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Dr. Ashok Thadani, Chief

Reliability and Risk Assessment Branch

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Ashok:

- SUBJECT: BNL. Rev1ew of the Zion. Probab111st1c Safety .Study

Th1s letter provides our review comments on the Zion Probab111st1c
Safety Study (ZPSS) which was submitted to you by Commonwealth Edison. This
review was conducted by DOr. Arthur J. Buslik, Dr. Ioannis A. Papazoglou, and.
myself. The review process benefitted from many helpful discussions with or.
W.T. Pratt of BNL who is reviewing, -under contract with NRR/DSI/RSB, those
portions of the ZPSS which contain the analysis of physical phenomena.

Because our review was a short term, Timited-manpower effort, we could
not make a final .evaluation on the soundness of the ZPSS. However, we have
been able to develop preliminary impressions, identify points for further ex-
amination (by others) and provide specific comments in se]ected areas (as per .
mutual agreement between BNL and RRAB)

The attached memorandum (A. J Bus]1k to R.A. Bar1 1/15/82) jdentifies
several specific issues of concern. As per agreement w1th Scott Newberry,
additional comments will be transmitted to you in one week, prov1ded that they -
become ava11ab1e from I.A. Papazoglou. A

The foIIow1nq genera] comments are prov1ded below.on the top1cs of '
scrutab111ty, sub3ect1v1ty, and compar1son ‘with. WASH 1400 -

Scrutab111ty

Within particular topic areas, the report is reasonably understandable.
In other areas there is difficulty in understand1ng the report. .This is:due
in part to a lack of documentation and in part to the appearance.of arb1trary

.assumptwons.‘ It is not clear that all of the information presented in the

report is actually utilized. Furthermore, the overall integration of -inform-.
ation is not transparent. The new notation for plant damage ‘states is mis-
leading (see attached memorandum) ‘and_is inconvenient and unnecessar11y con-
fusing when referenced aga1nst WASH- 1400 acc1dent sequences.
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. The matrix notation is helpful but'its significance is overplayed and . "
its description is an unnecessary distraction in the main body of the report. -

Subjectivity A ' - i

AT 5

s hermore, additional contributors ma

The containment analysis appears to be the largest contributor to the

" low risk calculated in the ZPSS. It also appears to be the area with the
_greatest degree of subjectivity. Much of the physical analysis is treated in
2 manner which lacks justification. The final “containment matrix" is highly ~

suspect and is the subject of examination in the BNL/RSB program. Specific
jssues and concerns have been brought to the attention. of NRR through Dr. J.F.

Meyer‘of RSB.

N

Comparison with WASH-14OQ

On.technical grounds, it is difficult to ﬁnderstand the pbint-of com-

paring the final- results of WASH-1400 with those for ZPSS.

The methodoiogies, data, and assumptions used in the two studies are
sufficiently distinct ‘that relative information or conclusions drawn on plant

or site risk cannot be obtained until all differences in methodologies, data,
‘and assumptions are specifically identifjeq and enumerated. x

We hope that these éommenté and the attached memorandum are useful to
you. If you have any questions on any of this material, please do not

‘hesitate to contact me.

Warm regards,

B~

Robert A. Bari, Head
Engineering and Risk
Assessment Division

. RAB:sd

attachment

cc.: A.J. Buslik-
R.E. Hall
J. Hickman, Sandia
W.Y. Kato
S. Newberry
I.A, Papazoglou
W.T. Pratt .
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MEMORANDUM: -
DATE: *  January 18, 1982
TO: R. A. Bari
FROM: A. J. Buslik . &Z) 78

| SUBJECT:  BNL Peer Review of the Zion Probabilistic Safety Study

1.0 INTRODUCTION.

This report documents the results of our peer reviréw of the 'ZionvProb-
. abilistic Safety Study, Reference 1. Section 2 considers internal events, and
Section 3 external events. Section 4 is-a discussion and summary.




INTERNAL EVENTS o

2.1 Comp]eteness of the Analysis,. System Interact1ons, System .
- Success/Failure Criteria

In this section, comments on the comp]etehess of the analysis will be
made. System success criteria which require further study will be noted. Sys--

" tem interactions which do not appear to be treated properly will be»nOted.,

Two sequences for which more detailed analyses were made will be discussed
separately, in sections 2.2 and 2.3. These are accident sequehces initiated by
loss of offsite power, and -small loss of coolant accidents followed by fa11ure
of emergency coolant rec1rcu1at1on.

The plant state' (or core damage state) used in the ana1ysis'of'Reference'1
tells whether the sequence type is a large loss of coolant accident (1den-
tifier A), a small loss of coolant accident'(identifier S), a transient (1den-
tifier T), or an interfacing LOCA (identifier V), whether the core melt is
early (E) or late (L), whether the containment sprays are operating (C), or not
(blank space), and whether the containment fan coolers are operating (F) or not

- (blank space). However, the containment. spray identifier (C) refers only to

the operation of the containment sprays in the emergency coolant tnjectiqn'
phase and not in the recirculation phase.  An accident in which a small Loss of
Coolant Accident (LOCA) occurred, followed by failure of emergency coolant
recirculation, failure of the containment recirculation spray, and failure of
the conta1nment fan coolers, would have the identifier SLC, if the containment "
spray were to operate in the injection phase. This is the same core damge

state identifier that would be used if the containment rec1rcu1at1on spray were
operating, yet the containment failure mode and rad1oact1ve release m1qht be

very different for the two sequences.

In both trans1ent 1n1t1ated sequences and sma]T 1oss of coolant acc1dents.
the analysis of Reference 1 assumes that "feed and b]eedf, where primary cool-

_ant is injected into the reactor coolant system by the high pressure 1nJect1on‘

system, and released throuqh the pressur1zer re11ef va]ves, is adequate for
successful decay heat removal, when the aux111ary feedwater system 15 unavaxl-

o ah]é., No ana]ys1s 1s g1ven to support th1s assumpt1on.




Although loss of'component»cooling‘water is.EOnsidered,as an accident -

~1n1t1ator there are potential systems interactions which are not d1scussed
~.1f component. cooling water is lost to the reactor coolant pump seals then res’
. actor coolant pump seal injection flow must be maintained by the charg1ng pumps -

-to prevent reactor coolant pump‘seal failure. But'it'wou1d.appear’thét the -

.changing pumps require cohponent cooling water for cooling. If the charo;'

ing pumps fail, then one has a small LOCA through the failed reactor coolant
pump seals. The high head safety injection pumps can be used to take water
from the refuefing'water storage tank (RWST), and inject it into the primary'
coolant system. In general; these pumps require component cooling water. It
is possible that when they are pumping the relatively cool water from the RWST
that they do not require component cooling water. But ultimately one has to go

'i'to emergency coolant recirculation. The p01nt is that all th1s must be

analyzed, and it does not appear to be discussed in the report. It is not at
all clear how the frequency of core melt due to the loss of component coo11ng
water initiator was arrived at.

