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6.4 PIPE FAILURE DATA.

The probabilities of pipe failure as an
initiating event for less of coolant
accidents are listed in Table IIT £-9.

pipe rupture assessments noted I.n
l‘lhl.n II1 i-’ ware obtained from exami-
nation of nuclear data -uurull- indus-
trial data sources, and nunber of

t
the plpe rupture
. Each of the varicus data

ources was individually evalusted to
nht.in pipe rupture assessments. Ranges
fi.e,, error spresds) were then deter-
mined which coversd and were not
inconsistent with the individual esti-
matas yislded by the various sources.

In gensral, the pips data from
wvarious sources were gquite rough and
gave much freedom of interpretation. To

the

ty
and possible variations that could exist
in the assessments, the ranges [error
spreads) were required to be large in
size. As with the other data, the
associated median wvalues represent the
geometric midpoint of the ranges; the
associated error factor from medlan to
range endpoint is thos 10. The range,
or error spread, and median values are
again rounded to the nearest half wvalue
on the axponent scale. For error deter-
niutlnn & log normal was to

TF WO INCONETECENT WItH the
bagic data and the two group classifica-

tiong: the hest and
l:.eﬂ and l:l"gl agree

groups and the total range which is
obtained from the basic data. The large
ranges stemming from basic data which

are asscciated with each

to cover any categorization errors made
and any categorization wariation which
can oceur, with the range sizes causing
overlap heavily

all the categories to
one another.

In addition to

the pipe sizes,
rupture size and severity varied over a
which d to

lowest bounds

with the two

category tand

the

1400IZE B2 IEE S TR DA,
— & OB D5 /),
RABEZHELTBY, TOREN
TABLE III 6-9iZRani=RAHEDL
I TWN D,

B, KEEETLOCAD

/

14. Maliciose Danage

uncertainty.

When  the:
particular fallures,
performed both inc

luding and excluding
these fallures which served in determin-
ing the

13, hotideatal Dassge
14, Sepervisary Misaperation
17, Gnnnews

] (B ] LR ] U] [T
B 0 8 3 1o wouwon @ 3w
B 08 0 i om LI ] oW
LI S T T T N T | CURNE SO T T R I
E T TR I T T T PO TN P R B U T )

ToTas
RILES OF LiNE

w

s un 11,083

rangee for the assessments,

ohe ssseismsats wads ln the -m, “{l{ TABLE (Il 6-8  PROBABILITY OF TOTAL LOSS OF ELECTRIC FOWER AFTER A LOCA

o 14 causs Lcl:;'l Nlnn 1)
were in the forn of mnl s per - Bians Time after Oy %0 parcent probabilicy Bounds
probabilities that ﬁara applicable to a LOCA

TUPLUre OCCULT: Eystems anywherse in - S 1
the plant, m-- t.nt.ll probabilities 1 hour 2.0 x 10 2.8 x 10 2.0 x 10
"""“"‘:;‘;i;::: P W ‘;":‘i‘p::gmh 24 hours 5.2 x 107 5.0 10" 5.0 % 1077
sidch TRilures: were Seperted. rvarage 4 nonths 7.8 % 107 7.0 % 107 7.0 % 1078
plant characteristics wore  use: ¥ montha 7.6 = 107° b0 x 107 8.0 % 107

and the :lngol wore
probabill

mlm pl.pe sizes were incluoded in the
data were
categorized lnta 2ifferent sizes. In
eneral, the basic pipe data, as given
n the da o hqn:?ld be :tm-n
two general ca e%, ruptures
oecurring !.:nslpl' less than roughly 4"
in diameter ruptures occurring in
having diameters greater than 4%.
In the summaries of the individual data
sources which will be presented,
data are broken into these two n“ﬂe:-
ies for analyses where the le

above ranges
I.nuzvneﬁ at son

ﬂ-n-ct.-r pipes are simply termed “mmall
pipes® and the greater diameter ones,
"large pipes®.

