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Pennsylvania Power & Light Company
Two North Ninth Street ~ Allentown, PA 18101 ~ 215/ 770.5151

Harold W. Keiser
Vice President-Nuclear Operations
215/770-7502

OCT 0 2 1987

Chief, Rules and Procedures Branch
Division of Rules and Records
Office of Administration
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUSQUEHANNA STEAM ELECTRIC STATION
PP&L COMMENTS ON DRAFT NUREG 1150
PLA-2923 FILES R41-2, A17-11

Docket Nos. 50-387
and 50-388

Dear Sir:

This letter presents the comments of the Pennsylvania Power and Light Company
on the NRC draft document "Reactor Risk Reference Document" (NUREG-1150). Our
comments on this document are directed more to the purpose and objectives of
this documentation rather than toward the details of the execution of this
work. In this regard, we have comments on three general aspects of the work:

o Scrutability
o Consideration of Recovery Actions
o Definition of Plant Damage States

Our reviews on each of these three subjects are presented in attachment 1 to
this letter.

These views have their origin in the PP&L approach to management of risk for
the Susquehanna Steam Electric Station. This approach is defined in a paper
that was presented at the April, 1987, Region I PRA Workshop sponsored by the
U.S.N.R.C (Attachment 2). We believe that the proper objective of
Probabilistic Risk Assessment is a demonstration that the Emergency Operating
Procedures for the plant assure effective and efficient use of all of the
facilities of the plant to avoid plant damage or to minimize the severity if
damage cannot be avoided. A supplementary, but important, purpose of the risk
assessment activity is to demonstrate defense in depth both in procedures and
equipment. Our tentative definition of the defense in depth concept was
presented in our Region I paper. We find the defense in depth approach to
assuring an adequate level of safety from nuclear plant operations to be a
more satisfactory approach than a demonstration of sufficiently low
consequence in terms of public health. We are convinced that if defense in
depth can be demonstrated, then the calculated off-site consequences will be
very low.
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Our preference in this regard is based upon on our belief that the degree of
uncertainty in plant behavior, equipment performance, and operator actions is
far less than the degree of uncertainty of calculating public exposure to
fission products released as a consequence of a severe accident. In addition,
this approach allows us to focus on those aspects of plant operations which we

can measure and control.

The major deficiency which we find with NUREG-1150 is an absence of the
specifics of plant performance, operator performance, and event sequence
progression and timing which would permit an examination of the degree to
which the actual capabilities of the plant have been properly exploited and
where vulnerabilities relative to defense in depth remain. We recommend that
you give consideration to these alternative performance indicators in your
continuing program of risk assessment.

We appreciate the opportunity to provide these comments.

Very truly yours,

H. W. Keiser
Vice President-Nuclear Operations

cc: iNRC Document Cont~ol Desk (original)
NRC Region I
Mr. L. R. Plisco — NRC Resident Inspector
Mr. M. C. Thadani — NRC Project Manager
Dr. T. E. Murley — Director NRR

Mr. E. S. Beckgord — NRC — Nuclear Regulatory Research
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1.0 Scrutability

It must be possible to trace through every event sequence to the end point
of the sequence and relate the event tree branching to equipment
availability, timing, and procedures. This capability is essential for
two important reasons. First, and most obviously, it is essential that
the capability exists if independent verification of the work is to be
reliably accomplished. Second, and perhaps more important, this
capability is necessary if the evaluation is to be used to determine the
adequacy of plant equipment and procedures to provide an acceptable level
of defense in depth. PPGL believes that this second item should be the
primary objective of any risk assessment. If an adequate defense in depth
can be demonstrated, we believe the risk of significant site consequences
of plant operation will be shown to be very low.

We have observed that in the traditional PRA work performed to date the
capability for evaluations of adequacy of plant equipment and procedures
at the individual event sequence level is quite limited as a result of the
complex interrelationships of the fault trees and event trees used. This
difficulty is further compounded by the use of a binning process for core
damage sequences and the use of a separate containment event tree for
determining the final containment status for these binned sequences. We

believe this process is inefficient and prone to error since it involves
discarding information on the known state of the plant and then recreating
it with the containment event tree.

We have found the support state methodology developed by IDCOR for the BWR

Individual Plant Evaluation to be far superior in terms of transparency
and ability to trace through event sequences to evaluate the effectiveness
of procedures to fully utilize and explain the capabilities of plant
equipment. While this methodology only carries the sequence to a point
where it can be determined if core damage has or has not occurred, it is a
simple matter to extend the sequence of events for each event tree end
point to determine the final containment status. This is simple to do
because the support state and the event tree end point in question fully
define the plant status when core damage occurs. This information and
relatively simple analysis permits the frequency of reactor vessel
failure, containment venting and containment failure to be determined.