A sequence which was 1mportant'in.the,German'Risk Study.(See’Reﬁerence 2, .
EPRI-NP-1804-SR) was one which involved loss of offsite power, reactor trip,
lifting of the pressurizer relief valves, failure to close of the pressurizer
relief valves, and fa11ure of the diesel generators. This results in a small
LOCA through the pressurizer relief valves, with failure of the High Pressure
InJect1on System (HPIS), and leads to core melt. An 1ne1dent which involved
loss of offsite power, reactor trip, lifting of pressurizer.relief va]ves,'and
fai]ure to close of the pressurizer re1ief valves, occurred at the Beznau reac-
tor in Switzer]and, on August 20, 1974;(Reference 3, ORNL/NSIC- 176, p. 58).

This ‘is a Westinghouse-designed reactor. The pressur1zer relief -valves 11fted
because of failure of a turbine by-pass va]ve. A very rough est1mate of ‘the -
frequency of this sequence is obta1ned as fo11ows '
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Event” . . Frequency
- Loss of Offsite Power : .08/yr

-

Pressurizer Relief or
Safety Valve Lifts- = .1

Pressurizer Valve Fails
to Reclose : ' .02

Diesel Generators fail to
Energize any of Buses

147, 148, or 149 1x10-3

The product of the frequencies of these events is. 1. 6x10'7/yr ‘which is com-

~ parable to the value obta1ned for other loss-of-offsite power sequences that

were considered. Th1s est1mate of the frequency of this sequence is very
rough. In the German Risk Study (See p.5-16 of EPRI NP-1804-SR), the pressur-
izer relief valves were assumed to 1ift on power failure. The frequency of
pressurizer relief or safety valve 11ft1nq, given 1oss of offsite power, de-

pends in part on whether the plant is operated with the block valves in series

with the pressurizer relief valves in-a closed position. Presumably the 1ift-
ing of a pressurizer safety ya1ve,>with its higher set point, would occur more
rarely. From a telephone conversat1on with George Klopp of Commonwea1th Edi~
son, it was learned that the Zion plants are, in fact, operated with the pres-
surizer block va]ves closed.

If the pressur1zer re11ef valves are operated in-this mode, it raises a
question concerning the ATWS sequences. According to page 1 .3- 333 of the. Zion
Probab111st1c Safety Study, ATWS. pressure relief may. requ1re operat1on of one
power .operated relief va]ve on the pressurlzer, “in add1t1on to the three safety
valves on the pressur1zer. Th1s w111 occur if the moderator temperature coef-
ficient is not sufficiently negat1ve. On paqe 1.3- 44 of the Zion’ Probab111st1c
Safety. Study th1s cond1t1on is assumed to occur about 10% of- the t1me.
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The operator must open the b1ock va]ve in less than .10 m1nutes. A mean fre-
quency of 4x10-3 is ass1gned to the event that the. operator fails to open the
,~b1ockavalve_1n.thms-10.m1nute orvlessnt1me.per1od. ~Considering:the -high'stress -=«:uv
conditions. under which the operator is acting, it would appear that this fre-
: quency could be Significant1y higher. ;If'the human error frequency.Were’P;
instead of .004, then the frequency of core melt due to ATWS would be -
- 64 7x10‘5/yr + 8x10=3/yr x (P.- .004). This can be seen by considering the
following sequence of events, wh1ch ]eads to core melt (state SEFC)

| EVENT - FREQUENCY _
1. Either loss of main feedwater or = (5.2+3.7)/yr = 8.9/yr*

* turbine trip- :
2. Power level greater than 8% | ’ B

3. Failure to trip - | 1.8x10= %%+
4. :Mod, Temp.”Coeff.’between : Sk y | |
-7 and -5 pem - . | | o e ;
5. Operator Fails to open block o v P
' valve -

% See Table 1.5.1-50 of Reference 1.
**  See p. 1.3-340 of Reference 1.
*** See Tables 1.3.4.7-2 and 1.3.4.11a-2 of Reference 1.
*xx% See p, 1,3-44 of Reference 1. |

The frequency of this éequence is 8x10‘5P/yr. Since Reference 1 obtains‘a
core melt frequency due to ATWS of 6.7x10-6/yr (see Table 11.2.1 in Volume 1
of, Reference 1), and since'P = ,004 was usedjinJReference 1, one obtains

6. 7x10'5/yr + 8_.0)‘(10-5 (r - .004) for the frequency of core melt due to
ATWS. ' ' '

The est1mate of .004 -for the human error of fa111ng to open the block
valve was based on ana]oqy to the human error in sw1tchover to Tow pressure .

1o recirculation. However there s at. Teast 30 m1nutes after a 1arqe LOCA before

biaiSin A it e
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switchover to low pressure:recfrcuﬁation‘is-required; while according to:

p. L.3- 44 of Reference 1 the operator in an ATWS has "less than-10 minutes" to

open. the pressurizer b]ock valve. . The question is; how much less? “Gereric

-'studzes indicate that the peak pressure in an ATWS is Feached in about 2 -min-

utes (Ashok Thadani, private communication). If the operator must respond - .

~‘within two minutes, then, according to the Handbook of Human Reliability -

Analysis (see p. 17-20 of Reference 9), the human error frequency’iS'}QS;'and
P = 95 may be a good estimate, although the skill and training of the operators

-~ must be taken into account. Two minutes or so after an accident, credit is-

giyen for bn1y one operator, accbrding to the Handbook (see p. 17-24'of‘Refer4

~ence 9). If 10 minutes were available, then the probability that the first-

operator. fails to open the block valve is about .8, according to the Handbook'

(p. 17-20 of Reference 9). Credit is given here for the shift supervisor also :
being present. Assuming complete independence of the errors of the two people,

one obtains .64 for the probability of failing to open the block valve. For
P'= ,95 the core melt frequency due to ATHS is 8 2x10‘5/yr and for P = .64
the core melt frequency due to ATWS is 5.8x10j5/yr. ~These are important con-
tributors to core melt frequency.' A carer],‘detailed‘human error*ana1ysis of

this sequence must be_made, taking into account the ski1ls and training of the
" operators, and the precise times available for their action. The Handbook

(Reference 9, p.‘17 25)'says'that in sqme cases, in coping with large LOCA,
the human.error frequencies may be much 1ower than those q1ven on p. 17- 20 of
the Handbook (Reference 9). o '

When: look1ng for comp]eteness, one can- 1ook at the re]at1ve1y m1nor

"1nc1dents that occurred ~ which m1qht have -1ed to a: ser1ous accident if other

things went wrong. Even if the cond1t1ona1_frequenconf-a serious accident,
given the event Sequencevthat acuta11y occurred- is relatfvely 10w *one wou]d
like th1s possible servous acc1dent sequence to be included in the 1og1ca1
framework of the risk study.- The reason is that there may be: a very 1arge
number of such accident sequences, 'S0 that the frequency of the aqqregate ‘of
these sequences may be apprec1ab1e.




