FAILS TO TRIP Engineering Criterta L | ecoe0s | o |2160|10]6.00E04| a [OTM-FC 6.00E-04
C74-DTM-FC-DIV4 DTM OF SSLC DIV. 4 FAILS TOTRIP Engineering Criteria L | eooe0s | o |2160]10]6.00e04| o [DTMFC 6.00E-04
CTAVLUFC-ESF11 1ST DIV 1 ESF VOTER LOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 780805 | o [17520|10]7.808.05] a [viurc 7.12E08 8.24E-04
CT4VLU-FC-ESF12 1ST DIV 1 ESF VOTER LOGIC UNIT FAILS TO FUNGTION GENERALELECTRIC | L | 780805 | o  [17520|10]7.80805] o [viurc 7.126-08 8.24E04
CT4-VLU-FC-ESF13 1ST DIV 11l ESF VOTER LOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 780805 | o  [17520|10|7.808-05] o [viure 7.12E08 8.24E-04
CTANLU-FC-ESF14 1ST DIV IV ESF VOTER LOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 78005 | o [17520|10|7.808:05] o [viuec 7.12608 8.24E-04
CT4-VLU.FC-ESF21 2ND DIV 1 ESF VOTER LOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 780805 | o [17520/10|7.808:05] o [vivrc 7.12E.08 6.24£-04
CT4.VLU-FC-ESF22 2ND DIV 1 ESF VOTER LOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 780805 | o0 [17520|10]7.608:05] o [viurc 7.12E08 824504
C74-VLU-FC-ESF23 2ND DIV 1lt ESF VOTER LOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 78005 | 0 [17520|10|7.80E-05| o [viuFC 7.12E08 624604
CT4-VLU-FC-ESF24 2ND DIV IV ESF VOTER LOGIC UNIT FAILS TO FUNCTION GENERALELECTRIC | L | 780805 | o [17520|10]7.808.05] g [viurc 7.12E08 6.24£-04
H23-EMS-FC-DIV ESSENTIAL MULTIPLEXING SYSTEM DIV 1 FAILS TO FUNCTION | Engineering Criteria L | 100s0s [ e | o [10]1.00e05nr[emsrc 8.00E-04
H23-EMS-FC-DIV2 ESSENTIAL MULTIPLEXING SYSTEM DIV 2 FAILS TO FUNCTION | Engineering Criteria L | 10005 | e | o [10f10005|nr[EmsFc 6.00E-04
H23-EMS-FC-DIV3 ESSENTIAL MULTIPLEXING SYSTEMDIV 3 FAILS TO FUNCTION | Engineering Criteria L | 100e05 | 60 | o |10|1.00e05pr[EmMs-FC 6.00E-04
H23-EMS-FC-DIV4 ESSENTIAL MULTIPLEXING SYSTEM DIV 4 FAILS TO FUNCTION |Engineering Criteria L | 100e05 | e | o |10]1.00e05]nr|emsrc 8.00E-04
H23-EMS-FC-DIVADID Fo RO MULTIPLEXING SYSTEMOIVA (DID) FALS TO Engineering Criteria L|tooe0s | e | o |10]100e05]nr jEMSFC 8.00E-04
H23-EMS-FC-DIVEDID §Sﬁgﬂg§"— MULTIPLEXING SYSTEM DIV B (DID) FAILS TO Engineering Criterta L | 100e0s | 60 o |10]1.008-05 | hr [EMSFC 6.00E-04
H23-EMS-FC-DIVBN1E 533?:#%% MULTIPLEXING SYSTEM DIV B (N1E) FAILSTO Engineering Criterta L | 100e0s | 0 o |[10]1.00e-05 | br [EMSFC 6.00E-04
H23-EMS-FC-DIVCDID Egﬁg'#o":}- MULTIPLEXING SYSTEM DIV C{DID) FAILS TO Engineering Criteria L | 100e05 | 60 o |10] 1.00-05 | br [EMSFC 6.00E-04
H23-EMS-FC-DIVCN{E 5332':%% MULTIPLEXING SYSTEM DIV C (N1E)FAILSTO Engineering Criteria L | 100e05 | 60 o |[10]1.00e-05| v [EMSFC 6.00E-04
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Table 19.1-22-1 1&C Independent Failure Basic Event List

