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Hork of loannis Papazoglou (EncTosure 2), us1ng Raymond F. Scholl's
datd on loss of offsite power initiators to provide the generic data base
used in the two-stage Bayesiam Methad, shows that the estimate of the mean
frequency of loss of affsite power should be .12/yr, instead of the .08/yr

4 : used in Enclosure 1. Note also that on p. 14 of Section 2 of Enclosure 1, i
: that the probab1lity of event sequence 45 should be multiplied by the prob- :
ability of restoring offsite power in 60 minutes, or by .74. Enclosure 1
" ‘ corrects typographical errors contained in the transmittal’ (Federal Expres—
. '~ sed) to you on 1/18/82. . ‘
1 Warm regards, :
A 3 Robert A. Bari, Head
1o a Engineering and Risk
RO Assessment Division -
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BRQOKHAVEN NATIONAI. LABORATORY
”-MEMORANDUM

. DATE:. January 18 1982 (Typograph‘nca’f errors. corrected January 22 1982) L
TQ:r - R. A. Bar1
FROM: A, J. Bushik’ 4/8

. . SUBJECT: "BNL Peer Rev1ew of the Zion Probabﬂ‘lstic Safety ‘Study

1.0 INTRODUCTION L e , P LIRS )
‘This report documents the results of our peer review of the Zion Prob-
. abilistic Safety Study,, Reference 1. Sect‘lon 2 considers -internal events, and

Section 3 external events. Sectfom 4 is a d'i scussion and summary. -
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j tem.1nteractions wh1ch do not appear to be treated properly will beé noted.
... Two - sequences for which more detailed analyses were made will be ‘discussed '

loss of offsite power, and small 1oss of coo]ant accidents - beTowed'by fai1ure AR

Jilala Ot AR sl

-.tifier A), 2 small loss of coalant accident (identifier S), a transtent (iden=-"
. (blank space), and whether the conta1nment fan coolers are operating (F) or not

.phase and not in the recirculation phase. An accident in which a small Loss of : _ff
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-able. Na ana]ys1s Ts g1ven to support th1s assumption.

2.0 INTERNAL EVENTS T

2.1 Comoleteness of the. Analysis System Interact1ons, System -
. Success/Fa1lure Lriteria ;:_z‘o“ .

In this section, comments on. the comp]eteness of the analysis will be: v
made. System success cr1ter1a which require further study will be noted. : Sys;"""*

separately, in sections 2.2 and 2. 3. These are accident sequences initiated by |

of emergency coo1ant rectrculation. ' IR
. l

- The plant state (or core.damage state) used in the analysis of Reference 1
tells whether the sequence type 1s a large loss of coolant accident (iden-

tifier T), or an interfacing'LOCA (1dent1f1er V), whether the core melt is '~
early (E) or late (L), whether the conta1nment sprays are operating (C), or not

(blank space). However, the contaimment spray identifier (C) refers only to
the -operation: of the containment sprays in the emergency coolant injection

Coolant Accident (LOCA) occurred, followed by failure of emergency coo1ant _
recirculation, failure of the contaimment recirculation spray, and failure of - = .".é
the containment fam coolers, would have the identifier-SLC,'if the containment
spray were to operate in the injection phase. This is the same core damage
state rdent1fier-that would be used if the containment recirculatiom spray were
operating, yet the conta1mnent fa11ure mode and radioactive release might be
very different. for the two sequences. '

" In both transient-1n1t1ated sequences and smail loss of coo]ant accidents h
the analysis of Reference 1 assumes that "feed and bleed", where pr1mary cool-
ant is injected into the reactor coo]ant system by the high pressure 1n3ect1on
system, and released throuqh'the pressurizer relief va]ves, is. adequate for
successful - decay heat removal, when the auxiliary feedwater system is unavail-
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Although loss of‘component cooling water {s considered as -an accident

- initiator;’there»are'potential systems7interactions which are not dfscussed. L

If component cooling water is Tost to the reactor coolant pump seals then re~-

actor coalant pump seal injection flow must be maintained by the charging pumos
to prevent reactor coolant pump seal feilure. But it would appear that the
-charg1ng pumps require component cooling water faor cooling. - If the charg- 'Lf
ing pumps fail, then one has a small LOCA through the failed reactor coolant -

pump seals. The hlgh head. safety injection pumps can be used to take water

- from the refueTTng water‘storage~tank (RWST), and inject it into the primary
coolant system. In general, these pumps require component cooTing water. Itm jﬁlﬁ
--is possible that whem they are pumping the relatively cool water from the—RwSTlr'
.that they do not require component cooling water. But ultimately one has to

to emergency coolant recirculation. The point is that all this must be

analyzed, and it does not appear ta be discussed in the report. It is not at

all clear how the frequency of core melt due to the loss of component coo}1ng

water initiator was arrived at.

A sequence which was. important -in the German Risk Study (See Reference Z

8 EPRI-NP-1804-SR} was one which involved loss of offsite power, reactor trip,

1ifting of the pressurizer relief valves, failure to close of the-pressurwzer
relief values, and failure of the diesel generators. This results in a smal7l
LOCA through the pressurfzer‘relief valves, with failure of the High Pressure
Injection System (HPIS), and Teads to core melt.. An incident which involved

g

Toss of offsite power, reactor trip, lifting of pressurizer relief valves, and
failure to close of the pressurizer relief valves, occurred at the Beznau reac-

tor in Switzerland, on August 20, 1974 (Reference 3, ORNL/NSIC-176, p. 58).

This is a Westinghouse-designed reactor. The pressurizer reTief valves Tifted

because of failure of a turbine by-pass valve. A very rouqh est1mate of the
frequency of th1s sequence is obtained as fol]oNS' ‘
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~ Loss of Offsite Power l . .08/yr

Pressurizer Refief or -

Safety Valve Lifts R S

Pressuri-zer Valve Faﬂs

to Reclose _ .02
DfeseIYGenerators fail to

Energize any‘of Buses ' ' !
" 147, 148, or 149 ' 1x10=3

The product of the frequencies of these events is T.6x10'7/yr; which is com= | -

parable to the value obtained for other loss-of-offsite power sequences that .
were considered. This estimate of the frequency of this sequence is very 1
rough. In the German Risk Study-(See p.5-16 of EPRI NP-1804-SR), the pressur-
izer relief valves were assumed to Tift on power failure. The frequency of
praessurizer relief or safety valve lifting, given loss of offsite power, de- j’
pends .in part on whether the plant is operated with the block valves fin series
with the pressurizer rel1ef’va1ves)1n a closed position.- Presumably the 1ift-

‘ing of a pressurizer safety valve, with its h1gher'set point, would occur more

rarely. From a telephone conversation with George Klopp of Commonwealth Edi-

son, it was learned that the Zion plants are,bjn fact, operated,w1th the pres-

surizer block valves: closed.

If the pressur1zer relief valves are operated im this mode, 1t raises a

: quest1on ‘concerning the ATWS sequences. According to page 1.3-333 of the Zton
" Probabilistic Safety Study, ATWS pressure relief may require operation of one

pawer operated relief valve on the'pressurizer, in addition to the three safety '
.valves on the pressurizer; This will occur 1f the moderator temperature coef-
; ficient is not suff1c1ently negative.’ On page T. 3—44 ‘of the Z1on Probab111st1c’
 Safety Study this cond1t1on is assumed to occur about 10% of the time.
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-conditiohs;under which the operator is acting, it would appear that this fre--
- quency could be significantly higher. If the human error frequency were-P;“

: 6.7x10‘5/yr + 8x10-5/yr x (P - 004) This can be seen by considering the - ,
.- following sequence of events, which Teads to core meIt (state SEFC) o

B

The operator must open the blockvvélve'in lTess than 10 mfnutes;-'A'mean.fre-*
quency of 4x10-3 is assigned to the event that the operator fails to open the ..
black valve in this 10 minute or less time period. Considering the high stress = . °

instead of .004, then the frequency of core melt due to ATWS would be

TR G Y

o EVENT . FREQUENCY
~T. Either loss of main feed&ater‘gg (5.2+3.7)/yr = 8.9/yr* -
- turbine trip o o o
2. Power level greater than 8% -

3. Failure to trip 1.8x10=4wwr
4. Mod. Temp.. Coeff. between ' S et
. =7 and -5 pem- ‘ .
5. Operator Fails to open b1ock : P }
valve _ . o ’ o

% See Table 1.5.1-50 of Reference 1. : R

#* ' See p. 1.3-340 of Reference 1. - S e
%% See Tables 1.3.4. 7-2 and 1.3.4.11a-2 of Reference 1. o
e See p. 1.3-44 of Reference 1.

