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ENCLOSURE 1 QUESTIONS

Summary of ACRS Review Questions and Comments
on the Zion Probabilistic Safety Study (PSS)
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11. METHODOLCGY AND EXECUTION OF THE ZION PSS

11.1 Comments on Propagation of Uncertainties

(1) The implication of section 0.13 that a systematic methodology for
generating uncertainties was used throughout the study is somewhat
misleading. It suggests a possible disconnect between the methodo-
logy authors of section O and the engineers who actually arrived at
the probability distributions assigned to the various branch points
of the accident sequence. This seems especially true in the case of
the containment matrix. (ANL, Sec. 2.1).

Response

We disagree with this comment. It is our position that systematic
development of uncertainties is pursued in the Zion PSS. Due to the
natures of the various analyses and subjec® matter being analyzed, the
tools for establishing uncertainty varied. This does not imply a
“"disconnect." In fact, the authors of section were deeply involved
with the establishment of uncertainty in all pt:;es of the work, includ-
ing the containment matrix.
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I1. METHODOLOGY AND EXECUTION OF THE ZION PSS

I11.1 Comments on Propagation of Uncertainties

(2) Using the point estimate of risk to rank the release categories for
which uncertainty calculations would actually be performed suggests
two questions: First, were the aforementioned dominant categories
the same for all risk measures? Second, would another ranking indi-
cator, e.g., uncertainty in risk, lead to the same ranking. With
this latter measure, the release category that contributed most to
the uncertainty in risk would be ranked number one and so forth.
Although, the answers to these questions may well support and vindi-
cate the calculations actually performed in the study, we did not
find any indication that these questions were addressed. (ANL, 2.1}

Response

First, with respect to the performance of uncertainty calculations, the
release categories were not “ranked" as such. What was done, simply, was
that all those release categories which were significant, either by
virtue of frequency of occurrence or by virtue of severity (i.e., by
contribution to any of the five damage indices) were given a full uncer-
tainty treatment. Those categories whose contribution to the final
curves was insignificant were not. That is all there is to it.

Second, the question seems to be asking whether a release category which
is a small contributor to health effects frequency on the basis of mean
value (i.e., mean frequency) could be, nevertheless, a large contributor
on the basis of uncertainty. This actually cannot happen numerically,
especially with our "logarithmic type" probability curves, since any
sizable probability area on the high end of the scale will necessarily
pull the mean value up and make it significant also. Thus, the release
categories which dominate on the basis of mean freguencies also dominate
when uncertainty is considered.
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Third, on the general matter of adding probability curves, the situation
is very comparable to adding a string of ordinary numbers. If there are
some small numbers in the string which, in aggregate, do not affect the
sum (to the level of round-off of the result) ther in engineering par-
lance, we say that these small numbers can be “neglected” in the addition
operation. However, they are not “neglected” in the sense of "negli-
gence." In fact, we could argue that they are actually included. They
just do not affect the result. The situation in adding probability
curves is entirely analogous. Those curves which do not affect the final
result curve can be omitted in the numerics.

Fourth, in the Zion calculations, a single release category, 2R, was the
major contributor to all health effects. This category had both the
highest mean frequency and also the largest uncertainty. The major
source of 2R releases was seismically initiated melt sequences.
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J1. METHODOLOGY AND EXECUTION OF THE ZION PSS

I11.1 Comments on Propagation of Uncertainties

(3) Review of the phenomenology associated with the containment matrix
event trees has led to some question as to whether the probabilities
assigned to the branch points were in some cases optimistic with
respect to both value and uncertainty rarge. If probabilities and
attendant uncertainties assigned to these branch points have been
optimistic, short cuts used in asses 'ng the uncertainty bands may be
invaiid. In many cases with respect to the containment matrix, it
appears that the treatment was such that no uncertainty vaiue was
assigned. Specifically, uncertainties in branch points having 1-E or
E probabilities were ignored -- obviously this is only justified if
the confidence that is implied by assigning these probabilit..s is
justified. (ANL, 2.1)

Response

It is our position that the split fractions assigned to the branch points
of the containment event tree are not “optimistic". They represent best
estimate values and uncertainty has been applied, as noted, for all but
the 1-¢ or ¢ split fraction assignments. In these cases, the split

frac- tion is used as a "place keeper" to insure that a consistant
treatment of the event tree occurs. Such usage occurs where we are very
certain that a branch will or will not be followed. The certainty in
these cases derives from both the phonomenological evaluations in section
3 and the sensitivity studies and best estimate transient analyses in
section 4,

High confidence was placed in the ¢ probability assignments. This was
because while the physical parameters (pressure, temperature, etc.) of
the accident sequence phenomenology may have fairly large uncertainty
bands, the reference levels (containment failure pressure, hydrogen flame
temperature criteria, minimum levels of water for debris bed coolability)
were not approached in these cases. As a further check, sensitivity runs
have been made on the value of . In the base case,  was 1074 in



most cases. The internal risk of the plants is not changed significantly
until ¢ nears 10'2. These runs were done with the change in ¢

applied to all the ¢'s and then multiplied together without any monte

.. *10 or other techniques used. Thus, uncertainties in physical para-
meters were followed and incorporated, but their impact was small.
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state of knowledge in order to be "pessimistic” and take literally all
the statements contained in Reference 0.17. Besides, the real question
is whether it would impact on the result in a significant way. Given
that most of these generic distributions are specialized using Zion

specific d>ta, the effect of the use of 25/75 versus 20/80 is indeed
insignificant.
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11.2 Comments on Data Analysis

(2) The WASH 1400 bounds are not consistently used as the 20th and
80th percentiles. Easterling has written a few words on the treat-
ment of “he V sequence, a dominant sequence in the Zion and many
other stuuies, and has shown that the sequence mean changes about
four orders of magnitude depending on whether the WASH-1400 para-
meter bounds are used as 5th and 95th percentiles, or as 20th and
80th percentiles, a choice that seems to be highly subjective if not
somewhat arbitrary. If this choice is arbitrary and if the Easter-
1ing calculations do reflect what was done in the Zion study (it is
not always easy to tell), then one must conclude that the methodo-
logy allows one to get any answers one wishes within the four orders
of magnitude. (JH, p.6)

Response

There is an old saying to the effect that consistency is the hallmark of
mediocre minds. The point of this is that consistency itself is not
necessarily a virtue; it depends on what we are consistent about.

In the Zion study, we have tried very hard to be consistent about using
our brains and our good engineering judgment; about thinking through
each situation rather than mindlessly using mechanical formuias or
routine computer programs.

In particular, in the use of Bayes' theorem to quantify our state of
knowledge regarding component failure rates, we have consistently used
the prior distribution to encode our state of knowledge based on all the
information we have except the specific operating experience of the Zion
plant. For most components (but not all), we used as prior the distri-
butions given in WASH-1400, stretched so that the 5th and 95th percen-
tiles became 20th and 80th percentiles. We did this everywhere the
resulting distribution reflected our state of knowledge. Where it did
not, we of course did not use the 20-80 process. To do so would have
been inconsistent and would have sacrificed the fundamental meaning of
our Bayesian approach in order to adhere to a mechanical recipe.



What Easterling has done in his few words, is to produce a dramatic
example of a well known fact; namely that if one has a probability dis-
tribution, say for a quantify ,, on a log scale, and if one broadens
the distribution, then the mean of the distribution will change substan-
tially. This is because on a log scale, the mean of the curve is
entirely dominated by the high side tail. The rest of the course has
essentially no impa.. on the mean. In particular, Easterling's example
shows that if one is interested in the mean of lambda squared, the
sensitivity is even stronger so that a change from 5-95 to 20-80 can
give a change four or five orders of magnitide in the mean, even though
the change in the overall appearance of the curves is rather small
(“seemingly innocent" as he calls it).

We are, therefore, grateful to Easterling for providing us with this
example to help us communicate a point we have been preaching for the
last few years to anyone who would 1isten; namely, that the mean is a
very nonrobust parameter of a probability curve on log scale and, there-
fore, is very unsuitable for use in risk comparisons or risk goals.
Indeed, it is an unsuitable measure for expressing risk, period. We
therefore preach that one should look at the whole probability curve.
Any single parameter of the curve, especially the mean, is misleading.
We need to learn to "think curves," and to regard "risk" as being quan-
tified and expressed by the whole curve. From this point of view, an
innocent change remains an innocent change.

For additional details concerning the V sequence and its quantification,
see response to Question II1.3(4) and NRC Estimation Methodology
Question 6.



11.3 Cowments on Human Error

(1) There appears to be a somewhat arbitrary decision to assign the
10/90 percentiles in matching the lognormal distribution to human
error rates. The 20/80 percentiles were chosen to represent equip-
ment failure rates. Our ignorance of human error rates exceeds our
ignorance of equipment failure rates. Therefore, assuming the 20/80
choice to be correct for equipment failure, the choice of the 10/90
percentile band for human error rates appears to be optimistic and
counter to our present state of understanding. The matched distri-
bution should be broader than the analogous equipment distribution,
i.e., it should be matched using, say, a 30/70 choice. Obviously,
whatever choice is made should be defended with stronger arguments
than are now provided. (ANL, C 2.3)

Response

There is a misunderstanding here in the sense that the reviewers talk
about the choice of 20/80 and 10/90 pairs regardless of what the actual
expert opinions are. While it is true that we know less about human
error than we do about equipment failures, it is also true that the
authors of the Human Reliability Handbook were very careful to reflect
this uncertainty in the upper and lower bounds. Consequently, we did
not feel that we had to stretch their distributions as much as those of
failure rates. The process that we followed in deciding what distribu-
tions to use was the same as that described in our response to

uestion 11.2(1).



11.3 Comments on Human Error

(2) The treatment of dependence appeared to be optimistic in predicting
collaborative operator failure rates. We recommend human error

experts be consulted. (ANL, 2.3)

Response

We disagree with the comment. For more extensive discussions, refer to
our response to enclosure 3 questions "Human Reliability Analysis".



11.3 Comments on Human Error

(3) High stress situations are stated as being handled on a case-by-case
basis. Several obvious questions should be answered: (1) What is
the general basis for handling individual cases? (2) What is the
impact of high stress situations on the results of this study? (3)
Where and for what events is high stress behavior most critical? (4)
How do high stress operator failures rates used in this study compare
to low stress failure rates? (ANL, C 2.3)

Response

1. The general basis is to employ the basic values in the Human Reliabi-
1ity Handbook and, as appropriate, to adjust these values to account
for available information, available time, the extent and nature of
operator training and drills, and other pertinent factors that may

apply.
2. The impact of such situations is very minor.

3. The judgement of what constitutes "most critical” will vary from
individual to individual. None of the situations examined had any
major impact on risk. Human error on the switchover to recircultion
cooling for large LOCA initiators can be judged as one of the more
important factors in core melt frequency. Due to timing, this is
judged to be a high stress situation.

4, A general comparison is not felt to be germaine due to the variety of
factors involved in various specific sequence evaluations.