NAME(BE) DESC SOURCE" o1sT| SE9C rmission] Ttest [EF|Prambdalam| Type “(,hr) Ylu ity Notes
H23-EMS-FC-DPSDIV BN ULTIPLEXING SYSTEM DPS DIV FAILSTO Engineering Criterta L | 100e0s | 60 | o |10]1.00e:05|ne [EMSFC 6.00E-04
H23-EMS-FC-DPSDIV2 E N UL TIPLEXING SYSTEMDPS DIV 2 FAILSTO Enginesring Criteria L | 100E0s | 60 | o |10]1.00E08]ne[EMSFC 8.00E-04
H23-EMS-FC-DPSDIV3 EoneTion, MULTIPLEXING SYSTEMDPS DIV 3 FALS TO Engineering Criterta L |1o0e0s | s0 | o [10]1.00e:05]nr [emsFc 6.00E-04
H23-EMS-FC-DPSDIV4 B O MULTIPLEXING SYSTEMDPS DIV 4 FAILSTO Engineering Criterta L | 1o0e0s | 60 | o [10]1.00e05]ne |EmMsFC 6.00E08
H23-RMU-FC-1ADS RMU 001 FOR MANUAL ACTUATION IN CONTROL ROOMFAILS  [SirnCFieldDam,B. | -y 1 so0r08 | 60 | o |10|5.00508|hr [RMUFC 300804
H23-RMU-FC-2ADS RMU 002 FOR MANUAL ACTUATION IN CONTROL ROOMFAILS  [SemaCFreidDam.B. | 1y 1 50008 | 60 | o |10]s.00e08|nr [RMUFC 3.00E-04
H23-RMU-FC-DIV1 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION SoanCFieldDam,B. | 1\ | 50008 | 60 | o |10]5.008.08|nr [RMUFC 3.00E-04
H23-RMU-FC-DIV2 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION SoMACFeldData.B. |\ | 50006 | 60 | o |10|scoe08 | tr |RMuFC 3.00E-04
H23-RMU-FC-DIV3 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION SiwnCFeldData.B. | | | sooe08 | 60 | o [10]s.00508 | nr |Ruu.rc 300504
H23-RMU-FC-DIV4 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION SpMACFieldData.B. | | | sooe08 | 60 | o |10]s00808] e |RMu-FC 3.00E04
23 RMUFODPSTADS RV C0Y FOR WANUAL DPS ACTURTION TN CONTROL ROOM — |NUMACF@id 03,8 | | s00m08 | 60 | 0 |10]5.00E00 | r [rec 300500
123 RO FODPS2ADS RMU 00 FOR MANUAL DPS ACTURTION N CONTROLROOM — |NUMACT@ia 02,8, | | | so0z06 | 60 | 0 |10]s500m08] b [RMUFC 300500
H23-RMU-FC-DPSDIV1 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION RomACFeldDam.B. | | sooe08 | 60 | o |10|5.00e08] br [RMUFC 3.00E-04
H23-RMU-FC-DPSDIV2 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION RoprCFieldDam.B. | | | so0e08 [ 60 | o |10[s00508] hr [RMUFC 3.00E-04
H23-RMU-FC-DPSDIV3 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION SonCFietaDaa,B. | | so0e08 [ 60 | o |10[s00508|he [RMUFC 3.00E-04
H23-RMU-FC-DPSDIV4 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION SomapCFedData.B. | | | 50008 [ 60 | o |10[500E08 | tr [RMUFC 3.00E-04
23 RMUFO.OPSESF 11 TST DIV ESF REMOTE MULTIPLEXING UNIT FAILS TO NUMACTEIa0a.8. | ( | sooe0s | 60 | 0 |10]|500m08 | o [rmurc 200500
H23-RMU-FC-DPSESF12 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION SomACFeldData.B. | | | s00e08 | 60 o [10]s.00e-08 | tr |RMU.FC 3.00E-04
K2 RMUFCOPSESFIS | |LoL DIVIN ESF REVOTE NULTIPLEXING UNIT FAILS TO NUMACF@Id035.8. | | | 50008 | 60 | o |10]50008 | [rwirc 300500
HE RMUFCOPSESFI4 |L5], VIV ESF REVOTE MULTIPLEXING UNIT FAILS T0 NUMACFRIa0a.B. | | | sooe06 | 60 | 0 |10|500E08 | or e 200508
Wz RMUFCOPSESF21 |20 DIV 1 ESF RENOTE HULTIPLEXING UNIT FAILS TO NUMACFiG035.8. | | | 50006 | 60 | o |10]500E08 | v [RMurG 200508
H23-RMU-FC-DPSESF22  |REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION RUMACFieta Data.B. | 'y | sooz08 [ 60 [ o [tofscos.08|he [ruurc 3.00E-04
HELRMUFCOPSESF23 |20 DIVITESF RENOTE MULTIPLEXING UNIT FAILS TO NUMACFRI0a.B. | (| 50008 | 60 | 0 |10] 500808 | o [Ruc 200508
HZSRMUFCOPSESF24 210 DIVII ESF RENOTE MULTIPLEXING UNIT FAILS TO NUMACFIa0a5.8. | | 500e08 | 60 | 0 |10] 50008 | o [Ruc 200508
2 RMUFGESFI1 TST DIV | ESF REVOTE MULTIPLEXING UNIT FATLS 10 NUMAC Fiia Gat, . s00e06 | 8 | o l1ols00506 | or IRMurC 200508
H23-RMU-FC-ESF12 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION KMACFieldData.B. | ' | s00e08 | 60 | o [10[s00e08 | br [RMUFC 3.00E-04
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Table 19.1-22-1 I1&C Independent Failure Basic Event List

NAME(BE) DESC SOURCE™ oisT| C47%0C |rmission| Ttest [EF|Prambdaldm| Type """""(7,3)""‘“’" Unavallability Notes
SO —. TST DIV ESF REMOTE MULTIPLEXING UNIT FAILS TO NUWAC Foa0aa, B | | | so0e08 | 60 | 0 |10]500E08 | e [RvUFC 30050
o —— ST OIV IV ESF REMOTE MULTIPLEXING UNIT FAILS TO NUMACFRIA03@.B. | | | 500e08 | 60 | 0 |10] 500500 br [rvurc 200500
T ——— ISTOIV A (OID) ESF REMOTE MULTIPLEXING UNIT FAILS TO | NUMAC FioidData, B | | | 500e.08 | 60 | 0 |10]500E08 | or [rvuFc 2.00E.08
o — IST OV B (O1D) ESF REVOTE MULTIPLEXING UNIT FALS TO—[NUMACFia D32, 8. | | 50oz.08 o |10l 500508 | or IRMUFC 3 005,08
HZSRMUFCESFIBNIE | S),01VB (NIE) ESF REMOTE MULTIPLEXING UNT FALSTO  |NUMACFiaDa,8. | | | 50006 | 60 | 0 |10] 500508 | or [rvurc 200504
23 RMUFG.ESFICOD IST OV C (01D} ESF REMOTE MULTIPLEXING UNIT FAILS TO NUMACFaData, B. | | | soog08 | 60 | 0 |10]500E08 e [RVUFG 300504
M RMUTGESFIONIE |50V (VTE) ESF REMOTE MULTIPLEXING UNIT FAILS TO NUMACF@ia0a.B. | | | 50008 | 60 | 0 |10]500E08 | br [rurc 200500
N ZND DIV { ESF REMOTE MULTIPLEXING UNIT FAILS TO NUMACFidDa, B | | | soog0 | 60 | 0 |10]500E08| r [rvuFc 300508
H23-RMU-FC-ESF22 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION SonCFielaDam.B. | | | 500208 | 60 o |10 500508 hr [RMU-FC 3.00E-04
23 RMUFC.E5r2a 2N DIVIT ESF RENOTE MULTIPLEXING UNIT FAILS TO NUMACFRIa03a.B. | | | so0e08 | 60 | 0 |10]50008| br [ruec 200508
FTP— ZND DIVII ESF REMOTE MULTIPLEXING UNIT FAILS TO NUMACFeld0a. B | | | 500e08 | 0 | 0 |10]500E08 | or [FMUFC 300508
23 VUG ESF2ADID 2ND DIV A (DID] ESF REMOTE MULTIPLEXING UNIT FAIS T NUMAC G038, | | | so0e06 | 60 | 0 |10] 500508 | o R p——
R —— 2ND OV B (01D ESF REMOTE MULTIPLEXING UNIT FAILSTO |NUMAGFIaD38.8. | | | 50008 | 60 | 0 |10 500508 | br [Faurc 300508
WerRMUFCESFZNTE |20 D1V B (NTE] ESF REMOTE MULTIPLEXING UNIT FAILS O [NUMACFRiG 03, 8. | | 500e08 | 60 | 0 |10 50008 br [Remuc 3 00E.08
23 RMU-FO.ESF2CDID 2ND DIV C DID ESF REMOTE MULTIPLEXING UNIT FAILS TO NUMACFRIdD3a.B. | | | sooe0s | 0 | 0 |10]500E08 | br [RMUFC 300508
HESRMUFCESFZCNIE |20 01V C (NTE) ESF REMOTE MULTIPLEXNGUNT FALS TO | NUMACFldDa.B. | | | sooz0 | 60 | 0 |10] 500500 | tr [rwuro 300508