The frequency,of this sequence is 8x10‘5P/yr. Since Reference 1 obtains a

core melt frequency(due-to'ATWS‘of 6§7x10'5]yr (see Table-I1.2.1 in VoTume I

_of Reference 1), and since P = .004 was used in Reference 1, one obtains

6;7x10'5/yr +'8.0x10:5 (P - .004) for the frequency of core melt due to
ATWS. ' | | o

 The estimate of .004 for the human error of failing to open the block
valve was based on analogy to the human error in switchover to Tow pressure
recirculation. quever, there is at least 30 minutes after a Yarge LOCA before
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switchover to Tow pressure recirculation 1s required, while according to . _
- pe la 3-44 of Reference 1 the operator in an ATWS has "less tham-10 minutes" to
open the pressurizer block valves The question is, how much less? Generic
. studfes indicate that the peak pressure in an ATWS {s reached in about 2 m1n-§
utes (Ashok Thadani, private communication). If the operator must respond |

A AnaTysis (see p. 17-20. of Reference 9), the human error frequency is .95, and
must be taken into account. Two minutes or so after an acc1dent credit is

ence 9}. If 10 minutes were available, then the probab111ty that the first
operator fails to openm the block valve is about .8, according to the Handbook

. one obta1ns .64 for the probability of failing to open the block valve. For
P =,95 the core melt frequency due to ATWS is 8. 2x10'5/yr and for P = 64 l
the core-me]t frequency due to ATWS is 5. 8x10‘5/yr. These are 1mportant con-
tributors to core me1t frequency. A careful, detailed human error analysis. of
this sequence must be made, taking into account the skills and training of the
operators, and the precise times available for their action. The Handbook
+(Reference 9, p. 17-25) says that, in some cases, in coping with large LOCA,

. _é the human error freguencies may be much lower than thosa given on P. 17-20 of

" the Handbook (Reference 9). -

l

When 1ooking'for completeness, one can Took at the relatively minor
incidents that occurred which might have led to a serious accident if other
things went wrong. Even if the canditiona1_frequency of a serious accident,

Tike this possible sertous accident sequence to be included in the logical
framework of the risk study. The reason is that there may be a very large

number of such acc1dent sequences, so that the frequency of the aggregate of
these sequences may be appreczab]e.

- within two minutes, then, according to the Handbook of Human Reliability - 0
- P.=.95 may be a good estimate, although the skill and training of the operatorsllf}i?

given for only ane operator, according to the Handbook (see. p. 17-24 of Refer-';?if

(p. 17-20 of Reference 9). Credit is given here for the shift supervisor aTso '
being present. Assuming complete independence of the errors of the two peopTe,_

given the event sequence'that actually occurred, is relatiyely'low; ocne would
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_— One 1nc1dent that occurred which could have- 1ed to something-serious, and: #r¢*7i*7"
wh1ch does not appear to be included in the Togical framework of the Zion Prob- -
~abilistic Safety Study is a human-error initiated incident which occurred at -
- . Zion 2 on July- 12, 1977. This incident resulted in the water lavel in the re-
actor being drawn down to- the paint where the pressurizer heaters were uncov-
ered. It occurred when. unit 2 was in hot standby. A reactor protection Togic
' system.test was. to be done. Because of a series of administrative and operator 4
errors, a number of instruments were Jumpered so that dummy signals were pres-~l'_ff"'
ent, when in fact these instruments:yere not supposed to be jumpered. These B
instruments displayed values which were not related to the actual values of the
parameters they were supposed to measure, and the control systems responded to
the dummy s1gna1s not. to the true values of the parameters.
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Certain core-melt acc1dent sequences which could occur during cold shut- - ﬁé
down do not appear to be adequately addressed in the Zion Probabilistic Safety
Study. These are accident sequences in which the steam generators are un- -

: ava11ab]e for decay heat removal. In preparat1on for refueling, with the ree
actor vessel head bolts Toosened, the option of returning to hot'shutdown con-
ditions and removing decay heat through the steam generators is not avail=- |
able. The steam generators,may also be unavailable because of ‘eddy current :

3 testing of the steam generator tubes. There have been at Teast four incidents

durxng shutdown when res1dua1 heat removal pumps have become a1rbound during -

cold shutdown and the steam generators have been unavaitable because the steam

i generator manway covers were removed in preparation for eddy-current test1ng.

Q SRR These events were (1) an event at Beaver Valley on September 4, 1978, (2) a |

i " event at Ginna on May 3, 1972, (3) an event on April 18, 1980 at Davis Besse,i ‘

: and (4) an event on: April 19, 1980 at Davis Besse. When eddy-current testing

‘ of‘steam generator tubes is done;_the'weter Tevel in the reactor is lower than
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usual, and airbinding of the residual heat removal pumps becomes more,1ike1y. o ‘
Charging pumps could in general be used. to maintain a water level above-tne

core, but ma1ntenance on charging pumps is frequently done dur1ng periods of

.cold shutdown- : ' : ‘
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~ addressed in the'study, there do- not appear to be any'fundamental‘weaknesses 1n'

- cident sequences‘conSidefedu‘ The human-error initiated accident sequences are - .-

~ Risk Assessment Branch. - We give here some comments concerning the treatment of'
‘these events in the Zion Probabflistrc Safety Study. S  ‘ f

:_.7;“M 4

Although.accidents.occurring.dhbing.con»shUtdown*may not benadequatélgﬁ?ﬁw*v*QLf
the.methoddlogy which prevent them from being handled as well as the o;her ac-

more difficult, however, as the incident at Zion-2 referred to earlier, in a
which a varxety of instruments were jumpered, demonstrates. '

BNL was supplied with a Ifst of initiating events by the: ReTiab111ty and

-~ For event 1 on this 1ist (see ThbTe-Z 1), Station B1ackout the reactor
coolant pump seal failure event was considered, but there are def1c1ences in
the analysis, as will be discussed in Section 2.2. The loss of d.c. after a
finite time was apparently (insofar as the authors could ascertaxn) not
explicitly considered. o

i

Event 4, Reactor coolant.pump trip for a sma]l LOCA is apparently not o
included, but its effect on the event sequence is unclear.

' Event 6, a multip]e_1nstrument tube-LOCA below core 1evel is a'sma1llloss
of coolant accident, and should be included in the fréquency for small loss of
coolant accidents. ' '

-

Event 7, overcoolfngveventsv1eéd1ng-to pressurized thermal shock, and .

‘event 8, overpressurization during cold shutdown, are not included in the Zion
- Probabilistic Safety Study, as being possible causes of reactor vessel rupture.

(The related problem of radiation embrittlement thanging_the nil ductility
transition temperature of the reactor vessel is also not considered.) _The 4
fraquency of reactor vessel rupture is taken from Wash-1400 -see p. 1.3-71 of

the Z1on Probab111st1c Safety Study.

For the 1arge LOCA, event ¥, reactor cooTant pump m1ss11es are not =
considered; turbine missiles as an accident initiator are conSTdered br1ef1y on

" p.-7.8-7 of the Z1on Probab11tst1c Safety Study.
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‘Event 12, a stuck open pressurfzer safety re11ef valve 1s inc]uded as an.

iaccident initiator as part of the small LOCA frequency. This means that any -
~ difference in, say, the frequency of operator error for a pressurizer safety

valve lifting and for other possible small_LOCA's would not be considered.

,However,‘considering the operator‘traihing_after the Three Mile Island Accident

it s not very likely that the operator would turn off the High Pressure
Injection System because of h1gh pressurizer water level if the pressur1zer '

»pressure is Tow.

We were not able to ascertaim, in the time available to us, whether con-7

tainment isolation, event 15 of TabTe 2.7, was included or not. The signal to

provide containment isolation is provided by the Engineered Safegquards Actua- -
tion System, discussed on p. 1.5-312. of Reference 1. There is also a discus-.

sion of containment isolatfon om p. 1.1-9 of Reference 1. However, the event’

trees looked at do not appear to address whether or not containment isolation.

took place. Moreover, the plant state descriution (i.e., core damage state),fs
not suff1c1ent1y detailed to say whether containment isolation took place.” For

example, SEFC. says noth1ng about’ containment isolation. On p. 2. 4-3 of“Befer-

ence I it is indicated that containment isolation failure is sufficientlyﬂ ~

unlikely so that 1tsicontr1bution to risk is negligible; however, uo analysis

seems to be given in the report.

Event 19, Toss of ventilationm in the auxi]iery-bui1ding, is not considered

- as an accident initiator, but it is not clear that this is significant. Cer-

tain accident sequences could result in loss of ventilation because of Toss of

~ AC power; this was. apparently not addressed directly but may not be important.

Event 21, reactor coo]ant pump- seal failure, should be 1nc1uded as part of
the- small LOCA 1n1t1at1ng event fregquency. However, from Table 1.5.1-47 of
Reférence 1, and the comment there that there were no smaIT LOCA s except- for

. pressurizer relief or safety vaIve-open1nq, it is evident that no reactor
coalant pump seal loss of coolant accidents were included in the data base.

Therecheve been at least two reactor coolant pump seal failures - at H.B.

-
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~ -Robinsom, unit 1, on May 1, 1975, where the containment was fldoded to ardepthS.-:~“75b1
- of 12.5 inches, with a total leak of 132,500 gallons, and at~Arkan$aseun1t-1,
on May 10, 1980 where the leak rate reached a maximum of 90 gallons per minute. -

o Teble-z.l gives, in addition to the initiating events supplied to us by
the Risk and Reliability Analysis Branch, an indication as to whether the ‘event

- is included in the Zion Probabilistic Safety Study, and some brief comments"or

else reference to the text of this section, or other sections of this report

for more: details.