11.3 Comments on Human Error

(4) Finaily, the report states on p. 1.3.3 "While errors on commission to
misunderstanding of correct or mostly correct indications (as at
TMI-2) are not explicitly modeled, it is felt that the above approach
on human error accounts for such events.” Upon what is this feeling

based? (WCL, p.5)

RESEOYISC

In each event tree, long term cooling requires at least one successful
human action. We view failure at that point in the event sequence quite
broadly. It includes not only failure to follow identified procedural
steps but also errors of commission due to misinterpretation of plant
conditions which interfere with otherwise successful core cooling func-
tions (e.g., Section 7.3). Our viewpoint is implemented by first assign-
ing median human error rates based on most 1ikely plant conditions and
instrument displays. Then we consider the potential sources of variabi-
lity along any particular accident sequence in assigning uncertainty
bounds around those median human error rates. Because of possible vari-
abilities with respect to exact plant conditions, inst:ument performance,
confusion (i.e., the range of events competing for the operators' atten-
tion), and average operator capability, we usually assign broad human

error uncertainties.
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11.4 Comments on System Modeling and Simplification Procedures

(1) As with other studies, the Zion study team turned to event trees and
fault trees for cataloguing accident sequerces. However, their use
of event trees is somewhat different. They have chosen to carry
several support system faults (e.g., AC bus failures) in the event
tree. Such an approach limits the number of support system failure
states that can be explicitly modeled, and which ones are modeled is
decided by the analyst based usually on a probabilistic argument.
Such simplifications result in models that have limited utility for
future studies. (JH, p.5)

Response

Commonwealth Edison has found that this modeling approach has led to a
study that is very useful, from a utility's standpoint, as a long term
tool for a variety of purposes. It was never our intent to develop
specific models that would be directly applied to future studies of other
plants. In fact, our review of such models, to date, leads us to the
conclusion that they are very difficult tr se without extensive PRA and
computer resources which may not be ava. able to utility users.
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11.4 Comments on System Modeling and Simplification Procedures

(2) The fault trees also were treated in an abbreviated manner by drawing
front 1ine systems in block diagram form and deriving simplified
trees to identify important cut sets. Such treatments require many
subjective judgements by the analyst and are thus difficult to review
and difficult to draw insights from (JH, p.5). There was concern
that these simplifications may invalidate the study. (WCL, p.6)

Resgonse

The bLiock diagrams do not require any subjective judgments; whereas, very
detailed fault trees do. We are surprised that the reviewers felt that
the block diagrams were difficult to review. We believe that is the
merit of developing block diagrams; i.e., ease of communication. The
comment that these "simplifications” may invalidate the study is very
strong and should be backed up. As it stands, all we can say is that it
is not true.



11.5 Systems Interactions and Common Cause

Related to the above concerns is the problem of not-so obvious system
interactions such as water in air lines, that were missed because the
analysis was not carried out in enough detail. (WCL, p.3) Interactions
between systems that are not connected but which can influence each other
upon failure were not systematically treated, nor is there consideration
of the potential for the adverse influence of cascading effects

(PD, p.5). What assurance is there that the above concerns will not nave
a significant impact on the results of the study when they are addressed?

Instrument Air Systems were not modeled. Is instrument air used in
safety system actuation? (WCL, p.5)

ResEonse

Problems such as water in air lines generally lead to system instabili-
ties that can initiate plant transients. They are imbedded in our ini-
tiating event data and no effort to segregate them for separate analysis
was made. The physical plant was examined to identify significant poten-
tial for flooding and other cascade damage effects. None were identified
that would be expected to occur with higher frequency than the seismic
effects quantified in the study.

Instrument air is not used in safety system actuation at Zion.
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11.6 The "Other" Category

What assurance is there that the "other" category indeed includes all
events not analyzed and properly identifies their probability and conse-

quences? (WCL, p.5)

K.sponse

Obviously the category “other" provides no "assurance” that “all" events
not analyzed are included. We have used the category “other" as a think-
ing device to cause us to pause, after doing our analysis, and reflect on
what might have been omitted. As a result of this reflection, the
analyst can use the category to make an allowance for what may have been
omitted in his judgment, taking account in this judgment of what he knows
about the system, of the degree of thoroughness of his analysis, the
experience of the industry with this system, and of the evidence that
scenarios or failure modes not otherwise in his analysis have/have not
previously occurred. In this regard, such usage is superior to ignoring
the issue and it does reflect an honest, subjective effort to close the
"completeness gap".



ITI. PLANT ANALYSIS

I11.1 General

(1) Do the event sequences (P. 1.5 - 183) include the out-of-service
conditions permitted by Technical Specifications? (WCL, P.6)

Response
Yes. Unavailability due to maintenance and other technical specification

limited activities are included in system fault tree and plant event tree
quantifications.
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I111.1 General

‘ (2) In Table 11.4-12 the variances listed for the Zion plant specific
events indicate the distributions are quite narrow whereas the PWR
Population Generic variance indicate broad distributions for Initiat-
ing Event Categories 7, 8, 1la, and 13a. What effect do these broad

‘ distributions have on the final conclusions of the Zion PRA? (WCL,
p.4)
| Response

The reason for the narrow variances of the plant specific distributions
is that the plant specific evidence is strong for these events i .
these events occur frequently--see Table 11.4-11). In cases such as
this, the evidence dominates; the posterior and the breadth of the prior
are of no significance for the final results.
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[11.2 Specific Systems

(1) HPIS

The failure rate for HPIS seems very low; the Zion PSS used a median
value of 1.2 x 10"? (2 of 3 pumps) in Table II 4-15. The condi-
tions and requirements assumed don't seem to explain such a large
difference. Similarly, for small LOCAs, the corresponding HPIS
differences are 5.8 x 1077 (one of four pumps) for Zion vs B. x

10’3 (one of these pumps) for Surry. (PD, p.6)
Response

A review of the HPIS analyses in section 1.5 will reveal additional
information on the derivation of the specific values. Commonwealth
Edison has not made and does not intend to make detailed comparisons
between the Zion PSS and other studies.
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111.2 Specific Systems

(2) Engineered Safety Actuation System p. 1.5.3.2

The report states: "This analysis is carried out under the following
assumptions: The system is in its normal operating mode prior to the
initiating event." Since the ESF systems are in standby mode, how
can it be justified that no operational errors have been made prior
to actuation of the systems? (WCL, p.8)

Resgonse

The statemeant quoted is intended to indicate that the system is assumed
to be in a standby (ie nonactuated) mode prior to demand. The failure
causes for the system and their quantification are presented in detail in
section 1.5.2.2.3 (Volume 3)
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I11.2 Specific Systems

(3) Reactor Protection System Breakers

The report places great emphasis on using Bayes' Theorem to fold in plant
specific data and considers this procedure as being conservative. But,
is it conservative to take plant specific data which shows poorer perfor-
mance thanr generic data, fold it in with generic data, and then use the
result? As an example, the Zion data for the RPS Breakers shows

5 failures _ -3
m 8.2 x 10 /demand

for a point estimate. Un page 1.3-32 the unavailability of K-2 is that
of scram breakers, wiring, and the CRDMs themselves:

Mean: 1.8 x 10°% (failure per demand),
8

Variance: 5.2 x 107",
Should selected plant specific Zion failure data have been used in the
study without folding it in to generic data to obtain a more accurate
measure of the risk at Zion? How many other Zion specific failure data
values have been folded in to obtain lower failure rates than that repre-
sentative of Zion? (WCL, p. 5&6)

Response

To respond to the first part of the question concerning the reactor trip
breakers and event K-2, page 1.5-306 indicates that the value for a
reactor trip breaker failing to open on demand is 9.79 x 10'3 (mean
value). This value is higher than the value quoted above which is
obtained by simply dividing the number of failures by the number of
demands. This instance shows the true value of including plant specific
evidence with a generic prior distribution (in this case, a mean value of
2.9 x 10'4). To take this result and say that the unavailability of

K-2 is much less (1.8 x 10°%) and that K-2 includes scram breakers

wiring and the CRDOM themselves indicates a lack of understanding of the
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RPS for Westinghouse PWRs. While it is true that K-2 includes the compo-
nents described above, the breakers and logic are not single failure
contributors. The Zion RPS logic (which includes the breaker and wiring)
is arranged in a one-out-of-two configuration. That is, if either logic
channel actuates its associated reactor trip breaker, the logic function
has veen completed. The details of the quantification of the RPS are
presented in Section 1.5.2.2.2 of the ZPSS.

The question is answered in more general terms as follows. As the ques-
tion says, the Zion report applies Bayes' theorem to combine generic and
plant specific data. This is not considered a conservative procedure but
an accurate procedure for reflecting our state of knowledge in light of
both kinds of evidence. The problem that concerns the questions, that
the plant specific performance is poorer than the generic, takes care of
itself. That is what Bayes' theorem is all about. If the plant specific
evidence is strong, it will overwhelm the generic in the Bayes' theorem
calculations. If it is not strong but suggestive, Bayes' theorem will
weight it exactly appropriately.
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I11.2 Specific Systems

(4) Trip Relay Failure

The report states: “Altnough the relays for a particular scram are
arranged in parallel, diversity of scram signals requires coincident
failure of two or more relays in series.” The previous statement is not
stated correctly. The relay contacts aregarranged in parallel. Both
contacts must open to open the scram string. If redundancy is claimed in
the contact functions, then two sets of parallel contacts in series must
fail to induce system feilure. How does one conclude that functional
redundancy exists? Does functional redundancy exist for all accident
sequences? (WCL, p. 6)

Resgonse

The trip relays deenergized by a particular scram signal are arranged in
parallel. Both relays, rather than both relay contacts, must open to
open the scram string. Failure of a single relay to open on demand could
result in scram failurc if this is the only relay set demanded to open.
Diversity in scram signals for the different initiating events of inter-
est results in at least two sets of parallel relays being demanded to
open. Failure will result if at least one relay in each parallel set
fails to open.