FUNCTIOI

Simon

(*) The generic sources were revised following RA! 19.1.0-5,

(1) Immediate detection of failure
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Table 19.1-22-2 1&C CCF List

Ind, d Mission
Baslc Event Population ;yp:'::;:l:::: ' F':':::r: e pandent :-Ez (dedema, r)" frcartee |, CCF (aipha factors) Source Time m;;;"rp el Unavailability Description of the basic event
(Hours) (Hours) Rate
B21-LT_-CF-DPSWR 4 LT_CF NO 1.00E08 | 10 hr 5.00E03 | GS | genericalphas (NUREG/CR-5801p.36) | 24 120E-07 |CCF OF DPS WRLEVEL TRANSMITTERS
B21.LT_-CF-NOO1A/B/C/D 4 LT_CF NO 1.00E06 | 10 hr 5.00E-03 | GS | generic alphas (NUREG/CR-5801p. 36) | 24 1.20E-07 |CCF OF DIVERSIFIED LEVEL 1 & 2 TRANSM. 10A/8/C/D
C51-ACT-CF-1PRM 4 ACT-CF FC 680E08 | 10 hr 6.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 298E04 |CCFAPRMNEUTRON CHANNELS
C51-ACT-CF-APRMSTUCK 4 ACT-CF NO 1.80E-06 | 10 he 5.00E-03 | GS | generic slphas (NUREG/CR5801p.36) | 24 2.16E07 |CCF APRM DETECTORS STUCK AT POWER LEVEL
C51-ACT-CF-SRNM 4 ACT.CF FC 6.80E08 | 10 hr 5.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 208E04 |CCF OF SRNM CORE FLUX CHANNELS
C51-VLUCF-1PRM 4 VLU-CF FC 7.80E05 | 10 d 120E02 | GS | generic alphas (NUREG/CR-5801 p. 36) o 9.36E07 |PRNMDIVI 2/4 MODULES FAILLS
C51-VLU-CF-2PRM 4 VLUCF FC 7.80E05 | 10 d 1.208-02 | GS | generic alphas (NUREG/CR-5801 p. 36) o 0.36E07 |PRNMDIVII 2/4 MODULES FAILS
C51-VLU-CF-APRM 4 VLU-CF FC 7.80E05 | 10 d 1.20E02 | GS | generic alphas (NUREG/CR-5801 p. 36) o 9.36E07 |CCF 2/4 MODULES APRM
C62-BYP-CF-N1EALL 2 BYP-CF FC 500E06 | 10 hr 5.00E02 | GO | generic alphas (NUREG/CR-5801p.36) | 60 1.50E-05 [CCF OF BYPASS UNITS (N1E)
€62-VLU-CF-DIDALL 2 VLUCF FC 7.80E05 | 10 d 5.00E02 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 |7.12608| 3.12E05 |CCFOF VOTERLOGIC UNITS
C62-VLU-CF-N1EALL 2 VLUCF FC 7.80E05 | 10 ¢ 5.00E02 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 |7.12E:08| 3.12E:05 |CCFOF VOTER LOGIC UNITS
C72-BYP-CF-DPSALL 4 BYP-CF FC 500E08 | 10 he 5.00E-03 | GS | generic alphas (NUREG/CR-6801p.36) | 60 1.50E-08 |CCF OF BYPASS UNITS
C72-DTM-CF-DPSALL 4 DTM-CF FC 6.00E04 | 10 d 30003 | GS | generic alphas (NUREG/CR-5801 p. 36) 2160 . L}8E054} | CCF /4 DTM OF DPS DIV 112/3/4
C72-VLU-CF-DPSALL 2 VLU-CF FC 7.80E05 | 10 d §.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 |7.12E08| 3.12E08 |CCF OF VOTERLOGIC UNITS
C74-BYP-CF-ALL 4 BYP-CF FC 5.00E08 | 10 he S.00E-03 | GS | generic alphas (NUREG/CR-5801p.36) | 60 1.50E-06 |CCF OF BYPASS UNITS
C74-BYP-CF-DIDALL 4 BYP-CF FC 500E06 | 10 hr 3.00E03 | GS | generic alphas (NUREG/CR-5801p.36) | 60 9.00E07 |CCF OF BYPASS UNITS (DID)
C74-DTM-CF-ALL 4 DTMCF FC 6.00E04 | 10 d 300E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 2160 HSE-05% || CCF 374 DTM OF SSLC DIVI/2/¥4
C74-VLU-CF-ALL 2 VLUCF FC 7.80E-05 | 10 d 500E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 |7.12E-08| 3.12E-08 |CCF OF VOTERLOGIC UNITS
CT4-VLU-CF-ATWS 2 VLU-CF FC 78005 | 10 d 500E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 |7.12E08| 3.12E08 |CCF 3/4 VOTING LOGIC UNIT ATWS DIVISSIONS
H23-EMS-CF-ALL 4 EMS-CF FC 1.00E-05 | 10 hr 300E-03 | GS | generic alphas (NUREG/CR-5801p.36) | 60 1.80E-08 [CCF OF ESSENTIAL MULTIPLEXING SYSTEM DIV 1/2/3/4
H23-EMS-CF-DIDALL 4 EMS-CF FC 1.00E-05 | 10 hr 3.00E-03 | GS | generic alphas (NUREG/CR-5801p.36) | 60 1.80E-08 |CCF OF ALL DIVISION OF THE EMS
H23-EMS-CF-DPSALL 4 EMS-CF FC 1.00E05 | 10 hr 300E-03 | GS | generic alphas (NUREG/CR-5801p.36) | 60 1.80E-08 {CCF OF ESSENTIAL MULTIPLEXING SYSTEM DIV 172/3/4
H23-EMS-CF-N1EALL 4 EMS-CF FC 1.00E-05 | 10 he 3.00E-03 | GS | genericalphas (NUREG/CR-5801p.36) | 60 1.80E-08 |CCF OF ALL DIVISION OF THE EMS
H23-RMU-CF-ALL 4 RMU-CF FC 500E08 | 10 hr 300E-03 | GS | generic alphas (NUREG/CR-5801p.36) | 60 9.00E-07 |CCF OF REMOTE MULTIPLEXING UNITS TO OPERATE
H23-RMU-CF-DIDALL 4 RMU-CF FC §00E06 | 10 hr 30003 | GS | generic alphas (NUREG/CR-5801p.36) | 60 9.00E07 |CCF OF REMOTE MULTIPLEXING UNITS (DID)
H23-RMU-CF-DPSALL 4 RMU-CF FC 500E08 | 10 he 3.00E-03 | GS | generic alphas (NUREG/CR-5801p.36) | 60 9.00E07 |CCF OF REMOTE MULTIPLEXING UNITS TO OPERATE
H23-RMU-CF-N1EALL 4 RMUCF FC 500E068 | 10 hr 300E-03 | GS | generic alphas (NUREG/CR-5801p.36) | 60 9.00E-07 |CCF OF REMOTE MULTIPLEXING UNITS (NO 1E) TO OPERATE
1 Immediate detection of failure