2.2 Loss of 0ffsite Power Initiator;

2.2.7 Electric Power Recovery Models. L

The offsite power recovery model used in the Zion Probabilistic ‘Safety

‘Study is optimistic compared to generic data on the recovery of offsite power.
‘There is no plant-specific data on the recovery of offsite power after a total

lass of offsite power, since~th1s has never happened at the Zion p1ant Ac-(

cord1ng to the model used in the Zion Probabilistic Safety Study, the frequency
‘that offsite power is not recovered within 30 minutes is .28, and the frequency

that offsite power is not recovered in 60 minutes is .03. To. obtain, from ge~
neric data, an estimate of the frequency d1str1but1on for the time to restor-
ation of offsite power, we made use of a repart by Raymonle Scholl, dr., of
the NRC [Loss of Offsite Power - Survey Status Report, Revision 3]. For 39 .in-
stances of total loss of offsite power in which the time to partial restor- |

~ation of offsite power was given, the fregquency with which offsite. power was

not recovered within 30 minutes was .41, (as contrasted to the Zion Probabi~ -
1istic Safety Study value of .28) and the frequency with which offsite power
was not recovered within 60 minutes wasf.26_(as contrasted to the Zion Prob-
abilistic Safety Study value of .03). Admittedly, there are deficiencies in
this direct application of’generic.data to the Zion plant, but it is felt that
the results obtained are claser to the truth than that obtained in the Zion
Probab111st1c Safety Study. Considering only failure-to-start of the diesel
generators, and not failure to rum, the probabiT1ty of a Ioss of power to

-~
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- obtained in the Zion Probabilistic Safety Study. Here 1. 83::10'3 is the -
. probability of failure of the diesel generators to supply power: to. busses 148

busses 148 and T49 because of. fai]ure of the diesel: generators coupTed
failure to restore offs1te power in 30 minutes, is: '
| Pr3g = (1.83x10-3) x .41 = 7.5x10-4,

as contrasted to the value

Pr3g = 6.02x10-4

and 149. The difference ts more signiffcant when one considers the probability

offsite power is not restored within 60 minutes, coupled with failure of the ..

diesel generators-to supply power to bases 148 eqd 149.
One obtains

Pesg = (1.83x10-3) x .éé 3‘4,7§x10'4; as
opposed to the v’a.]:ue': : | T )

Prsg = 7.49x10-%

obtained in the Zion Probabilistic Safety'Sfudy. This is approximaté]y a
factor of six higher. '

Even if one aecepted the model‘for restoration of offsite power given in

_ the Zion Probabilistic Safety Study, the probabiTity offsite power is not re-

stored within 60 minutes should be .046, not .03. The Zion Probabilistic
Safety Study mode]efbr recovery of offsite power, gfves the time to recovery‘of
offsite power as the sum of two.variables, whith we will call tf-and t". The
time t' is the time for the operator to reach the 345kv relay‘house,,chéfk the
diesel generators, check the 345kv relays and open the unit disconnects.’ The

i
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_ is not restored in 30 minutes is .365, not the .28 calculated in the Zion
Probabilistic Safety Study, and the probab111ty that offsite power is not restored

loss of offsite power initiator becomes

-}T;::

time t* is the time to restore power after above local operations have been -
performed. - The frequency functions for t' and t" are histograms, so that they
can be written as 11near comb1nations of the unit.step function

g1(t') = ; g u(t'-t'y)
gz(tu) = Z b u(tll‘tllJ),
where gT(t ) is the frequency fund%xon for t', gg(t“) is the frequency .

function for t", and u(t) is the unit step function, equaT to zero when~1t3'argd?vfr"

ment t is negative, and equal to unity otherwise. By use of the fact'that.the
Laplace transform of a convolution is the product of the Laplace transforms of

: the two functions being convoTuted, it is possible to determine the frequency:
function of t = t'+t" as N S S

a(t) = X a1bJ (t-t1 -t )u(t-t,-tJ )s _ ..
- hd - ' ' : ! )

and numer1ca] evaluation leads to the result that the probab111ty offsite power
I

in 60 minutes is .046 not the 03 obtained in the Zion Probabilistic.Safety
Study.

We now estimate the change obtained in the freouency of sequence 44 in

Table 1.3.4.11b-4 of Reference 1 when generic data is used to estimate Prsas

instead of the model used in the Zion Probabjlistic Safety Study. This se-
quence is initiated by loss of offsite power, followed by loss of emergency .
power to buses 148 and 149, and failure to restore power for a period of 60

. minutes. It aleo includes failure of the turbine driven auxiliary feedwater
~ pump. The conditional frequency of this sequence,. g1ven the accurrence of the

Pesq X 049 = 2, 32x10-5

when Ppgq = 4.75x10-% is used; if the Zion ‘Probabilistic Safety Study value
of 7.49x10‘5 is used for Ppgg one obtains 3.67x10-6 for this sequence.

-4
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:T_ - . - The failure frequency of the turbine-driven auxiliary feedwater pump is .049 SRRRE R,

"~ per demand. We estimate the initiator frequency for this event as .081/yr

ihstead of ".058/yr. The difference obtained here arises mainly from the fact

1 .. that one cannot merely take the sum of the operating times of both units when.
-updating the generic data distribution by the p1ant-specifft.data;' This Tsia :

-~ consequence of the fact that a?’Toss_of offsite pawer event can affect both "
units simultanecusly. . The Zion unit obgrating the Tongest'has been operating el
8.5 years. We qbtain therefore;fbr-sequence-44, a frequency of - '

| .08/yr x 2.32x10-5 = 1.9x10-6/yr.

This sequence leads to core damage state TE. This sequence is identifféd as - _
. sequence 14 in Table II.2-1 in Volume 1 of Reference 1.;‘The frequency'ob7: Cee
. tained there is 2x10~7/yr; our estimate is a factor of 10 higher. -

(PR AN

Lot ber b A

-

The diesel geherator recovéry model is also somewhat optimistic compared -

_ to the data given in Table 10 of NUREG/CR-1362 [Data Summaries of Licensee

. Event Reports of Diesel Generators at.U.S. Commercial Nuclear Power Plants].

' -However, no.credit was given for diesel generator recovéry tn the Zion Proq-
abilistic Safety Study - the model developed was never used. - The neglect of
diesel generator recovery increases the calculated core melt freﬁuenty some-
what, but the conservatism'introduced is not great, since, according to

| NUREG/CR-1362, only 23% of all diesel generator repairs take less than 1 hour.

R,

JERIRNATATEL Ny

- 2.2.2 Loss of Qffsite Power Followed by Reactor Coolant Pump Seal Fdilure

‘There are errors in the ca]culations.bf event sequences 45 and 51 in the
Toss of offsite power event tree (see Table 1.3.4.11b-4 of Reference 1) of the

Zion Probabilistic Safety Study. These sequences involve the reactor coolant

. pump seal failure aftef lass of offsite power and failure to supply emergency
power to buses 147, 148, 149, 248, and 249. This_results'in loss of compbcent”
cooling water, as well as loss of seal injection flow, to the reactor coolant

pumps, and results in the failure of the reactor coolant pump seals. Possibly
" because of typographical errorﬁ, it is not possible to ascertain that sequence
51 invoives the event LS, the reactor coolant pump seal LOCA, from Table

"1.3.4.11b-4 of Reference 1. It is necessary to refer to the event tree,

_—;
5
1
EE
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. Figure 1.3.4.11-2 of Reference 1.. In any evént, the conditional frequency of .
.,sequénce 45, given the offsite. power initiator, should be just"the'fréquency,of h
the event LS. Reference to p. 1.3-37 of Reference 1 shows that the event LS - -
implies failure of buses 147, 148, 149, 248, 249. Nothing more is required,
after the loss of offsite power initiator, since it is assumed that only a 1§
mfnute loss of component cooling water and seal injection flow is sufficient to
cause the reactor coolant pump seal LOCA. Thus, the conditional frequency of :
_sequence 45, using the Zion Probabf]istic Safety Study calcutation of the: - - - ~n. =
frequency of event LS, is 1. 8x10'5, not. the 3. 09x]0"8 given fn Table - o
1.3.4.11b=4 of Reference 1. Sequence 51 should be the event LS followed by
loss of power for more than 60 minutes. However, the event LS already fmphes ‘
failure of the diesel generators to energize buses 147, 148, and 149.° Thus, in-
order to obtain loss of power for 60 minutes, given the offsite power -~
" initiator, and given the event‘Ls;’it'is only necessary not to restoré'offsite' :”_ifi
power in 60 minutes.  This event has, according to the Zion Probabilistic - . - ';fé
Safety Study, the frequency .03. One obtains therefore, for'sequence 87, the ;

P N ity e A

b3
o=

conditional frequency (g1ven loss of offsite power) of = o L gf»

“1.8x10-6 x .03 = 5.4x10-8.

However, the prdbability offsite power is not restored within 60 minutes .
is .26, not .03, if generic data is used (see section 2.2.1). Moreover, the
probability of the avent LS iS-caTcuIated'assﬁming diesel generators asscciated
with the two dfffereht units fail independently. (Zommon mode failures for the -
diesel generators associated with the same unit are considered. Also, external
~ events are handled separately ) The deminant contr1butor to the event LS con-

s1sts of the event prcduct '
ABC,
where '
A = event that buses 148 and 149 are not energ1zed by the d1ese1 geneEEFors
DGIA and DBIB.V '

event that buses 248 and 249 are not enerq1zed by the d1ese7 generators

B>=
DGZA and 0G2B. } ‘ ,
even# that d1ese1 generator DGO enerq1zes bus 247 and not bus 147.

