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Table VIII.1-1
Generic Initiating Event Data

ITEM PRA/OTHER SAFETY GENERIC ERROR COMMENTS
STUDIES ASEP VALUE FACTOR
(MEAN)
TN
A. Transient Caused by Loss of a OC Bus: SE-4 to BE-2/yr SE-3/yr 3 he DC Power Study (NUREG-0666) [37] value of
UE-S was based on operational experience

analysis. Some of the ASEP staff felt that
the NUREG-0666 wvalue may be reduced by a
factor of ten because of consideration of an
expanded Licensee Event Report (LER) data base
and improved mechanistic analyses. These
analyses took into account improved test and
maintenance practices, operator recovery
actions (many trips were easily recoverable
within minutes) and alarm systems typical of
most  plants that were not treated in
NUREG-06B6 . Because this position cannot be
formally justified, however, the NUREG-0666
value was used. While the NUREG-0666 value
may be conservative based on the most recent
review, it represents a "reasonable” value to
typify the range of values used by various
studies (most of which used values in the mid
1E-3 to 1E-2/yr range). See References 7, 12,
28 and 34 for other studies that were

reviewed.
Transi by Loss of an : 9E-4 to BE-2Z S5E-3/yr SEP used the Oconee NSAC Probabilistic Risk
Assessment (PRA) [34] walue.  However, the

applicability of this initiator is very plant
specific, Sufficient plant analyses have not
been done to support a genmeric application.
See References 7, 12, 28 and 34 for other
studies that were reviewed.
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Table 20-23 The Annunciator Response Model: estimated HEPs* for multiple annunciators
alarming closely in time** {from Table 11-13)

Humber Pr[F, ] for each annunciator (ANN) (er completely dependent set
of af Ne) euccessively addressed by the operator

Alilg 1 2 3 4 5 6 7 8 g 10 Exlryl
Item la) (b} i) a) te) {£) fg) ih A1) 44 _tk)
(AR 1 T R S T T et L0001
(ay 2 00 B0l = = & m . e s e e mEmEEEE o= == - - = — - - — === L0006
{3} 3 WO JGUE 00 e SRS TR GRS S e e ES 001
{4) 4 L0001 001,002 VG TEMED DRSS S LNEEL TSR el L0032
(51 5 L0001 oo oo2 L00d 008 = = o m e mm e e e e o ———— 003
6 6 0001 001,002 Lo0d . 008 ORI RdiTE HONE e e SERENE e 005
(7 7 .Qoal 004 002 Lo0d .08 018 i b L0039
8 8 .00a1 L001 002 . 004 008 o186 L032 11 1 .02
(3] ] Rilsli]] ool L0002 o4 008 016 032 064 A R I .03
(R} 0 .ooat 001 L002 004 .oog 0 .032 S04 .13 .25 - - 0%
{11} 11=-15 .10
112) 16-20 15

Pri¥ ] for wach additional ANN beyond 0 = .23

{13) 21-40 o .20
(14) >40 .25

’Ths HEPs are for the failure to initiate some kind of intended corrective action as required. The
sction carried out may be correct or incorrect and is enalyzed using other tables. The HEFs include
the effects of stress and should not be inereased in consideration of stress effects.

EF of 10 is assigned to each Pr[ri] or Fr[FI]. Based on computer simulation, use of am EF of 10 for
PE{F.{] yields approximately correct upper bounds for the 95th percentile. The corresponding lower
bounds are too high; they are roughly equivalent to 20th-percentile rather than the usual Sth-percen-
tile bounds. Thus, use of an EF of 10 for the mean Pr[FLI values provides a congervative ectimate

gince the lower bounds are bissed high.

"Closely in time" refers to cases in which two or more annunciators alars within several seconds or
within a time pericd such that the operator perceives them as a group of signals to which he must
selectively respond.