2) A contribution of 1E-05 is added to the CCF estimation to considerer software CCF contribution
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Table 19.1-22-2 1&C CCF List

B Poputation| Component |independenti, oo on[EMTOT yugomana,| ccr | cer M.:;;::" Test | Standby
asic Event m Typ’;-:;llun l;:g:r: Eallure Rate rEI:‘or hrshour) | factor fee [modet CCF (alpha factors) Source ™™ p(‘l»?:udn? F;I‘lex:o Unavaitability Description of the basic event
{Hours)
B21-LT_-CF-DPSWR 4 LT_CF NO 1.00E-06 10 hr 5.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 24 1.20E-07 |CCF OF DPS WR LEVEL TRANSMITTERS
B21-LT_-CF-NOO1A/B/C/D 4 LT_CF NO 1.00E-06 10 hr 6.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 38) 24 1.20E-07 |CCF OF DIVERSIFIED LEVEL 1 & 2 TRANSM. 10A/8/C/D
C51-ACT-CF-1PRM 4 ACT-CF FC 8.80E-08 10 hr 5.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 2.98E-04 |CCFAPRM NEUTRON CHANNELS
C51-ACT-CF-APRMSTUCK 4 ACTCF NO 1.80E-068 10 hr 5.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 24 2.16E-07 |CCF APRM DETECTORS STUCK AT POWER LEVEL
C51-ACT-CF-SRNM 4 ACT-CF FC 6.80E-08 10 hr 5.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 298E-04 |CCF OF SRNMCORE FLUX CHANNELS
C51-VLU-CF-1PRM 4 VLUCF FC 7.80E-05 10 d 1.20E02 | GS | generic alphas (NUREG/CR-5801 p. 36) o 936E07 |PRNMDIVI 2/4 MODULES FAILS
C51-VLU-CF-2PRM 4 VLUCF FC 7.80E05 | 10 d 1.20E02 | GS | generic alphas (NUREG/CR-5801 p, 36) o™ 9.36E-07 |PRNMDIVII 2/4 MODULES FAILS
C51-VLU-CF-APRM 4 VLUCF FC 7.80E-05 10 d 1.20E-02 | GS | generic alphas (NUREG/CR-5801 p. 36) o™ 9.36E-07 |CCF 2/4 MODULES APRM
C62-8YP-CF-N1EALL 2 BYP-CF FC 5.00E-06 10 hr 5.00E-02 | GO | generic alphas (NUREG/CR-5801 p. 36) 60 1.50E-05 |CCF OF BYPASS UNITS (N1E)
C62-VLU-CF-DIDALL 2 VLU-CF FC 7.80E-05 10 d 500E02 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 |7.12E-08| 3.12E-05 |CCF OF VOTERLOGIC UNITS
C62-VLU-CF-N1EALL 2 VLU-CF FC 7.80E-05 10 d 56.00E-02 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 |7.12E-08| 3.12E-05 |CCF OF VOTERLOGIC UNITS
C72-BYP-CF-DPSALL 4 BYP-CF FC 5.00E-08 10 hr S5.00E03 | GS | generic alphas (NUREG/CR-5801 p. 36) 60 1.50E08 |CCF OF BYPASS UNITS
C72-DTM-CF-DPSALL 4 DTMCF FC 6.00E04 | 10 d 300503 | GS | generic alphas (NUREG/CR-5801 p. 36) 2160 )T]}Tcs_gosﬂt CCF /4 DTM OF DPS DIV 1/2/3/4
C72-VLU-CF-DPSALL 2 VLUCF FC 7.80E-05 10 d 5.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 | 7.12E08| 3.12E-08 |CCF OF VOTERLOGIC UNITS
C74-BYP-CF-ALL 4 BYP-CF FC 5.00E-08 10 he 5.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 60 1.50E-08 |CCF OF BYPASS UNITS
C74-BYP-CF-DIDALL 4 BYP-CF FC 5.00E-08 10 hr 3.00E03 | GS | generic alphas (NUREG/CR-5801 p. 36) 60 9.00E-07 |CCF OF BYPASS UNITS (DID)
C74-DTM-CF-ALL 4 DTM-CF FC 6.00E-04 10 d 3.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 2160 “‘.' BML CCF 3/4 DTM OF SSLC DIVI/2/3/4
C74-VLU-CF-ALL 2 VLU-CF FC 7.80E-05 10 d 5.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 17520 |7.12E-08] 3.12E-08 |CCF OF VOTER LOGIC UNITS
C74-VLU-CF-ATWS 2 VLU-CF FC 7.80E-05 10 d 5.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 38) 17520 |7.12E-08| 3.12E-06 |CCF 3/4 VOTING LOGIC UNIT ATWS DIVISSIONS
H23-EMS-CF-ALL 4 EMS-CF FC 1.00E-05 10 hr 3.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 60 180E08 |CCF OF ESSENTIAL MULTIPLEXING SYSTEM DIV 1/2/73/4
H23-EMS-CF-DIDALL 4 EMSCF FC 1.00E-05 10 he 3.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 60 1.80E-08 |CCF OF ALL DIVISION OF THE EMS
H23-EMS-CF.DPSALL 4 EMS-CF FC 1.00E-05 10 hr 3.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 60 1.80E-06 |CCF OF ESSENTIAL MULTIPLEXING SYSTEM DIV 1/2/3/4
H23-EMS-CF-N1EALL 4 EMS-CF FC 1.00E-05 10 he 3.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 60 1.80E-08 |CCF OF ALL DIVISION OF THE EMS
H23-RMU-CF-ALL 4 RMU-CF FC 5.00E-08 10 hr 3.00E03 | GS | generic alphas (NUREG/CR-5801 p. 36) 60 9.00E07 |CCF OF REMOTE MULTIPLEXING UNITS TO OPERATE
H23-RMU-CF-DIDALL 4 RMU-CF FC 5.00E-06 10 hr 3.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 60 9.00E-07 |CCF OF REMOTE MULTIPLEXING UNITS (DID)
H23-RMU-CF-DPSALL 4 RMU-CF FC 5.00E-08 10 hr 3.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) 60 9.00E-07 [CCF OF REMOTE MULTIPLEXING UNITS TO OPERATE
H23-RMU-CF-N1EALL 4 RMU-CF FC 5.00E08 10 hr 3.00E-03 | GS | generic alphas (NUREG/CR-5801 p. 36) €0 9.00E-07 |CCF OF REMOTE MULTIPLEXING UNITS (NO 1E) TO OPERATE
4] Immediate detection of failure