-5

abilistic Safety Study is a humanéerror initiated incident which occurred at
- Zion 2 on July 12, 1977. This incident resulted in the water level in the re-.
actor be1ng drawn down to the point where the pressurizer heaters were uncov- -
-ered. It occurred when unit 2 was 1n,hot_standby. A reactor protect1on 1og1c
system test was to be done.. Because of a series of administrative and operator
E; . errors, a number of instruments wereajumpered so that dummy signa1s were pres-
| ent, when in fact these instruments were not supposed-to be jumpered. These
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 signals, not to the true values of the parameters. )

e

Certain core-melt accident sequences which could occur during cold shut-
down do not appear to be adequately addressed in the 7ton Probabi]dstic Safety
- "+ Study. - These are accident sequenees in which the steam generators are un-’
‘ available for decay heat removal. 'In preparation‘for' refueh‘ng, with the re;

ditions and removing decay heat through the steam generators is not avail=
able. The steam generators may also be unavailable because of eddy current
i © testing of the steam generator tubes. There have»been at least four incidents
| during shutdown when residual heat removal pumps have become airhound during
cold shutdown and the steam generators have been unavailable because the steam
generator manway covers were removed in preparat1on for eddy-current testing.
% ' | These events were (1) an event at Beaver Valley on September 4, 1978, (2) an
' event at Ginna on May 3, 1972, (3) "an event on April 18, 1980 at Davis Besse,
and (4) an event on April 19, 1980 at David Besse. When eddy current testing
df. o of steam generator tubes is done the water Tevel 1n the reactor is 1ower than:
usual, and a1rb1nd1ng of the res1dua1 heat remova1 pumps becomes more 11ke1y.
,'Charq1nq pumps could in general be used to ma1nta1n a water level above the

core, but maintenance on charg1ng pumps 15 frequent]y done dur1ng periods of
.co1d shutdown. - : - ‘

One incident that occurred which could. have ied to something.serious, and -
which. does not appear to be included in the logical framework -of the Zion Prob- - -

‘actor vessel head bolts loosened, the option of return1ng to hot shutdown con-
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Although accidents occurring during co1d shutdown may not be adequately'
addressed in the study, there do not appear to be any “fundamental- weaknesses 1n
the methodology wh1ch prevent them. from being handled as well as the other ac-

. cident sequences cons1dered The human error initiated accident ‘sequences are

more difficult, however, as the incident at Zion-2 referred to’ ear11er in

.wh1ch a var1ety of 1nstruments were Jumpered demonstrates.

BNL was supplied with a list of 1n1t1at1nQ'events by the Reliability and‘
Risk Assessment Branch. We give here some comments concern1ng the treatment of ‘
these events in the Zion Probabilistic Safety Study.

For event 1 on this list (see Table 2.1), Station’81ackout the reactor

.- coolant pump seal failure event was considered, but there are deficiences in -

the ana1ys1s, as will be discussed in Section 2.2. The loss of d.c. after a

- finite time was apparent]y (insofar as the authors could asgertain) not

exp1i¢it1y considered.

Event 4, Reactor coolant pump trip for a small LOCA is apparently not
included, but its effect on the évent sequence is unclear,

Event 6, a multiple 1nstrument tube LOCA below core level is a small loss

‘of coolant accident, and should be ‘included in the_frequency for small loss of

coolant accidents.

Event 7, overcooling events leading to pressurized thermal shock, and
event 8, overpressur1zat1on during cold shutdown, are not included in the Zion
Probabilistic Safety Study, as being possible causes of reactor vessel rupture.
(The re]ated problem of radiation embrittlement changing the nil duct111ty
transition temperature of the reactor vessel is also.not considered.) The
frequency of reactor vessel rupture is taken from Wash 1400 -see p. 1 3-71 of

. the Zion Probab111st1c Safety Study.

For- the 1arge LOCA event 9, reactor coo]ant pump missiles are not --
cons1dered turbxne missiles as an acc1dent initiator are cons1dered br1ef1y on
P. 7.8‘1 of the Zion Probabilistic Safety Study. ’ ‘ :
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Event 12, a stuck open pressurizer safety reTief va1ve*is;int1uded as an

~accident initiator as part .of the small LOCA frequency. This means that any

differehce in, say, the frequency'pf*operator“error:for*a~pressprizer safety”

‘valve 1ifting and for other'possible small LOCA's would not be considered.
_However, considering the operator training after the Three Mile Is1and'Accident

it is not very 11ke1y that the operator would turn off the High Pressure

~Injection System because of high pressurizer water level: 1f the pressur1zer

pressure is Tow.

We were not able to ascertain, in the time available to us, whether con-
tainment isolation, event 15 of Table 2. 1, was included or not. The signal to
provide containment 1so1at1on is provided by the Engineered Safequards Actua-
tion System, discussed on p. 1.5-312, of Reference 1. There is also a discus-

~sion of containment iso]ation on p. 1.1-9 of-Reference 1. However, the event

trees‘]ooked'at do nct -appear to address whether or not: containment iso1atioh
took place. Moreover, the plant state descr1pt1on (i.e., core damage state) is'

- not suff1c1ent1y deta1]ed to say whether conta1nnent 1so1at1on took place. For
example, SEFC says noth1ng about containment isolation. On p. 2 4-3 of Refer- -

ence 1 it is indicated that containment isolation failure is'sufficiently
unlikely so that 1ts contribution to risk is neq1191b1e however, no analys1s
seems to be given in the report. -

Event 19, loss of vent11at1on in the aux111ary bu11d1ng, is not cons1dered

- as an acc1dent initiator, but it is not clear that this is significant.. Cer-

tain accvdent sequences could result in Toss of ventilation because of loss of
AC power; th1s was apparent]y not addressed d1rect1y but may not be important.

Event 21, reactor coolant pump sea] fa11ure should be 1nc1uded as part of

- the small LOCA 1n1t1at1ng event frequency. ‘However, from Table 1.5.1-47 of

Reference 1, and the comment there that there were no small LOCA s except for
pressurizer re11ef or safety valve opening, it is evident that no reactor
coo]ant pump seal ]oss of coolant accidents were 1nc1uded in' the data base.

_tThere have been at 1east two reactor coo]ant pump sea1 fa11ures - at H. B

4
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'Robinson; unit 1; on Nay 1, 1975, .where the-containment. was f1ooded toeardepth
“of 12.5 1nches, with a total leak of 132,500 gallons, and at Arkansas unit 1,

on May- 10,- 1980: where the leak rate reached-a maximum- of 90 ga]]ons per_m1nute.AB~w;:w,.;

- Table 2.1 g1ves, in addition to the initiating events supplied to us by

the‘Rﬁsk and Reliability Analysis Branth; an‘indication-as to whether the eventhr
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 deta11s. : Co ~

2. 2 Loss of Offs1te Power Initiator

2.2.1 Electric Power Recovery Models

The offsite power -recovery model used in the. Z1on Probab111st1c Safety '

