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cion Station Unit No. 1 ~

On February 25, 1982 while preparing for tube inspecticn of the steam
generators in Zion Unit No. 1, station personne! discovared pieces of

a hinge, one about 24 inches long and 2 inches “de, in the plenum area
(primary side) of the 18 steam generator. Oth. smailer pieces were
discovered in the 1D steam generator. The hin.2 is believed to be part
of a tube nozzle cover which blecked the nozzlas during the previous
steam generator inspection. These covers are made of aluminum which
chemically dissolved since the last refueling leaving only the hinges.
Suring the April 13381 startup of Unit 1, a loose parts menitor alarm
was received on steam generator 10 but later stopped. The licensee
evaluated the loose parts monitoring signals and determined that they
did not represent a problem for continued operation. We have also been
informed that the Joop "D" low flow trips had been set ronconservatively
for the period April 10 thru May 9, 1981 potentially due to the flow
Slockage on the primary side of the steam ganarator,

The licensee is developing plans to further investigate the presence of
foreign objects in the primary cooling system. Region III 1s following
the investigation.

. . £y
’

David Wiggi » Project Manager
Operating Reactors Branch No. 1

. 840809 Division of Licensing
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On February 25, 1982 while preparing for tube inspection of the steam
generators in Zion Unit No. 1, station perscnnel discovered pieces of

a hinge, one about 24 inches long and 2 inches wide, in the plenum area
(primary side) of the 1B steam generator. Other smaller pieces were
discovered in the 10 steam generator. The hinge is believed to be part
of a tube nozzle cover which blocked the nozzles during the previous
steam generator inspection. These covers are made of aluminum which
chemically dissolved since the last refueling leaving only the hinges.
Ouring the April 1981 startup of Unit 1, a loose parts monitor alarm
was received on steam generator 1D but later stopped. The licensee
evaluated the Toose parts monitoring signals and determined that they
did not represent a problem for continued operation. We have also been
informed that the joop "D" Tow flow trips had been set nonconservatively
for the period April 10 thru May 9, 1981 potentially due to the flow
blockage on the primary side of the steam generator.

The licensee is developing plans to further 1nv¢st1?ato the presence of
foreign objects in the primary cooling system. Region III is following
the investigation.

-

| Aoy
Davi 1g91m Manager

Operating Reactors Branch No. 1
Division of Licensing
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of Zion Station

Probabilistic safety study

Following the TMI incident, Commonwealth Edison, as one of the utilities
singled out for “‘near-in-site’’ studies, developed a comprehensive study
that went beyond what was needed to respond to the NRC, and will have
ongoing uses for the resuits for training and future design evaluations

By GEORGE T. KLOPP, Commonweaith Edison

The closing half of the year 1979 saw an
intense flurry of activity on the part of the
U.S. Nuclear Regulatory Commission
(NRC) in response 1o the Three Mile
Isiland (TMI) incident. Active licensing
projects were shut down while regulatory
staff members became involved with a
major review and augmentation of exist-
ing regulations. Almost lost in the sea of
bulletins and orders, a small group of util-
ities were further smitten with “near-in-
site’’ study requirements. The NRC staff
developed the idea that this select group
of plants, including Commonwealth Edi-
son's Zion Slation, might represent an
undue share of reactor risk as a result of
site area demography,

In December 1979, Commonwealith Edi-
son was asked 10 accomplish three tasks
relative to Zion Station:

1. Evaluate the feasibility of installing
rew features 1o mitigate the effects of full
core meitdowns, irrespective of their like-
lihood.

2. Evalvate other measures that might
reduce the likelihood of such meltdown
events,

3. Evaluate interim measures to reduce
public risk pending the outcome of the
first two tasks.

1. To provide an up-to-date assessment
of the public risk associated with the
operation of Zion Station as currently
constituted and operated.

2. To identify the dominant contributors
to that risk.

3. To develop and evaluate mitigating
features based on the physical parame-
lers asscciated with the dominant sk
contributors.