One concludes that functional diversity exists by constructing a matrix
of initiating events versus scram signals actuated (expected). This was
done very early in the ZPSS by the PRA analysts and the plant staff,
Based on this exercise, it was determined that, for the initiating events
analyzed in the ZPSS, at least two diverse scram signals will be deve-
loped in all cases where the reactor trip function is required.
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I11.2 Specific Systems

(5) Case 1: Failure of Power at Bus 147 p. 1.5-193

The report states: “If no safeguards actuation signal is present on
either unit, which breaker first receives a closing signal is determined
by the relative speeds of the bus undervoltage sensing relays.” What
this means is that if measurements were to be at Zion today, diesel
generator O would be preferentially aligned with either Unit 1 or 2 each
time there was loss of offsite power depending on the adjustment of the
undervoltage relays. This preferential sequence would always occur
unless the settings of the undervoltage relays were changed. Therefore
there is not a 50% probability that diesel O will align with Unit 1. If
the undervoltage relays are set such that diesel 0 automatically aligns
with Unit 1. If the undervoltage relays are set such that diesel 0 auto-
matically aligns with Unit 1, this alignment will always occur until the
relay settings are changed and this p=1 for Unit 1 and p=0 for Unit 2

diesel 0 alignment. (WCL, p. 6)

Resgonse

The reviewers are correct that if measurements were to be taken at Zion
today, diesel generator O would be preferentially aligned to either

bus 147 or bus 247, depending on which set of undervoltage relays
operated first. However, the use of a 0.5 probability for the alignment
of this diesel generator to Unit 1 correctly accounts for its operation
in the context of the study. The 4,160V bus undervoltage relays are
tested and calibrated annually during each refueling outage. The relays
on bus 147 and bus 247 are adjusted during the respective unit refueling
outages, approximately 6 months apart. Therefore, although one set of
relays will certainly be aligned for the preferential operation of diesel
generator 0 today, we cannot be sure that this will be the same 6 months
from now. The Zion Probabilistic Safety Study evaluates the response of
the Zion units to initiating events that may occur randomly in time over
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the life of the plant. In this context, for a given loss of offsite
power event, our state of knowledge about the alignment of diesel
generator O is evenly split. We know that it will certainly be prefer-
entially aligned to one of the buses. However, we do not know which bus
that will be and, without more evidence, must assign an equal probability

to each.
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I11.2 Specific Systems

(6) Auxiliary Feedwater

Auxiliary feedwater system in the Zion PSS has an estimated failure
probability that is almost an order of magnitude better than that
estimated in WASH-1400 for the Surry plant. However, NUREG-0611
which included a comparisor of al1 AFWSs of Westinghouse - designed
operating plants, identified Zion as having an unavilability higher
than Surry. This principally stemmed form the Zion plant having 2
single manual valve at the condensate storage tank which is shared by
all three trains. The Zion study estimates that failure of this
value can be detected, diagnosed and manually switched over with a
probability of .993 (failure probability of 7x10'3). This appears
to be a large amount of credit for this complex series of human
actions.

In addition, the study apparently do.s not take into account the
limited sustainability of the steam supply needed for the operation
of the steam driven auxiliary feed pump. (PD p.5)

Resgonse

It is our position that the analysis in the Zion PSS is appropriate and
reasonable. Comparing this analysis with those done by others is valid
only if one assumes that the basic boundary conditions and postulates are
the same for all analyses. It should be recognized that the service
water system at Zion is the Class I source of auxiliary feedwater for
that plant. The switchover to this source of water is a well understood
action by Zion operators.

The 1imited sustainability of the steam supply can be accomodated to a
large extent by balancing flows and heat removal rates to keep the tur-
bine driven pump operable until appropriate recovery actions can take
place or unt’l continued operation is no longer an issue.
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IT1.3 Specific Sequences

(1) A problem with an ATWS sequence has beer reported by Buslik. The
human error probability of 0.004 was used that the operator would
fail to open as necessary block valve in the 20 to 10 minutes time
required following an ATWS. This, as he points out, appears
extremely optimistic. Buslik also suggests that human error prob-
ability of 0.64 to 0.95 may be more approgr1ate in which case the
ATVS core melt sequence becomes 5.8 x 10 ~ and therefore an impor-
tant sequence. This should be reviewed more closely. (JH, p. 7)

RESEORSE

Core Melt Due to ATWS

The reviewers correctly point out that the peak pressure following an
ATWS occurs in about 2 minutes rather than 10 minutes as modeled in the
study. However, we disagree strongly with their use of the Handbook of
Human Reliability Analysis to requantify the necessary operator action.
Furthermore, as stated in the Zion study, the ATWS analysis included
overwhelming conservatisms. We have now revised that analysis and the
changes are included as Attachment 1. Some of the more important changes
are addressed in the following comments.

First, we address the reviewers' use of the Handbook. They use

pages 17-20 and 17-24 which provide human error rates for the time imme-
diately following a large LOCA and generic performance rules to be used
in the absence of more specific information. In the large LOCA situa-
tion, human reliability is modeled as low (typical of very high stress)
“not only because of the stress involved, but also because of a probable
incredulity response. Among the operating personnel the probability of
occurrence of a large LOCA is believed to be so 1ow that, for some
moments, a potential response would Tikely be to disbelieve panel indica-
tions. Under such conditions it is estimated that no action at all might
be taken for at least 1 minute and that if any action is taken it would
likely be inappropriate.” (p. 17-9 of the Handbook)
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This description does not apply to the ATWS case. First, all operators
we have observed and interviewed respond to plant trip signals by imme-
diately checking for turbine-generator trip (and decreasing load) and
reactor trip (rod bottom 1ights). This is an almost automatic or “second
nature” response with nc hesitation (incredulity response) about complet-
ing those actions (trip the turbine-generator if it has not tripped, trip
the reactor if it has not tripped, and carry out the required actions to
shut down the reactor if reactor trip fails). Also, even though ATWS is
hypothesized to have potentially severe effects, operators do not seem to
be as "nervous" about it as about a large LOCA. The stress level would
not immediately be especially high. Second, as clearly laid out in the
recirculation system analysis, three reactor operators (ROs) are in the
Zion control room at all times. One is assigned to each unit's panel and
the third, the center desk man, immediately responds to the unit in
trouble. So even in the first 2 minutes, two operators are available to
support the ATWS. The shift engineer (SE) and shift technical advisor
(STA), both SROs at Zion, may also be involved within the first

2 minutes. At least one of the two must be in the control room; say he
is the STA. Then the SE is most likely there, but may be in an adjacent
area or anywhere else in the plant, perhaps as far away as the switchyard
or the forebay of the cribhouse. From discussions with plant operators,
we believe the following discrete probability distribution is a reason
able model of the mean response time for the SE to arrive in the control
room:

Time for SE to Reach

Control Room (minutes) Probability
0 0.80
0-1 (0.5) 0.10
1-5 (3) 0.08
5-20 (12.5) 0.02
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Let us break the human response into two components: recognizing the
failure to trip, and performing the required actions to protect the
plant. In the recognition phase, it is only necessary to observe the
presence of a trip condition and no actual reactor trip; i.e., no rod
bottom 1ights. High readings on nuclear instruments reinforce this
observation. For this phase, we see little or no dependence among the
operators and model the situation as low dependence.

From the earlier discussion and the remarks on page 17-9 of the Handbook
for "second nature"” responses, it seems appropriate to consider the
stress level optimum. The basic human error probability for this situa-
tion is 0.003. Then for low dependence, the center desk man's human
error probability (HEP) is

1 +19(.003) _

50 0.05

Since the STA (and SE if he is in the control room) will not respond as
quickly and thus has less time to recognize the ATWS condition, we multi-
ply his HEP by 2; i.e., 0.1. If the SE arrives in the control room with-
in 1 minute, we again double his HEP to 0.2. Therefore, the total HEP
for failing to discover the ATWS condition is

.8[0.003 x 0.05 x 0.1 x 0.1] + .1[0.003 x 0.05 x 0.1 x 0.2]

+ .1[0.003 x 0.05 x 0.1] = 3.0 x 107®

After acknowledging very broad uncertainty in these results by assuming a
lognormal distribution and assigning a range factor of 20, the mean HEP
for recognizing the ATWS condition is 1.6 x 1077,

The first actions required of the operators, to manually trip the reactor
and the turbine, are of a routine or automatic nature. To quote the
handbook, "If personnel at a plant indeed have such frequent practice
that the tasks in question could be regarded as 'second nature', the HEPs
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assigned to the moderately high level of stress will not apply, as the
stress level will be closer to optimum." (page 17-9) We expect the
manual trip to be attempted immediately, before the real significance of
the ATWS condition is appreciated. Nevertheless, because the timing is
short, we double the basic HEP for the RO; i.e.. 0.006. Then for low
dependence, the center desk man's HEP is

1+ 19(.006) .
5 0.056

As above, we double this to 0.111 for the STA and the SE if he is in the
control room and double it again if he arrives within the first minute.
Thus, the total HEP for failing to initiate a manual reactor trip is

0.8([0.006 x 0.056 x 0.111 x 0.111] + 0.1[0.006 x 0.056 x 0.111

x 0.222] + 0.1[0.006 x 0.056 x 0.111] = 7.83 x 10°°

Assigning a range factor of 20, the mean HEP is 4.11 x 1073,

If the reactor still has not tripped, it is apparent to the operators
that a very unexpected condition exists. Despite their extensive train-
ing for this situation, we believe the operators will feel high stress
as they begin to carry out the ATWS emergency procedure. The first step
after attempting the manual trips of the reactor and turbine is to drive
in the control rods. If this action begins within 1 minute, it should
successfully terminate the ensuing pressure rise. Under these condi-
tions, we assign an HEP of 0.25 to the RO. The center desk man may be
closely working with the RO, so we consider this as a case of high
dependence with an HEP of

1 +0.25 _ 0.63
Because the STA and SE will be delayed in responding, probably until the
RO's concern is voiced, we consider them moderately dependent

1 +6(0.25) _ (357
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but double this value because of the time constraint to 0.71. Remember

though that the required action is simple. In fact, all the STA really

needs to do is say, "why aren't you driving rods?" and the event could be .
terminated. Finally, if the SE (or STA) is outside the control room, we

give him no credit in helping the situation. Thus, the total HEP for

failing to drive rods within 1 minute is

0.8[0.25 x 0.63 x 0.71 x 0.71] + 0.2[0.25 x 0.63 x 0.71]
= 8.59 x 10-2

If we assign a range facter of 10; i.e., the upper bound is 0.859, then ‘
the mean HEP is 0.23 for failing to drive control rods given that auto-
matic and manual trip have failed.

If the reactor has not been tripped and inward rod motion has not begun
within 1 minute, and if the pressure is successfully controlled by the
relief and safety valves, we rext look for reactor shutdown by manually

deenergizing power to the rods. Here, we assume high stress (0.25) for
the RO in deciding to carry out the action, complete dependence for the

center desk man (1.00), high dependence for the STA ‘
LA .y o

and moderate dependence for the SE

1 + 6(0.25)
e | 0.36

We neglect the SE if he has not returned within 5 minutes. Thus, the
total HEP for deciding to disable power to the rods is:

0.98[0.25 x 1 x 0.63 x 0.35] + 0.02[0.25 x 1 x 0.63]
= 5,87 x 1072

Assigning a range factor of 10; i.e., the upper bound is 0.59 and the
mean is 0.156.
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Finally, the procedure specifies that the RO send the equipment operator
("A" man) to trip the breakers locally. Although he is not stressed, we
double the basic HEP to 0,006 and the total HEP is 0.156 + 0.006 = 0.162.

Other important changes to the ATWS analysis include:

0 The fact that the Zion PORVs have been modified to prevent
leakage. The PORYV block valves are now kept open, so manual
action is no longer required for pressure relief,

0 The fraction of time the PORY must open to control the ATWS
pressure rise due to unfavorable moderator coefficient was
erroneously given as 0.1 when it should have been 0.01.

0 A new branch has been added to account for the fact that most
overpressure conditions will not disable the safety injection

system. Most now branch to the small LOCA event tree.