Pr[?i] is the expected Pr[F] to initiate action in response to a randomly selected AKN (or completely
dependent set of ANNs) in a group of ANNE competing for the operator's attention. it is the arithmetic

mean of the Pr[Fi]s in a row, with an upper limit of .25,
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(THERP IR E ENTWA H D : 7T MIEIFET D)

X5y  BEEXPEIMINT EEEXIET RAA P g & OpEEM:
7> & DIRFH] K BH77 v h O E B (Dependence)
1. 0~147 RO
2. 15y RO
SROJESS —————— RO & HD
3 557 RO
SRO RO & HD
SS RO<°SRO & LD X {EMD
1 4 XUFEH DA
4. 154y RO
SRO RO & HD
SS ROX°SRO HLD 34iZMD
STA RO<°SRO & LD {FMD

2 & FERFIHITOWTO)
ROSPSRO & HD X (ZCD
(FEADZ2 BRI L O)

145 AR D A0S

(#) RO :E#HZE (Reactor Operator) , SRO: Fi#E#LE (Senior Reactor Operator)
SS: Y E £ (Shift Supervisor), STA: Y4 E £/ (Shift Technical Advisor)
AO : ffif%EHR S (Auxiliary Operator)
HD : m%€)8 (High Dependence) CD : 524t )8 (Complete Dependence)
MD : H19¢EJE (Moderate Dependence) LD : {KfitJ& (Low Dependence)

k1 AOJI5y LAE CEIEMEN A HIFF CE oD E L, 772 MR U TIEEME %
WETDHI &,
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W38 MATH A7 K &= 1=, 1EEME L~ L4 DCHEP (UCB) DTl
(NUREG/CR-12787> & $i F¥)

Table 20-21 Approximate CHEPs and their UCBs for dependence levels®
given FAILURE on the preceding task (Irom Table 7=3)

Levels
of
Dependence BEHEPE
Item {a) (b Lc)
[y ZD*® € .01 .05 {(EP=5) .1 [EF=5}
(d) fe}) {£)
.15 (EF=5) .2 (EF=5} 2% (EFP=5]
Levels
of i
Dependence Meminal CHEPs and {Lover to Upper UCEs)
Item [al {b) tc)
(2) LD 05 (015 to .15)] .1 (.04 te .25) .15 (.05 to .5)
(3} MD .15 (.04 te .5) L1989 (.07 to .53) +23 1.1 e .55)
(4) HD 5 (.25 to 1.0) .53 (.28 to 1.0} 55 (.3 to 1.0)
(51 co 1.0 (.5 to 1.0) 1.0 {.53 to 1.0) 1.0 ({.5% to 1.0}
(d) [e] (£}
(2} LD 219 (.05 to .75) .24 (.06 to 1.0) .29 (.08 to 1.0}
(3} MD 27 {1 o .T5) «31 {7 ko Y.0) 36 (,13 to 1.0)
(4} HD 58 (.34 t¢ 1.0) B (.36 to 1.0) LB3 (L4 to 1.0)
{5) co 1.0 (.58 to 1.0) 1.0 (.6 to 1.0} 1.0 (.83 to 1.0)

L
Values are rounded from caleoulations based on Appendix A. ALl values are
based on skilled personnel (i.e., those with 6 menthe experience on the
teasks being analyzed.

il
ZD = BHEF. EFs for BHEFPs should be based on Table 20-20.

+
Linear interpolation between stated CHEFPe (and UCEBe) for wvalues of BHEPs
between those listed 1s adegquate for most PRA studies.
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# 2-1  ALPHA 3R 0> L3RG 1 Je ORI 2R