While it may sound burdensome to execute this analysis for each event tree
end point, it is really only necessary for the dominant sequences which
should not exceed 50 to 100 in number.

In addition one finds much duplication relative to plant status among the
dominant sequences which can greatly reduce the effort. In any event, the
work involved is almost surely by less than the quantification of a
containment event tree with more than 100 top events.

t

In order to assure scrutability of the analysis the following information
must be provided.
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ATTACHMENT 1
Page 2 of 4 "

1. The initiator frequencies.
2. The support state event trees.
3. The front line system event trees.
4. The support system dependency matrices.
5. The front line system dependency matrices.
6. The front line system and support system equipment

unavailabilities.
7. The success (or failure) criteria used.
8. The analysis of transient event timing.
9. The definition of operator actions required.

10. The analysis of the probability of success in executing the
operator action.

This information represents the minimum which will allow independent
review and an assessment of the adequacy of plant equipment and
procedures.

2.0 Recovery Actions

It is our perception that adequate attention has not been given to the
potential for operator actions to avoid or minimize damage to the plant.
It is our firm conviction that this area offers by far the greatest
potential for reducing the risk of nuclear plant operations and that it is
by far the most cost effective approach to such reduction of risk.

We believe that it is particularly important to determine the capability
of the operators to terminate the progression of a core damage event
before reactor vessel failure. If the reactor vessel integrity can be
preserved, the challenge to containment integrity is much reduced and the
controversial phenomena associated with core melt ejection onto the
drywell floor are greatly reduced in importance. Our own assessment of
our ability to save the reactor vessel integrity for Susquehanna accident
sequences is that we expect a realistic success criterion to result in
saving the vessel in 90Z to 99K of all core damage events. This
capability is currently the subject of intensive evaluation at PP&L.

There are numerous other areas where appropriate operator actions can
sharply reduce the severity of the accident sequence. We believe these
actions should be identified and proper credit taken for them in the risk
assessment. The identification of such actions would then identify the
need for the utility to ensure that their procedures and training would
assure such actions would be taken at a high level 'of probability. There
are of course limits to the extent and complexity of procedures and
training so that a systematic effort to develop better information is
important if a properly balanced approach is to be taken.

NUREG-1150 would be of far greater value to industry and the NRC if more
attention were directed to the issue of operator actions in severe
accident sequences on a realistic basis.
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3.0 Plant Damage States

The results of the risk assessment should focus on the nature of the
damage to the plant rather than on the off-site consequences. First,
there is far less uncertainty in the calculation of plant damage states
and, second, the plant damage state is a far more direct indicator of the
origin of risk from plant operation, particularly when this information is
generated separately for each core damage event sequence.

The amount of detail in the plant damage states developed should be based
on what information about response to a severe accident is wanted.

In the case of fuel damage, for example, we would wish to distinguish
between clad damage resulting from reactivity transients, as might occur
in an ATMS event, and severe overheating and metal-water reaction as might
occur in the case of inadequate core cooling. Further, it is important to
distinguish between sequences in which the core damage can be terminated
with the reactor vessel intact and those in which molten core material
will result in failure of the vessel lower head. The nature of the
challenge to the containment is quite different between these two types, of
events and the sequences which characterize the more severe challenge
should be accurately identified and evaluated to determine whether
procedural or equipment modifications are appropriate. The timing of the
core damage sequences is also of vital interest in order to assess the
adequacy of the containment venting strategy implemented by procedures.

In the case of the containment, it is important to distinguish between
those sequences in which containment heat removal is simply inadequate so
that the containment pressure capability is threatened and sequences in
which the reactor vessel has failed and high drywell temperatures or core
melt attack on critical containment components may be a more severe
threat. Once again, it is important to develop this information for each
core damage sequence individually in order to properly assess the adequacy
of procedures and the use of equipment.

Up to this point, information may be developed with a relatively high
degree of certainty in comparison with an assessment of off-site
consequences. It is our expectation that a realistic evaluation will show
that:

1. The core damage progression can nearly always be terminated before
reactor vessel failure.

2. The majority of threats to the containment are overpressure failure
threats with modest or no core damage.

3. The threat of core melt to containment integrity when no capability
for mitigation exists (water injection into the drywell) is very
small
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Findings of this type would be invaluable in assuring that procedures for
severe accident management have achieved the maximum degree of risk
reduction.