2) A contribution of 1E-05 is added to the CCF estimation to considerer software CCF contribution
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NRC RAT 19.1-24

Explain or clarify assumptions in quantifying the frequency of initiating event categories.

(4)

(B)

©

(D)

NUREG/CR-5750 Event QGI10, “Inadvertent Open/Close of one Safety/Relief
Valve” is considered a contributor to both the frequency of general transients and
IORYV. Please explain.

1t is stated that the large, medium and small break frequencies inside containment
were calculated by apportioning proportionally the associated NUREG/CR-5750
Jrequencies to each group of ESBWR lines. However, it appears that these
Jrequencies, as reported in NEDQ-33201, Tables 2.3-2 and 2.3-3, are
underestimated (e.g., the total large break frequency is about 2E-5/yr instead of 3E-
S/yr reported in NUREG/CR-5750). Please explain.

The frequency of LOCAs outside containment resulting from main steam lines were
obtained from NUREG/CR-4832 (specific to LaSalle Unit 2 Nuclear Power Plant).
However, other sources (e.g., NUREG/CR-5750 and EPRI’s Utility Requirements
Document) report significantly higher frequencies for main steam line breaks.
Please explain why the information in these additional sources was not taken into
account in estimating the frequency of ESBWR main steam line breaks.

The comparison of ESBWR PRA internal events initiating event frequencies to other
studies, reported in NEDO-33201, Table 2.3-4, indicates a degree of variability that
should be addressed with appropriate sensitivity studies. Please discuss.

GE Response:

A)

B)

Although event QG10 was considered within both the General Transient and IORV
initiating event categories, its frequency was determined to be a non-significant
contributor to both frequencies. This is discussed in NEDO-33201 Section 2.3.1.

The mean values of LOCA frequencies used for the apportionment performed in
NEDO-33201 Table 2.3-1 were obtained from Table J-2 of Appendix J of NUREG
5750. These frequencies are expressed in events per calendar year. The values
indicated in NUREG 5750 Table 3-1 are in terms of events per critical year.

The most significant LOCA frequency with respect to CDF is the Medium Liquid
LOCA, which contributes 0.76%. The difference between a frequency of 2E-5/yr
and 3E-5/yr translates to an increase in CDF of approximately 1 E-10/yr, which is
not significant. In a future revision to NEDO-33201 the LOCA frequencies will be
expressed in terms of events per critical year.
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C) The NUREG 5750 K1 group includes a small number of events that includes
breaks, as well as leaks of small pipes that normally result in a less severe transient.
Accordingly, it was decided that NUREG/CR-4832 input data was more
appropriate for this event because it was obtained specifically for a BWR PRA
analysis.

D) NEDO-33201 Table 2.3-4 shows that the variability observed between the ESBWR
PRA and the other references is the normal variability usually observed among
different PRAs. Additional sensitivity analyses taking into account this variability
of initiating event values may be considered in future revisions of NEDO-33201.

No DCD changes will be made in response to this RAIL
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NRC RAT 19.1-25

It is stated in NEDQ-33201, Section 2.3.3.3 that vessel rupture is judged a negligible
event and is not maintained as an initiator category for accident sequence quantification.
However, an event tree for reactor vessel rupture is presented in Appendix A.3 (Figure

A.3-20) and discussed in Section 3.3.3.5. Please clarify.

GE Response:

Vessel rupture is a transfer event tree, not an initiator on its own. Section 3.3.3.9 “Reactor
Vessel Rupture” will be moved and incorporated into a new section 3.3.5 “Reactor
Vessel Rupture after Initiation Events” in a future NEDO-33201 revision.
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RAT #19.1-27

The assumed mission time of 24 hours (NEDO-33201, Section 3.2.5) may be inadequate
for some accident sequences where the reactor coolant system conditions are not
stabilized in 24 hours or core damage is anticipated following 24 hours without further
system or operator action. For each of these accident sequences which are not assumed
to end in core damage, the systems and/or operator actions needed to prevent core
damage, need to be identified and their failure characterized and addressed in the PRA.
If it cannot be shown that the residual risk is not significant (e.g., through a bounding
analysis), the mission time should be extended (to a point in time when it can be argued
that the residual risk is not significant). This information is of particular interest in the
Jfocused PRA (where no credit is given to the non-safety-related “defense in-depth”
systems to mitigate accidents) used in the regulatory treatment of non-safety systems
(RTNSS) process.

