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Risk-Informed Evaluation of Allowed Outage Times
for PHWR Service Water System
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Abstract

Limiting condition for operation (LCO) in the technical specifications for nuclear power
plants shall meet enough redundancy, and in this respect, the necessity was raised to revise
LCOs related to PHWR service water system (SWS). There are the recirculated cooling water
system (RCW) and the raw service water system (RSW) in the SWS. In current technical
specifications, actions are taken in cases only that two or more RCW pumps and associated
flow paths, RCW heat exchangers, RSW pumps and associated flow paths are inoperable.
However in the Improved Standard Technical Specifications (ISTS), actions are suggested to
be taken in cases that one equipment is inoperable with the allowed outage times (AOT) of
72 hours, 48 hours and 72 hours respectively. In the results of evaluation on the newly
suggested AOTs using risk-informed regulation approaches, the AOTs show to meet the
acceptable criteria in USNRC Regulatory Guide 1.174 & 1.177.
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¥ 2. ICCDP/ICLERP AAte 93 27| A/A1% 1344E 4 49 3=
H7F AOT AolE o d &

71340 RCW STANDBY PUMP (7004) FAILS TO
Casel 7134-RCWSPFS&FR

START OR RUN

71340 HX 7004 FAILS TO OPERATE ON
Case2 7134-HX7004FS&FF

DEMAND OR FAILS WHILE OPERATION

71310 RSW STANDBY PUMP (7754) FAILS TO
Case3 7131-RSWSPFS&FR

START OR RUN
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% 3. ICCDP/ICLERP AXHS 9138 27|AVA/AS n4d4s =4 AFg
H7F AOT AolE o <l &2
B AolES F =g E At VEALA O R
Casel 7134-RCWSPFS&FR WA E o ERTE fog 100e By
Aol - =& At V|EALHo =R
Case2 7134-HX7004FS&FF WA F ol EREE gog 10°e B
B AolES % =g E At ZEALA R
Case3 7131-RSWSPFS&FR WA B ol fNLE gow 100e Bg
¥ 39 WAYE ofELLE S “RCW-IEBE’ 39 9 “RSW-IEBE” I &35t
“RCW-IE” 2 “RSW-IE"E A %313 Avte= 3T 49 Azlso] )
¥ 4. ICCDP/ICLERP Al4ts $3 271404 % A st 2
W7 A W7 F 274048 i
ES P> I I
Z7IAM A= Casel Case2 Case3
RCW-IE 4.46E-02 7.63E-02 5.08E-02 4.46E-02
RSW-IE 6.34E-02 6.34E-02 6.34E-02 7.54E-02
[E-SW 1.08E-01 1.397E-01 1.142E-01 1.20E-01
24 PSA B2E$ o] 83 HIAE HI}
E adAoME g3 22 22 gun HEEdd dd #HE F3Pste] B AOT Z et
3t d = FrF A9rt FEVFE FHFAIIEA BdeeE dFE FPEAT
2.4.1 Baseline CDF
44 23437] PSA RYUS o] &3] Baseline CDFE A#sleld  2508E-5/Ry S 2 A

1.0E-4/Ry n|wto & RA5Qlc},

2.4.2 ACDF



CDF(AOT 3¢t 2710 1345 Rd(RCW-IECAF %
RSW-IE.CAF)ell A 2 AH] o] & ETE S WAHT F ‘RCW-IE” Ei= “RSW-IE'E
gestettt. 18 “RCW-IE” gk “RSW-IE” el S “IE-SW'9] o= A2 Agefste] A}
g3}, ofge, Ale T E EL(SWSKFED)AA #dA Alg 2 AGu] o] &E55% ks WA
% ACDFE A%t A9& vgt 2

ACDF = CDF(AOT 3#<#<F ¥k4) - Baseline CDF (2)
= 2508E-5/Ry - 2.508E-5/Ry = 0.0E-0/Ry (< 1.0E-6/Ry) : Casel

2.508E-5/Ry - 2.508E-5/Ry = 0.0E-0/Ry (< 1.0E-6/Ry) : Case2

2.508E-5/Ry - 2.508E-5/Ry = 0.0E-0/Ry (< 1.0E-6/Ry) : Case3
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1€} #Zo] ACDF+ ‘02& 71t o] 1.0E-6/Ry WIRFo = A4 ¥ ATk