)
]
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The frequency of the event LS is. essentia]Iy, using the model of- reference 1,

P(LS) = P(ABC) = P(A)P( JP(C) = .5 P(A)P(B),

>

N

~ since the probability DGO sw1ngs to either unit on loss of offs1te power is 5
With :

P(A) = P(B)_--- 1.85x10-3

R T Y, Iy

ik bl

one obtains P(LS) = 0.5 (1.85x10-3)2 = 1.71x10°%, But P(ABC) may be much
greater than P(A)P(B)P(C) if there are common mode fa11ures connect1nq the Un1t
1 and Unit 2 dieseT generatnrs. '{ B ’ : : )

v s a et s edr s e

The type of common mode fa11ure one is COncerned about is the type which
is not revealed by testing, but is only revealed during a:real Toss of offsite
power event. A "near-miss" te this kind ef event happened .at Millstone Unit 2 - -
‘on July 6, 1976. A voltage reduction on the grid occurred which resulted in a - -
3 : reactor trip -but was not sufficiently great to actuate certain undervoltage re-
. a 1ays. The diesel generators were not capable of automatic start. It really
a ~ would not have mattered how many of them there were - they would have all res-
ponded in the same way. If one attempts to obtain an upper bound to the fre-
quency ‘of this type of event from data, one gets an upper bound est1mate of the
order of 10-2. There have been some 400 reactor-years of PWR axperience in
the U.S., and the average rate of loss of offsite power is about .27/yr, so
that there have been about 100 total_loss of power incidents. If one sayslthat

3

there have been no incidents of common mode failure of the diesel generators in
. these 100 incidents, one obtains,at a 50% confidence level, 7x10-3 as an up-.

per bound to the probability of this event. This seems too high to use as an

est1mate of the commomr mode faiure of a]] the diesel generators. However, it

seems d1ff1cuTt to Just1fy a number much. below 10‘4 per demand. It is rare

to find systems without diverse subsystems, but which’ depend onTy on redundancy
for reliability, to have a much lower-unavailability. Then we obtain for the
frequency of the event sequence 45 (from Table 1.3.4.11b-4 of Reference 1}

P(sequence 45) = .08/yr x P(LS) = .08/yr x-10-4

8x10-8/yr,




-15..

where, as before, we have used O8/yr instead of 058/yr as the frequency of
‘loss of offsite power. This sequence 45 leads to core damage state SEFC Se-
quence 51 of the same table would now be calculated as

e el Sngpimibiiei iR e |

P(sequence 51) = ,08/yr x P(LS) x P(offsite power not restored in 60 minutes)

08/yr x 10°% x .26 = 2 x 1078 /yr,

8 e p BRI e

and leads to core damaqe state SE.

2.3 Small Loss of Coolant Accidents Fol?owed by Failure of Emerqency Coo]ant
" Recirculation ;

The Zion Probabil1st1c Safety Study, Reference 1, does not explicitly )
_-consider simultaneous failure of both emergency coolant rec1rcu1at1on and con-
tainment recirculation sprays because of components common to both systems..

A

The core damage state descriptor {e.g., SL) gives no information about
whether recirculation sprays are operating or not. Apparently the authors of
the Zion'Probabi]iscic Safety Study have tdcitly assumed that recirculation
soray'operation is irrelevant to the containment response and radioactive're-'

et ke

lease. If this were the—case, then there would be no need to consider commonv

WAR B ANV /NS 20N

made failures of the recirculat1on spray and emergency coolant rec1rcu1at1on.

However, after a core melt aerosols are generated in conta1nment. If
containment recirculation sprays are nof operating, then these aerosols may
interfere with_the»operation-bf the containment fan coolers. In the BNL cri-
tique (Reference 7) of the Offshore Power Systems risk assessment for the Zion
plant, the probability of failure of the fan coolers, given a core melt and
faf1ure of the containment recirculation spray, was taken as .l. This was '
based on am estimate made by M. A. Teylor of the NRC. If this. probab111ty is
valid, and if failure of emergency coolant rec1rcu1at1on, failure of .contain-
ment recirculation soray,.and failure of contaimment fan coolers 1eads'to de-
Iayed overpressure failure of the containment (without the rad1oact1v1ty re- '
moval that would occur if the contaimment recxrcu]atlon spray were operat1ng),
then the common mode .failure of emergency coolant recirculation and containment
recirculation sprays is significant.. SR o

LAldivmaen i &I R
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In the recirculation mode-of'coe1ing the core, for a small LOCA, ‘the.

.residual heat removal (RHR) pumps take suction from the containment.:sump; the

water leaving the RHR pumps goes through heat exchangers and then goes tb the
contaimment sprays (by one path) and to the hi-head pumps for core cooling (by
another path). There are motor-operated valves (SI8811A and SI88118) in the-
lines from the containment sump to the RHR'punps.' These valves are nonna11y4
closed; failure to operate of both of these valves leads to.failure of both the
emergency coolant rec1rcu1at1on function and the containment recirculation
spray function. '

~ The Zion Probabilistic Safety §tudy, Refarence 1, used a'Value of
1.55x10-3 per demand for the mean failure frequency of these motor cperated “

_ va1ues (see Table 1.5.2.3.4-6 of Reference 1) and used a mean 8-factor of 014

(see p.1.5-462 of Reference 1).to include common mode failures. The failure
frequency of 1.55x10-3 is supposed to include failures ip the local control
circuitry for these valves (see p. 1.5-496 of Reference 1). However, following
the Reactor Safety Study, both the Offshore Power System Study (Reference-8)7

and the BNL critique (Reference 7) of this study used a value of .03 for the fa11- '

ke

L v PRI

ure frequency of thé local control circuitry of the valves. Moreover, The BNL cr1t1gee

of the Offshore Power Systems Study used a B=factor of .15, an order of magni-
tude higher than that used in Reference 1. Including the failure frequency for
valves due to failures of local control eircuitry, one obtains a failure fre-
quency of .032 per demand for one of the valves, using Reactor Safety Study ‘
data. Using the B-factor of .15, one obtains a frequency of (.032) (.158) =
.0048 for common mode failure of both valves (valves SI8811A and S188118).
There is other common equipment in the-cohtainment spray recirculation system

and emergency coolant recircultation system, but the major portion of the common

mode failure of these two systems comes from the‘cemmon mode‘failure of these

'motdr-operated valves. - Using the mean small LOCA frequency of .0354 from the

Zion Prohab1115t1c Safety Study, Reférence T, and assuming a conta1nment fan

cooler failure frequency of .1,given failure uf emerqency coo]ant recxrcu]atTOn‘

and containment recirculation spray, one ohtains

© (.0354) (. 0048) (.1) = 1. 7xm-5/y,.,

as the frequency of a' sequence wh1ch may result in delayed overpressure faxlure

of the contaimment. It is therefore of importance to determ1ne whether th1s

:'.-.'.».,-.:l‘l'_(w‘k(; P N
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'sequence does indeéd Tead to delayed containment overpress&re"faiIUre,=and
‘moreover to recheck the Reactor Safety Study value of .03 for the failure

-17-

frequency of the local control circuitry for a motor-operated valve, such as
the valve SI8811A in the line from the containment sump to one of the RHR
pumps. L
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‘ _ TABLE 2.1 3
EVENT TO BE CONSIDERED IN RISK STUDIES | 3
EVENT . REMARKS___.. . .
i 1. Station Blackout Included S *
{ ' - ' o
+ . (a) RCP seal failure - _ Included - deficiencies in analysis, . E
‘ . See Section 2.2 - _ o : <
. (b) Loss of D.C. after | Not Included - see remarks, this section : )
; finite time : ' S .
ig;;; .. ... 2+ Loss of D.C.Aoower‘ - Included as a reactor tffpvinitiator &
3. Loss of instrument and Not Included E
control power . _ :
e -4, RCP trip for a small LOCA ‘ Not Included - see comments, this section
; _
! 5. SDV LOCA § Not Applicable to PWR
. - 6. Multiple instrument tube " Included as part of smaH LOCA frequency S
. ; : LOCA below core level see comments, this section _ : -
o 7. QOvercooling Events - ~ :Not Included | S i
; ! ' (as pressurized thermal : ' . { Z
E : shack) ' ' - :
3 % 8. Overpressurization during Not Included
S cold shutdown .
oy 9., Large LOCA R . Included
E % (a) RCP missiles ' Not Included
i ? o ' - (b) Other missiles _ Not Inc]uded'
/ é 10. Steam Operation tube failure - - Included as am initiator
i %‘ 11. ATUS - - . ' inc]uded'- but see comments, this section
ﬁ §A 12. Stuck open S/R valve Included as an initiator as part of small
I ' o ~ LOCA frequency - but see comments, this
i : section, concerning stuck open S/R valve
: F after loss of offs1te pawer.
i i _ _
' } 13. Break in RHR dur1ng co1d Included 1n sectlon on internal f1ood1ng,
; shutcown K . in Chapter 7.
. - .14, Loss of main feedwater o Included .
! S




» TABLE 2.1 (cont.)

EVENT

EVENT TO BE CONSIDERED IN RISK STUDIES

REMARKS

15,

P .‘.vwmuwuhﬂeg..:.t_.!:;.:q-.-,A*..I‘A.)‘.‘A‘.sq.-.:mut:w.'...*.u.‘x&;‘mw..a.v...u...u:..‘ Ll Vs A e St B Bt AL S i 25

16.

17.

18.
19,

20.

21,

23..