HBe | HBr—x BRAER BEmEE G| 57 KRR KR |shaeusi— | kesimsess| BESOSELE
STX002 Fe-Al,0, 20 0.10 289 1.0 No Yes -
STX003 Fe-Al,0, 20 0.10 292 1.0 No Yes -
STX005 Fe-AlL,O, 20 0.10 300 1.0 No Yes -
STX009 Fe-AlL,O, 20 0.10 289 1.0 No Yes -
STX016 Fe-AlLO, 20 0.10 295 0.9 No Yes 0.86
STX017 Fe-Al,O, 20 0.10 286 0.9 No Yes 0.66
STX018 Fe—-Al,0, 20 0.10 283 0.9 No Yes 3.33
STX001 Fe—-Al,0, 10 0.10 293 1.0 No No -
STX010 Fe-AlO, 10 0.10 297 1.0 No Yes -

ALPHA STX013 Fe-Al,0, 10 0.10 284 1.0 No No -
STX014 Fe-AlL,O, 20 0.10 372 1.0 No No -
STX008 Fe-Al,0, 20 1.60 288 1.0 No No -
STX012 Fe-AlLO,3 20 1.60 290 1.0 No No -
STX015 Fe—-Al,0, 20 1.00 282 1.0 No No -
STX006 Fe-AlLO, 20 0.10 298 1.0 No No -
STX011 Fe-Al,0, 20 0.10 290 1.0 No Yes -
STX019 Fe-Al,0, 20 0.10 281 0.9 No Yes 5.67
STX020 Fe-Al,O, 20 0.10 281 1.0 No No -
STX021 Fe-AlLO, 20 0.10 281 0.9 No Yes 4.05




# 2-2  KROTOS 7Bk 0> = B 70 3R BR 4 1 Jy VB Baufs S 12! (o) ()

L=C—° T T ¢ WY

HBE | HBr—2 BRI BRMHE (o) | BHWEE & TIPE | kmm | smbon— | imammmss) BRCLLE
K38 Alumina 1.5 2665 0.1 79 1.11 No Yes 1.45
K40 Alumina 1.5 3073 0.1 83 1.11 No Yes 0.9
K41 Alumina 1.4 3073 0.1 5 1.11 No No -
K42 Alumina 1.5 2465 0.1 80 1.11 No Yes 1.9
K43 Alumina 1.5 2625 0.21 100 1.11 No Yes 1.3
K44 Alumina 1.5 2673 0.1 10 1.11 Yes Yes 2.6
K49 Alumina 1.5 2688 0.37 120 1.1 No Yes 2.2
K50 Alumina 1.7 2473 0.1 13 1.11 No No -
K51 Alumina 1.7 2478 0.1 5 1.11 No No -
KROTOS K32 80wt%U0,~20wt%ZrO, 3.0 3063 0.1 22 1.08 No No -
K33 80wt%U0,-20wt%ZrO, 3.2 3063 0.1 75 1.08 No No -
K35 80wt%U0,~20wt%Zr0O, 3.1 3023 0.1 10 1.08 Yes No -
K36 80wt%U0,~20wt%ZrO, 3.0 3025 0.1 79 1.08 Yes No -
K37 80wt%U0,~20wt%ZrO, 3.2 3018 0.1 77 1.11 Yes No -
K45 80wt%U0,-20wt%ZrO, 3.1 3106 0.1 4 1.14 Yes No -
K46 80wt%U0,—20wt%ZrO, 5.4 3086 0.1 83 1.11 Yes No -
K47 80wt%U0,~20wt%ZrO, 5.4 3023 0.1 82 1.11 Yes No -
K52 80wt%UO0,~20wt%ZrO, 2.6 3133 02 102 1.1 Yes Yes 0.02
K53 80wt%U0,~20wt%Zr0O, 3.6 3129 0.36 122 1.11 Yes Yes 0.05