I11-74

ta base associated with
Mlt—l-ltl!lﬂ tha

to

of piping ln the
LOCA

characteristic wvalues
the

sibl
e e (a) Assessed range.

BOUToe: ac-
"'l:;‘i:o :1::15;‘?;1:1“: £6 ’,""" YAE | TABLE 11168 PIFE FAILUWE ASSESSED VALUES
with the

basic data verieniiity: — ook inisistins Supiirs wates
Finally, svent trees were constructed to s * et
analyze addit . plant=-peculiar
causes of rupture which were not includ- /-1 110t - 1ae? xio™?

e :;m“‘ vhich ‘were. 1-4 1075 - amae”? axp *
s . = onal causes were 4 = &
then incorporsted alomg with the data » 6 me? - et saig™t
assessment values in the final risk
evaluations.
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ERESAREBERERICBITAFEHOBVIIRTEEZFIZTONT

AFHlICBV T, HEEREL] 280, BEFZROEREL AT I ERNES
OFAFHE T, ENPWR OEEERICESHTREL TEY, EEERKIZIZ, FATER
T—HTHDHEK2FEE (ER23FE3H) FTOT—¥EAV, BELEEZE2EER
HRIZHEL, TOHELZERFECRLTRBEAHEZREH L TWS,

B, SBERIELOFEAEMEBEIZHOWT, PWR, BWR, PWR X OBWR O&F 7y —ATHEL
IFREREZRIRTS, ZER%O@EELR->TWA,

F 7 EdRR PRA THMEREIRER | DOFEAME

HEr—R PWR BWR* PWR+ BWR
FEAMEK 3 3 6

&4 621 JF4E 706. 1 JF4E 1327. 1 {F4E
RABE (/1FF) 4. 8E-03 4. 2E-03 4. 5E-03

MAETITEIH 198 T LIEFHEEFHT2E5FE WHEHROY 275 M (PRA) ZoW
Tl BR

H3EFDOPRAITEIT D, MTERERLEZERE LB OFEESEEIL 3. 6E-06,
WFETH LD, PR L BIR OEERERZ G LcGE, FORESE,

3. 6E-06 X (4.5E-03,4.8E-03) =3.4E-06 (/1F%E)

L0, FLBEHEEORD 2T 2. 3E-0T IFE L 2 B,

ZHIZL Y, AEEREREZERLE Lo —F o 20 DB ESEE R —HRIZ | BIFREH
42600, EREFEHOFLBEHE KT 2 MERREORST2E (2P .08

{EAEIE : 2. 3E-04/1F4F) O 2%RRETHHZ b, 2EOFRICEZ AEEBIIMD T
hEWnWbDElEZS,
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#hE3. 1. 1.b-13

ATWS DR R FREAEBE THWZRTFIF b Y v 7 RHEERFHRIZ >V T

B IFREROEEEICOWTIE, BFF R v 7RHERE 7 4 — A b U —fEh
(B) 1o & 0 FFEL T 5.
FFE N Y v 7RROBERIIUTOL B0,
@ : s 7 2 L JoRIEA
@ : BT LY v 7R OB R
ERO D LR LY v SRR 25 BERIZUTFAEZ bR s,
@-1: FFIE b ) v FEERIERK
@-2: FTHF b U TR R o bl

BFFERN) vy 7EERERROERE LT, EEHRHE, &8I — FEOFREFIFF
Jy 7EEREEETIEEERIIBTA2BEREZI OIS 2D, ZThbOBEIZL IR
FIHE MY v FEERRE LR RIESEEZEDIC 7+ — NV MY Y —TET L, EF
FERY v TR HHEREEH LT,