24‘

Cbntainment IsoTatfon

Turbine Trip

_Loss of component cooling

water

Loss of service water

Loss of ventilation in
auxiliary building

Pipe breaks in auxiliary
RCP seal failure

Boron'011ution“..
(a) Shutdown

(b) At power
Excess feedwater events

Loss of instrument and
control air

?, see comments, this section

H‘IncTuded

Inc]uded - but see ccmments, th1s sect1on

Included

'Not'Inc1uded - see comments,_this_sectioqj

Included in section on fhternal?fiodding;

Treated as a small LOCA, but RCP seal
failures that have occurred are not .
included in data base; see comments, th1s
section

" Not IncTuded":‘”: a o .

Inc1uded as a power excursion event
(event tree 10)

Included as part ef_turbine-trip
initiation frequency

Eliminated as an initiator'during
preliminary screening - see Section
1.3.1 of Zion Probabilistic Safety
Study, p. l.3-7..
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3.0 FIRES AND EARTHQUAKES

_two concepts, the first of which it calls “frequency”, and the sacond of which "

$VS DR TEPRVY B JOE A8 £ SRR VHSEFLRER AL S

- of this probabiity can be obtained, so, in Reference 1, the authors talk about

3.1 Fires

The purpose of this section is to critique certain aspects of the fire an-
alysis,. for cable tray fires, of Reference 1.

We first make some remarks about term1nology. Reference 1 makes use of :

it calls "probability". The word “frequency®, im this usage, denotes a concept

~ which someone belonging.to'the frequentist school of probability theorists
- would call prqbabi]ity. The word "probability", as used in Reference I, refers L

to a degree-of-belief. Just as a frequentist would say that the probability of_
an event is not exactly known from statistical data, but that only an estimate:

a probability of a frequency. The word “frequency*, as used here, is not to be .-
confﬁsed with "observed frequency", in a finite sequence of trials. For ex-
ample, if one tosses a coin 100 times, and obtains 47 heads, then the observed
(relative) frequency is .47, while the frequency is .5, if ‘the coin is dnbiased
(the word “"frequency” denoting what the frequentist would call probability). '

A random variable may take on various values with different frequencies. - If

the random variable is continuous, one can talk about a frequency function

.

~
o)

P

(corresponding to the frequentist's probability density function). If one is
uncertain .as to the exact value of a parameter, one assigns different degrees

" of belief to different values of the parameter. The parameter then has a

probability density function, if it is assumed that it takes on a continuous
set of’values. The probability density function for a parameter serves much
the same function as the frequentist's conf1dence interval - one gets an es-

,t1mate of the uncertainty in the parameter.

‘ There is confus1on in the fire analysis of Reference 1 in the use of
these concepts - the frequency of a random variable and the probab111ty of a

_ parameter. In order to understand this confusion, and what effects on the fire

ana]ys1s it has, let us first outline the basic model used in the analys1s‘of

~ core melt sequences due to fires in the cable. spread1ng room. " The analysis is

subd1v1ded 1nto the following parts.




(1)

(2)

(3)

(4)

(5)

. "

Data-on:cable'tray~f1re5'is‘usédﬁfo“estimate the frequency'df‘firés"‘"‘:

initiated in a cable tray - a probabiTity of frequency»curve.fs'ob-
ta1ned. '

The CMPBRN code is used to determ1ne the time ty ‘for propagat1on of |

the fire vert1caITy to an adjacent cable tray, and the time ty for
propagation of the fire horizontally to an adjacent cable tray. In

this calculation, no fire suppresion activity is assumed to take - .-

place.

A fam11y of frequency distr1but1ons for the fire suppression t1me.

ability (i.e., degree-of-belief) assigned to each member of this
family.

If the fire suppression time, tg, is greater than the propagation
time, tv,(or ty), the fire is assumed to have propagated verti-

cally (or horizontally) to the adaacent cable tray.

From the analysis correspond1ng‘to parts (1) through (4) above, one
can calculate the frequency of fires in cable spreading rooms which

-tg, are generated from data on fire suppression times, with a prob=- -

involve two or more trays. One must then consider what fractions of

these fires can, combined with other events, cause a core melt.

For example, one core melt sequehce considered is a sequence in which the

" fire disables the charging pumps and the motor driven pumps of the auxiliary

feedwater system,'and the turbine-driven pump of the auxiliary feedwater system
is unavailable for reasons other than the fire. The calculation of the fre-

" quency of this sequence involves estimating the conditional frequency of oc-

currence. of a fire at a particular location in the cable spread1ng room, given

"~ that a fire in the cable tray room has occurred..

Our ana]ys1s, in this section, focuses on parts (2), (3), and (4) of the
firé analysis, and then only on some of the statistical aspects.
at which a cable tray fire will propagate to a tray above the tray in which the
- fire has started given a f1re has started in the cable tray, is given by

nF(tS>t§; as,‘e (1) (2‘ ;/. dt g, (t 5 € {jr dt gv(tv, e (1), v(?))_

v

The frequency

(1)
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. Here the notation F(..y) denotes the frequency of an event in much the same -
. way. that. pr(...) denotes, for the frequentist the probability of an ‘events -

s
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However, here we are dealing with a family of frequencies, indexed by the par- ..

~ameters € &, 5 &, o Each of these parameters'has a degree of belief
.: associated with it. If we assume that €5 varies continuously, then we may -

associate a probability density function hg(eg) with. it,~su~that‘hf(e ’)-repre4
sents the probability that the parameter ss Ties between cs' and eg! + deg.
Similar statements hold for gy 1 » € . (The parameters es, g, (1), €y (2) are
assumed independent, although this.is.really not necessary.) The funct1on'

9 (t i € Y) represents the frequency function fdr the time to suppression of

the f'i re, when the parameters has the value ¢,

Similarly,
(1)

S

. g, (t v Sy e ev(z)) is the frequency function for the time for vert1ca1

propagat1on of the fire from one cable tray to the tray above it. The

. parameters ev(l) (2) may be viewed as parameters which enter into the CMPBRN

¢ode; the number of such parameters has been limited to two only for ease of
exposition. Denote by "v( (e €y 1 ) and h (gv(z) the probability density
functions for €, (1) and €, ¢ We shall 11m1t our discussion ta an analysis of
the mean frequency at which tg exceeds ty. The mean frequency is given by

?thetv) =-/PF(tS>tv; €5 69(1), eg(z))hs(as)hv(i)(ev(l))hvgz)(év(Z))

' ‘ 1 2
X dcsdev< )dev
Use of Eq. (1) Teads to_ - tg o
) F(ts>ty) =;4:dtsgs(ts) odtvﬁy(tv), ' | (3)
where o - S | ' -
gs(tsg) f/fés(ts; eg)hg(eg)deg. | A.»’_ | | (4)
aﬂd' " : . . : . | | ‘. : | K . ) .
gt = [ gt o, Bn B, Wn, D e, <2>)as (Vg @ .

Thus, the mean frequency at which tg exceeds tv depends on]y on the mean of

- the frequency functions for tg and tye

The first difficulty w1th the analys1s of cable tray f1res 1n Reference 1

is the statistical treatment of ty. The random var1ab1e ty is treated in

TR e e
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. Reference 1 as-having an {nfinitely sharp- frequency function, centered- about a s s

value T, which is a function of the parameters eV(J)

,.gv(tv; ev(l),‘sv(z),.;. ev("))-= §(ty-ty) - (6)

where e, 5@, g0 )
(We assume more than two parameters ev(J) now.) The frequency function for
ty is uncertain, but once the unknown parameters are fixed, one obtains am - .
infiniteTy sharp function. The parameters ev(l), ev(z), ;;;‘ev(n) are paraméi‘l
eters which are used in the CMPBRN code which calculates ty. One of these
parameters (say. ev(l)) is called Qp in Reference 1. It refers to the heat

-content (in BTU) of the pilot fuel. The pilot fuel could be any of a number
of mater1als, such as lunch wrappers or oily wiping cloths both of which have

been found in cable trays [See Reference 4, Kazarians and Apostolak1s, NUREG/
CR-2258, p. 91]. The function hv(l)(Qp) is given from p. 7.3-8 of Refer- S
ence '} as- -

hv(l)(Qp) - .-_15(Qp-‘400) + .44 & (Qp-2000)

1)
+ .44 6(Qp- -10000) + .02 6(09-40000) (
The problem is that hvll)(Q ) is really a frequency funct1on, not a probab11-
ity density function measur1ng degree of belief. A certain fraction of cable
tray fires will be caused by Tunch wrappers, some by oily wiping cloths, and S0
forth, and hv(l)(q ) measures the relative fraction of fires which would be
caused by pilot fuels with various values of Qp. However, the misinterpreta-
tion of hv(l)(Qp) does not affect the mean frequency function for t,; it
affects the uncertainty bands but it is unclear how signifiéant this is. To
see that if hy (Qp) were a frequency function 1nstead ‘of a probability
dens1ty function, the mean frequency function is unchanged, one notes that if
hy (1 )(Qp) were a frequency function, then gy(ty; € 1 NE-TARRN -
would be the frequency function for ty conditxonal on ev(l) Qp'having
a specified value. The frequency function for fixed values of ey(2), oo

(n) would then be 7 o
gv(tv;_ev(z), ces ev(")) i/~ gv(tv, ev(l), € (2),'1...ev( ))h (1 (1)) (1)

-
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;.and the same: formula: for gv(tv) ‘as-obtained-in’ Eq. (5) (but extended to

more than two ev(J)), would be abtained.