8-C-90"T1 12 W%

# 2-3  FARO 3RBR 0D 3= B 72 B BR 4 1t B OV B B!
#Be | #Br—2 SRR BRWEE k)| BRWEE®K (Epf) j{g;) KE (m) | sERUS— | kESmaess *@gggﬁ
L-06 80wt%UO,-20wt%ZrO, 18 2923 5 0 0.87 No No -
L-08 80wt%UO,-20wt%ZrO, 44 3023 58 12 1.00 No No -
L-11 77wt%UO,—19wt% ZrO,—4wt%Zr 151 2823 5 2 2.00 No No -
L-14 80wt%UO,-20wt%ZrO, 125 3123 5 0 2.05 No No -
L-19 80wt%UO,-20wt%ZrO, 157 3073 5 1 1.10 No No -
FARO L-20 80wt"/nU02—2Owt%ZrO2 96 3173 2 0 1.97 No No -
L-24 80wt%UO,-20wt%ZrO, 177 3023 05 0 2.02 No No -
L-27 80wthUO,-20wt%ZrO, 117 3023 05 1 1.47 No No -
L-28 80wt%UO,-20wt%ZrO, 175 3052 05 1 1.44 No No -
L-29 80wt%U0,-20wt%ZrO, 39 3070 02 97 1.48 No No -
L-31 80wt%UO,-20wt%ZrO, 92 2990 02 104 1.45 No No -
L-33 80wthUO,-20wt%ZrO, 100 3070 04 124 1.60 Yes No -
# 2-4  COTELS 3Bk 0D 3= B 72 3 BR G K OV IBR G B
HBE | HBr—x BRE R BEMEE G| 57 T KR |shabusi—ksimsess| BEESEE
Al 55wt %U0,—-25wt.%Zr-5wt.%ZrO,—15wt.%SS 56.3 0.20 0 04 No No -
Ad 55wt hU0,-25wt.%Zr-5wt.%ZrO,—15wt.%SS 270 0.30 8 04 No No =
A5 55wt.%hU0,-25wt.%Zr-5wt.%ZrO,—15wt.%SS 55.4 0.25 12 04 No No -
COTELS A6 55wt.%U0,-25wt % Zr-5wt %ZrO,—15wt.%SS 53.1 0.21 21 04 No No -
A8 55wt.%U0,—-25wt %Zr-5wt.%ZrO,—15wt.%SS 47.7 0.45 24 04 No No -
A9 55wt.%U0,-25wt.hZr-5wt.%ZrO,—15wt.%SS 571 0.21 0 09 No No -
A10 55wt %U0,-25wt.%Zr-5wt.%ZrO,—15wt.%SS 55.0 047 21 04 No No -
All 55wt U 0,-25wt.%Zr-5wt.%ZrO,—15wt.%SS 53.0 0.27 86 0.8 No No -
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PI-1-F 1T "C YN

