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1. Introduction

My name is Stanley Kaplan, Ph.D. I am an associate
consultant at Pickard, Lowe and Garrick, Inc, My main area
of #sork is in probabtillty theory, risk and decision analy-
sis, and particularly in probabilistic risk assessment
methodclioay, 1 was a principal investigator on the Indian
Point Probabilistic Safety Study. A statement of my
professional qualifications is attached.

Board Question 1.2 asks:

What bearing, if any, do the results
reported in NUREG/CR-2497, "Precursors
to Potential Severe Core Damage Acci-
dents: 1969-1979, A Status Report"”
(1982), have upon the reliability of the
IPPSS [Indian Point Probabilistic Safety
5tudy)? For example, are there specific
accident scenarios at Indian Point whose
probability may have been inaccurately

estimated in ligut of the real-life data
reported and analyzed in NUREG/CR-2497?

II. Respons:

MUREG/CR-2497, "Precursors to Potential Severe Core
Damage Accidents: 1969-1979, A Status Report" (1982)
attempts to calculate the fregnency of severe core damage
(SCD) accidents in domestic nuclear power plants as a whole
without any effort to distinguish between different plants
or types of plants, It did this by sifting the Licensee
Event Reports (LERs) for the period 1969-197% and identify-

ing incidents which it calls "precursors for potential



severe core damage accidents." It then put these precursors

through an evenrt tree-type calculation procedure and derived

an SCD frequency of 1.7 to 4.6 x 10~3 per year. This range

of values 1s significantly highe. than that calculated in
most other piobabilistic risk assessments (PRAs). For
example, the Reactor Safety Study (RSS) calculated a core
melt frequency of 5 x 10-5, a factor of almest 100 less,
The question, therefore, arises as to whether the NUREG

invalidates the RSS, the process of PRA in general, and the

IPFSS results in particular.

To address this question, it is helpful to paraphrase
the methodology and line of argument of this NUREG. The
essence of it is as follows:

Up through 1979 we have had 432 years of
reactcr operation and one SCD accident,
namely, TMI. We have also had a number
of "near misses", e.g., Browns Ferry and
Rancho Seco, We assign each of these
near misses a "sevevity factcr,” which
we get from the event trees. Adding
these up, we consider that the near
misses all together are the egquivalent
of about one more SCD accident. So we
consider that the statistical experi-
ence, through 1979, is about two SCD
events in 432 years which gives a
frequency of 2/432 = 4.6 x 10-3.

The way in which NUREG/CR-2497 evaluated those near
misses can be and has been subject to much criticism both
from an engineering modeling basis (i.e., inaccuracies and
oversimplifications in the event trea/severity factor work)

and on the basis of statistical logic (e.g., that near



misses should not be counted at all). For example, with

respect to the near miss contribution to SCD freguency, the
Institute of Nuclear Power Operation (INPO) review of the
NUREG (Ref. 1) concludes that the NUREG calculation of this
contribution is about 30 times too high for the plants as
they were at the time the everts occurred. Furthermore,
.his review points out that the NUREG did not recognize the
many improvements that have been made in light of the
lessons learned from the events. Thus, INPO concludes that
the NUREG frequencies are not appropriate e¢ither for past or
fature performance.

While I agree with much of this criticism, for our
purposes here the evaluation of the ne:r misses is not the
main issue, For whether we consider that the experienced
frequency of SCDs is one or two in 432 years makes little
difference; both numbers are very different “rom the RSS
results,

With regard to the RSS result, it should be noted that
first counting all free world nuclear power reactors, there
are today aboat 1,500 plant yvears of experience. Thus, our
statistical evidence is now 1/1,500 rather than 1/432.
Secondly, the RSS result is for a different event, core melt
rather than severe core damage, in a different type of

plant, Surry rather than TMI.



With respect to the PRA process itself, we should note
that a PRA is, basically, a way of calculating the frequency
of corpound events from the frequencies of the "~lemental”
events which together make up the compound event, The way
in which this is done is just pure logic. The NUREG does
not in any way impugn or invalidate the basic process or
methodology of PRA., It itself uses PRA methodology in its
calculation of severity factors. Thus PRA, in general, in
our view, is not called into question by the NUREG. How-
ever, in any particular application of PRA, there can, of
course, Le errors or omissions in logic or arithmetic,

Thus, the Board's question appropriately asks specifically
if the frequency of anv IPPSS scenarios should be changed in
light of the NUREG data.

The answer tc this is that the data reported in the
NUREG, and the incidents analyzed there were known to the
IPPSS analysts at the time of their study. This knowleige
was included in the scenario modeling and in the frequency
calculations included in the IPPSS, along with the data from
their own review of the LERs and, most importantly, along
with the specific operating data from the Indian Point
plants. The publication of the NUREG, thus, provided
nothing basically new. It did, howeveyr, provide a useful
focus of attention, particularly on the role of human errors

of commission in the accidents of the past., It thus pro-



vided an opportunity to reexamine the IPPSS scenarios,

particularly from the human error standpoint and from the
standpoint of implementation of the lessons learned from
past events, After this reexamination, the IPPSS analysts
confirmed that the probability curves for the IPPSS scenario
frequencies accurately express our state of knowledge of
those frequencies, and that none of thom require change in
light of the NUREG. This statement is particularly true for
the scensrios included in the IPPSS study which represent
incidents of the TMI-type.

Fur.Yer, .t is worth noting that fundamental differ-
ances in the design of the Indian Point and TMI plants make
it vastly less likely that scenarios of the TMi-type could
occur at Indian Point. Among these design differerces are
the use at Indian Point of drum type steam generators with
greater heat capacity (in the form of secondary coolant
inventory), greater heat capacity of ti¢ primary coolant
system (in the form of primary coolant inventory), and a
reactor trip signal that would respond immediately to a loss
of feedwater condition., Hence, at Indian Point, there would
be no immedi: :e primary system pressure rise in r:sponse to
a loss of feedwater. Even if the auxiliary feedwater were
delayed as much as 20 to 30 minutes, the primary system

would not experience a pressure transien , and the relie
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valve would not lift; therefore, it could not stick and
could not lead to a loss of coo'ant.

If auxiliary feed were delayed longer than this, and if
the relief valve were to lift and stick cpen, there is, at
Indian Point, direct monitoring of the position of this
valve so that the operators would be aware of its stuc:
condition, They could then act to bleck the valve and/or
inject coolant, thus bringing the plant to a stable condi-
tion with no core damage. The heat removal path required
for this stability is provided by bleed and feed, forced
circulation, and/or by natural circulaticn cooling which, at
the Indian Point plants, is greatly enhanced by the elevated
steam generator design.

One thing that has become clear through the post-RSS
PRAs is that the frequency of core melt or damuge can be
very different from plant to plant because of design differ-
ences, For example, various PRAs of different nuclear power
plants have reported core melt frequencies ranging from
abo. - 1.0 x 10=3 to 2.0 x 10=3 per reactor year (Ref, 2), a
difference of about a factor of 50. Even within the same
plant, the core melt frequency can change when there is a
design modification. This was observed in the development
of the IPPSS when such modific.cicns were made to the Irndian

Pnint plants.
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Finally, it shoul: be recalled from the IPPSS study a.d
the licensees' direct testimony on question 1 that a com-
plete treatment of core melt frequency should be done with
full probability curves rather than single number "point"
egtimates and that core melt frequency itself is a poor

indicator of puoslic health risks at Indianm Point,
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