The factors which introduce large uncertainties in risk analysis results-
the location and size of containment failure, fission product release and
transport phenomena, and the effectiveness of emergency planning —become
segregated from the information actually needed to most accurately assess
adequacy of the plant and its procedures.
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ATTACHMENT 2

Application of the
IDCOR Individual Plant Evaluation Methodology to

Evaluation and Management of Risk for the
Sus ehanna Steam Electric Station

P. R. Hill, C. A. Kukielka

1. 0 Introduction

In early 1985 the Pennsylvania Power & Light Company was invited toattend an IDCOR meeting which proposed the development of an Individual Plant
Evaluation Methodology for the purpose of demonstrating that a specific plant
was not a risk outlier, that is having a risk of severe accident withsignificant off-site consequences greater than the risk level demonstrated for
the IDCOR reference plants or the NRC Severe Accident Safety Goals. pp&L wasinvited to participate in the initial program of evaluations to demonstrate
the application of the methodology for a group of reference plants. PP&L
agreed to participate in this program and completed the necessary work and theinitial draft report in January, 1986. The "final report, which had respondedto internal and IDCOR comments, was fozwarded to IDCOR in Aprilg 1986. This
work has been used as the basis for PP&L risk evaluations since that time.

2.0 The PP&L Approach to Risk Assessment

In the development of the Susquehanna Emergency Operating Procedures, the
objective is to assure that all available resources of the plant are used to
avoid or mitigate damage to the plant. Further, our objective is, in fact, to
assure that damage to the plant is minimized. This objective has been set forall accident sequences, regardless of the calculated frequency of the event.

While we would find the calculation of a high frequency of plant damage
at Susquehanna for any type of accident sequence unacceptable, we do not, on
the other hand, find the calculation of low frequencies alone as an acceptable
plant damage risk indicator for the plant. Zf our calculated plant damage
frequency of a given accident sequence is sufficiently low, we then look at
the adequacy of our defense in depth. Here the primary objectives are:

all accident sequences must require multiple failures of redundant
and diverse equipment before any form of plant damage occurs,

2 ~ no combination of failures which can cause core damage can also cause
containment failure without additional equipment failure, and

3 ~

The
strategy
damage.

capability of arresting core damage sequences before reactor vessel
failure always exists unless additional and independent failures
occur beyond those sufficient to cause core damage.

last of these objectives above is a central feature in the PP&L
of protecting the containment integrity in events which cause core

The PP&L approach to defining response actions for an accident sequence
involves the performance of transient calculations to determine the success
criteria for termination of the sequence, timing information to determine the



amount of time available for operator action, and control room indications
which will trigger the operator action. This information is then used
define the necessary actions, the indications which demonstrate the need for
the actions; and the time available to the.,operator to take the action. we
use the Hannaman HCR methodology to determine the probability that the
operator will be successful in executing the necessary response actions.

In the same manner, we look at the effect, of additional equipment
failures on the course of the accident sequence and attempt to determine:

1. that the actions developed will not cause adverse consequences in the
event of additional equipment failures,

2. whether anticipatory actions are required to avoid the loss of
additional equipment, and

3. whether anticipatory actions are required to permit successful
response to the failure of additional equipment.

Sequences in which more.and more severe equipment failure combinations
occur are evaluated until a degree of failure is reached where the particular
degree of plant damage being 'considered can no longer be avoided. This
process is carried out in such a manner that each level of potential plant
damage is considered, and the expected probability of terminating the event,
sequence before that level of damage is reached, is determined.

These concepts, particularly the performance of transient analysis to
determine the time available for operator action, and the calculation of the
expected level of operator success in performing these actions, is the central
feature of the PPSL approach to risk assessment. This is particularly
important because we find that the development of effective procedures is just
as sensitive to excessive conservatism in the risk analysis procedure as it is
to excessive optimism. To err in either direction can result in overlooking
event sequences which represent the greatest threat to the plant in terms of
the calculated frequency of events. As an example, we find that the greatest
risk of damage to Susquehanna for an ATWS event without isolation comes from
failure of a single scram discharge volume as opposed to the more conservative
assumption of failure of both scram discharge volumes. This feature of ATWS

risk isla result of the specific characteristics of our feedwater control
system which will experience a high level trip in a single SDU failure, but
not'n a double SDV failure. This example demonstrates once again that the
concept of a bounding event is not always valid in terms of assuring an
adequate set of procedures and adequate operator training.