Results of the revised analysis show the ATWS contributions to core melt
and risk to be much smaller than calculated previously.
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I11.3 Specific Sequences

(2) The second area which has been pointed out by Kolb (8) is the credit .
given for spray injection given a core melt due to recirculation
failure following a LOCA. This credit is given on the basis that
100,000 gallons of water will remain in the Refueling Water Storage
Tank (RWST) when switch over to recirculation from injection occurs. ‘
Tis injection water provides another source of water to insure spray
operation and reduce the probability of containment failure. The
procedures we have indicate that an injection spray pump will be left
on until the RWST is emptied and we have found no LOCA procedural ‘
steps for refilling the RWST. Thus, the RWST may be depleted of
water when needed during core melt for containment protection. This

could impact significantly the plant damage bin probabilities and
perhaps the risk. Again, this has the character of providing credit

for operator action beyond that which is typical of PRAs and there-
fore may deserve further review. (JH, p.7)

Response

Please refer to our response to enclosure 3, "Systems Analysis",

question 1.
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I11.3 Specific Sequences

(3) A Thiid accident sequence, .tation Blackout due to a LOP transient,
is a dominant contributor to risk. The calculation is or has been
pursued by Buslik, Far 1ing, and Kolb. The questions arising have
to do with several factors, including the treatment of the increasing
trend in the unavailability of the turbine-driven pump, the appro-
priateness of the LOP transient frequency prediction, and the onsite
emergency power restoration assumptions. Depending on the way some
of these are treated, the mean for this sequence could be approaching
two orders of magnitude higher than the study predicts. This also
deserves further invostigation (JH, p. 7); as does the assumed quick
recovery of offsite power as the grid margin is reduced. (PD, p. §)

Response

First of all, we wish to acknowledge that the reviewers called our atten-
tion to errors in the loss of offsite power event tree model. We have
now revised that analysis and the changes are included as Attachment 2.

The new model is more complete in terms of tracking sequences involving
recovery from all electric power states. Along with correction of non-
conservative numerical and logic errors, we corrected the overly conser-
vative assumption that a seal LOCA leads to melt. With the recovery of
electric power, bleed and feed cooling with high pressure injection can
lead to success. It should be noted that the corrections lead to no
changes in release category frequencies or consequences. However the
following changes in plant damage state mean frequencies do occur:

A-37



Plant State 01d Frequency Revised Frequency

SEFC 7.41-6 7.41-6
SEF 1.28-9 1.30-9
SEC 1.76-8 1.80-8
SE 6.53-10 4,50-9
SLFC 1.91-5 1.91-5
SLF 4.76-9 4.79-9
SLC 1.93-6 1.93-6
SL 1.25-8 1.26-8
TEFC 8.43-7 9.13-7
TEF 1.61-9 2.14-9
TEC 9.32-7 9.54-7
TE 2.27-7 2.29-7
AEFC 1.75-6 1.75-6
AEF 1.87-10 1.87-10
AEC 8.23-9 8.23-9
AE 1.05-11 1.05-11
ALFC 9.76-6 9.76-6
ALF 7.27-10 7.27-10
ALC 3.98-10 3.98-10
AL 2.52-13 2.52-13
v 1.05-7 1.05-7

Please refer to our response to NRC Estimation Methodology Question 3 for
a discussion of the turbine-driven auxiliary feedwater pump unavail-
ability. Our responses to NRC Systems Analysis Question 11 and Esti-
mation Methodology Question 5 address the treatment of the loss of off-
site power initiating event frequency and the distribution for time to
r..over offsite power.
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111.3 Specific Sequence

4. There has also been concern over the low probability assessed for
the V sequence at Zion (1.17 x 10'7 per year) which is consider-
ably ess than at Surry (4 x 10'6) or Sequoyah (5 x 107%). A
difference in system design may not explain the differences (PD, p.
4). The large effect of treating the WASH -1400 bounds as 5/95 per-
centiles instead of 20/80 percentiles was mentioned earlier.

Response

1. The low value of the "V" sequence when compared with tnat calculated
in WASH-1400 is due to the following changes implemented by Zion in
response to NRC directives and major design differences between the
Zion units and the Surry plant analyzed in WASH-1400 and the Sequoyah
plant analyzed in NUREG/CR-1659.

a. Zion leak-checks both LPIS injection path check valves on all
four injection paths after every plant cold shutdown. This
' leak-checking removes from consideration the probability of chec:
valves failing to ciose after demand as both valves in each
injection path are verified to be closed during the leak-check.
This leaves only the rupture failure mode for the “V" sequence

comparison.

b. Each Zion low pressure injection path (refer to Figure 1.3.4.1-2,
p. 1.3-91 of the ZPSS) contains an additional check valve inside
containment which must fail (disc rupture) in order for high
’ pressure fluid to onter the low pressure portion of the LPIS.

¢. The high pressure-low pressure boundary is located upstream of a
normally open motor-operated valve outside the containment.
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d. Each injection path contains a flow 1imiting orifice to 1imit RHR
runout flow (flow into a broken RCS Toop) to 1,500 to 2,000 gpm.
This orifice should also limit the flow out of the containment in
the event of a "V" type event.

e. Each of two LPI cold leg injection paths contain a high capacity
(900 gpm) relief valve which discharges to the pressurizer relief

tank inside containment.

These plant design and testing featurec were analyzed in

Section 1.3.4.1.6.1 of the ZPSS and the results presented as the
"V" sequence for the cold leg injection path. For a valid compari-
son, this result should be compared to the WASH-1400 “V" sequence
analysis and the NUREG-CR-1659 analysis.

The dominant “V" sequence as presented in the ZPSS is a sequence not
previously addressed or analyzed in WASH-1400, NUREG/CR-1659, or any

PRA which existed prior to the publication of the ZPSS. This
sequence is the failure (by combinations of rupture or disc remaining
open) of the normal hot leg suction path to the RHR pumps. This path
contains two normally closed motor-operated valves. The details of
the analysis of this path are presented in ZPSS Section 1.3.4.1.6.3.
The discussion of the 20/80 versus 5/95 percentiles is presented in
the response to NRC question 6 under Estimation Methodology in
Enclosure 1.
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IV, CONTAINMENT ANALYSIS

IV.1 Assignment of Split Fractions in Containment Analysis

A barrier to review of the document is the lack of a clear correlation
between accident phenomena and the split fractions assigned to the branch
points in the containment event tree. The formal documentation and the
method of incorporation of the analyses performed in Sections 3 ard 4 to
substantiate the assigned split fractions in Section 2.0 is lacking in
detail. (ANL, C 3.0) Some of the problem lies in trying to lump pheno-
menological uncertainty with truely stochastic processes. (DP, p.1)

Response

An extensive effort was made, (including the provision of an example) to
describe the correlation discussed in this comment. We expect some
difficulty on the reviewers part since this entire approach is relatively
new and innovative.

The second part of the comment (DP, P.1) regarding uncertainty indicates
that the commentor has not read or does not understand material provided
which describes the framework for treating uncertainty, probability and
frequency. We suggest a review of section 0 might be helpful.

It was too time consuming and the report would have indeed been overly
large for us to have tried to document and correlate al: of the analysis
and reasoning in the assignment of the containment event tree split frac-
tions. Instead we wrote Section 2.5 of the Zion PSS to describe the
methodology we used for an important and representative path in one of
the containment event trees. We did go to the trouble of reporting and
documenting in Section 2.6 all of the probabilities assigned for the
thousands of paths of the trees along with all the other information one
would need to reproduce the containment matrix for internal events.
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In addition to the work provided in the report two papers have been
published that further describe both the containment event tree and the
methodology used to assign split fractions.1'2 We see no need to
expound further on the correlation or split fraction assigned until
specific points are questioned by those taking the time to pinpoint
relevant areas after reviewing and trying to understand the already ample
supply of information provided in Sections 2, 3, 4, and 5.

References:

1. W. 1. Toman and D. C. Richardson, "A Methodology to Evaluate and
Quantify the Mitigative Aspects of Containment Structure", Proceed-
ings of the International ANS/ENS Topical Meeting on Probabilistic
Risk Assessment, September 20-24, 1981, Vol. I, pp. 275-283, 1982.

2. L. A. Wooten, N. J. Liparulo, D. F. Paddleford, "Quantification of
Branch Point Probabilities for Class 9 Containment Event Trees",
Proceeding of the International ANS/ENS Topical Meeting on Probabi-
listic Risk Assessment, September 20-24, 1981, Vol. I, pp 284-292,
1982.
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1V.2 Core Melt Coherency

1) To what extent could the chemical heat 1iberated by the steam oxida-
tion of Zirconium reduce tre radial temperature gradient in the core
during meltdown and cause the process to be more coherent than
hypothesized in the Zion PSS  (DP, p.4)

Response

Section 3.1.2 discusses the incoherency of the core heatup process and
provides examples of the incoherency as Figures 3.1.2-1 through 3.1.2-3
for large LOCA, small LOCA, and transient core melts as calculated with
the TMI-2 HEATUP code which includes a model for steam oxidation of clad
and its associated heat input. In addition, analysis of a break in the
pressurizer vapor space using Westinghouse thermal hydraulic and fuel
rod computer codes indicates that the exothermic metal water reaction
tends to increase the radial thermal gradient in the core thereby lead-
ing to strong incoherencies in the core melt progression. The analysis
indicates that, at the time that fuel temperatures approach the melting
temperature (4000°F) in the central regions of the core, the hottest
axial region of the average fuel rod has not reached a temperature where
metal water reaction is significant (1800°F). The analysis also indi-
cates that at the point where approximately 10 percent of the core
volume is above the melting temperature, the lower power level fuel
assemblies which represent greater than 30 percent of the core volume
have not begun to undergo significant metal water reaction of the fuel
rod cladding.

Based on the results of this analysis, the exothermic metal water reac-
tion of the fuel rod cladding tends to enhance the incoherent core melt

progression.
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IV.2 Core Melt Coherency

(2) To what extent does the self 1imiting nature of the oxidation pro-
race yndar high-hydrogen partial pressures, molten silver alloy from
the control rods dissolving Zirconium cladding, ballooning of the
fuel rods, and the eudothermic formation of eutectics of Zr, ZrO2
and U02 cause the core melt process to be more incoherent than
predicted in the Zion PSS (ANL, C 3.1)

Resgonse

We believe many factors such as those listed contribute to a noncoherent
core melt. This is discussed in 3.1.2. We see no compelling need to
further address the contribution of each factor to the lack of coherency.
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IV.3 In-Vessel Steam Explosions/Spike

(1) Probability

The ANL Group was in agreement with the basic phenomenology 1imiting
in-vessel steam explosion as presented by the ZPSS authors; however,
recent experimental data available after the ZPSS was prepared shows
that, under the impact mode of contact, reproducible steam explo-
sions' can occur at elevated system pressure. It is suggested that
the authors of the ZPSS study evaluate this new data and its

impact. In addition, additional justification for the assignment of
=10"% as the split fraction for the 1ikelihood of breaching the
pressure vessel should be requested. (ANL, C 3.2)

RESEOHSE

Considering the voided condition within the primary system required to
initiate core degradation, a highly confined impact mode of contact has
no relevance to the reactor system configurations of interest. For
those sequences leading to substantial degradation, the only molten
fuel-water contact mode of significance is pouring of the molten debris
into the lower plenum. Consequently, this was the contact mode specifi-
cally addressed in the ZPSS analyses.
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IV.3 In-Vessel Steam Explosion/Spike

2. Steam Generator Tube Integrity

While the ZPSS method of calculation may be sufficiently accurate it
is important to obtain an assessment from the analyst of the effect
differences between the actual U-bend tubes and test conditions.