As compieted, the Zion Study goes far
beyond what might be needed to re-
spond to the NRC. More will be said 'ater
about the future uses of this study.-

Study scope and concept
The Zion Probabiiistic Salety Study owes

much to the basic work done in the Reac-
tor Safety Study (WASH-1400) and
much to the responsible criticism of that
work by the Lewis Committee. However,
the Zion Study extends the scope anu
degth of its risk analyses beyond WASH-
1400 and represents a significant ad-
vance in the state of the art in risk
assessment of nuciear power plants, Sig-
nificant advances have been made in the
analyses of plant systems and sile con-
sequences. Major breakthroughs have
been made in the areas of containment
analyses and the analyses of important
external events. The fnal report on the
Zion Study conrsists of nearly 6000
pages of material in ten volumes.

The basic tool used 10 structure the Zion
Study is probabilistic risk analysis of
PRA. PRA has enjoyed a widespread
application in the defense and aerospace
industries for some time. As noted be-
fore, the first large-scale use of PRA in
civilian nuciear power applications was
WASH-1400. Since then, the continued
use of PRA in this application has been
endorsed by various industry and regula-
tory leaders and by the President's Com»
mission on the Accident at TMI (Kemeny
Comrmussion).

Probabilistic risk assessment is an in-

“"exposure to the chance of injury or
loss.”" Two key concepts are explicit in
this definition. They are the "chance” or
likelihood and the “injury” or "“loss * or
damage. The PRA concept of risk in
voives both of these concepts and seeks
to quantitatively establish the relationship
between likelihood and damage In a
society of any type people tend to work
towards some perceived level of risk
which is acceptable in terms of defined
standards, intuitive judgment, or more
common'y, tacit societal acceptance
PRA now offers the tools to mare explic-
itly define risk, at least withi~ so™e
defined scope, and allows more inforned
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Figure 3, A family of curves showing the risks of early fatafities is generated

from the curves of Figure 2.

judgments to be made relative to various
risks.

With this background, we can proceed to
examine the specifics of the Zion Study in
more detail. As with any PRA structure, it
is centered around three basic ques-
tions.

1. What can go wrong?

2. How likely is it that this will happen?
3. i it happens what are the conse-

quences?

The answers 1o these questions can be
listed in an orderly manner as shown in
Table 1:

Scenario Likelihood Consequences
S, L, X
S, L X
S, [ X,

The scenarios are descriptions of situa-
tions defined in response to the first of
the three questions. The fikelihood and
consequences are responses to the sec-
ond and third questions respectively it is
simple, given the responses, to arrange
the scenarios in order of increasing se-
verity of consequences, Also, it 's possi-
bie to assign to each scenario the cumu-
lative likelihood of all subsequent scenar-
ios, starting at the bottom of the table.
This allows one to assess the likelihood
of equalling or exceeding consequence
X, as the sum of L,+L,+. . L,  This
“frequency of exceedance’ format re-
sults in a first level risk curve as shown In
Figure 1. This curve is similar to that por-
trayed in WASH-1400.

Careful consideration of the comments
on WASH- 1400, particularly those of the
Lewis Committee, and of the nature of
any such study reveals that a single
curve does not represent risk adequate-
ly. The basis for this conclusion stems

any such curve. The state of knowledge
and the data available for any such PRA
do not permit exaclly defined resuits.

Therefore, to be honest, we must charac-
lerize our uncertainty at each step in a
PRA and portray the combined uncertain-
ty in our results. This leads to a family of

. curves as shown in Figure 2 wherein

each curve has a probability, or confi-
dence level, assigned.

Deriving such curves for Zion Station
responds to the first of our three pur-
poses, the establishment of a basic risk
assessment. The second purpose, identi
fication of dominant contributors to risk,
falls directly out of this work. The third
purpose, the development and assess-
ment of mitigating features, requires ad-
ditional work. In a broad sense then, the
Zion Study involved six major work
areas:

1. Plant sysiems and equipment analy-
ses.

2. Cantainment analyses.

3. Site consequences analyses.

4. External events analyses,

5. Risk integration and evaluation.

6. Mitigating features assessment.

Plant systems and equipment

This work area has two basic purposes.
First of all, it identifies and defines those
scenarios or sequences of events which
could lead to core melt conditions. Sec-
ondly, it develops the quantification of
the likelihood of each such scenano, and
it groups similar such events into plant
event states with collected likelihoods.
Drawing on the basic event tree and fault
tree techniques deveioped in WASH-
1400, and on programs like the NRC's
Integrated Reliability Evaluation Program
(IREP), we were able to structure a
series of logic models ef Zion Station.
Each such mode! represents a myriad of
possibie plant responses 1o a particular
type of initiating events. Our search for a
comprehensive list of initiating events, or
plant perturbations, took us to Final Safe-
ty Analysis Report (FSAR), generic op-
erating experience data and Zion specific
operating experience. In addition, both
pure brainstorming and a master logic
diagram were used 1o assist in raking a
list comprehensive. The result wase a list
of nearly 60 possibie events, A careful

review of these revealed that they cuuidbe -

grouped into 13 categories of initiating
events. Each was used to start a separate
event tree. The likeiihood of each of these
initiating event categories was derived
from the generic data base and modific .
where appropriate, by Zion specific daia
using Bayesian techniques. Special atten-
tion was paid to uncertainty.

The event tree and {ault tree construction
treated human efror, commeon cause fail-
ures and system dependencies using
state of the art techniques. A new ap-
proach was taken relative to electric
power avaiiability. Each of the 13 event
trees was quantified for each of the eight
possible states of electric power avail-
ability. This quantfication involved the
development of a component level data
base using the technique described
above for initiating events. The result was
a mass of possible event tree end point
frequencies. Nearty 10,000 such values
were derived, each representing a polen-
tial core meit sequence. As with the ini-
tiating events, it proved possible to col-
lapse this mass of information into cate-

each of which represents a unique set of
charactenstics in terms of core meit pro-
gression, mass and energy release 1o the
containment, and containment aclive

safeguards status.

Mathematically, the initiating event fre-
quencies were found to resemble a 13-
component row vector. Similarty, the
plant event sequence categories could
be characterized as a 13 by 21 matrix.
This representation was found invaluable
later in the study.

Containment analyses

The work in this area represents a majo’
advancement over that done in any prev:
ous study, including WASH-1400. The
Zion Study included a great deal of origi-
nal work and scme specific experiment:
programs aimed at understanding spect-
ic phenomena related 10 a variety of core
melt events. It was found that these p*c

NOMENA W, in Many CASES, very s
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tive to the sequence being considered. It
was found that the study's experimental
resuits, the results of other U.S. experi-
ments and the resuits of forsign experi-
ments could be correlated by analytical
models. Some of the areas considered
were steam explosions, reactor vessel
failure modes, hydrogen generation and
ignition, steam spiking, and debris bed
coofing.

These phenomencilogical investigations
were used as inputs to and verification
checks on a major program of contain-
ment iransient analyses. These analyses
were run with “best estimate’” analytical
models and with a variety of other mod-
els as well to provide a spectrum of
results. Furthermore, a major effort was

results. The resuits were all compared t0
an ultimate containment capability having
a best estimate vaiue of 149 psia. This
value was derived from a realistic finite
element containment analysis which in-
cluded consiceration of pene‘ratiors and

dNMhWMrmdn
not involve system benavor, the nodal
questions in this event tree lended t0
the

s
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Two key fac* s came to light. First of all,
for the vast ma,ority of coremelt cases, a
coolable debris bed is formed even after

-

©

the reactor vessel has failed. Second, for
over 99% of the coremeits considered,
no containment failure is predicted.

The last area involved the collapse of the
sequences in this event tree into release
categories. Basically, the WASH-1400
source terms were employed in this
study. Eleven release categories were
employed which resulted in a 21 by 11
matrix representation.

Site consequence analyses

The work in this area employed an
updated version of the WASH-1400
CRAC code. The update included provi-
sions for varying plume direction over
lime and and for varying the direction of

evacuation to account for local iranspor--

tation networks. Basically, the work in-
volved an elaborate computer model,
using Monte Carlo simulation to relate
each release category 10 tha likelinood of
varying degrees of damage. Damage
wa: measured using five health effects,
foremcst of which was eariy fatalities.
Five separate mairices were developed,
one for each heaith effect.