JRAFIF b U o 7B R RO EIC VT, HEEREENGLELZEAL, 8 A0
T R Y v THEEER AR RIZFHM L TV A,
« BT ERBR SRUHER ¢ 2. 20E-05 (NUCIAT — #)
« CCF/X 7 A —# (CCF Parameter Estimations 2010k V)
B :2.50E-02 (EEWrER2H LA EDCCF)
y :3.92E-01 (HEEWTER3HELLEDCCF)
6 :3.41E-01 (ERMras4= Ll EDCCF)

UEDT7 =0 b ) —BIrOfER, RFIPFREROIFEFEEELIXL 8E-07TL 2%,
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#E3.1.1.b-14

A B —TxAf AV AT ALOCADRAEREOE N FEIZHOWNT

1. HZHEFHE & PRAGHE D& 2 5 OfE&E

PRAIZIBIAK B EZBEL, TORELZFMET 200 THL Z L bx DHHEEZE
ELTFMEZERL TS, —F, AOEFEIIE»S LWEBEBEREZEEL, Zh
I EL TFLOBREHZFMLZ-BOTHS, LiaBRoT, TAZHhOBEMIZIEGT
THUIZFHFML TS LD LEZ S0, RBREHF (B OoBMALVWIHEEE— %
PRACIZEZERE L TW2RWA, APMFMTIEIZEE L TCWAEHESRHDZ LML
TW2 (Bft1), 72, EAPRADA V' F—T = AV AT ALOCAL LB R AT L 72 7E
B ORABEN2~3MEVNZEEZRRELTVWS BfF2),

2. AMFE L EE SR OREHEFMONT

AV HF—T A RV AT LALOCARAREIZOWT, BASMGZEMEFMEES S
BFEHERIIONWT, REMBITE LTUTOLEBOERLE, #FE LT, BROPRAD
Ml RICEBEREBIIRIZTI 2V,

AV E—=T 2 A AV AT LLOCAIZLUTOERBED S bWFhnic LV RETSHLEER
bhd, 2B, BERAROYEROBRIZIZTAEADO) —ZICEETNDILOET S,

O EBPEATA ZH D 3 >OHFILFORNE) —2

@ BBREATA VZHDB3OOHFIFOREEY —27 L 1 >OBBFOREY —2

XI37Em
® RBBGERY FOWAMUICH S 2 >DOEEFONEY — 7 IiTEM

WIEF, BEEBFETNLETNOY) —7 ORABEE T, #HREEET 710,
+ WMIEFU—72 :7.1E-9/h
- BEHFV—7 1 4.1E-9/h

7, BEAOBRIZIOVWTIE, RULHESREERT—Z1Y,
- BEEFORER : 2.56-9/hThH B,

Thb,

ZDT7A v EDZFOEMFMEZ NN EERROIFELT DL, #OY—2 /BHD
RAEBRIIROBYEHINS,

- WIEFHF Y —2P(V1) : 6.2E-5 (=7. 1E-9X 24X 365)
- BEFHF Y —2P(V2) : 3.6E-5 (=4. 1E-9X 24 X 365)
- BEIFOEEAP(V3) : 2. 2E-5 (=2. 5E-9X 24X 365)

BEIHROERBICOVWTIE, FREE=RICT1E,/ A TESHROMRMAREZHIEL T
WA=, BEEFBMRZICEIICES 2 DEOBHAEOREM, U — 7 N2A4RFFE LA
ICRAETHIHERIIROBYVEHINS,