The following comments seem appropriate: (ANL, C 3.2)

A. How valid are the results when the pressure loading source is
dynamic

B. The dynamic pressure loading effects could be more severe on the
U-bend tubes as compared to the tested straight tubes

C. How valid is the flow stress correlation given in Ref. (2) of
the Appendix when it is applied to other materials not tested,

such as Inconel 600

Response iV 3 (2)A

In Reference 1, Mannii,.a states that “the essential requirement (for
cylinder design) was to determine the lowest value of the bursting
pressure, but the difficulty in this is that experimenters tend to get
erroneously high values because they raise the pressure too fast". It
is inferred that static pressure capability i< the more 1imiting consid-
eration.

Referring to Figure 3.1.6-7 of Reference 2, the pressure rise is only
230 psi in about 25 seconds. This is a comparatively slow pressure rise
and cannot be considered dynamic. It is also noted that the maximum
pressure in the figure is 2560 psi.
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Response 1V.3 (2)B

No, the pressure loading effects cannot be more severe on the U-bend
tubes than on the straight tubes. In the process of producing the
U-bends,, cold working of the material occurs and this increases the
yield strength of the tube. The burst pressure is proportional to the
flow stress and since the flow stress is a function of the yie'd stress,
the burst strength of the U-bend is generally higher than that of the
straight tubes.

Response 1V.3 (2)C

The flow stress formula expressed as a function of the sum of the yield
strength and ultimate strength has been correlated for many ductile
materials. It is noted that Reference 3 included four experiments using
Type 316 stainless steel.

Extensive burst pressure testing of Inconel 600 st=am generator tubing
indicates that the flow stress is, in fact, proportional to the sum of
the yield strength and ultimate strength of the material; the absolute
value of flow stress, of course, will be different for different
materials. Extrapolation of flow stress corresponding to different
temperature for a given material is valid when based on the ratio of the
sum of the yield strength and the ultimate strength at the respective
temperature.

References:

1. Manning, W. R, D., "Burst Pressure as the Basis for Cylinder
Design", J Pressure Vessel Tech., ASME Transactions, Volume 100,
November 1978.

2. Zion Probabilistic Safety Study, Volume 6, page 3.1 - 108.

3. "Investigation of the Initiation and Extent of Ductile Pipe
Rupture", BMI - 1908 Report, June 1971.
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IV.4 In-VYessel Cooling

The event tree defines the nodal question to be...Do the conditions
exist for in-vessel cooling of the core debris As noted in Section
2.5.1.5 several items are required for this to be true, they are:

(1) human intervention is required to provide a source of water, (2) a
heat sink, such as the secondary system, must exist as well as a water
return path, (3) the debris can be quenched and particle sizes are
sufficiently large tc allow coolability.

A. Heat sink and return path - The reflux mechanism cited, is cer-
tainly an effective heat removal method; however, if non-conden-
sibles (such as air or hydrogen) accumulate in the steam genera-
tor region, it will pose additional thermal resistance and
reduce heat transfer. We would suggest an evaluation by ZPSS of
the effect of non-condensible gases upon the reflux mechanism.

Resgonse

The Zion PSS does consider these effects. In short, the study concludes
that non-condensibles would occupy the upper portion of the tube bundle
leaving the lower portion, which would be cooled by feedwater, free to
participate in the condensation and reflux process. Also, the study
acknowledges the obvious, eg if the tube bundle is filled with non-con-
densibles, no reflux process will occur. Extensive evaluations of the
process beyond that in the study are not warranted for the purposes of
the study and will not be performed. The in-vessel cooling likelihood
does not affect the risk. (The retention of this node serves to alert
utility personnel to the possiblity of corrective action.)
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IV.4 In-Vessel Cooling

B. Debris Coolability - The pool boiling critical heat flux has
been chosen by the ZPSS authors fer evaluation of the in-vessel
coolability 1imit. The use of the critical heat flux limit is
valid only for particles greater than 4-6 mm in diameter at
atmospheric pressure. Based upon the possibility of small loca?
explosions producing much finer particles and the small parti-
cles dominating the coolability, the ZPSS authors should be
asked to reassess the choice of model.

Response

It is our position that the model is entirely correct. The chronologi-
cal location of the in-vessel cooling node is such that we are consider-
ing ir vessel cooling only prior to the release of molten mate~ial into
the lower plenum of the vessel. The potential for any significant
amount of material being involved in steam explosions prior to that
point (and certainly the potential for fragmention dominating cool-
ability at that point) is negligible.

The pool boiling critical heat flux was chosen to represent the quench-
ing of debris with an unknown configuration. It was fully realized and
discussed in the report that particle mixes smaller than a few milli-
meters can have dryout heat fluxes lower than the 1imit calculated by
the critical heat flux. However, with the reflooding mechanisms con-
sidered for a core substantially overheated and degraded, no substantial
particulation mechanism was discovered which would provide for such fine
particulation of the entire core material. As a result, the global
mechanism describing the hydrodynamic stability limit for quenching of
the debris was uscd and tnis mechanism was compared to pertinent experi-
mental results in:luding the quenching rates observed in the "B" loop
pump start in the TMI-Z accident. As illustrated in the report, this
formulation provided an accurate first order assessment of that
quenching rate.




No significant credit was taken for in vessel coolability. However
debris coolabi” ity in the water filled cavity is expected and was taken
credit for based on the tests described in Appendix 3.4.5 "Debris Bed
Experiments,”
neering. Coolable debris beds are expected for particles smaller than
the 4-6 minimum range in the vessel cavity based on the quantity and

and the January 1982 issue of Nuclear Science and Engi-

power generation expected in the debris deposited there. The above
tests and models such as Lipinski's can support this for a reasonable
range of particle size.
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1.5 Vessel Failure

(1) Considering the importance of the reactor vessel failure mode to the
subsequent analyses for short term containment pressurization and
long-term coolability, it would seem that a more exhaustive and
convincing analysis of bottom head failure would be in order. The
principal concern with the present analysis is with the realism of
the assumption that failure of the instrument tube weld will Tead
directly to ejection of the guide tube from the penetration. Mecha-
nisms which could prevent the tube from being ejected include:

a) interference due to differential thermal expansion, b) interface
pressure between the tube and vessel wall due to system pressure,

c) pressure welding of the tube to the vessel was, and d) resistance
to tube motion from external supports.

Considering the importance of understanding the expected mode of
reactor vessel failure it would be appropriate to review additional
information which needs to be provided for the containment. (ANL,
C 3.2)

Response

Two scperate and independent vessel failure analyses are contained in
the Zion PSS. The first of these is a "first principles” analysis while
the second is a more sophisticated analysis descirbed in Appendix

3.4.6. The conclusions of these analyses are the same. For the dis-
persive events, with significant residual primary system pressure, the
forces involved in expulsion, once the weidment is melted, are very
great. None of the mechanisms noted in the question could be expected
to have any effect on the process.
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The reviewer questions the assumption that failure of the partial pene-
tration weld will lead directly to ejection of the instrumentation tube,
and suggests the following mechanisms to challenge the assumption:

Mechanism Description
(a) Interference due to differential thermal expansion
(b) Interface pressure between the tube and vessel wall

due to system pressure
(c) Pressure welding of the tube to the vessel wall
(d) Resistance to tube motion from external supports

In response to suggested mechanisms (b) and (c), it should be noted that
the vessel has more compliance to pressure than the tube. In other
words, the tube is stiffer than the vessel. This being the case, the
pressure will tend to pull the vessel penetration radially outward away
from the tube. For this reason, mechanisms (b} and (c) will not take
pl-~e, and therefore cannot impede tube ejection.

In response to suggested mechanism (a), it should be noted that there is
an initial diametral clearance between the tube and the v.ssel penetra-
tion. This clearance averages 0.0025" according to the manufacturing
tolerance on the vessel drawings. In addition to the manufacturing
clearance, there will be some additional clearance due to pressure
effects already discussed in the preceding paragraph. Acting to take up
this available clearance is the differential thermal expansion between
the tube and the penetration which is (7.85 x 10'6 - 7.12 x 10'6)

(1.5) aT or 1.01 x 1076 aT inches, where »T represents the

difference between the ejection temperature and the temperature after
fabrication of the vessel. The weld material is considered to lose all
of 1ts shear strength when T = 2000°F, and the differentiz] expansion
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would then be 0.002". There is sufficient initial clearance to prevent
mechanism (a). In response to suggested mechanism (d), the instrumenta-
tion tubes are only supported by the thimble guide tubes, which are
slender and which also have a 90° bend. These tubes can give very
little resistance to tube ejection. The tubes are supported by angle
iron type of racks but they offer no resistance in the vertical direc-
tion from the interface between the instrument tunnel and the area under
the reactor.