(A) Please discuss how these issues will be addressed and revise the PRA submittal
accordingly.

(B) It is mentioned in NEDO-33201, Section 3.2.5, that two sensitivity studies related to
this issue are in Section 11. One study investigating the impact of not including CD
II events (i.e., events where the containment fails while the core is successfully
cooled for at least 72 hours) in the baseline core damage frequency (CDF), and the
other investigating the impact of extending the mission time to 72 hours. The staff
could not find these sensitivity studies in Section 11. Please clarify.

GE Response

(A) All sequences analyzed in the Level 1 part of the PRA have been finalized in a
stable condition that can be maintained in the long term without extraordinary
measures. Only the potential long-term failure of the containment has been
identified as having a potential impact on this stable condition. NEDO-33201
Section 11.3.1 discusses this potential impact.

In NEDO-33201 section 11.3 “SENSITIVITY ANALYSES”, in order to address
the importance of various assumptions in the PRA, a set of sensitivity analyses were

_ performed. NEDO-33201 Section 11.3 contains the results of those analyses. The
sensitivity analyses performed were:

* Mission Time of the PRA

* Importance of Non-Safety Systems
* Truncation Value

* Human Reliability.

* Squib Valve Reliability.
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(B) A global sensitivity analysis for both aspects is included under section
NEDO-33201, 11.3.1 “Mission Time of the PRA”, in which it is indicated that:
“The purpose of this sensitivity analysis is to determine the contribution to CDF of
Class II accident sequences using an extended mission time of 72 hours”.

This analysis is performed using additional event trees, which are called Class II
Core Cooling Vulnerability (CCV) event trees. NEDO-33201 Table 11-1 presents
the results of the 72-hour mission time sensitivity analysis. The table includes all
Class II sequences that result in a frequency above the truncation of 1.0x10™"* and
presents the results of the Class II sequence quantification both before and after the
CCV event trees. The results of this sensitivity analysis justify not including Class
II accident sequences in the calculation of the Level 1 Internal Events CDF, due to
their insignificant contribution.



MFN 06-373 Page 16 of 28
Enclosure 1

NRC RAT 19.1-28

Discuss the basis, robustness and important assumptions associated with the following
statements related to containment failure and core cooling following containment failure:

(4)

(B)

In all cases utilizing passive systems, the containment does not fail until at least
24 hours following the initiating event, and any subsequent core uncovery does
not occur until 72 hours following the initiating event. For example, address
bounding conditions used and other conservative assumptions made in the
analysis which provide confidence about the robustness of these two numerical
values.

the containment failure does not affect continued indefinite core cooling when
active water sources are used.

GE Response

(A) The passive systems used include PCCS and GDCS. Their design is described in

®)

DCD Tier 2 Sections 6.2.2 and 6.3.2 respectively.

e The PCCS is a safety related system. Its function, as described in the DCD, is to
remove decay heat rejected to the containment after a LOCA. It provides
cooling for a minimum of 72 hours post-LOCA, with containment pressure
never exceeding its design pressure limit.

e The GDCS is also a safety related system. Its function, as described in the DCD,
is to provide emergency core cooling after any event that threatens the reactor
coolant inventory. Once the reactor has been depressurized the GDCS is capable
of injecting large volumes of water into the depressurized reactor pressure
vessel to keep the core covered for at least 72 hours following a LOCA.

o PRA success criteria runs show that additional PCCS pool inventory is not
required until 50-52 hours. Additional runs show that GDCS keeps the core
covered for 52 hours after containment failure.

The analysis of Containment Ultimate Strength, NEDO-33201 Rev 1 Appendix B.8,
states the ultimate pressure capability of the containment structure is limited by the
drywell head. The active water sources evaluated in NEDO-33201 Section 11
analysis of Class II sequences include CRD, FPS and FAPCS. It is not likely that
these systems would be affected by containment failure at the drywell head due to
the location of their main components. The CRD pumps are located in the lower
levels of the Reactor Building and the FAPCS and FPS pumps are located outside
of the Reactor Building.

As described in DCD Table 9.5-2, the FPS is supplied by a minimum storage of
1,100,000 gallons. This is compared to the decay heat from 72 hours to 7 days
below.
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The calculation of Revised ESBWR Core Decay Heat (GE-NE-0000-0035-8721-
RO-DRAFT A) has the following values for Integrated Shutdown Power (+20):

3 days = 1.656E+03 seconds
7 days (6.00E+05 seconds) = 2.967E+03 seconds

Decay Heat from 3 to 7 days = (2.967E+03s — 1.656E+03s) * 4.5E9 Watts
= 5.8995E+12 Joules = 5.592E+09 Btu

Assuming the FPS water starts as 100F water and boils at atmospheric pressure,
the enthalpy change is:

1150.5BtW/Ib steamat 147psia - 68BIW/Ib water at 100F = 1082.5Btw/Ib.
The amount of required water is equal to:
5.592E+09Btu / 1082.5Btw/Ib = 5.1658E+06 1b
5.1658E+06 Ib * 0.0161 Ft*/Ib * 7.48 gal/ Ft* = 622,100 gallons

Therefore, the supply of water to the FPS system will support core cooling for 7
days.

This response does not identify any change to the DCD or NEDO-33201.
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NRC RAT 19.1-29

1t is stated that following a loss of feedwater event, the initial water level drop is much
more severe than in a general transient. In order to avoid actuation of the Automatic
Depressurization System (ADS), adequate supply of water inventory within a few minutes
is required. The success criterion for this function (top event U2CISHORT) is stated as
Jfollows: “The inventory requirement only requires operation of the CRD [control rod
drive] and IC condensate return lines for approximately 15 minutes to achieve success.”
Similar statements are made in the description of the loss of preferred power event tree.
Please address the following:

(A) Specify how many CRD pumps and how many IC loops are required for success
and explain why only the IC condensate return lines, as opposed to IC loops, are
required for success.

(B) Provide the basis for the assumed 15 minutes time requirement (10 minutes for loss
of preferred power) and explain how was this time modeled in the PRA (e.g., impact
on the probability of avoiding ADS actuation).

(C) How is this criterion changed in the focused PRA (where no credit is given to the
non-safety-related “defense-in-depth” systems to mitigate accidents) used in the
RTNSS process?