- Wk Y —2ZP(VI’) : 8.5E-8,/d (=7.1E-9X24+2)
- BEFHFY—2P(V2) : 4.9E-8,/d (=4. 1E-9X 24+2)
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- BEIVFOEBIP(V3) : 3.0E-8,/d (=2. 5E-9 X 24+2)
(70, ROV — 7 HRRER, 1FOEMEMANCERUAORDOY —7 /BHHDIE
AERIIROBYEHINS,
» WIEF U —2P(V1) : 3.1E-5,/d (=7. 1E-9X 24X 365+2)
- BEF U —2P(V2") : 1.8E-5,/d (=4. 1E-9X 24X 365+2)
- EEFHOBERP(V3?) : 1.1E-5/d (=2. 5E-9X 24 X 365+-2)
INODOREEEEZHANT, O~ODHEILBIT2R4EHELZEHT L LLUTO®E
N &35S,
@ EBEAEAT A Vi2h D 3oDWIEFORNEY — 7 DBE
EBRIEATA L TAL v E—T =2 AT AT LLOCAR AT 5541, 3 2DE
Bl LR RERFICHNTY — 2 T588Ths, RIOFFTRLEZEAY, #HIEFO
NE Y — 712k > TLOCAICE A RBRIKIZ6EY b5 = L2 b, FAESEP()IL,
P() =6XPWVD? = 1.4E-12 (JIF%)

@ BRAZEATA VIZHB32OHIEFORNEY —2 L 1 >OBEBHFONEY — 27 X
ITREHADEE
BIRAIEAT AV TA v Z—T =4 A AT LALOCAR AT HEM41E, 3-ODHE
Gz ibF & 1 DOBEF GEFFM) ORI —7 IIBEBHFOBRBTHS, E
OFFTRLEBY, ZOFRBTLOCAIKESIRKIZABEVHDZ D, BERE
P2, UTo@EYEHIN5.
(i) 420HRETR)—7T2HE
P2= 4XP(V1)*XP(V2) = 3.5E-17 (/4F4E)
(ii) 32DOMIERTY —7BHAEL, TO® 1 FELUNICEBFLREBRT 56
P2= 4XP(V1”)*XP(V3) = 2.6E-18 (/{F4F)
(i) 2 2DFIFTY — 27 BRALILRICEBFRIPREAL, £OHR24RFELANIC
B 1OOHIEFRY —I7FT 5586,
P2°=4 X 3XP (V1”)2XP(V1’) XP(V3) = 2.2E-20 (/4F4E)
) BEFA1EH, 2FBICEBATLIAEELD LN, WTHhOBELED T
BWRAHELEZ ONAT-OFHEICE D2V,
PEMDH, P(2) =P2 + P2 + P2’ = 3.7E-17_(/1F4E)

@ SBBER TORAMINZH D 2 >OBEENFONE Y — 7 IIEH
RBBRER TRAM T, v F—T = A AL AT ALOCABRRET H5M1%, 2o
DEFNEEHFNLY — 27 IBRT 55 THD. HIORFETRHRLEZBAY, TOFH
- CLOCAICEARKEIZ 2BV HAHZ b, BAEHEEPQ) XU TOBEYVEHINS,
(i) 2o0BEEFNY — 7 T HHEEP3
P3=2XP(V2)2 = 2.6E-9 (/4F4E)
(i) 1 >OBEFAY —27 LIERICED 1 >OBH A 1 EUNICERT 5HEER
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P3’
P3'=2XP(V2) XP(V3”) = 7.9E-10 (/4F4F)
(i) 1 >OEBERANREBRE L/-RICEDS 1 DOBEFN24FFMUNICY — 27 T 55
SRP3”
P3"=2XP(V3) XP(V2) = 2.2E-12 (/4F4E)
PlEdS, P(3)= P3 + P3 + P3” = 3.4E-9 (IF4E)

D, ®, @k, fvF—TxA4AVATFALOCADFEARREIL3. 4E-9 (/IFHE) &
5,

PEmrd, BAROPRATEHE L TW A RAMHE (3.0E-11%F4F) L& LGS,
RAEBEIN2A—F—ERTHLO0, 2FLBEHEE (2.3E-4/1FF) 455
HHEEEEEZERBLI-BE, AEREBRIRESRVEEZLND, —FH T, EHBH
HELEERE, BMBERENARALTHERAMEHESRE~BHE IS FEERH S Z
LB, WMAVWEFORBEICKRBLIEHEORRLE LTI —ALEF T T RYH—%
2lb—varEEEL, TOEDMEERL TS,