External events

The treatment of external events in the
Zion Study invoived consicderation of
seismic events, fires, floods, 1ornadoes,
aircraft crashes and other similar events.
Scoping considerations showed that only
seismic events and fires warranted ex-
tensive treatment. Fires in turn were
shown to have an insignificant impact on
risk at Zion. Seismic events were not
easily dismissed and the analysis tech-
nique is of interest. Basically, the analy-
ses involved an assessment of the seis-
micity of the site, including uncertainty,
an assessment of the fragility of plant
structures and canpomntt mdu vari-
ous seismic accelerations, | un-
certainty, and the formulation of
expressions for coremelt scenarios and
release categories given failura of struc-
tures and systems. Then, using probabil-
istic arithmetic, the seismicity and fragili-
ties were combined through the Boolean
logic to arrive at frequenc.es for various
release categories including uncertainty.
This data could then be factored directly
into the work described previously by
modifying the matrices as appropriate.

year,
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Risk integration

Risk integration essentially took the form
of a matrix mumpucat on operation. It led,
concagiualy, to a tat'e similarto Table 1
but one in wmcn the d.screte values were
replaced by distributions to include un-
certainty. One such table can be derived
for each health effect in principle. In reali-
ty, curves of the form of Figure 2 were
generated and prasented as results. Fig-
ure 3 is 2 samrp'e of those resyits show-
ing the early fatalities curves. The curves

mmmumgmmmmuto-
per reactor year of operation.”

In assessing the risk, one of the tasks is
to identity the dominant contributors to
that risk. In the case of Zion, three events
out of the tens of thousands considered
dominate risk. In decreasing order of
importance they are:

1. Seismic induced core meit.

2. The double rupture failure of the disks
on two, series, motor-operated, normally

POWER ENGINEEFING / JANUARY 1982
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closed gate valves betwoeen the Reactor
Coolant System and the Mosidual Heat
Removal System,

3. The total loss of all onsite and offsite
mmmmmraim

containment buiiding. Such a failure is not
expected 10 occur for at least 12 o 14
hours after the event.

An additional perspective on the Zion risk
can be obtained by superimposing the
WASH-1400 risk curve and the original
NRC perception of Zion on the resuits
shown earlier for early fatalities. Figure 4
illustrates this perspective. Note that the
Zion 50% curve, labelled 0.5, is com-
parable to these other two 50% curves.

Mitigating features

As requested by the NRC, a detaied
evaluation of new features to mitigate the
effects of core melts was made. The Zion
Study carefully considered the following:

1. Core ladles to retain the moiten dabris
after reactor vessel failure thereby pre-
venting failure of the concrete basemat.

2. Filtered vented containment sysiams
to filter and release post-melt contain-
ment steam and gases thereby prevent-
ing an aver-pressure ‘alure of the cbn-
taniment building.

3. A modification to the existing diesel
driven containment spray system 10 per-
form the same function as the filtered
vent without any releases.

4. Hydrogen control systems.

able standard, pose an undue public risk.
The effectiveness of new mitigating fea-
tures is, at best, marginal at Zion and
Zion should not be singled out for further
consideration of such features.

Beyond this obvious set of responsive
conclusions to the onginal NRC interest, i
the Zion study can provide Common-
wealith Edison with an ongoing resource
for training, evaluating plant modifica-
tions, evaluating changes in technical
specifications, and avaluating designs for
future plants. Future uses of the study
are currently under scrutiny. However,
Commonwealth Edison has gained a
much deeper insight into Zion Station as
a result of this study. This zlone has
prompted considaration of simiar studes
on cther Edison nuclear plants.

Finally, we must ackrowledse a point
made in the German risk study. We are
evaluating extremely rare events. We
have shown that to be the case. Howev-
er, the degree of e“ort expended and the
fact that we discuss such even's tends o
have a reverse impact. There are those,
who, seeing the subjects addressed in
print, automatically ignore any perspec:
tive offered and elevate these rare
events, consciously or otherwise, inte the
reaim of everyda, hapzenings. This is
unfortunate and w. have no ready-made
solution to the preblem. However, it is
hoped that the detail and candor in the
Zion study and the perspectives offered
will overcome this tendency ‘or the ma-
jority of readers. ENO
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