(D) Clarify the heading descriptions for top events related to IC and CRD following
success and failure of top event U2CISHORT and state the associated success
criteria

GE Response:

(A) As indicated in NEDO-33201 Table 3.2-1, the success criteria for the
“U2CISHORT” function are “2 of 2 CRD pumps for 15 minutes and 3 of 4 IC
condensate return lines open”. The success criterion of the IC only includes the
condensate return lines, because its function in this event is to supply water to
restore vessel level, not to remove residual heat.

It is also stated in NEDO-33201, Section 3.3.1.3, “Loss of Feedwater Transient”
that, “The design basis for the loss of feedwater event is such that if 3 of 4 isolation
condensers actuate and both CRD pumps start in high pressure injection mode upon
receipt of Level 2 signal, water level will be restored above Level 1.5 before the
timer sequence expires.”
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®)

©

(D)

The basis for the assumed 15 minutes time requirement is a decision point in the
event trees that delineates whether automatic ADS initiation will occur. ADS will
automatically initiate if level is below Level 1.5 for 15 minutes continuous.
Therefore, if level is restored above Level 1.5 within 15 minutes, this actuation
signal for ADS is no longer valid. The 10 minutes requirement for loss of preferred
power accounts for a delay in CRD injection until the diesel generators are started
and loaded. This is a deterministic success criterion that is not factored into a
probability of avoiding ADS actuation. The CRD and ICS functions are accounted
for in the events following event U2CISHORT.

The event trees used in the focused PRA are modified to ensure CRD fallure
Therefore, no credit is taken from CRD in the focused PRA.

The U1C heading is similar to the UICF “heading* described in the Section 3.3.1.1,
but with the Feedwater system unavailable.

The “I” heading is the same as the one described in the NEDO-33201 Section
3.3.1.1.

In relation to the success criteria for both, NEDO-33201 Table 3.2-1 indicates that
for the “I” function it is “3 of 4 IC and all PCCS pool connections”, and for the
“U1C” function, it is “1 of 2 CRD pumps”.

No DCD changes will be made in response to this RAL

Note: A design change is currently being developed for the ESBWR that will
significantly reduce the probability of having an automatic depressurization following a
loss of feedwater or loss of preferred power event. Additional volume of water is being
added to the ICS standby inventory so that no CRD pumps are necessary to avoid the
ADS signal. This design change, when incorporated, will make the LOPP and LOFW
event tree structures very much like the General Transient structure.
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NRC RAT 19.1-30

Regarding the loss of feedwater (LOFW) event, it is stated that “If the water level drops
below 1.5 but the ADS does not successfully actuate, ICS [isolation condenser
system]remains available for core cooling. Additionally, if the ICS fails too, CRD and
FAPCS [fuel and auxiliary pool cooling] in LPCI [low pressure coolant injection] mode
(given depressurization using the SRVs only) could still provide core cooling.” This
statement seems to imply that failure of ADS actuation, as designed to occur, is actually a
“success.” If under these conditions the ICS can provide core cooling why does the
design provide for an ADS logic actuation? Furthermore, if the accident can be
mitigated without using ADS, what would prevent the operator from trying to inhibit
automatic ADS actuation to avoid blowdown and its economic consequences? Please
discuss.

GE Response:

A design change is currently being developed for the ESBWR that will significantly
reduce the probability of having an automatic depressurization following a loss of
feedwater or loss of preferred power event. Additional volume of water is being added to
the ICS standby inventory so that no CRD pumps are necessary to avoid the ADS signal.
This design change, when incorporated, will make the LOPP and LOFW event tree
structures very much like the General Transient structure. Therefore, the concerns about
ADS actuation and trying to inhibit ADS will no longer be relevant.
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NRC RAT 19.1-32

In events where water level drops abruptly, such as loss of feedwater and loss of
preferred power (loss of offsite power) transients, active high-pressure makeup is needed
to prevent reaching the ADS actuation setpoint (see event U2ZCIDHORT). As modeled in
the event trees, it takes the single failure of a non-safety-related system, such as a CRD
pump or a diesel generator, to reach the ADS actuation setpoint. This implies that the
blowdown frequency of ESBWR may be relatively high, especially in the focused PRA,
given the frequencies of events such as loss of feedwater (about 1E-1 events/year) and
loss of preferred power (about SE-2/year) are not remote.

Please provide the total expected frequency of blowdown as modeled in both the baseline
and focused PRAs. This information is needed to assess the relative importance of active
“defense in-depth” systems to mitigate accidents and determine whether any
requirements are needed to ensure availability and reliability commensurate with their
importance.

GE Response:

A design change is currently being developed for the ESBWR that will significantly
reduce the probability of having an automatic depressurization following a loss of
feedwater or loss of preferred power event. Additional volume of water is being added to
the ICS standby inventory so that no CRD pumps are necessary to avoid the ADS signal.
This design change, when incorporated, will make the LOPP and LOFW event tree
structures very much like the General Transient structure. Therefore, the probability of
an ADS actuation will be significantly reduced, and the relative importance of active
systems to mitigate blowdown events will no longer be relevant.
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RAT #19.1-33

If no high pressure injection system is available, following a transient or small LOCA
initiating event, it is necessary to depressurize (partially) by opening SRVs to permit
effective injection using the FAPCS or the Fire Protection System (FPS) pump. In
Chapter 3 of the PRA (page 3.3-4) it is stated that the success criterion for this function is
the manual opening of at least five of eight SRVs. However, in page 4.1-3 (where the ADS
is discussed) it is stated that 10 of the 18 SRVs have the capability of actuating in the
ADS mode. Please clarify why the above mentioned success criteria refers to only eight
SRVs.

GE Response

That part of the text on page 3.3-4 of the NEDO-33201 Chapter 3 related to the XS5
function is misleading and will be revised. As is indicated in Table 3.2-1, the success
criteria for the “XS5 function is “S of 10 SRVs open”. In the same table it is stated that
the success criteria is “4 of 8 DPVs” open for the ADS function. The ESBWR design has
18 SRV valves but only 10 are pneumatically operated.
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RAT #19.1-34

In the loss of feedwater and loss of preferred power event trees, it is assumed that core
cooling can be achieved using the IC following the actuation of up to three DPVs. Please
provide the basis for this assumption and discuss whether there is any pressure interval
associated with ADS configuration where neither IC nor gravity driven cooling system
(GDCS) can provide effective core cooling.