The vaIue of Gy(ty) can be obtained from the graph of the (cumulative)

j distribution of Ty given in Figure 7.3-3 of Reference 1. -(The quantity rv°'
.. is called Tv*'in Reference 1.) This graph represents the unCertainty dis=-

tribution for ty. If h(tv) denotes the uncertainty distribution for T,

ETOR f Bultys Ty)h(Ty)dy
f‘s(tv‘fv)h(fv)d"v
. h(tv)’ :
‘ . (1)' (n))‘ . . s
since according to Eq. (6), gy(tys &y "', «e0 €y T/1s just a & function.
~ Then the quantity ts . -
| j; gy(ty)dty

which enters into Eq. (3) can be read directly from Figure 7.3-3.

,The-difficu]ties with the_statistieal treatment of'ts are somewhat more’
substantive. Data on fire suppression times were obtained (see p. 7.3-10 ofi
Ref. 1). To be used correcfly, this data on the relative frequency of sup-
press1ng fire in various lengths of times should be used as our best estimate
of 9g(ts). If this is done, one obtains for gg(ts) the funct1on

gs(ts) = .4 5(tg-5 min) + .3 G(ts-ls min)
© 7 #.2 §(ts-30 min) + .1 §(tg~-60 min)

However, for reasons which are unclear, the authors of Reference 1 said that
this data on fires represents the uncertainty‘distribufion in a mean time to
fire suppression Ts, not a sample estimate of the,d1stfibution'of tg. The |
actual frequenCy‘function for ts, in Reference L, is . '

U1 etefTs
.gs( 5 .5)‘ TS

"
S 4
b
i
=
pany AAl
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~ - .and the mean frequency- funct1on for tg, according to” Reference 1, is'related

to gs(ts) by

Since, as discussed earlier, the values of = AR IR -

s |
A sty

can be read direct]y from Figure 7.3-3 of Reference 1, one can, from Eqs. (3)
and (10) obtain our revised value for F(ts>tv) This value is -

Coupled with the mean value of cable tray fires of 7.2x10° /year obta1ned on
page 7.3-4 of Reference 1, one aobtains a mean probability of 1.6x10° /year for
cable tray fires involving two adjacent trays. This compares to-a-value of
1.2x107 /year obtained in Reference 1, as given at the bottom of Table 7.3-2.

The effect of this change is to change the mean core melt frequency due to cable

tray fires from 1.8x10° 6/year as given on p. 7.3-1 of Reference. 1, to
2.4x10"% /year.

There is a possibly 1mportant nonconservatlsm present in the fire analy—

'sis of Reference 1. This arises from the neglect of the Browns Ferry fire

in determining the frequency d1str1bu»10n for the time to fire suppression.
Although Reference .l _states that the Browns Ferry fire was 1nc1uded in the
data base, this is only as far as determ1n1ng the frequency of cable tray
fires. The Browns Ferry fire took about 7 hours to control; the Iongest time
for suppress1on of a fire considered in Reference 1 (see p. 7.3-10 of this
reference) is 85 minutes. The time to suppress1on for cable tray fires used in

' Reference 1 was der1ved by Siu 1n Reference 5 (NUREG/CR-ZZSQ) on p. 108ff.
'He states there that the reason for omitting the Browns Ferry fire was that the
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long time required to put the fire out was due to the hesitation of plant per-
sonnel to use water to put out the f1re, and that it is unlfkely that that
would occur again.

3.2 Earthquakes | S N P
 The purpose of this section is to assess the éensitivity'of'théféaIcuIatedi
frequency of seismically-induced core melt to the seismic Wazard function. In o
. particular, the effect of replacing the seismic hazard used in Reference 1 wifh,' )
the best estimate seismic hazard curve from the Seism1c Safety- Marg1ns Research
Program (SSMRP) will be detemmi ned. The SSMRP. seismic hazard curve fs given 'm
Figure 11 of Reference 6, NUREG/CR-2015, Yol. 1, and is for the Zion site.
Table 6 of Reference 6 gives the same information in different form, but there
‘are errors in it; the corrected values were obtained in & private communication -
f rom Larry George. The SSMRP program reduced the seismic hazard function»by'
.703 to take into account the plant availability factor, and because they were

- considering only acc1dents occurring during nonnaT operat1on. We have not done-'
* this. '
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The frequency (i.e., what the frequentist calls probability) of a givem Ca
plant state, givenr an earthquake with peak qround acceleration a, will be taken _
f.rom the‘Reference 1 analysis; this information is presented in Table 7.2-4 of -
Reference 1. This table gives the conditional frequency of various seismic

RS

e d e adih o oo <

_ plant matrices.. A row of the plant seismic matrix corresponds to a particular
vaTue of the peak ground acceleration. The various columns caorrespond to the
various plant states.” The only plant state of interest is that designated by-
SE, an early core melt which involves a small loss-of-coolant accident (which
for the dominant accident sequences consists of failure of the reactor coolant -

- pump seals after failure of all the diesel generators, and loss of offsite
power). We shall determine only the mean value of the sejsmica11y-induced core

i melt frequency, ahd'not consider the uncerfainty,estimates. From Table 7.2-4

W UMM M Ak £ Bt
\
)

Skna abemd 4 s

.of Reference 1, by averaqing the values for the'five'equally Tikely seismic
- matrices given, one obtains for F(SE]a), the mean frequency of pTant state Sk,

given an earthquake with peak qround acceIerat1on a, the values q1ven 1n the
- table below: : S
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.85 g

a F(SE]a) o
225 g, ..0022 .. -
275 g L0154

.35 g  .1358
45 g .464
559 - .796
.65 g .950

W5 g .994 -

.9996

The mean valug of the sefsmically-induced core mé]tAfréquency-is given by 4

F(se) «f F(sElag(a)ea,

where g(a)da is the frequency (per year) of peak ghoundTaccelehation between a~ -

and a + da at the Zion site. The integral in Eq. (1) can be approximated by

i +1

F(SE) = Z ?(SEFIE})/;A g(a)da, .
7 '

1

whefe, for numerical convenience, the cut points a; are chosen sa as to agree
with those of Figure 6 of the SSMRP study, NUREG/CR-2015, Vol. 1. The 3j are

-values at the center of each interval (aj, aj+l).
~ were obtained from the above table of F(SEla) by graphical interpoiation.  The
table below gives the values of F(SE|aj) and

a

> o

The values of F(SE|a;)

/ g(a)da for each interval.

.a‘i -

Fise[Fi) Sy 9laka

.225
.375
.525
.675
.865

' above .98

.0022
.205
.665
.965

1.0

'3,6x10-4/yr

'1.8x10-5 .
C2.2x10-6 . .

5,75x10~7

2.3x10-8

7.3x10-8 -

) la‘b.lf ;R'uqn .a.l
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One obtains from Eq. (2) the result

F(SE) = 6.6x10-6/yr.

N § N TR EA

. -This differs by 18% from the result of 5.6'x-10'5/yr obtained in Reference 1. -
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Some of the more important points made in this report are:’

T. The-frequehcy"of~core melt due to ATWS is 6.7x10'5/yr +

_8,0x10f5 (P-.004), where P is the probability that the operator fails to open -
_ . .the pressurizer block valve, in those cases where it is required. - Values of P
_of .64 or even .95 may be appropriate, Teading to values of the frequency of

.l;'LOCA occurs after loss of offsite power to have a much higher probability than  "'

core melt due to ATWS in excess of 5. 8x10‘5/yr.

2. We estimate accident sequences in which a reactor coolant pump seal

was obtained in Reference 1, partly because of errors made -in.Reference 1 in f'
the evaluation of this sequence, and partly because of consideration of common

mode failures which would fail the diesel generators of both units. - Moreover, -

the use of generic data to estimate the frequency function for the time to"
recover offsite power leads to a higher calculated probability that offsite .
power is not restored in one hour. The frequency of the sequence invalving
loss of offsite power, a reactor coolant pump seal LOCA, and failure to restore
power in 80-minutes is estimated to have a frequency of-leO'G/yr. Using the
assumptions made in Reference 1 this would Tead to core damage state SE. '

3. The core damage state descr1ptor (e.ge, SLC), does not d1st1ngu1sh
between cases where the conta1nment rec1rcuTat1on sprays are operat1ng or where
they are not.

4. For sequences involving a small LOCA followed by failure of emergency
coalant recirculation, significant differences in failure data for certain
motor-operated valves; and, in particular, differences in the failure frequen-
cies for the local control circuitry of these valves, were found between the Re-
actor Safety Study and Reference 1. Consideration of common mode failure of

emergency coolant recirculation and containment recirculation sprays because of .

common components, and consideration of possible failure of fan coolers in a
post core-melt environment with failed recircu1at10n sprays, leads to a._se-
quence which may result in delayed overpressure failure of the containment,
with a frequency of 1. 7x10'5/yr.>,--

4,0 Discussion and Summary - S e SR
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5. The analysis given in Reference 1 of accidents initiated by Tdéss of
component- cooling water does not .address systems’intehactidns“inVo1ving failure

- of the charg1ng pumps to maintain reactor coolant pump seal f1ow because the

charqing pumps require component cooling water.

6. The study may suffer from a lack of complefeness as regards: human- -

- error initiated accidents and because of neg1ect of accidents occurring during

¢old and hot shutdown.