Study is optimistic compared to gener1c data on “the recovery of offsite power.
- There. 1s no plant- spec1f1c data on the recovery of offsite power after a total
- 1oss of offsite power," s1nce th1s has never happened at the. Z1on plant. Ac- -
cord1ng to the mode] used in the Zion Probabilistic Safety Study, the frequency
‘that offs1te power is not recovered within 30 minutes is .28, and the frequency
that offsite power is not recovered in.60 minutes is .03. To obta1n, from ge-
neric data, an estimate of the frequency distribution for the time to restor-
ation of offsite power, we made use of a'report by Raymond F. Scholl, Jr., 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 frequency with which offsite power was
not recovered within 30 minutes was .41, (as COntrasted to the Zjon Probabi- -
11st1c Safety Study va]ue of .28) and the frequency with which offsite power ‘
was not recovered within 60 minutes was .26 (as contrasted to the Zion Prob-:
ab111st1c Safety Study value of .03). Admittedly, there are def1c1enc1es in
th1s direct application of generic data to the Zion plant but it is felt that
the results obta1ned are closer to the truth than that obta1ned in the Zion
Probabilistic Safety Study. - Cons1der1nq only failure-to-start of the d1ese1

generators,vand not;fa11ure to run, the probab111ty of a 1oss of power to -
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busses 148 and 149 because of failure of the diesel generators, coup]ed w1th
fa11ure to restore offsite power in. 30-minutes, is: '

Pr3g = (1;83x10'3)'x 4 = 7.5x]0‘4,
as contrasted to the value
Prp3g = 6.02x104

obtained in the Zion Probabilistic Safety Study. Here 1. 83x10-3 is the :
probability of -failure of the diesel generators to supply-power to busses 148
and 149. The difference is more significant when one’ considers the-probab111ty
offsite powér is not restored within 60 minutes, coupled with.failure of the -

diesel generators to supbly power to bases 148 and 149.. .

/

" One obtains
PFSO (1. 83xt0 3) X .26t=h4.75310'4; as
opposed to the value
Prgo = 7.49x10°

obtaihed in the Zion Probabilistic Safety Study. This ts approximately a
factor of six higher. ' s o

Even if dne accepted'the model for restoration of offsite‘power given in
the Zion. Probab1]1st1c Safety Study, the probab111ty offsite power is not re-
stored w1th1n 60 m1nutes should be -046, not .03. The Zwon Probab111st1c
Safety Study model for recovery of offsite power, gives the time to recovery -of
offs1te power as the sum of two var1ab1es, which we w111 call- t' and t". The
time t' is the time for the operator, to reach the 345kv re1ay house, check the
diese1,generators, check the 345kv relays and ‘open the unit d1sconnects. The'»
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time t" is the time to restore power after above Tocal operations Have. been |
' performed.  The frequency funct1ons for t' and t" are h1stoqrams, so that they °

can be'wr1tten as linear como1nat1on5'of'the ufit step function:
gt Za1u(t-t,)
gp(t”) }: b; U(t"-t”') L g
where g1(t') is the frequency funct1on_for't R gz(tf) is the frequency

“function for t", u(t) is the unit step function, equal to zero when its argu:

ment t is negative, and equal to un1ty otherwise. By_use;of the fact that the
Laplace transform of a convolution s the product of the Laplace transforms of

the two functions being convoluted, it is possible to determinevthe-frequency
function of t = t'+t" a5 ‘ |

9(t) = > ajby (t-t;' -tJ“)u(t ti-t;'),
REN

and numerical evaluat1on leads to the resu]t that the probab111ty offs1te power

is not restored in 30 minutes is .365, not the .28 calculated in the Zion

;Probab111st1c Safety Study, and the probab1]1ty that offsite power is not restored

in 60 minutes is .046, not the .03 obtained in the Zion Probab111st1c Safety
Study. : :

We now est1mate the change obtained in the frequency of sequence 44 in
Table 1.3.4.11b-4 of Reference 1. when generic data is used to est1mate PF50,
instead of the model used in the Zion Probab111st1c Safety Study. Th1s se-
quence is 1n1t1ated by loss of offsite. power, followed by 1oss of emergency
power to buses 148 and 149, and fa11ure to restore power for a period of 60
minutes. It a]so includes failure of the turbine driven auxiliary feedwater _
pump. The conditional frequency of this sequence g1ven_the occurrence of the
loss of of.s1te‘power initiator becomes ;:‘ '

Pr60 x .049 = 2, 32x10°3,

 when Pego = 4. 75x10 -4 is used; if the Zion. Probab111st1c Safety Study value

of 7. 49x10‘5_ 1s used for Prgp one obta1ns 3 67x]0'6 for th1s sequence.
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The failure frequency of the turbine-driven auxiliary feedwater»pUmplis 049
per.demand. We est1mate the 1n1t1ator frequency for this event as .081/yr

instead of ;058/yr. The d1fference obtained here arises mainly from the fact
that one cannot.merely take the sum of the'operat1ng times of both units when

updating the generic data distribution by the plant-specific data; This is a~

- consequence of the fact that a loss of offsite power event-can‘affect both -

units simultaneously. The Zion unit operating thellongest has been operating
8.5 years. We obta1n therefore, for sequence 44, a frequency of ' '

.08/yr x 2.32x10-5 = 1. 9x10‘5/yr-

This sequence leads to core damage state TE. This sequence 1s identified as
sequence 14 in Table II.2-1 in Volume 1 of Reference 1.. The frequency ob-'
tained there is 2x10‘7/yr, our estimate is a factor of. 10 h1gher.. !

The. diese] generator reccvery mode] is also somewhat Optimistic compared
to the data given in Table 10 of. hUREG/CR 1362 [Data Summaries of Licensee f
Event Reports of Diesel Generators at U.S. ‘Commercial Nuc1ear Power P]ants]
However, no credit was given for d1ese} ‘generator recovery in- the Zion Prob-

abilistic Safety Study - the mode1 developed was never used. . The neglect of

‘diesel generator recovery increases the calculated core melt frequency some-

what, but the conservatism introduced is_not great, since, according to
NUREG/CR-1362 only 23% of all diesel generator repairs take~1ess than 1 hdur,-‘

2.2.2 Loss of 0Offsite Power Fo110wed by Reactor Coolant Pump Seal ‘oiwre

There are errors in the ca1cu1at1ons of event sequences 45 and 51 in the
loss of offsite power event tree (see Table 1.3.4.11b-4 of Reference 1) of the

Zion Probabilistic Safety Study.. These.sequences,invo1ve the reactor coolant

pump seal failure after loss of offsite power and failure to supply emergency

- power to buses- 147, 148, 149, 248, and 249. ~This resuits-in loss of compcnent'

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 errors, it is not possibTe to ascertain that sequence

51 1nvo1ves 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
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F1gure 1.3.4.11-2 of Reference 1y, In any event ‘the: conditional frequency of
sequence 45 q1ven the offs1te power initiator, should be just the -frequency of
. the event LS. ‘Reference to p. 103-37 of Reference 7 shows that the’ event LS
' dimpTies failure of buses 147, 148 '149 248"249 Nothing more is requ1red
§ _ - after’ the loss of offsite power. 1n1t1ator, since it is assumed that only a 15
minute loss of component cooling water and seal injection f1ow_1s sufficient to
' cause the reactor coolant pump seal LOCA. uThus,'the'conditional frequency of
, sequence 45, us1ng the Zion Probabilistic Safety Study calculation of the
% S -frequency of event LS, is 1.8x10- 5, not the 3. 09x10-8 given in Table e
| 1.3.4.11b-4 of Reference 1. Sequence 51 should be-the‘eventhS followed by
loss of power for more than 60 minutes. However, the event LS already impTies
AR failure of the diesel generators to energize buses 147, 148, and 149. Thus, Ain
L ’ order to obtain loss of power for 60 minutes, given the offsite power
1n1t1ator and given the event LS, it is only necessary not to restore offs1te '
: power-in 60 minutes. Th1s.event has, according to the Zion Probabilistic . ‘
‘ Safety Study, the frequency .03. One obtains therefore, for sequence 51, the
; conditional frequency (g1ven 1oss of offs1te power) of ‘

1. 8x10-5 x .03 = 5. 4x1o-8.