GE Response

The failure of the total ADS function could lead to the use of the IC system for residual
high removal. Accordingly, another heading seems to be required to determine whether
the IC can be successful. However, the failure of the ADS function is dominated by the
common cause failure of all the valves to open. If a new heading was included in the
event tree after the ADS function and before the IC function [that takes into account the
failure to open of all the ADS valves], that new failure path would have no cutest and is
not necessary.

A design change is currently being developed for the ESBWR that will significantly
reduce the probability of having an automatic depressurization following either a loss of
feedwater or loss of preferred power event. Additional volume of water is being added to
the ICS standby inventory so that no CRD pumps are necessary to avoid the ADS signal.
This design change will be incorporated in a future revision of NEDO 33201 and will
make the LOPP and LOFW event tree structures very much like the General Transient
structure.
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NRC RAT 19.1-36

The top two sequences of the Small Liquid LOCA event trees (NEDO-33201, Figures
A.3-18 and A.3-19) are both shown as no core damage, whether Isolation Condenser
succeeds or not. Please clarify

GE Response:

The SL-002 sequence in the Small Liquid LOCA event trees, Figures A.3-18 and A.3-19
in NEDO-33201 Rev 1, is a leftover from previous model revisions and will be corrected
in a future NEDO-33201 revision.
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NRC RAT 19.1-38

Provide information on the modeling of several top events, such as the overpressure
protection function (event tree headings M and MA), the SRV re-closure in ATWS (event
tree heading PA), the containment venting function (event T11-SYS-FF-OPEN), and the
high pressure injection (event UCF) in ATWS.

(A) The staff could not find events B21-SYS-FF-18/18SRV (1 of 18 SRVs must open),
B21-SYS-FF-10/18SRV (9 of 18 SRVs must open), and B21-SYS-FF-1/90PEN (all
SRVs must re-close) in NEDO-33021, Table 4.1-8 (List of system top events for
ADS) or the assumed probabilities for these events. Similar information on the
modeling of the containment vent function failure is needed.

(B) In Table 5.4-1 (Special Events), event T11-SYS-FF-OPEN is described as “all
overpressure protection valves fail to open” and a probability of 5.69E-2 was
assumed based on “Bounding Value, Engineering Judgment.” Please explain.

(C) Information on the modeling of the high pressure injection (event UCF) in ATWS is
needed. Please clarify what top fault tree(s) were used for UCF since some ATWS
events involve feedwater (FDW) run-back.

GE Response:

(A) The events B21-SYS-FF-18/18SRV (1 of 18 SRVs must open), B21-SYS-FF-
10/18SRV (9 of 18 SRVs must open), and B21-SYS-FF-1/90PEN (all SRVs must
re-close) are Special Events as indicated in NEDO-33201 Rev 1 Section 5.4, Table
5.4-1. Furthermore, as indicated in NEDO-33201 Rev 1 Figures A3-1 to A3-25,
these events correspond to the following event tree headings:

M B21-SYS-FF-18/18SRV
MA B21-SYS-FF-10/18SRV
PA B21-SYS-FF-1/90PEN

The first two events correspond to mechanical failures in the development of the
safety function of the SRVs, while the third one corresponds to the mechanical
closure of the SRVs (due to the spring). They are not included in Section 4.1 of
NEDO-33201 Rev 1 because only models related to the relief function are included
in it. The assumed probabilities for these events are provided in NEDO-33201
Section 5.4, Table 5.4-1.

(B) The event T11-SYS-FF-OPEN (all overpressure protection valves fail to open) is
related to the event tree heading WC, as indicated in NEDO-33201 Figures A3-1 to
A3-25, and corresponds to the mechanical failure of the containment overpressure
protection valves. Its value has been judged based on the actions involved in the
manual containment venting process required.
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(C) According to the ATWS event trees, the high-pressure injection (UCF event tree
heading) is used after the success of the event tree heading SL (discharge of both
Standby Liquid Control trains). In this case, the feedwater runback signal has been
generated. Therefore, in the ATWS event trees the event tree heading UCF will be
changed to UC in a future NEDO-33201 revision.
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NRC RAT 19.1-40

In the ATWS event tree drawings, the top event for the decay heat removal function using
the reactor water cleanup/shutdown cooling (RWCU/SDC) system, is shown as
GG3I1TOP. However, this top event is not listed in Table 4.4-8 (List of system top events
Jor RWCU/SDC). Please clarify how the operator failure to inhibit RWCU/SDC isolation
signals, developed by ATWS logic, and bypass the filters was modeled in the PRA.

GE Response:

The top event of the reactor water cleanup/shutdown cooling (RWCU/SDC) system
(GG31TOP) is included in NEDOQ-33201 Rev. 1, Table 4.8-8 (list of system top events
for RWCU/SDC). However, the table entry was misspelled and it appears as G31TOP.

For ATWS Events, the RWCU/SDC (event tree heading WHA) is always used after the
success of the event tree heading SL (discharge of both Standby Liquid Control trains).
These ATWS scenarios imply the closure and block closing of RWCU/SDC containment
isolation valves G31-F002/3/7/8 A and B due to SLCS signal initiation. This signal
cannot be inhibited by the operator but can be overridden to align the system in SDC
mode.

In the RWCU/SDC fault tree model (GG31TOP) this override capability has been taken
into account using a different human action to align the system in case of SLCS
actuation. This alignment requires bypassing the demineralizers and opening valves
G31-F002/3/7/8 A and B.

Table 4.8-8 in NEDO-33201 Rev. 1 will be updated to correct the typographical error.
No changes to the DCD have been identified.



MFN 06-373 Page 28 of 28
Enclosure 1

NRC RAT 19.1-41

1t is not clear what small LOCA categories are included in the “ATWS after Small LOCA
above Core” event. Please clarify how “small LOCA above core” relates to level
position (i.e., RPV Level 3).

GE Response:

NEDO-33201 Rev 1 Section 3.3.2.6, “ATWS from Small LOCA above Reactor Core”,
represents the group of small liquid LOCA between TAF and Level 3, and the Small
Steam LOCA in which the core can always be maintained cooled from internal injection
systems.