The Inconel guide tubes for the in-core instrument penetrations has a
lower thermal conductivity than the carbon steel reactor pressure
vessel. As debris accumulated on the vessel wall, energy would be con-
ducted into the carbon steel wall as well as down the Inconel penetra-
tion stub. Since the carbon steel has a thermal conductivity about 3
times that of Inconel, the energy conducted down the stub would be
effectively lost into the BPV wall at the welded junction on the inside
wall of the vessel. This axial transmission down the Inconel rod heats
the weld faster than the one-dimensional conduction attributed to the
vessel wall and causes this local region of the vessel to expand as a
result of the temperature increase. Since the energy is more easily
conducted into the czrbon steel, the thermal transport path will be
short circuited at the weld and the net energy deposition will be into
the reactor pressure vessel wall which will see local temperature
increases faster than the Inconel penetration and will tend to grow more
than the Inconel tube.
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IV.5. Vessel Failure

(2) It was also thought 1ikely that more than one tube would fail lead-
ing to a net discharge orifice that is larger than the one assumed
in the Zion PSS. This would reduce the main driving force for the
dispersal of core debris in the pressurized (small LOCA) scenarios
and would cause them to 1ook more 1ike the unpressurized (large
LOCA) cases. (DP, pp. 4-5)

Response

Sensitivity analyses were carried out for more than a single penetration
failure and the analyses showcd that the resultant dispersion from the
reactor cavity was very insensitive to the assessment of how many local
failures were assumed. It should be noted however that the time avail-
able for simultaneous failures is extremely short since the discharge of
molten debris requires a time interval from a few seconds to about 10
sec. Consequently, the failure of additional ports must also occur
within this time frame to have any effect on the overall process. Also,
the radius ablated by the discharge of material encompasses at least one
other penetration, and as a result the calculation used in the ZPSS
effectively includes other simultaneous failures since the most 1ikely
site for an additional failure would be an adjacent penetration to the
initial failure location. The summatior of all this information was
used in employing the analysis of a single failure location for the ZPSS
as being more than suivicient to analyze the accident progression.
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IV.6 Core Debris Dispersion

(1) Given vessel failure for a small break LOCA by failure of an instru-
ment tube penetration, the authors predict a large fraction of the
core debris ejected from the vessel will be dispersed out of the
reactor cavity onto the containment floor. Although the ACRS con-
sultants agreed in general with the driving mechanisms, several
significant 1imitations were identified: a) the effects of crust
formation or. 1iquid surfaces, b) the interaction of molten core with
ex-vessel concrete resulting in substantial gas release (ANL,

C 3.4); (DP, pp. 7-8); instrumentation tubes running the length of
the instrumentation tunnel might create a blockage greater then
suggested by their cross-sectional areas. (DP, p. 6)

Response

The ACRS consultants raise several questions concerning the overall
progression of the melt after leaving the vessel. Such considerations
are exactly the reason why a containment event tree is used in analyzing
the progression of events for the ex-vessel states. In addition to the
containment event tree, several first-principle analyses were carried
out to deduce the likely progression of events for those sequences with
an elevated system pressure at the time of vessel failure. To carry out
these basic analyses, considerations of crust formation and liberation
were made, but given the rapid time frame of material ejection from the
reactor pressure vessel and from the cavity, very thin debris crusts
were calculated, i.e. sufficiently thin as to have no significant mecha-
nical strength. As a result, crust formation during the dispersive
phase of the accident progression were neglected.

Gas released from the concrete attack merely increases the net gas flow
through the reactor cavity and instrument tunnel region up into the
containment. As a result, such gas reiease would also tend to disperse
molten debris and would only augment the natural process. However, the
superficial velocities attendant to cuch concrete attack are orders of
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magnitude below those being released from the reactor pressure vessel
during the dispersion process, as a result, this was also judged to b: a
negligible contributor to the overall evant prugression.

Guide tubes for the in-core instrumert probes run through the instrument
tunnel and up onto the containment floor. These were considered by the
ACRS consultants to have some potential for impeding dispersion of the
molten debris because they occupy part of the flow area within the
instrument tunnel. Evaluating the cross-secticonal area occupied by
these tubes and their size effects supports, results in an area occupa-
tion of < 1 percent of the entire cross-sectional area. Consequently,
these would have insignificant influence as frictional wails, but con-
ceptually dynamic processes could occur where these could be torn or
distorted and forced into a porous plug of the instrument tunnel. This
is another reason why a containment event *ree is created to represent
those processes whereby dispersion forces would be insufficient tn remve
the material from the reactor cavity. As a result, the material wruld
remain in the cavity, and undergo quenching or concrete attack depending
upon the details of the accident sequence, i.¢. is water delivered to
the reator cavity on a continual basis.
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IV.6 Core Debris Disper.ion

(2) The part of the core that is not involved in the coherent portion of
the meltdown (50 percent as estimated in the Zion PSS) will eventu-
ally melt and leave the vessel without the dynamic forces associated
with the initial vessel failure. The Zion report seems to neglect
this remainder of the core which will not be dispersed (DP, p. 4)

Response IV.6 (2)

In fact, the core debris remaining in the reactor vessel after the
initial failure was considered in assessing the phenomenology important
in the determination of the containment response, and its effect was
also considered in quantification of the containment event tree and the
resultant contributions to the source terms.

Areas we considered most important related to the debris left in the
reactor vessl after melt through were: coolability of the debris in the
reactor cavity, steam and hydrogen generation and the effect of the
debris on the source term. Coolability is deemed to be likely for the
worst case of a large break event with failure of injection and the
after failure core debris coolability is encompassed by the arguments of
Section 3.2.13, 3.2.14, and 3.2.15. Section 3.2.12 specifically addres-
ses the debris disposition ror the two types of cases, total pour and
dispersion plus later pour. As for steam generation and hydrogen
generation these issues are also discussed in section 3.2.12 - 3.2.15.
Furthermore, section 4.2 discusses the assumptions made in the analyses
regarding additional hydrogen generation and steaming rates. Where
extra masses of hydrogen were assumed to Le produced the extra percen-
tage was determined from the entire core mass not just the dispersed
mass. Al1 of the analyses reported in section 4.3 take account of the
entire mass of core debris not just the dispersed fraction. Concerning
possible changes to the source terms, we note that the entire core with
all of its fission product inventory was used in determining the fission
product release (Section 5.4).
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IV.7 Presence of Cavity Water (Node J)

Node J asks the question whether water will be in the ex-vessel cavity.
The authors of the Zion PSS have assigned a probability of 1-E where E =
10—4 that water will be in the ex-vessel cavity. They state that this
is based upon a detailed evaluation of the plant design. The reviewers
were unable to find reference to che evaluation in the Zion report.
Additional detail is warranted. (ANL, C 3.5)

RESEOHSE

Refer to section 3.2.13 of the study for an assessment pertinent to this

question.
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IV.8 Basemat Penetration (Node K)

(1) The analysis of jet attack of the concrete assumes the form of a
quasi steady state calculation of a molten jet attacking and ablating
the surface. Several conservative assumptions in the calculations

were used: The non-conservative assumption is that spallation the
surface of the concrete does not occur. The calculated heat flux

into the concrete of 20,000 kw/m2 (page 3.2.8) is an extremely high
value. The limited duration of the jet mode of attack does make
penetration unlikely; however, the use of ¢ = 10'4 does require
additional justification particularly with respect to the affects of
spallation. [(ANL, C 3.6).

Response

Concrete spallation was not included in the analysis since Sandia experi-
ments, carried out with prototypic materials, showed that such mechanical
breakup mechanisms were not significant in the overall thermal penetra-
tion of the concrete material.
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1V.8 Basemat Penetration (Node K)

(2) The cavity sump is located at the far end of the instrumentation
tunnel. Melt dispersed during discharge from the pressure vessel
will collect in this sump. The concrete below the sump is especiaily
thin (2-4 feet). Penetration of the concrete basemat at this loca-
tion should be considered for all accidents in which molten core
debris escapes the pressure vessel. The effect of the sump on the
novel hydrodynamics of melt during high pr2ssure discharge is uncer-
tain. It is known that only small discontinuities in surface can
have drastic influences on the flow of liquids over the surfaces.
Other features of melt behavior, such as melt/concrete interactions,
will provide even stronger effects on these hydrodynamics.

(DP, pp. 5-6)

Response

The reactor cavity sump was considered in the evaluation. However, the
key feature of assessment for concrete attack was the ability of water to
be continually supplied to the reactor cavity instrument tunnel region.
If this water was supplied, the debris was assessed to be coolable since
the particle sizes generated by the concrete attack would be far larger
than those precludina debris coclability. If the debris was not cool-
able, the containment failure resulted from overpressurization as a
result of steam generation and long term concrete attack. Consequently,
the crucial assessment is not the mechanics of material dispersion or the
collection within the reactor cavity sump, but rather the evaluation of a
continual supply of water into the reactor cavity and instrument tunnel
regions, which is accident specific.
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IV.9 Coolability of Ex Vessel Debris Bed (Node Q)

(1) The question addressed in the Node Q of the containment event tree
is: ...Does the debris positioned on the reactor cavity and con-
tainment floor form a configuration which is initially coolable
thereby preventing significant concrete attack A significant
uncertainity with respect to the assessment of ex-vessel debris
coolability is: What effect does the concrete and gas release from
the concrete have upon the quenching process of the core melt in the
ex-vessel cavity This effect can not be ignored as the authors
indicate that up to 30 minutes may be required to quench the core.
(ANL, C 3.7)

RESEOHSG

Typical superficial steam velocities attendant to the quench process are
1 m/sec. During the early phases of concrete attack, the superficia’
gas velocities may be as high as 10 cm/sec and quickly decay from this
value. As a result, the influence of gas liberated from the concrete
influences calculations by only 10%, which is not significant for PRA
assessment.
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IV.9 Coolability of Ex Vessel Debris Bed (Node Q)

(2) There is a lack of sensitivity to the uncertainties associated with
fragments debris beds. Real fragmentation processes will yield
particles that are not monodisperse and probably not spherical.
Non-spherical particles with a range of sizes will routinely pack
more densely than assumed in ZPRA. Packing density increases, and
consequently porosity and coolability decrease with increases in the
mean particle size and increase in the breadth or size distribu-
tion. And stratification should be considered. (DP, p. 7)

Response

Assessments of the fragmentation sizes resulting from either film boil-
ing fragmentation or those produced by gases liberated from the concrete
during thermal attack result in particle sizes which were orders of
magnitude greater than that required for establishing a coolatle debris
bed. Consequently, the effects due to non-uniform particle sizes, non-
spherical particles, and stratification would be second order effects
compared to the evaluation of water being supplied on a continuous basis.
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IV.9 Coolability of Ex Vessel Debris Bed (Node Q)

(3) Tre probability of achieving a coolable bed in the ex-vessel cavity
was assigned a probability of 1- where ¢=10'4 for all events
where water is available. The phenomena associated with the quench
of the core material which need additional evaluation are: 1) crust
formation between the debris and the water, 2) gas release from the
concrete hindering water reentry into the cavity, 3) reduction of
the gas released from the concrete by metal constituents in the melt
and additional energy generation, and 4) late entry of the remainder
of the core materials into the ex-vessel cavity which seems to be
omitted from the study (DP, pp. 4-6; ANL, C 3.7). The phenomena may
effect the ultimate conclusion and need to be addressed in more
detail to justify the ZPSS conclusion of :=10-4 as a split frac-
tion.