§ . However the probab111ty offsite power is not restored within- 60 m1nutes
- is .26, not .03, if generic data is used (see sect1on 2.2.1). Moreover; the
probability of the event LS 1s_ca1cu1ated assuming diesel gererators asscciated
. with the two differenttunits faiT'indeoendent1y (c orrIon mode fa11u es for the
diesel generators associated with the same unit are considered.. A]so, external
é‘ A ~ events are handled separately.) The_dom1nant contr1butor to the event LS con- .
: sists of the event product | B 8 B
o ‘ ' . ABC,
where : : :
A = event that buses 148 and 149 are not energ1zed by the d1ese] qenerators
DGIA and DBIB. ’ ‘

~event that buses 248 and 249 are not enerq1zed by the d1ese1 qenerators
DG2A and DGZB ’ o ’

.
"l|

(e}
1]

gvent. that d1ese1 generator DGO enerq1zes bus 247 and not bus 147
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The frequency of the event LS is essentially, using the model of referente'l,_

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

~ since the probab111ty DGO swings to e1ther unit on loss of offsite power is .5,

With _
P(A) = P(B) = 1.85x10"3

one obta1ns P(LS) = 0.5 (1 85x10‘3)2 1.7]x105; But P(ABC) may'be much
greater than P(A)P(B)P(C) if there are common mode failures connecting the Unit
1 and Unit 2 diesel generators. : o : ' )

The type of common mode failure one is concerned about is the type wh1ch

- is not revea]ed by testing, but is only revea]ed during a real loss of offs1te
_ power event. A "near miss" to this kind of event happened at Millstone Unit 2
on July 6, 1976. A voltage reduction on the gr1d occurred which resulted in a

reactor tr1p but was not suff1c1ent1y great to actuate certa]n undervoltage re-,
1ays. The diesel generators were not capabTe of automatic start. It really-
wou]d not have mattered how many of them there were - they would have all res-
ponded.1n the same way. If one attempts to obtain an upper-bound to the fre-
quency of thisvtype of event from data, one gets an upper bound estimate of the
order of 10-2. There have-been.some 400 reattdr-years of PWR experience in -
the U.S., and the average rate of loss of offsite power is about .27/yr, S0

_that there have been about 100 total loss of power incidents. If one says that

there have been no incidents of common mode failure of the diesel generators in
these 100 incidents, one obtains,at a 50% confidence 1eve1 7x10-3 as an upr
per bound to the probability of this event. This seems too high to use as an
estimate of the common mode faiure of all the diesel generators. However, it
seems.difficu\t.to justify a number much below 10-4 per demand.' It fS'rarej

A We] ffndvsystems without diverse subsystems, but which depend only on redundancy

for re]iab‘lity,-to'have'a much Tower unava11ab111ty Then we ohtain for the
frequency of the aveat sequence 55 (fron Table 1.3.4.11b-4 of Reference 1) .

1]

"P(seauence 45) .08/yr x P(LS)‘ 00/Yr X ]0-4 j'“

ex10-6ryr,
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where, as before, we have used 08/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 tab1e wou]d now be ca]cu]ated as Lo

.08/yr x P(LS) x P(offs1te power not restored in 60 m1nutes)

. P(sequence 51).

.08/yr x 10-4 x .26 = 2 x 108/yr, SR
and leads to core damage state SE.

2 3 ‘Small Loss of Coolant’ Acc1dents Followed by Fa11ure of Emerqencv Coo]ant e
- Rec1rcu1at1on

' The Zion Probabilistic Safefy Study, Reference 1, does nof’exp1icitly
i consider -simultaneous failure of both emergency coolant recirculation and con-
tainment recirculation sprays because of components common to both systéms.

The core damage state descriptor (e.g., SL) gives no information. about
whether rec1rcu1at1on sprays are’ operating or not. Apparently the authors of

the Zion Probab111st1c Safety Study have tacitly assumed that recirculation
spray -operation is 1rre1evant to the containment response ‘and radiocactive re-

- 1ease. If this were the case, then there would be no need to consider common

node fa11ures of the recirculation spray and emergency coolant rec1rcu1at1on.

E ’ However, after a core melt aerosols are generated in conta1nment. If
} containment recirculation sprays are not operating, then these'aerosols«may
interfere with the operation of the‘containment‘for 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
fa11ure of the conta1nment rec1rcu1at1on spray, was taken as .l. This was
" based on an estimate made by M. A. Taylor of the NRC. If this probab111ty is
valid, ahd if failure of emergency coolant recirculation, failure of contain--
ment recirculation spray, and fai]ure'of contajnment fan eoo1ers‘1eads to de-
e layed overpressure failure of the containment (without the radioactivity re- |
mova] that would occur if the contalnment recirculation spray were operat1nq)
- then the common mode.fa11ure of emergenoy coolant rec1rcu1at1on and containment

~recirculation spravs is sianificant. . .
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In the recirculation mode of)cooling 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 andfthen"goeS‘toftheqrf.'3~w

containment sprays (by one path) and to the hi-head pumps for core cooling (by
another path). There are motor-operated va]ves (SI8811A and SI8811B) in the
lines from the containment sump to-the RHR pumps. These valves -are normally

-closed; failure to operate of both of these valves leads to failure of both'che

emergency coolant recirculation function and the containment recirculation : |

spray function: |

- The Zion Probabilistic Safety Study, Reference 1, used a value of
1.55x10~3 per demand for the mean failure frequency of these motor operated
va]ves (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 1svsupposed to include failures in the local control

circuitry for these valves (see p. 1.5-496 of Reference 1). However,‘fo1lowing’
the Reactor Safety Study, both the QOffshore. Power System Study (Reference 8}

and the BNL critique (Reference 7) of this study used a value of 03 for the fail- _
ure frequency of theé 10ca1 ~¢ontrol circuitry of the valves. Moreover ~—the ‘BNL critique

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 fa11ure frequency for
valves due to failures of local control circuitry, 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) (.15) =
.0048 for comman mode failure of both valves (ua1ves SI8811A and SI8811B)
There is other common equipment in the conta1nment spray rec1rcu1at1on system

- and emergency coolant recirculation system, but: the major portion of the common

mode failure of these two systems comes from the common”mode'fai1ure of these
motor operated va1ves. Us1nq the mean small LOCA frequency of .0354 from the

‘Zion Prohab1]1st1c Safety Study, Reference T, and assum1ng a conta1nment¥an
'c001er fa1lure frequency of .1 given failure uf emerqency coolant rec1rcu1at10n

and conta1nment rec1rcu1at10n spray, one obta1ns

'(.oésd) (. 0048) (. 1) 1.7x107 S/yr,

’,as the frequency of a sequence wh1ch may resu]t in- de]ayed overpressure fa1lure

':;of the containmert. It 1s therefore of 1moortance to- detern1ne whether ‘this"
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sequence does indeed lead to de]ayed containment overpressure failure, and-

'moreover to recheck the Reactor Safety Study value of .03 for the failure
»_frequency-of'the'1oca1»control‘c1rcu1tryffor a motor-operated-valve, 'such-as = = =

the valve SI8811A in the line from the containment sump to one of the RHR




 TABLE 2,1

EVENT TO BE CONSIDERED- IN RISK STUDIES

EVENT

REMARKS “°'

11.
12.