7235, PRAL HNMERHE & OBESZEOBAND, WIMNIBIT AV F—T 2 AV R
7 LLOCADFHER I & B &2, 4% OR2Mrm LF BT 2PRAFHEICEWVWTES %
Ho>TW FETH S,
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AT 2
A VB —T A AL AT LLOCA (IS-LOCA) DFREAMEEEIZOWT

1. IS-LOCAYF Y F DFFAfh
(1) RAEHEORMFEROCEHER
@ IS-LOCADAEE
IS-LOCAIE, BARUKE TRARBRE WD, EFFHEHARLEB LEHER
L EERHH DA L F—T A AL RDEED O L, FOKEIC X EERE
PMESh, TORBRIS-LOCAIZZRY 5 2EEEZFEEL, VA7 MEBEMEMITIZLY
REBEZBEH LTV,
@ HKDIS-LOCAZRRAMEE DHEE
4 EIEM L 7-PRAT DR A X3. 0B-11 TH S A3, NUREG-1935(Z KX, KEIZ
BT HIS-LOCADFASFEITXIE-6~1E-8RETH D, HRET T FORHBRDE
WXV, FEFEST —FICL BIS-LOCADREABEDEFZEORBZITH Z L 18 L
WS, SEIOFHEL 0 HREEMEIL3 ~ SHTRER,
@ ¥EDICHRAZE
FROBRABEEOHERAZMHRT S0, KEOFMH L L T TOXIRIZS
WTHEEZEmR L=,
» NUREG/CR-5744 Assessment of IS-LOCA Risk-Methodology and Application to
a Westinghouse Four—-Loop Ice Condenser Plant
- NUREG-1935 State—of—the-Art Reactor Consequence Analyses (SOARCA)Report
(2) IS-LOCADARZE DIki@ e
FEREOXEMBEDORER, SEIOFM L KEOFMOBEDOKBERIZLULTDOLEEY,
O© V—7 B2 CTIRREfFOMEET— FE2BE
N2 Y — 2 (50gpmlh F) & KBIEZR Y —7 (300gpmPh L) 243, EhEh
DHEHEEEZREL TS, £z, MIERY—27DBFE, AR LELEETLZ L
12K VIS-LOCAITAE T2V EME L TV 5 (NUREG-1935),
& 51T, NUREG/CR-5744TiX, —2DONH Y — 7 OMEREZ /NHEER Y — 27 L KH
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Table 20-8 Estimated probabilities of errors in recalling oral
instruction items not written down* (from Table 15-1)

HEPs as a function of number of items to be remembered**

FUERUMRE (i)
BrENOREIZH LT 1 2F2HERS
(b) .

f=¥(a).

Number of Oral Pr[F] to recall Pr[F] to recall Pr[F] to recall
Instruction Items item "N," order all items, order all items, order
or of recall not of recall not of recall is
Perceptual Units  important important important
Itemf {a) {b) {c)
b R BF HEP = EEE_______E;

(c) DR L ] Oral instructions are detailed:
| () §7 .001 3 001 3 .001 3|

(2) 2 .003 3 .004 3 .006 3
(3) 3 .01 3 .02 5 .03 5
(4) 4 .03 5 .04 5 a1 5
(5) 5 .1 5 .2 5 L4 5

Oral instructions are general:
(6) 1 .001 3 .001 3 .001 3
(7) 2 006 3 .007 3 .01 3
(8) 3 .02 5 .03 B .06 5
(9) 4 .06 5 .09 5 .2 5
(10) 5 .2 5 .3 5 .7 5

*It is assumed that if more than five oral instruction items or perceptual
units are to be remembered, the recipient will write them down. If oral
instructions are written down, use Table 20-5 for errors in preparation
of written procedures and Table 20-7 for errors in their use.