3292  SERENA 7 = — R 2 OikEafE R

Test ID T51 T8-2 T5-3 TS4 T5-5 T5-6 KS-1 KSs-2 KS-3 K54 K5-5 KS-8
Deliver=d Melt Mass (kg) 154 125 15.9 14.3 179 9.3 24 358 0.& 2.3 17 17
Melt Temperature (K} ~3000 3063 3107 3011 2940 2910 2969 3049 2850 2958 2864 2853
Melt Superheat [K) 145 228 272 FE] 140 239 109 189 - 38 64 1582
Melt Composition (wi%)
FASHRE T734/266 | 68.0432.0 | 71.04230 | B1.0M90 | 76183 | 733185 | 70.0430.0 | 70.0430.0 | 7O.ON3D.0 | BO.OF20.0 | B01M114 | 73.0/204
Fil 5 50 8.5
7] 07
Fe0, 44 4.1
i 33 2.5
Water Depth (m) 1.0 1.0 1.0 1.0 1.0 1.0 11 11 11 1.1 11 11
Water Temperature (K) 301 334 331 333 337 338 302 333 332 312 327 340
Sub-cooling (K} 1159 61.7 65.1 64.0 orf7 56 9 118 B0 - 62 67 =4
System Pressure (MPa) 04 02 0z 02 0z [ 04 02 [ 0.2 02
Fall Distance (m) 1.0 1.0 1.0 10 1.0 1.0 08 0e - 0.& 08 0e
Jet Diameter {mn) 50 50 50 50 50 50 15 10 30 30 30 30
Triggering Time After 939 875 875 1040 1 046 1050 931 922 - 851 1127 1542
Release (ms)
Location of Melt Leading ~0.3 ~0.4 ~0.4 ~0.4 ~0.1 ~0.4 05 0.0 - 0.0 0.o 0.0
Edge at Trigger Time {m)
‘Void at Triggerng {vol %) ~4 ~3 3 14-24 12-34 410 67 27 1 [ 16 12
Max. Pressure (MPa) 17 10 12 20 T ot 347 233 - 447 - 9.4
Impulse (M.s) GE40 =5000 ~3000 ==8000 4680 ==0000 584 743 - BoE - ~0
Steam Explosion SE SIE SE SiE Steam SIE SIE SIE - SIE Energetic Located
Spike event” SIE
Conversion Ratio (%) 0.12 028 022 0.35 006 0.66 0.10 0.08 - 0.18 - ~0
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1* * ;:\' \I\f\l‘\!:‘ :\ " :- % 120cm X 1 20cm ////
", HAtHh \'I'd'.l_—l-_\ Fktth 1 15em ,m: BA I’Z‘b
~ LS N A 5 .
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RO ST SN ey
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BRH (ABWR 1350Mte, 100%1F >, 2R Be{tn PHRIU I L 100% Br{tthav L
(DREZR1T) 22r 20%8{EDRS) (Zr 70%B2{E)
8 | ~310 ton 44.2 kg " 34.1 kg 130 kg 1800 kg
U0, :55 w/o Al1203:76.8 w/o U0, :56 w/o U0; :56.9 w/o
Py 210y 1 7 w/o ATFLLAATF 4 Ca0 :16.9 w/o Zr0y:11 w/o 2r02:28.1 w/o
Zr 321 wlo Si0y : 4 w/o Zr : 4 wlo others
Ar4-*:17 w/o others $i0p: 3 w/o
Ca0 : 3 w/o
Conc:23 w/o
BE ~2500 K ~1900 K 1850 K ~2000 K 2500 K
2L7)-+E3E ZRER AEE* (Limestone/Common Sand) FEIK & % (Limestone/Common Sand) [REKE # (Limestone/Common Sand) | BE X (Limestone/Common Sand)
Rk XA 1Rx 1R 2R 1X7T
+ 0.23 W/g Uy - 1.5~ 1.7 W/g - 0.30 ¥W/g -+ 0.35 ¥/g U0, < 0.3 W/g U0y
RRER (E‘Lfﬁ(“;” “1.1 Wen? melt +10.2~11.5 W/emd - 0.61 W/end 1.9 W/em3 melt Sl Wemd melt
- 0.44 MH/n2 * 1.5~ 1.7 WH/m? + 0.12 W/n? - 0.28 MH/m? - 0.21 MW/n?
CFTVEBIREISAMYA |- FFVEBCREIZAMIR |- FIVLEBIIREISA ML |- 77 Y EBICEE 7 5 2 MK
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(40 R T & & % 18cm) (30T & & % 3~6¢m) (709MTH L E1em)
KT = ADERE B T PN B s KT = IADPTE: KT = ADBE
ETHR - ~0.8 M/me (F£) 0.52 MW/m2 (BRAES) 3.5 WW/m2 (27K 2DHR) 4.9 M/m2 GEKEi%)
0.25 or 0.20 W/m2 (EEEIE) 0.6 M/m2(~35BET)H S 0.6 M/ (NMA20509) 1 5
mo.:swm?(m;gﬂs;vmw 0.20W/ml £ TR, EDH
S-EME AN T NG L, ol .
eyt el AP T 3hr T0. 0B5MW/me £ TETF
LETR NUREG/CR-4727 NUREG/CR-5907 2nd CECD(NEA)CSNI Soecialist Mip. on MCCI [ (BERBFHIFRMARRIC & 3% M)