13

14.

10..

'Stat1on B1ackout

(a) RCP seal faiTure

(b) Loss of D.C. after
finite time

Loss of D.C. power

Loss of instrument andn'
~control power

RCP trip for a small LOCA
SDV LOCA

Multiple instrument tube
LOCA below core level

Overcooling Events
(as pressurized therma]
shock)

Overpressurization
cold shutdown

during
Large LOCA
(a) RCP missiles

(b) Other missiles

Steam Operation tube failure '

CATHS

Stuck open S/R valve

Break in RHR. during -cold

‘Loss of main feedwater

'-iIncluded ,

Inc]uded - deficiencies in analys1s, i

- .see Sect1on 2.2

Not Included - see remarks, th1s section,

Included as a reactor trip initiator

Not Included

Not Included - see cohments, this section

- Not Applicahle to PWR

'Inc1uded as part. of small LOCA frequency

see comments, this section

.Not Inc]uded I !

Not Included

Included

Not Included

'Not Included - -

Included as an initiator
Included - but see comments, this'éection

Included as an initiator as part of small

"~ LOCA frequency - but see comments, this.
-section, concerning stuck open S/R va]ve
- after loss of offs1te power

Included  in sect1on on 1nterna1 f1ood1ng,_;

_in Chapter 7.

Inc!udéd




TABLE 2.1 (cont.)

EVENT TO‘BE”CONSIDERED'IN'RISK_STUDIES S

EVENT

REMARKS A

15,

16,
17.

18,

19.

20,
21.

- 22.

23.

24,

Céntag&hent Isolation
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 Dilution

(a) Shutdown - —_—

(b) At power

Excess feedwater events .

- Loss of instrument ‘and

control

"?, see comments, this section:

Included
Included - but see comments, this séttionj

Iné]uded

Not Included - see comments, this section'

Included in section on internal flooding -

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

"Not Included

Included as a power excursion event,
(event tree 10)

* Included as part of turbine trip

initiation frequency

. Eliminated as an initiator during
preliminary screening - see Section
1.3.1 of Zion Probabilistic Safety
Study, p. 1.3-7.




3.0 FIRES AND EARTHQUAKES

3.1 Fires .

P AN .
The purpose of this section is to cr1t1que certa1n aspects of the f1re an--::j
alysis, for cable tray fires, of Reference 1. R .

. We first make some remarks about term1nology. Reference'l makes use of
_two concepts, the first of which it calls "frequency", and the second of.whichf
it calls "probability". * The word "frequency“,.in this usage, denotes a'concepf :
which someone belonging to the frequentist school of probability theorists :
would-call probability. The word probab111ty s @S used in Reference 1, refers
to a degree-bf—belief Just as a frequent1st would say that the - probability of.’
an event is not exactly known from statistical data, but that only an estimate .
of this probabiity can be obta1ned, so, in Reference 1, the authors talk about
a probability of a frequency. The word "frequency » aS used here, is not to be..
confused 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 unbiased
" (the word "frequency" denoting what the frequent1st wou]d call probab111ty)
A random variable may take on various values with different frequencies. If
_the random variable is continuous, one can talk about a frequency function
(corresponding to the frequentist's probability density function). If one is
uncertain as to the exact value of a parameter, one assigns different degrees l
" of belief to different values of the~parameter."The parameter then has a
probabi]ity-density function, if it is assumed that it takes on a continuous
vset of va]ues. The probability density function for a parameter serves much
- the same funct1on as the frequentist's conf1dence 1nterva1 - one gets an es-
| timate of the uncerta1nty in the parameter.

There is confus1on in the fire ana]ys1s of Reference 1 in the use of. '
these concepts - the frequency of a random variable and the. probab111ty of af_
parameter. In order to understand this confusion, and what effects on the fire
analysis it has, let us f1rst outline the .basic mode1 used 1n the analysis of -
core melt sequences due to fires in the cable spread1ng room, The analys1s is
subd1v1ded ‘into the ‘o]]ow1ng parts ' '
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Data on. cable tray fires 4s used to'estimate the frequency of fires .
1n1t1ated in a cab]e tray -a probab111ty of frequency .curve: is ob=" -~

tained. —

(2) The CMPBRN code is used to determine the time ty for bropagation of
" the fire vert1ca11y to an adjacent cable tray, and the ‘time ty for
propagation of the fire hor1zonta11y to an adjacent cable tray. In
é this calculation, no f1re suppresion act1v1ty is assumed- to take
place. .

(3) A fami]y of frequency distributions for the fire suppression time,
tg, are generated from data on fire suppress1on times, with-a prob-
ability (1 e., degree-of be]1ef) assigned to each member of this:
family. T

(4) If the fire suppression time, tg, is greater than the prdpagation
time, ty (or ty), the fire is assumed to have propagated verti- 35
cally (or horizontally) to the adjacent cable tray.

(5) From the ana]ysis‘correspbnding to parts (1) through (4) above, one
can'ealchlate the frequency of fires in cable sprEading.rooms which
involve two or more trays. One must then consider what fraetfone Qt
these fﬁresAcan, combined with other events, cause a core melt.

For example, one core melt sequence considered is a sequence in which the
fire disables the charging pumps and the mptdr driven pumps of the auxiliary
feedwater System, and the turbine-driven pump of the auxiliary feedwater system
" js unavailable for reasons other than the fire. The calculation of the fre-
quency of this sequence involves estimating the conditional freguency of oc-
currence of a fire at a part1CU1ar location in the cable spread1ng room, given
that a f1re in the cab]e tray room has occurred.