**The first column of HEPs (a) is for individual oral instruction items,

€.9., the second entry, .003 (item 2a)}), iz the Pr[F] to recall the second
of two items, given that one item was recalled, and order is not im-
portant. The HEPs in the other columns for two or more oral instruction
items are joint HEPs, e.g., the .004 in the second column of HEPs is the
Pr[F] to recall both of two items to be remembered, when order is not
important. The .006 in the third column of HEPs is the Pr[F] to recall
both of two items to be remembered in the order of performance specified.
For all columns, the EFg are taken from Table 20-20 as explained in
Chapter 15.

+
The term "item" for this column is the usual designator for tabled
entries and does not refer to an oral instruction item.

++
The Pr[Fls in rows 1 and é are the same as the Pr[F] to initiate the

task.
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Table 20-13 Estimated HEPs for selection errors

operated valves {from Table 14-1)

for locally

Item

Potential Errors

HEP EF

(1)

P RHRORE (i)

Making an error of selection in changing or
restoring a locally operated valve when the
valve to be manipulated is

Clearly and unambiguously labeled, set apart
from valves that are similar in all of the
ifollowing: size and shape, state, and pres-
ience of tags*

.007 3

Clearly and unambiguously labeled, part of

a group of two or more valves that are simi-
lar in one of the following: size and shape,
state, or presence of tags*

.003 3

(3)

(4)

(5)

Unclearly or ambiguously labeled, set apart
from valves that are similar in all of the
following: size and shape, state, and
presence of tags*

Unclearly or ambiguously labeled, part of a
group of two or more valves that are gimi-
lar in one of the following: size and
shape, state, or presence of tags*

Unclearly or ambiguously labeled, part of a
group of two or more valves that are simi-
lar in all of the folleowing: size and
shape, state, and presence of tags*

.C05 3

.08 3

.01 3

*
Unless otherwise specified, Level 2 tagging is presumed.
If other levels of tagging are assessed, adjust the tabled

HEPs

according to Table 20-15,
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Table 20-21 Approximate CHEPs and their UCBs for dependence levels*
given FAILURE on the preceding task (from Table 7-3)
© Levels
i ;T:;:T: ......................................
Dependence | —iEiEE® BHEPs
: : Median HFP f% Y&
Item (a) (b) {c)
(1) ZD** < .01 .05 " (EF=5) .1 (EF=5)
(a) (e) (£}
.15 (EF=5) .2 (EF=5} .25 (EF=5)
Levels
of +
Dependence Nominal CHEPs and (Lower to Upper UCBs)
Item (a) {b) (c)
(2) LD .05 (.015 to .15) -1 (.04 to .25) .15 (.05 to .5)
(3) MD .15 {.04 to .5) .19 (.07 to .53) .23 (.1 to .55)
(4) HD .5 (.25 to 1.0) .53 (.28 to 1.0) .55 (.3 to 1.0)
(5) CcD 1.0 (.5 to 1.0) 1.0 (.53 to 1.0) 1.0 (.55 to 1.0Q)
(d) (e} (f)
(2) LD .19 {.05 to .75) .24 (.06 to 1.0) .29 (.08 tec 1.0)
(3) MD .27 (.1 to .79) .31 (.1 to 1.0) .36 (.13 to 1.0)
(4} HD .58 (.34 to 1.0) .6 (.36 to 1.0) .63 (.4 to 1.0}
(5) CcD 1.0 (.58 to 1.0) 1.0 (.6 to 1.0} 1.0 (.63 to 1.0)

*
Values are rounded from calculations based on Appendix A. All values are

based on skilled personnel (i.e.,

tasks being analyzed.

*k
ZD

= BHEP.

EFs for BHEPs should be based on Table 20-20.

those with »6 months experience on the

?
Linear interpolation between stated CHEPs (and UCBs) for values of BHEPs
between those listed ig adequate for most PRA studies.
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