9G-T-FT°T°G Y%

#2 SSWICS ik (77 Ui Hlath) Seff— 0ol
Test Number
Parameter

1 2 3 4 5 6 7
I(\;ietlz?_‘g’ozrgncl S 61/25/6/8 | 61/25/6/8 | 61/25/6/8 | 48/20/9/23 | 56/23/714 | 56/23/6/14 | 64/26/6/4
Concrete type LCS SIL LCS LCS LCS SIL LCS
Melt mass (kg) 75 75 75 60 68 68 80
Melt diameter / depth {em) 30/15 30/15 30/15 30/15 30/15 30/15 30/15
Basemat type Inert Inert Inert Inert Inert Inert Inert
Initial melt temperature (°C) ~2300 ~2100 ~2100 ~2100 ~2100 ~1950 ~2100
sl S O . 2 e 0 o i 10
System pressure (bar) 1 1 + 4 +4 1 4
Water injection period (sec) 665 760 183 195 622 215 194
Water injection flowrate (Ipm) 4 4 12 13 6 14 13
Water injected (liters) 33 39 34 40 61 47 40
Test duration (hours) 2.2 1.2 1.8 24 2.6 3.9 1.4
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(2K B BRI T VAR L, KZRSUETE TRAET DR = KL —

(2D T A Z NI DI KBB4 5 2 & TER L T\ 5

fEHTIC i@*btATX&Wﬁw@ﬁkiﬁ S ATX&Wiﬁ%
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1. LS-DYNA DA%

LS-DYNA'™}Z, Livermore Software Technology Corporation 23BE%E L 7-1LH
HIREZ N =2 — R C, R —fEEEOHEKMENT N FRETH Y, HiEOLEIL
B O HEEMATICH LT D, IR & SIS O E I IR N LT 5
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KIE DREANZ 2 PR EERE RE DIF M 2 M5 L 72 30k (NUREG/CR-42201) Tid,
FREERRIC L 2 KEBUBR 2 WER O AMR L LT 5X108 ZHH L TW5D,
Z DOfiEiix, kE NRC @ LERs (Licensee Event Reports) 7 — % ~<— 2 (1965
FE~1984 4F) 75 REUFR 2 WVNCE S FH4 % 4 MR, S5k 2 14 &
LC, #HERFE (740 JF4E) ICxT2EG L LTRODONTZHDTH D, Hhit
ST 4 HE, FNEDORIECES B O#E I X DR U 2N E 4 DIRE %2
BDELRLTHY, £10OHEY THD,

RE, TOAMLSNC b =T vy 7 BBICET 5 FRN 15 i S Tn 5
M, ZID OFEG ORI REMRE £ T TH D, FEMIRF 2 R
IZ AR EREL T, IO OFERI X LMREERIEREZFE T 5 & 5X105
FRE LR L LA SN TEY, 5X103ICHIEL THAY/NSWETH 5,
72721, BWRIZEB W T, EREIE T IS A RN E ERER L TN D0,
T 7wy 7 BRI AE O MREERUIARE S g,

F1 KHERAWE LT S 7-F4 (NUREG/CR-4220)

Reactor Year Event

Oconee 1 1973 Isolation Valves Open
San Onofre 1 1977 Holes in Containment
Palisades 1979 By-pass Valves Open
Surry 1 1980 Holes in Containment

ETT L N THREINAENELEDND DR ZVVERKIL 21298 THO,
NUREG/CR-4220 THEIN TWAIRA W R L B 2, KBNELIREE
KA DOFEAHR L LT LERs 7 —Z RXN— RS EEEAT L2 L & LT,

7%, FRRTHWET—ZIZPWRIZHT 25D TH L7, BWR TIFAEHE
N ERFHKE LTEHR LRV EZRE LT W2 L2, PWR OF —
Z1%, IRFITHDLEBZDBIND,

1 U.S.NRC, Reliability Analysis of Containment Isolation Systems, NUREG/CR-4220
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