Resgonse

In evaluating the coolability of core debris in the reactor cavity and
instrument tunnel, effects of crust formation were considered, but the
release of gas as a result of thermal attack of the concrete provided
sufficient forces to break up any overlying crust. This was considered
as an important mechanism for determining the debris size and distribu-
tion. Gas released from the concrete was considered, but the superfi-
cial velocity resulting from the thermal attack was negligible compared
to the steam velocities produced by the quenching. As a result, the
major influence of the gas was to produce a large size particulate bed.
Reduction of the gases released by the concrete were included in the
containment analysis through the incorporation of the INTER code for
assessing the concrete attack and this included all of the materials
which would be eventually collected within the reactor cavity including
the later entry of the remaining materials not initially released from
the reactor pressure vessel.
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IV.9 Coolability of Ex Vessel Debris Bed (Node Q)

(4) The Zion PSS analysis seems based upon the notion that cooling of
the debris is 1imited solely by the ability to supply coolant.
During a core melt accident cool.ng of ex-vessel debris is limited
not by the supply of coolant but by the ability to get heat out of
the material. If the barrier to heat removal posed by the low ther-
mal diffusivity of the largely oxidic material were properly recog-
nized in the ZPRA, the ex-vessel hydrogen production would by
greatly increased. The material stays hotter, longer, regardless of
how large an excess of coolant is available. In fact, the large
supply of coolant assures there is an excess of reactant for the
hydrogen production process. (DP, p. 6)

Response

The barrier to heat removal posed by the low thermal diffusivity of
oxidic material was recognized in the Zion Probabilistic Risk Assessment
as was the potential for particulation due to gaseous products released
from the concrete during thermal attack. This particulation exposes a
large amount of area and allows the debris to be quenched on a compara-
tively rapid basis. Once quenching has occurred, even though the
material may still be at high temperatures, the amount of additional
oxidation which can be generated is very small. This was properly
acknowledged in the ZPSS and was incorporated into the overall contain-
ment evaluation. In addition, substantial variations on the amount of
hydrogen released were included in the uncertainty and sensitivity
assessements in section IV. As shown, these had little influence on the
overall assessment of containment integrity.
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IV.10 Hydrogen Production

(1) The core exit temperature of 1093°C is quoted as the peak tempera-
ture prior to vessel failure which seems somewhat low and should be
investigated. The importance of this calculation relates directly
to the ultimate pressure in the containment because it is a contri-
butor to the quantity of hydrogen generated as well as the pressure
vessel structural integrity. (ANL, C 3.8)

Response

The gas temperatures quoted in Section 3.1.4 correspond to the mixed
average temperature in a gas volume representing the outlet plenum and
upper head region. This temperature was low because even though the
temperature of the gas exiting the core is relatively high this condi-
tion persists only for a short time and had a very low flow rate. The
large mass of gas in the outlet plenum for the high pressure transient
case results in a substantially lower mixed temperature than for the
lower pressure large and small break cases. The MARCH output for the
structural temperatures in the outlet plenum was checked and found tc be
below the 2000°F temperature at which the steel reaction becomes signi-
ficant.
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IV.10 Hydrogen Production

(2) The contribution of the non-condensible gas generation to contain-
ment pressurization from core/concrete interactions during the
approximately 30 minutes required to quench the debris in the ex-

vessel cavity seems to have been ignored and should be included.
(ANL, C 3.8)

Response

This is considered negligible since the pressure contribution from
decomposition of a 1/2 foot depth of 1imestone concrete over a 500 ft
cavity via non-condensible gas addition is less than 1 psi.

2

Furthermcre, it is not true that this was not considered since the
pressure rise from noncondensibles was accounted for when concrete
attack was allowed to occur.
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IV.10 Hydrogen Production

(3) The production of hydrogen and other combustible and non-combustibie
gases, due to the portion of the core that leaves the vessel after
the initial failure seems to be neglected. Would this be similar to
the behavior of all the core in the large LOCA scenarios (DP, p. 4)

Response

As explained on page 3.1-29 the integrated containment analysis for the
transient and small LOCA core melts have included a substantial allow-
ance for reaction of clad after core plate collapse. This allowance was
50 percent of the previously unreacted clad and covers interaction with
water in the vessel head or cavity and containment floor as well as that
from 1imited concrete attack in the process of forming a coolable debris
bed. This factor was applied to the whole core regardless of whether it
was the core fraction involved in the initial coherent dispersive event
or the fraction which had delayed entry to the cavity.

In addition other cases were analyzed with 100 percent clad reaction
and/or additional hydrogen and carbon monoxide generation from melt-
concrete reaction in the case of a non-coolable debris ted as part of
the sensitivity study and to address all paths in the containment event

tree.
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IV.10 Hydrogen Production

(4) The effects on the concrete walls of the instrumentation tunnel due
to the thermal radiation and steaming of the core debris that is
dispersed there seems to be neglected. (DP, p. 7)

Response

Any concrete attack over the short duration of the dispersive blowdown
period would not be significant as can be seen by applying erosion rates
such as 100 cm/hr to a period of a few seconds. Thermal radiation from
debris to wails over the debris in the instrument cavity tunnel were not
modelled. In almost all cases water over the debris would quench the
debris eliminating the thermal radiation source. For cases where debris
was assumed to be non-coolable in spite of water cover, the water layer
would absorb the upward radiative flux and only downward concrete attack
would be significant and this was modelled. Finally in cases where the
cavity would eventually dry out because of prolonged boiloff with no
replenishment from fan coolers or spray - the containment was automa-
tically assumed to fail at 12 hours due to steaming. Hence, some addi-
tional concrete attack from thermal radiation to walls above the debris
would not be significant.
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IV.10 Hydrogen Production

(5) The analysis of hydrogen generation neglects the solubility of ZrO2
in liquid Zr and in some parts of the analysis, neglects the
formation of eutectic between oxygen saturated zirconium and fuel.
(DP, p. 3)

Reggonse

The hydrogen generation approach has been to make use of generally
available analytical models and the experimental data that does exist
for clad reaction with steam and discharge of molten material into
water. We consider the allowances made for hydrogen in the transient
analysis to be consistent with releases observed from various experi-
ments and tests as well as the TMI event. The data that does exist of
course accounts for solubility and eutectic factors to the extent they
were present.

The effects of eutectic formation were partially incorporated by assum-
ing the melt had a lower temperature than that characteristic of molten
uranium dioxide. This reduction in temperature was not found to be
significant, and while it was recognized that eutectic formation between
the cladding and fuel could also reduce the hydrogen produced during the
accident sequence, the kinetics of such processes are sufficiently
unknown such that the evaluation team felt that no credit could be taken
for this mechanism in reducing the hydrogen production. As discussed in
section IV of the ZPSS considerable uncertainties were applied to the
hydrogen production rate and in the specific assessments carried out in
section III, conservative evaluations were provided for hydrogen produc-
tion in the lower plenum and in the ex-vessel configuration. Part of
this conservative approach was the neglect of mixture properties for the
melt (pure zirconium was assumed in assessing the hydrogen production
outside of the core) and neglect of eutectic formation.
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IV.11 Hydrogen Burn Analysis

The reviewers recommend consideration of the following questions by the
ZPSS authors.

A. How are steam removal rates and/or steam gradients taken into
consideration in the analysis (ANL, C 3.8)

Response

In ZPSS, the containment response analyses were performed using the
COCCLASS 9 containment code. Steam removal by gross steam condensation
as a result of heat transfer to containment walls, heat transfer to
structures, and fan coolers or sprays and subsequent fall-out of the
condensate to the sump is modeled in the code. The code conservatively
assumes that the condensed matter falls into the containment sump water
at the same rate as it forms. Diffusion of condensing steam through
steam condensation gradients in a steam-air mixture near the walls is
not modelled in the code.

Where large steam removal mechanisms are available from active sources
such as fans or sprays the atmosphere is quickly well mixed such that a
one node containment model is adequate. In cases where mixing is via
natural mechanisms such as jetting, buoyancy, and natural convection the
mixing is slower, but so is the steam condensation, and in such cases
the atmosphere is seen tc contain excessive steam such that hydrogen
burn is not predicted.
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IV.11 Hydrogen Burn Analysis

B. What justification is there that locally-high concentrations of
hydrogen or CO could not build up in the time scale of their
release or formation in the containment building during a given
scenario? (ANL, C 3.8)

Response

Significant CO would result only from extensive core/concrete interac-
tions. For those sequences in the containment event tree where such
interaction is expected (i.e. dry cavity), accumulations of CO and steam
in the cavity may occur. However, the thermal effects would dissipate
the concentration to the upper areas of the containment where rapid
mixing due to process dynamics is assured. Within the cavity, the mix-
ture is inerted by steam.

Hydrogen, in significant quantities can be releasea from the primary
system thru a pipe break, thru vessel failure or thru safety/relief
valve operation. For a large LOCA, the fan coolers or sprays will
insure mixing between and within the steam generator compartment and the
upper plenum of the containment. For small LOCA's some hydrogen may be
released into the steam generator compartment but most would be released
into the cavity upon vessel failure. The dispersive nature of the fail-
ure would assure rapid mixing. For transient events, some hydrogen
would be released thru the safety/relief valves to the pressurizer
relief tank. As the rupture disk fails on this tank, the hydrogen would
be released into a large annular area with good flow communication to
the upper containment area. Within the annular area, steam inerting
would be expected. Most of the hydrogen would be released upon vessel
failure as with the small break.

Therefore, as a result of fan coolers, sprays, the open nature of the

containment, and the dynamics of the processes involved, significant
local pocketing of hydrogen or CO in a non-inerted environment is not

judged to be physically realistic.




IV.11 Hydrogen Burn Analysis

C. The flame temperature criteria becomes invalid when a homogenous
"2 concentration cannot be assumed and its use precludes the
prediction of hydrogen detonation. (DP, p. 2)

Response

The flame temperature criteria determines whether, given a specific
composition of the hydrogen mixture, it is possible to have global
combustion, resulting in a significant pressure rise. In other words,
it determines the 1imit of global combustion, at which the flame
propagates in all directions. It does not preclude the prediction of
hydrogen detonations, which are determined by the detonability limit,
geometric requirements, and other conditions.

The flame temperature criterion provides a conservative estimate for the
deflagration 1imit of hydrogen, air and steam mixtures. As explained in
our response to the previous question (IV 11-B), atmosphere in the Zion
containment is expected to be well mixed and there would not be signifi-
cant concentration gradients. Hence, usage of the flame temperature
criterion in the Zion PSS is justified. Hydrogen detonation was not
precluded on the basis of the flame temperature criterion. In order for
local detonation to occur in a gas pocket, the hydrogen concentration in
the pocket must be at least 18 volume percent, and the geometry of the
gas pocket should be such that it is confined by walls and contains many
obstacles that can generate strong turbulence. Neither the concentra-
tion requirement nor the geometrical requirements would be satisfied in
the Zion containment, and hence there can be no hydrogen detonations.
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IV.11 Hydrogen Burn Analysis

D. What effects would structures in the containment building have
on the propagation of a postulated combustion wave, or
conversely could any of the postulated combustion pressures
damage structures or auxiliary safeguard systems (ANL, C 3.8)

Response

Interaction of the containment atmosphere flow with structures would
generate turbulence which would cause a moderate increase in the flame
propagation veiocity. This turbulence is not expected to be any
stronger than that generated by the spray droplets or by the jet flow
from the break and fan cooler exhaust ports. Zion containment is essen-
tially a large open volume and its geometry is not conducive to pro-
ducing strong turbulence. Turbulence produced by the flow - structure
interaction would not be strong enough to accelerate the combustion wave
to velocities large enough to produce significant pressure waves. A
study reported in Reference 1 indicates that for a spherical flame in
stoichiometric methane - air mixture to produce an overpressure of 0.3
atmosphere, it must be accelerated to about 50 times its normal burning
velocity. A similar increase in flame velocity will also be requirad
for hydrogen-air mixtures. For concentrations below the stoichiometric
1imit, the flame velocity required to produce a significant pressure
wave will increase rapidly with decreasing fuel concentration. The
presence of steam in hydrogen mixture will further increase the required
flame acceleration. Because of the opern nature of the Zion containment,
the flow-structure induced turbulence is not expected to increase the
flame velocity by the two orders of magnitude necessary to produce blast
waves. Hence, during hydrogen burn the containment pressure would
increase gradually without producing significant pressure waves.