Our analysis, in this sect1on, focuses on parts'(Z); (3), and (4) of-the-
fire‘ana1ysis, and then only on. some of . the“statiStical ‘aspects. The frequency
at which a cable tray fire will propagate to a tray above the tray in wh1ch the
fire has started, g1ven a fire has started in the cab]e tray, is g1ven by

F(t >t., s €, ( > € ) J/. dt g ¢ € vlﬁ dt. g t ;€ (1)’_Ev(2)) (1)3




-

- Here the notation F(...) denotes-the frequency‘of an event, in much the-same

way that: pr(...) denotes, - for the frequent1st ~the "probability of an event. -

- However, here we are dealing w1th a fam11z of frequencies, 1ndexed by the. par-~~.."

ameters‘ev, g, s & . Each of these parameters has a degree of belief

. associated with it. If we assume that gg varies cont1nuous]y, then we may

associate a probability density function hg(es) with it, so that h (es ) repree _
sents the probability that the parameter Eg lies between g5' and cs' + deg. - oo

(1) V(2) are

Similar statements hold for € 1),.8

v (The parameters €

v y S’

_assumed independent, although this is really not necessary. ) The function

9 (t 3 € ') represents the frequency function for the time to suppress1on of

the f1re when the parameter €_ has the va]ue € Similarly,

|
S S f |
9, (t ; gv( ), (2)) is the frequency function for the time for vertical =~ - . = -

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

parameters ev(l), ev(z) may be viewed as parameters which enter into the CMPBRN
code; the number of such parameters has been limited to two only for ease of -
exposition. Denote by hy ( €y ! ) and h (2)( (2))the probability density e
functions for Ev(l) and gv(z). We sha]] 1imit our discussion to an analysis of
the mean_frequency at which tg exceed;,tv.‘ The'mean.frequency is given by

ﬂts”‘ﬁ =./‘_F('ts>tv;' & e\?(l),’ E\}('-2))hst(ss‘)hv;'l)'(E n, 2)¢e (2_))

v 2" '
. (2)
X desdey(l)dey(Z)
‘Use of Eq.r(l) 1eeds_to__ ' EREE :
Fltsoty) fdtsgs tsfdtvgv | - (3)
where .7 . - A | | '
Eg(ts) = gs(tsi'és)hs(és)dss- o | ' ' (4)
and b B .' _ o Lo - .
§V(tv) ____“/‘-°° Qv(tv; Ev(l)’ EV(Z))hV(l)(EV(l))hv(Z)(EV(Z))dEV(l)dEV(Z) (5)

Thue, the'meanvfrequency at'Which tsrexceeds'tv depends_on]y on the mean of
the frequency funct1ons for tg and ty. o

The first d1ff1cu1ty with the ana]ys1s of cabTe tray fxres in Reference 1

is the stat1st1ca1vtreatment_qf tv The random var1ab1e tv is treated in.
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vReference 1 as hav1ng an. 1nf1n1te1y sharp frequency functlon, centered about a
~value Ty which.is. a funct1on of the parameters &y (d)

©gy(tys sv(l), ev(Zj;... ev(“)) = q(tv;rv) o N (6)

vhere eele), 6@, LM

(We assume more than'two parameters SV(J) now.) . The frequency function for

-ty is uncertain, but once the unknown parameters are fixed, one obtains an
infinitely sharp funct1on. The parameters cv(l) (z), ves ev(n) are param-
eters which are used in the CMPBRN code which calcu]ates Ty. One of these
parameters (say Sv( )) is called Qp in Reference 1. It refers to the heac '
content (in BTU) of the pilot fuel. The pilot fuel could be any of a number

of materials, such as 1unch1wrappers or oi]y wiping cloths, both of which have =
y been found in cable trays [See Reference 4, Kazarians and Apostolakis, NUREG/
. B CR-2258, p. 91]. The function hv( )(Q ) is given from p. 7.3-8 of Refer-

i ence 1 as o

(1)(Qp) .15(Qp-400) + .44 § (Qp- 2000)

-~ (8)
+ .44 §(Qp-10000) + .02 G(Qp-40000) -

The problem is that'hvli)(Qp) is really a»frequency function, not a probabil-
ity density function"measuring degree of belief. A .certain fraction of~ceb1e“
tray fires will be caused by lunch wrappers, some byveily wiping cloths, and so
i forth, and h (1)(Q ) measures the relative fraction of fires which would be

ﬁ icaused by pilot fuels with various values. of Qp. However, the misinterpreta-
tion of h (1)( ) does not affect the mean frequency function for tys it

:
i
i
1 :
1
i
i .
k|

1.

- affects the uncerta1nty bands but it is unclear how s1gn1f1cant this is. To:g
_see that if hv (Qp) were a frequency ‘function 1nstead of a probability
density funct1on, the mean frequency function is unchanged, one notes that if
| hy 1)(Qp)-were a frequency function, then gy(t v,'§v(1), ev(z), ee)

. would ‘be the frequency function for tvrconditionallon'ev(l)‘=‘Qp«having

"a specified value. The frequency function for fixed values of ey(@), ...
ey(M) would then be. ' . o
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and the same formula for g,(ty) as ‘obtained in Eq. (5) (but extended to
more than~two‘ev(j)),;would‘be‘obtained;.v

 The value of gy(ty) can be obtained from the graph of the. (cumulative)
~distribution of Ty given in Figure 7.3-3 of Reference.1 . "(The quantity t,
is called Tv* in Reference 1.) This graph represents the uncertainty dis-
tribution for Ty. If.h(Tv)’denotes the uncertainty distribution for rg, ’
then ‘ '

;gv(tv) =f9v(tv§ Tv)h(Tv)dTv

=d/k(tV'fv)h(Tt)dTv
= h(ty), -
(1)~ (n)

since according to Ed. (6), gyltys €y' /) ves €y )is just a & function.
Then the quantity ' tg '
' .’; Qv(tv)dtv

which enters into Eq. (3) can be read d1rect1y from F1gure 7.3-3.

The d1ff1cu1t1es with the stat1st1ca1 treatment of ts are somewhat more

~ substantive. Data on fire suppression times were obtaaned_(see_p.,7.3 -10 of
Ref. 1). To be used correct1y, this data on the relative frequendy of sup-

| pressing f1re in various lengths of times should be used as our best estimate

- of gg(ts). If this is done, one obtains for gs(ts) the funct1on

gs(ts) = .4 8(tg-5 min) + .3 8(tg-15 min)

+.2 §(t5-30 min) + .1 §(tg-60 min)
However, for reasons.which are unclear, the authors of Reference 1 said that
this data on f1res represents the uncerta1nty d1str1but1on in a mean time to

- fire suppression Ts, not a sample estimate of the distribution. of ts. The :
actua] frequency funct1on for ts, 1n Reference 1, 1s ;- ’

‘ts/Is - Lo

9s(ts; Ts) = - e
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_ and the mean frequency function for ts, accord1ng to Reference ,1, is re1ated
to gs(ts) by - ’ ' '

3t tg/e -
9 (ts) =f-%_e SZTS s ( T5)d s

Since, as discussed earlier, the values of o

ts .
JAENCRES

can.be_readfdirect]y from Figure 7.3-3 of Reference 1, one can, from Egqs. (3)

and (10) obtain our revised va]ue-for‘F(tS>tv). This value is
Fltoty) = .22

Coupled with the mean va]ue of cable tray fires of 7. 2x10 /year obta1ned on v
page 7.3-4 of Reference 1, one obtains a mean probability of 1. 6x10” [year for
cable tray fires involving two adJacent trays. This compares to a value of '
'1.2x10° /year obta1ned in Reference 1, as g1ven 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 f1res from 1. 8x10 6/year as given on p. 7.3-1 of Reference 1, to

i : 2.4x10° /year. '

There is a poss1b1y 1mportant nonconservat1sm present in the fire analy-
sis of Reference 1. This arises from the neg]ect of the Browns Ferry fire
in'determining the frequency distributions for the time to fire suppression.
Although Reference 1 states that the Browns Ferry fire was 1nc1uded in the.
data base, this is on]y as far as determ1n1ng the frequency of cable tray
fires. The .Browns Ferry fire took about 7 hours to contro] the 1ongest time
for suppress1on of a f1re considered in Reference ‘1 (see p. 7.3- 10 of this.

eference) is 85 m1nutes.. The time to suppression for cable tray f1res used in
. Reference. 1 was derived by S1u in Reference 5 (NUREG/CR 2269) on p. 108ff.
‘ ~ He states there that the reason for omitting the Browns Ferry f1re ‘was that the




~sonnel to use water to put out the f1re, and that it s un11ke1y that-that .
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long time required to put the fire out was due to the hesitation: of plant per-

i

wou]d occur again.