T._.Corrections of an error in the statistical treatment in the fire ana- - °
lysis leads to only a moderate increase in the probability of core melt due to

cable tray fires.‘ The calculated frequency of core melt due to cable tray .
fires increases from 1. 8x10'5/yr to 2. 4x10'5/yr. '

8. The use of the SSMRP seismic hazard function instead of the sefsmic
hazard function of Reference 1 leads to a very ‘moderate 1ncrease of 18% in the
selsmcaﬂy-lnduced core melt frequency. . ’ '
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DATE: January 19, 1982

To: . R A. Bari g
FROM: I. A. Papazoglou » . |
SUBJECT:  (Qn the Two-Stage Bayesian Procedure for Determining

" Plant-Specific Frequencies for Initiating Events ~

1.0 INTRODUCTION AND SUMMARY . S
. In the Zion PRA (Ref. 1) the uncertainties about the frequencies?ef the

accident initiators have been assessed according to a two-stage Bayesian pro- -

cedure which provides plant-spec1f1c probability dens1ty functions for the -
frequency of each accident initiator. The two-stage Bayesian techn1que as
used in the Zionm PRA, is described in Reference 2 and consists, in principle, |
in generating a “"prior* distribution for the frequency of an initiator using f
Bayes' Theorem and (all ava11ab1e) information (ev1dence) from re]evant p]ants,
next, this “pr1or is updated according to the “convent1ona1" Bayes1an tech;
n1que using the plant-spec1f1c ev1dence.

The two-stage Bayesian procedure as described 1n Reference 2, presents
two methodological problems. First, the evidence from all relevant plants that
is used to generate the prior of the first stage, includes the evidence from

the particular plant for which the plant-specific posterior is desired. Since -
‘this plant-specific'evidence is used again in the second stage of the tech-
nique, the proposed approach results in a double counting of the plant-specific

evidence. This double counting causes, in principle, an underestimation of the
pTaht-specific frequency if the plant is "better than average", or an over-
estimation of the frequency if the plant is "worse than average“. The second
problem has to do with the incorporation of additional information. If ad&i-
tional evidence of the form [k incidents in t3 years] becomes available

from spec1f1c plant ‘and the two-stage technique is app11ed.for a second time’

“_(where it was applied the f1rst time, the evidence fram this plant was-

[kz incidents in ti years]) then the resu1t1ng poster1or plant-spec1f1c
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distributioo of'the’frequency is not the same as‘the one obtaihed'if.the‘two; fﬂﬂf"

stage techn1que is app11ed only once with plant-specific evidence“of the form

-[k1+k2 incidents in t1+t2 years].A Thus, this technique does not exhibit

the “noninformative sampling stoppfng property that characterize the “con--
ventional® Bayesian approach (Ref 3). " ’

-A,methodologicai1y correct technique for generating p]antsspeCific dis-

.- tributions far the frequency of the initiators, taking into consideration the i@
plant-to-plant variability and. tnformation from al1 p1ants _has been develooed. N
This. technique does not present the probTems mentined above. Namely, it avo1ds"

the double counting of the plant-specific evidence, and provides the same re- '

sults regardless of the manner in which the plant-specific evidence is obtained'

- that is all at once or in parts. A _computer code for the 1mplementat1on of
the methodology has been developed to evaluate the importance of the above-
mentioned problems in ‘the quant1tat1ve results of the Zion PRA. As a test
case, the p]ant-specific probability density function of the frequency of the

'_ Loss of Offsite Power (LOOP) initiator for the Zion plant: has been ca]culated

Since there was no LOOP incident for the total operating history of the plant
(better than average plant), the application of the two-stage Bayesian tech-
nique, as described'in Reference 2 and applied in the Zion PRA, understimates
the frequency of the initiator. The underestimation, however, is rather in-
significant; for example, the mean value of the freqoency is underestimated by
a factor of 10%.  This is due to the large number of plants (30) from which
evideoce was available. Thus, the double counting of the technique is equiv-
alent to using the correct approach in a field of 3I_p1ants, the 31st being
identical to the Zion plant. The second problem of the incorporation of the .
additional evidence is irrelevant for the present Zion application of the two-
stage technique; since all the available evidence was included in one»step.

Care must be taken, however, to use the correct technique in the future if the

results are updated to include additional. evidence as it becomes available.

‘Another potential problem with the assessment of the uncertainties about
the frequency of the Loss of Offsite Power initiator has to'do with the data

‘used in the Zion study. It is-stated that the generic data comes from the

F
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. NP-801 EPRI .Report (Ref. 4). .In the Zion.Study;&mu}tip1ezunits7of:th6feame:43’*'*“'"
.- site have been treated as independent units resulting in an overestimation of
the;time during which the observed LOOP events are assumed to have occurred.
-Other data analyses (Ref., 5), however, suggest that multiple units at the same =~ -«
_site suffer Tosses of offsite power simultaneously. A separate calculation has =~ = %
been performed using a modified set of data derived from the data of Reference :
--5.- As a result, the probability dens1ty function of. the frequency of the LOOF

- initiator has been moved to the right (h1gher values). of the one calculated in -
the Zion study. = . L

N In conclusion; we can state that the two-stage Bayesian technique provides ' ,:;fe'
a reasonable quantification of the uncertainties about the freqUency~of-the aé- L
cident initiators for the Zion plant. - The identified errors in the logitc of

the technigue do not introduce any s1gn1f1cant numer1ca1 errors: for the Zion :
application.. However, the assumption that units at’ the same site are 1ndepend- A
ent as far as the Loss of Offsite Power is concerned is questionable. The |
quantitative effect of this assumpt1on would be significant and further 1nvest1- S
gation of the subject is warranted. The assumed prior dfstr1but1ons are’ f]at;
enough and extend over several orders of magnitude of -the random variables so!
that no reasoneb1e~objection to their use can be raised. Nevertheless, the f
sensitivity of the results to the assumed form of the distribution that '

describes the plant-to-plant variability (log normal) should be examined.
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This section provides a brief description of‘the techniqde developed at
BNL for the assessment of the uncertainties about the fréquency of accident
initiators (or any other parameter of interest). This asseéssment is based on.

- 1limited information coming from a number of plants belonging to a popu]at1on’
" that exhibits an inherent variab1lity. In .other words, it is known that there

is no single value of the frequency in question that characterizes all the
plants in the population. This varfability is an inherent property of the pop-
ulation and it is not due to any lack of knowledge. To demonstrate the use of
this technique, the uncertainties about the_freduency of the Loss of Offsite
Power initiator were assessed and the results are- compared with. those obtained
from the two-stage Bayesian procedure used in the Zion PRA and presented in
Reference 2. A complete description of the BNL techn1que 1s presented in a- ,
forthcoming BNL report. - : ' K . *E.’

2.1 Notation and Assumptions -

Let \ be the frequéﬁsy-?é.g., incidents/year) with which a particular
accident initiator occurs. This initiator can occur in any one of a number of
plants that are similar in behavior but not identical. Thus there is-no.
single value fof the frequency X that corresponds to all the p1ants in the popuy=-
lation. Instead, fhe plant-to-plant variability is expressed byfassuming that
the frequency X is a random variable distributed according to a pdf ¢(A). With
perfect information, all that can be said about A, as far as the population is
concerned, is included in the pdf ¢()), where $(A)dX provides the percentage

-of the plants that are characterized'by a frequency between X and A +dA. For
the purposes of this demonstration, ¢$(}) has been assumed to be a lTognormal "

pdf, i.e., of the form

A B . | = 1 . -am-w)é] SRR
| e s $(A[1.0) =Y exp[ P ] R ‘(1.)»
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With perfect 1nformation;*the'Vaiues of the parameters u,o would be
exactly known. Due to Timited informatjon, however, the values of these: - °

- parameters are not exactly known, and we quantify this fact by assuming that
. they are random variables distributed according to a joint pdf g(u,q). Every-
. thing that is known about ¢(x) is incorporated in the pdf a(it,a) in such a way

that g(u,a)dudc gives the probability that () is the specific function -

#(x|u,a). Since g(u,o) express our state of knowledge about the true value of
¢(1), then the best pdf that characterizes the population is the expected value
of ¢(\) over the measure g(u,o), f.e., '

) = [ f s 0)gtua)dudo @ "

To facilitate the numerical calcu]atfcns, the Eandom variables u.qg are
discretized. Then each pair of discrete values -
P .

w12, D) and ggli= 1, 2, L)

defines a lognormal curve

oo o - (3)

¢TJ(A) = ¢(lhl1, GJ
and Eq. (2) becomes
¥(A) =2, ¢--(A)g--'- e (4)
"L XoMey o

where % is the joint probabiTity that u=y; and<3?cj. For example, if

the variables 1,0 are assumed statistically independent, ranging over the
"grid" presented in Table 1, thén the unconditional distribution of the fre-
quency A as calculated from Egs. (2) ad¢1(4) has the characteristics given in
Table 2. ' '
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_ The second major assumption of theAtéchﬁique, is that the incidents occur: -
randomly in time according to a Poisson random process. The intensity of the

process (or freguency of the event), A, has no unique valie but exhibits the
population variability discussed above and described by Eq. (1).. Exper1ent1al
data becomes available from various plants as incidents of Loss of Offsite

~ Power occur. The form of the data is: number of observed incidents (k) during
- a total period of operation (T). If there are N plants for which experwent1aT

data exist, the plant-specific evidence has the form
%31%.%)m=Lz,“m | (8

while the total evidence E from the popu]at1on as a whole is the union of the
individual evidences '

E= E UE, U L UE L (6) '

The data used in this report for the Loss of Offsite Power initiator are gfven
in Table 3. Different units of the same site have been treated as one unit '
with total operating time being the time of the oldest individual unit, and the
number of incidents being the number of times the site'experienced‘a Loop
event. These data were derived from the data of Reference 5. For comparison
purposes, the data used in the Zion PRA‘(taken from Ref. 4) are also included
in Table 3 4

2.2 Posterwor D1str1but1on for the Frequency of the LOOP Initiator
for the Plant Population ‘

‘The uncertainties about the exact value of the function ¢(A) that
describes the plant- to-plant vériabi1ity of.the-frequency A ére quantified by
the measure 91J that prov1des the probab111ty that the parameters u,0 (see
Eq. (1)) have the vaIues i and cJ, respect1ve1y. Given the evidence E

. (see Egs. 5 and 6}, the measure gjj can be updated using Bayes' Theorem as
follows: o S B ' '

i :

“-gm,oﬁ Hucxgv:g-.:v (7)

.g1J 1
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v.-where g“1j is the:posterior-distrfbutfon of ﬁ and aigivén the evidence E,

g‘ij is the prior distribution, L(E|u,g) is the likelihood of obtaining the .