2.4.3 ALERF
LERF(AOT Qb whad) Abs &) WA, =7|Ahd w4daE Zd(RCW-IECAF E&=
RSW-IE.CAF)ol A #& Alg 2 Au] o] §85% S WA & “RCW-IE” =& “RSW-IE"E
gsiettt. 183 “RCW-IE” 33 “RSW-IE” e §S “IE-SW'9 #te= A2 gofste] A}
43t o}, A% nFgSFE RASWSKFDAA #d Ald 2 AGu) o] &8 5% e WH3
¥ ALERFE A#shst A3+ ooy 2ok
ALERF = LERF(AOT 3x<¢F ¥+4) - Baseline LERF (3)

3.246E-7/Ry - 3.246E-7/Ry = 0.0E-0/Ry (< 1.0E-7/Ry) : Casel
3.246E-7/Ry - 3.246E-7/Ry = 0.0E-0/Ry (< 1.0E-7/Ry) : Case2
3.246E-7/Ry - 3.246E-7/Ry = 0.0E-0/Ry (< 1.0E-7/Ry) : Case3

B2 Az A7)¢F o] ALERFE ‘022 A2ky o] 1.0E-7/Ry W|who 2 A= 9t}

2.4.4 ICCDP

Z715 CDF(ElE 7]1717F o] &85l el =715 CDF) A4t
FFE RA(RCW-IECAF & RSW-IECAF)S x 3 ek
‘RCW-IE” X “RSW-IE"E A &spetrh. 22lar “RCW-IE” g
“IE-SW’¢9] groz Aj= X*ﬂé}(ﬂ Apg3t) ol e, A% nASFE ©
o} & vkl o] A3 F ICCDPE A #3hdt Av= vy 2oy

S 98 WA, 271444
= uke} Zo] A%
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T K

ICCDP = (313 71717} ol =52l oA =15 CDF - Nominal

Baseline CDF) x &¢ AOT (4)
(2.709E-5/Ry - 2.508E-5/Ry) x 72 hrs = 3.965E-7 (< 5.0E-7) : Casel
(2582E-5/Ry — 2.508E-5/Ry) x 48 hrs = 9.732E-8 (< 5.0E-7) : Case2

= (2.738E-5/Ry - 2508E-5/Ry) x 72 hrs = 4537E-7 (< 5.0E-7) : Case3

B2A Ax Av])e} o] ICCDPE 50E-7 Wwroe g B XA qit)

2.4.5 ICLERP
Z25 LERF(SIE 71717F ol 8=5Ql duelrle] 2315 LERF) Altb= fls) ®WA, 274
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9} 9l ule} #Zo] 43 I [CLERPE A %slst A3+ the3 2ok

ICLERP = (39 71717} o] &E5< AHolAe =25 LERF - Nominal
Baseline LERF) x &4 AOT (5)
= (3.341E-7/Ry - 3.246E-7/Ry) % 72 hrs = 1.874E-9 (< 5.0E-8) : Casel
= (3.264E-7/Ry - 3.246E-7/Ry) x 48 hrs = 2.367E-10 (< 5.0E-8) : Case2
= (3.322E-7/Ry - 3.246E-7/Ry) x 72 hrs = 2.122E-8 (< 5.0E-8) : Case3
224 Ay 719 7o)l ICLERPE 5.0E-8 mwho 2 A= 9},
3. &8

TSR BEEL97|EAAM0d e Z7¥AdSeEE 2 AW 2 )7 EdS dusky), 7
7 ztelEE 4 AE F2 22 0F 17 SAEI S A ZhzE 72A7F, 48X 2 724
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Az wjdo] MAHE AFS Qo "t EFEG7|EAAMAA A2 AAE 771 PG5 AS
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B 794 sy a1F 7 £ABMEE S ol 48479 AOTE WHE B4
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¥ 5. AOT xEcte] st 19 = H7F 23
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17Ny $SHE =
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Dk ~ o = ¥4 /=2 U 32

} 587+ #4498 5= 10 A |18 23 A AOT

2% 2 A AOT 72717+

Al AOT 72A17F B2} | 4841 %F H7b .
(Casel) (Case?) °
(Casel)
Baseline

CDF < 1.0E-4/Ry 2.508E-5/Ry 2.508E-5/Ry 2.508E-5/Ry

ACDF | < 1.0E-6/Ry 0.000E-0/Ry 0.000E-0/Ry 0.000E-0/Ry

ALERF | < 1.0E-7/Ry 0.000E-0/Ry 0.000E-0/Ry 0.000E-0/Ry

ICCDP | < 5.0E-7 3.965E-7 9.732E-8 453767

ICLERP | < 5.0E-8 1.874E-9 2.367E-10 2.122E-8
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