Ref (1) Strehlow, R. A,, Luckritz, R. T., Adamczyk, A. A., and Shimpi, S.
A., "The Blast Generated by Spherical Flames,” Combustion and Flame, Vol.
35, 1979, pp,.297-310.
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Structures in the Zion containment and engineered safequard systems such
as fan coolers and sprays are designed to withstand the postulated pres-
sure transient for the design basis accident which results in a pressure
rise from O to 47 psig in about 10 seconds. This is a more severe pres-
sure transient than that could be caused by a hydrogen burn, during
which the containment pressure could rise by up to about 60 psi in 20 to
60 seconds. Because of the inherent conservatism in the design analy-
sis, the structures within the containment, and fan cooler and spray
systems should be capable of withstanding a significantly more severe
pressure transient than the design basis transient. As an example of
this type of conservatism, note that the fan coolers are provided with
relief devices in the housing and with backdraft dampers on the fan
outlet which are decigned to cope with design basis accident. Hence,
the structures within the containment and auxiliary safeguard systems
are expected to survive the pressure transient during a realistic hydro-
gen burn scenario.
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IV.11 Hydrogen Burn Analysis

E. What was the basis and use of the hydrogen burn probabilities in
Table 2.5.1.1 (See also page 11.5-19). The range of tempera-
ture is 100°F in Table 2.5.1.1. Small changes in the hydrogen
source term, available oxygen or steam may alter the calculated
adiabatic flame temperature far more than 100°F. (ANL, C 3.8)

Response

The basis for the probabilities assigned in Table 2.5.1.1 were the
results of the flame temperature and ignitor tests Westinghouse had
conducted at Fenwal labs as cited in part in WCAP 5909. We recognized
the fact that changes in the hydrogen source, steam source, oxygen con-
centration, containment temperature, and containment pressure would
effect the flame temperature as well as the criterion calculated. This
is why various runs were made where these parameters were varied tc
calculate differing flame temperatures. These runs were then used for
the appropriate branches in the containment event tree by relying on
knowledge as to the applicability of the runs. Dependent upon the
assumptions made for the runs the engineer could then through table
2.5.1-1 determine a split fraction for a particular node of the tree.



IV.12 Containment Mass and Energy Loadings

(1) MARCH Code limitations and non-conservatisms need further considera-
tion. (PD, p. 4)

Response

The Zion PSS contains substantial independent evaluation of core melt
related phenomena in Section 3 and its Appendices and Section 4 and its
Appendices. These relate to a broad variety of effects such as coher-
ency, steam generation rates, hydrogen burn modelling, debris cool-
ability, and containment pressure and thermal analysis. It is clear
that MARCH modelling was not blindly followed or uncritically accepted.
Additional comments regarding MARCH by others are identified in
References 1 and 2.

(1) NUREG/CR-2285 Interim Technical Assessment of MARCH Code, November
1981.

(2) BNL Presentation to ACRS, May 21-22, 1981.
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IV.12 Containment Mass and Energy Loadings

(2) The relation between the bounding cases and the most probable cases
for the six sequence classes in the containment analysis in Section
4.3 needs to be clearly indicated. Some of the bounding cases would
fail the containment and should be given a non-negligible weight in
the probabilistic treatment of containment failure. (GS p.4)

Respcnse

A wide variety of parametric and model variations were included in the
sensitivity studies. In some cases, series of events were arbitrarily
coupled together in a manner that would not be physically realizeable
even under conservative assumptions. This was done in order to test the
sensitivity of the anclyses and in order to establish a high degree of
confidence in the ability of the containment relative to the events
being studied. Those cases which involved wholly non-mechanistic and
non-realizeable postulates were properly given negligible weighting in
the probabilistic treatment. We do not plan to change this.
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IV.13 Containment Failure and Integrity

(1) In general, the approach used to calculate containment structural
capability appears sound and well documented. Some of the questions
which appear significant in the context of the high estimated failure
pressure of the containment building are:

A. How and to what extent has failure to isolate the containment
been considered? (PD, p.2)

Response

The question of containment isolation failure has been examined and found
to have negligible influence on the risk. The vast majority of the lines
which isolate are connected to systems which are closed on the contain-
ment side, the ex-contaimment side, or both. An isolation failure in
these cases would not result in a release unless other failures are post-
uiated. The combined 1ikelihood and expected Tow levels of release
insure that such events are negligible in terms of risk.

For 1ines not connected to closed systems, the isolation valves are
closea and verified prior to power opertion except for the small purge
line valves which may be actuated periodically to permit operator access
to the containment. These lTatter valves receive an automatic isolation
signal. Given the small fraction of time these valves are open and the
failure rate of these valves to close on demand, we find that a failure
to isolate these valves offers a negligible risk contribution.
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IV.13 Containment Failure and Integrity

. (1)B. Aside from major openings has there been a systematic review of
all other penetrations (piping, electrical, etc.) to assure that, .
under the predicted high tempertures and pressures, no premature
failure occurs in the sense that the minimum struct:ral strength

. or leak-tightness of the vessel is degraded? (ANL, C 3.10: PD,
p.2)

Response

A review was conducted, on a generic basis of all types of penetrations

to insurc their adaquacy.




IV.13 Containment Failure and Integrity

(1)C. How and to what extent have interfacing system integrity failures ‘
been considered in the recirculation mode under class 9 accident
conditions of temperature, pressure, and radiation. (PD, p.3)

Response .

The types of failures noted have been considered. Three environmental

factors, temperture, pressure and radiation were considered. For the

ECCS systems in the recirculation mode, the temperature and pressure .
conditions are not an issue since, with the exception of the recircula-

tion sump valves, routine operation can involve pressures (and in the

case of the RHR system, temperatures) higher than those of interest in

the study. Temperature might be thought to have a long term impact on

HPI system pump seals but, at worst, given seal cooling failure, such

effects would be to increase seal leakage rather than to stop the pump

from performing its function. Valve packing is generally a graphite

packing qualified for higher temperatures than those expected. The sump

valves need only open early in the sequence prcgression prior to the ‘
development of severe conditions.

The source term used to qualify the equipment for Zion was essentially
TID-14844, In-containment radiation levels may exceed this level some-
what in time but ECCS failures in the time period of interest are not

expected. Any such failures postulated would most likely involve valve
packing leaks thru a closed leakoff system to radwaste. System failure

would be extremely unlikely.
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IV.13 Containment Failure and Integrity

(1)D. How has failure of the containment purge system been considered
in the analysis of containment integrity? (PD, p.3)

Response

See response to IV.13 (1) A
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IV.13 Containment Failure and Integrity

(1)E. How has the possible failure of fan coolers from aerosol plugging ‘
of filters been considered? (PD, p.3)

Response

See response to enclosure 3, Systems Analysis, question 2.
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IV.13 Containment Failure and Integrity

(1)F. Primary containment ultimate capacity was determined to be 149
psia. It was calculated by Sargent & Lundy (Appendix 4.4.1).
The analysis was supposed to cover: 1) containment structure,
2) penetrations, 3) rate of loads, 4) uncertainty bounds, 5)
failure mechanisms. Only the first two items are dealt with, in

some detail. (ZZ, p.2)

Response

The rate of loading was furnished to Sargent & Lundy based on reasonable
bounding analyses from the transient cases in section 4. Therefore,
Sargent & Lundy (S&L) did not have to perform any such analyses.

An assessment of uncertainty, based on Sargent & Lundy's work is
contained in the Zion study (Figure 2.5.1.2) and in the cited S&L report

(section 7).

The failure mechanism is discussed in section 8 of the S&L report. The
criteria for establishing a failed condition is also in the S&L Report.
We do not believe it is reasonable to attempt to predict an exact failure
configuration and size and have therefore taken a conservative approach
to defining a significant failure condition.
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Iv.13 Containmentwia[lgzg"@jd'irtzgifg,

(1)G. Containment structural capabiiity an2lysis does not address the

systems and structures attached to the cuntainment wall. While

149 psia appear to be a2 reasonabie number for the cylinder, con-
tainment bypass potential as a conseguence of som? pentration
break away prior to this pressure has not been included in the
study. (2Z, p.4)

Response

The containment analysis considers the pentraticn to liner joint as part
of the overall integrity evaluation.




IV.13 Containment Failure and Integrity

In order to more fully ensure integrity of the containment
structure it would be helpful to have an evaluation of the
effects of credible construction ervors to see what effect they
might have on downgrading the calculated structural strength of

containment., (ANL, C 5.3)

Response

The initial testing program for Zion station included a pneumatic proof
test of the containment. The test pressure employed was approximately 69
ia. During this test, containment response was accurately measured
with theodilites and compared to calculated responses in some detail. A
leak rate test followed the proof test (Ref. Zion FSAR section 5.2.) The

ongoing tendon surveillance program has revealed no problems in this area.

These programs provide a high degree of assurance that no gross construc-
tion errors exist. It is expected that minor flaws such as very small
holidays in the concrete would have no effect on the calculated

strength. The uncertainty characterization for the containment capacity
used in the Zion study is therefore judged to be entirely appropriate.




V.13 Containment Failure and Integrity

(0 uncertainty in the containment structural failure pressure
psi based only on structural property uncer-

The 1
is of the order of + 2
Considering all the above factors, the use of 2 _si uncer-

taintly.
(ANL, C 3.10)

tainty band requires additional justification.

Response

The uncerta‘nty expressed in figure 2.5.1-2 of the Zion report represents

"curve of a family of "s

our best estimate of the lower bound "s'
For simplicity sake and in the interest of remaining within the

curves.
state of the art, we have conceptually collapsed all of the curves onto

this lower bound curve. The curve represents material uncertainties as

well as other considerations.
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1V.13 Containment Failure and Integrity

(3) Analysis consists of hand calculations and of an axisymmetric finite

element computer calculation. It is strictly deterministic and the

conclusion that confidence level of 95% is associated with the cal-

culated containment internal pressure capability is not supported
presumably based on knowledge of materials property statistics.)

(&L, D. J)
V@spunsy

See response to previous question




IV.14 Core Retention Device

A core retention device car reduce hydrogen generation, steam genera-

(1)
tion, aerosol formation both before and after containment failure, as
well as retard basement erosion. Analysis in ZPRA focuses only on

the basement erosion issue. (DP, p.9)

Response

Refer to sections 9.1.3.1.4, 9.1.3.2.7, and 2.1.3.3 of the Zion PSS. The

comment above 1s incorrect.




IV.14 Core Retention Device

‘ (2) Even with this focus on basement erosion the appraisal of the results
is unusual. A minimal retention device will, according to the analy-
sis, prevent basement penetration for two days. This is in contrast
to less than a day predicted by ZPRA or less than a few hou<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>