-evidence E conditional to the fact that .0 have the values u1,03s and Cy

is a normalizinq constant.

[t can be shown that

N | A

= T Akm.a e cn N - (8)

and that _ . T o AR
; ZJ: L{Efuss05)984 o . (9) -

After calculating g“,j accord1ng to Egs. 7-9, the poster1or distribution

for the frequency of the LOOP 1n1t1ator that characterizes the total population -

is ca]cu]ated by (see Eq. 4) o : = - }

3 , _ o

Using the»prﬁor-distribution foru,o gfven in Table 1 éﬁd the evidence pre=-
sented in Table 3, we obtain the posterior distribution g"ij contained in
Table 4. Then, by virtue of Eg. (10) it follows that the posterior distribul

ft1on of the freguency A for‘the populat1on of pTants has the character1st1cs
given in Table 5. ‘

It is noteworthy that the ev1dence from the plants reduced the prior 90%
1nterva1 of the frequency (0.001, 18) by two orders of magnitude to (. 025-1. 13)
and the mean value from the prior value of 1.24 yr=l to a posterior of

0.34 jr'}.' It is also noteworthy that ‘the mediansiofv;he two distributfﬁﬂs

(prior and postérfor) do not diffebvsignificantly. »Tﬁis'technique for obtain-
ing the posterior distribution for the population isfin agreement with the one
described in Reference 2. . ' T,
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the LOOP Initiator

Before obtaining the evidence E, all we know about the frequency of LOOP ;

for adspecific plant m is contained in the measure g{j and eventually in the

unconditional distribution $(R) (see Eg. 4). The evidence E contains informa-

_tion that concerns bath the behavior of the population as a whole and the spe-
-cific plant in question (see Eq. 5). Careful application of Bayes" Theorem °
results in the follownng expression fbr the distr1bution of the p’tant-spemficr

frequency of LOOP (Am)

o) = f(km[E) ELEs ) - (1)

where L{E, m) is the likelihood that the ev1dence E will be obtained and that

~ the frequency for the mth plant is m, and given by

L(EA,) = (fm e o
A

—

C is the nonna11z1ng constant and equal to

C= LEA)M I ¢ £)

The result in Eg. (11) differs frem the ane obtained by applying the

‘technique proposed in.Reference 2. The difference reduces to the amission of

the evidence of the mth piant in the product in Eg. (12) If the plant-
specific evidence is- not anitted fran the product 1n Eq. (12), then the resuTt

 given in Eq. (11) is equivalent to the one obta1ned from the technique of Ref-

erence 2 and used in the Zion PRA.

_ App1y1ng the procedure outlined above to the data given in Table 3, the
results of Table 6 are obtained. It is ncteworthy that for this set of data

- (Ref. 5) the differences between the BNL and Zion . PRA procedures are indeed

insignificant. The differences between the BNL aestimates and the ones ‘given in

.the Zion PRA are rather s1gn1f1cant and are due to the difference in the data

presented in References 4 and 5. The f1gure shows the population prior, popula-

lation postefﬁdr, and Zion posterior pdf is for A..

AT, :
f i & M g(alny 000 o(alupoglsy; (12)

e
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Tab]e Table 1

GRID OF VALUES OF THE PARAMETERS p,a AND ASSOCIATED PRIOR PROBABILITIES

S

- _ _ , —
1 2 3 4 _ 5 . . 6 7 8 1. -
i S . N ; ! , - 91"’29“
o 0.1 0.5 1.0 1.5 C 2,0 2.5 . 3.0 3.6 j
1 | 1.28-03 | 5.434-03 | 5.434-03 | 5.434-03 | 5,434-03 | 5.434-03 | 5,432-03 | 5.434-03 | 5.433-03 | = 1/23
2 | 1.92-03 ” ' | . S
3 | 2.88-03
4 1 4,31-03
51 6.47-03
6| 9,71-03
71 1.46-02
8 | 2.18-02
9 | 3.28-02
10 | 4.91-02
11 | 7.37-02
12 | 1,11-02
13 | 1.56-01
14 | 2,49-01
156 | 3,73-01
16 | 5.60-01
17 | 8.40-01
18 1 1,26+00
19 | 1.89+00
20 | 2.84+00
211 4.25+00
22 | 6.38+00 . , : : '
23 9.57}00 v v V. 4 v t i 'v i ¢:'| v .
- ) i
9 Ei: 93 1/8 1/8 1/8 1/8 1/8 1/8 1/8 1/8 :
. TABLE 2 ' ‘
\ A== R ! | .
UNCONDITIONAL PRIOR DISTRIBUTION OF THE l { ! i
| U FREQU b 2
' 5% Percentile Median ‘ Mean 95%‘Percentile i 3 : '
1.00-03 1.46-01  1,24+00° 1. 7q+01 | |
- f L : ; i ' !
;-i‘_%.;!f]v?
P .".'»‘:.~"-f.‘.l:.:-.1{'»“~1';4':"‘1-..‘ et et b 0A|5 v i‘ H o" 0,\“ AN "\"‘-h-‘Alln"'f‘"3‘!‘.5563“\:!.1'
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Yankee Rowe

Indian Point 1

Indian Point 2

Indian Point 3
San Onofre
Con Yankee

<R,E. Ginna
. H.B. Robinson

Point Beach 1
Point Beach 2
Ralisades
Maine Yankee
Surry 1

. Surry 2

12.
13.

15.

16,

17.
- 18.
19.
20..

21.

22.

Oconnee 1

~ QOconnee 2

Oconnee 3

'Fort Calhoon
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™I-1
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Trojan

Milistone 2

D.C. Cook 1
Prairie. Island 1
Prairie Island 2
Turkey Point 3
Turkey Paint 4

. Zion 1

Zion 2

la_lﬂs_i

POPULATION TIME AND_EVENT DATA

. LOSS OF QFFSITE PONER
COMZION® © . "SCHOLL"

o S YEARS . e - YEARS
DOCKET ~ - # ~ IN P N
. # ° FAILURES ~ OPERATION FAILURES -  OPERATION
29 9 15 | 15
3 3 12 | 7 12
247 1 5 '
286 3 3
206 0 8 Y 12
4 8 4
244 1 6 3 11
1 5 1 g
. 266 3 5 '
301 0 4 4 9
- 255 0 4 6 g -
309 0 - 3 1 8
280 2 4 {o 8
281 1 4 )
269 0 4 | )
270 0 2 1 6
287 0 3
285 4 3 2 7
305 0 2 1 6
368 2 2 1 6
289 0 2 o 6
317 0 1 3 6
344 0 1 0 5
© 336 1 1 0 5
315 0 1 1 5
282 0 3 e 6
306 0 2 L. -
250 0 K |12 8
251 0 3 [
295 g - 0. 8
20 o 2 T
TOTAL: % - 131 . . 83+ . 167

x

Mol el
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8 6 6,1134E=06 8 T 2.79295€=06 8. 8 T.8718E27
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5% Percentile ©  Median - Mean 95% Percentile

: BNL Procedure ' , S _ ;

Scholl Data 1.50 -02 - 8.48-02 . 1.17 =01 3.0 - 07

Zion S _ :

PLG Procedure - . » ' - -

Scholl Data 1.30 - 02 7.50 - 02 1.0 -01 2.7 -01"

Zion . , o o

PLG Procedure : o - -

NP-801 Data  ~ 8.72.- 03 3.84-02 . 576-02 . '1.69-01

Zion PRA AR o C S

Table 5.

_ UNCONDITIONAL PRIOR AND POSTERIOR DISTRIBUTION OF THE |
POPULATION FREQUENCY OF THE LOOP- INITIATOR (YR-1)

5% Percentile =  Median Mean ~ 95% Percentile
| jmeopu1at10n | - 0 - .
" Prior o 1.0Q 03 ]f46 o | T.24 +.00 1779 f o1
) _Pobulation ' - ' . L o :
Postarior 2.50 0? v 2.3 01 3.41 - 01 1.15 + 00

Table 6

PLANT SPECIFIC POSTERIOR DIST?IBUTION OF THE FREQUENCY
OF THE LOOP INITIATOR (YR™'), FOR THE ZION PLANT '
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