3.2 Earthquakes ‘ o | ' : ‘ _;___;;_;_c

. The purpose of this section is to assess the sensitivfty-of‘the'calculated

frequency of seismically-induced core melt to the seiémfc_hazard function. Im ~

particular,-the effect of replacing the seismic hazard used in Reference 1 with
the best estjmate seismic hazard curve from the Seismic Safety Margins Research
Program (SSMRP) will be determined. The SSMRP seismit'hazard curve is given in’
F1gure 11 of Reference 6, NUREG/CR- 2015 Vol. 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’a private communication =

from Larry George. The SSMRP. program reduced the seismic hazard function by
.703 to take into account the plant avaf1abi]ity factor, and because they were

cons1der1nq only acc1dents occurr1ng dur1nq norma1 operat1on._ He have not done

this.

i

The freaquency (i.e., what the freaquentist calls probabf]ity) of a given
p]ant state, given an earthquake with peak ground acce1eration a, will be taken
from the Reference 1 analysis; this information is presented in Table 7. 2 4 of
Reference 1. This table gives the cond1t1ona1 frequency of various se1sm1c
plant matrices. A row of the plant seismic matrix corresponds to a part1cu1ar

- value of the peak ground acceleration.. The various columns correspond to the

various plant states. The only plant state of interest is that designated by
SE, an early core melt which involves a small ]osseofécbolant'accident (which
for the dom1naht accident sequences consists of failure. of the'reactor coolant
pump seals after failure of a]] the diesel generators, and loss of offs1te
power). We shall determ1ne on]y the mean value of the se1sm1ca11y-1nduced core
melt frequency, and not consider the uncertainty estimates. From Table 7. 2-4
of Reference 1, by averaq1nq the values for the f1ve equa]]y 11ke1y seismic
matrices qiven,‘one obtains for F SEla the mean frequency of . plant state SE,

given an earthquake with peak qroundfacceleratwon a, the yalues.given in the

table below:
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;a = ?(§Ela) N.

;225"g  -.0022
.275 g ¢ .0154
359 °  .1358
459  .464
.55 g .796
659  .950
.75 g .994

.85 g .9996
The mean value of the seismically-induced core melt ‘frequency is given by
Fkés)‘fj"?(ss|a)g(a)da,

where g(a)da is the frequency (per year) of peak ground acceleration between a
and a + da at the Zion site.. The integral in Eq. (1) can be approximated by
aj+1

:E: F(SEIe .jf g(a)da, |

where, for numerical convenience, the cut po1nt ai are chosen so as to agree
with those of Figure 6vof the SSMRP study, NUREG/CR-2015, Vol. 1. The aj are |
values at the center of each interval (aj, aj + 1). The values of ?KSE{E})'

were obtained from the above table of F(SE|a) by graphical interpolation. The

table below gives the values of’F(SElE}) and v/rg(a)da for each interval.

_ 31‘?1-"
;- F(sE[F1) v/r. g(a)da .
225  .0022  3.6x10-4/yr
.375 .205  1.8x10°% .
525 . .665 2.2x106 - -
.675 .965 5.75x10-7
865 1.0 . 2.3x10-8

~ above .98 1.0 7.3xa0°8 - .
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One obtains from Eq. (2) the result
F(SE) = 6.6x10-6/yr.

‘This differs by 18% frpm the result of 5.6x10'§/yr obtained in Referehée-l.
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4.0 D1scuss1on and Summary

Some of the more important. points made in this report are:

1. The frequency of core melt due to ATWS .is 6. 7x10'5/yr +

" 8. 0x10‘5 (P-.004), where P is the. probab111ty that the operator fails to open
- the: pressur1zer block valve, in those cases where it is requ1red." Values of P :
“of: 64 or even .95 may be appropriate, leading to va]ues of the frequency of

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

2 - We estimate accident sequences in wh1ch a reactor coolant pump sea].

-~ LOCA occurs: after 1oss of offsite power to have a much higher probab111ty.th§n
.- was obtained in Reference 1, partly because ‘of errors made in Reference 1 in -
- the evaluation of this sequence, and partly because of consideration of common"
“mode failures which WOuid fail the diesel generatorsvof both units. Moreoven,
* the use of generic data to estimate the frequency function forfthe time to- |

recover offsité power leads to a higher calculated probability that offsite
power is not restored.in one hour. The frequency of the sequence involving
loss of offsite power, a reactor coolant pump seal LOCA, and failure to restore
power :in 60 minutesﬁis estimated to have a frequency of'2x10'6/yr. .Using the
assumptions made in Reference 1 this would lead to core damage state SE.- ‘

3. The core damage state descriptor (e.g., SLC), does not distinguish
between cases where the containment recirculation sprays are operating or where

they are not.

4. For sequences 1nvo1v1ng a small LOCA fol]owed by failure of emergency
coolant rec1rcu1at1on, s1qn1f1cant differences in failure data for certain
motor- operated valves, and, 1n part1cu1ar, d1fferences in the failure frequen-
cies for the local control circuitry of these va1ves, were found between. the Re-
actor Safety Study and Reference 1. Cons1derat1on of common mode fa11ure of
emerqency coolant recirculation and conta1nment recirculation sprays because of
common components, and cons1derat1on ‘of poss1b1e failure of fan coolers 1n a
post core-melt environment with .failed recirculation sprays, leads to a- se- '
quence wh1ch may result in delayed overpressure fa11ure of the- conta1nnent '

with a frequency of 1.7x10'5/yr.




-2-

5. The analysis given in Reference 1 of accidents initiafed;by loss of.
- ‘component. cooling watef does not address systems interactionS'involving failure -
of the charging pumps to maintain reactor coolant pump seal: fTow because’ the
charging pumps require component cool1ng water. ' ‘ Co

A 6. The study may suffer from.a lack of completeness as regards human-
error initiated accidents and because of neglect of accidents occurring during
cold and hot shutdown. B S ' ' '

7. Correctidns of an error in the statistical treatmént in the fire ahé-
1ysis-1eads_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 1ncreases from 1. 8x10'6/yr to 2. 4x10'6/yr., '

8. The use of the SSMRP seismic hazard function instead of the seismic |
" hazard function of Reference 1 leads to a very moderate increase of 18% in the
seismically-induced core melt frequency. '
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