3.0 The IDCOR Individual Plant Evaluation Methodology

The distinguishing feature of the IDCOR IPE methodology is the use of the
support state concept and the support state event tree. The important
characteristic of the support state method is that it separates the influence
of the initiating event on support systems from random failures in the support
systems so that cut set manipulations are not required in the calculation of
branching fractions in the event trees. This feature results in a system of
event trees which is extremely transparent and permits very rapid and

'fficientperformance of sensitivity studies. PPGL strongly endorses this
feature of the IPE methodology.
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The event trees as generated by IDCOR do not explicitly treat the
channelization and divisionality of a plant like Susquehanna. Therefore, in
our quantification calculations we have implicitly taken these dependencies
into account so that there is no approximation or error involved in the
quantification to our knowledge. We believe that this can and should be done
in the application of this methodology to any plant.

An important, part of the Susquehanna IPE methodology is the assignment of
accident sequence end points to various accident classes. While we find
nothing wrong with the IDCOR classes defined for use in characterizing core
melt events, we found that they were not well suited for carrying the
evaluation of an accident sequence through to containment failure. It is our
view that a key parameter in evaluating the consequences of an accident
sequence is the time at which core damage or containment loss of integrity
occurs. For this reason we defined a new set of accident classes which are
time of occurrence based. The classification scheme also permits partitioning
sequences on the following basis:

1. Core stabilization before vessel failure or melt with vessel failure.

2. Maintaining containment integrity or losing containment integrity.

3. Segregation of venting events from overpressure failure events for
the. containment.

It was found, as a practical matter, that the dominant accident sequence
end points could be grouped into a relatively small set of event types (ten)
of which the overall outcome of the sequence out to plant stabilization was
fully determined for three types but not fully determined for the remaining
seven. Examination of these seven quickly showed that very simple
calculations based on .the nature of equipment failures, the time scale of the
event, and available operator response actions allowed each sequence to be
.partitioned on the basis of:

1. time of containment failure,

2. successful venting of the containment, or

3. avoidance of loss of containment integrity.

~ This approach then allowed us to determine an estimate of the relative
frequency of core melt and vessel failure events in which:

containment integrity was maintained,

2. the containment was .vented, and

3. the containment failed from overpressure.
J

We believe that the extension of the IDCOR methodology in this manner is
not excessively burdensome if transient calculations have been performed to
support. the event tree quantification process. The additional information
derived is indispensible to the performance of risk evaluations for plarit and
procedural modi.fications.
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4.0 Examples of, PPGL Risk Assessment

In the year since the completion of the ZPE, PPGL has made extensive use
of the results in a variety of applications. The uses include:

1. Evaluation of RHR water hammer problems and proposed modifications
for resolution.

2. Justification for LCO extensions for tie-in of a fifth diesel at
Susquehanna.

3. Studies for improvements to the off"site power sources.

4. Evaluation of modifications to the ESW system to reduce potential
diesel unavailability.

5. Determination of the advisability of seeking Technical Specification
relief in special circumstances.

6. Demonstration to management of the key areas of vulnerability in the
plant and the nature of equipment or procedural modifications to
reduce vulnerability.

In the subsequent discussion three specific areas are discussed where the
Susquehanna IPE has been invaluable in assessing the impact on risk to
Susquehanna and the effectiveness of our procedures and potential
modifications. These are Station Blackout, ATWS, and the wetwell vent-.

4.1 Station Blackout

The response actions for the Station Blackout. event were initiallyworked
out in late 1981 and early 1982 as a part of the process of obtaining approval
for startup of Susquehanna Unit 1. At that time no usable risk assessment
existed for Susquehanna, so that we did not have the information necessary to
determine the dominant sequences for the plant. For that reason it was
decided to develop a Station Blackout response procedure .that assumed that the
only failure in the plant was loss of all AC power.

Since the plant could not be stabilized without AC power', our goal was to
assure survival without damage to the plant for the longest possible period of
time. Our concerns for long term survival were:

1. Limited availability of instrumentation.
F

2. Inability to cool equipment areas such as the drywell, the HPCI/RCIC
rooms, and the control room.

V

3. Znability to remove heat from the suppression pool.

4. The eventual loss of DC power due to drain on the batteries.

5. The potential for additional equipment failures such as loss of HpCZ

or RCIC and occurrence of a stuck open relief valve.

4
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Ovr analysis was tailored to accommodate these concerns to the maximum
possible degree. In order to do this several anticipatiory actions weze
found to be important. Examples of these are

1. Immediately start. depressurization to reduce the drywell tempezature
rise rate, reduce the chance of a stuck open valve, and pzepaze foz
backup injection from the Pire Main if HPCI and RCZC are lost.

2. Bypass critical HPCZ and RCZC transfers and trips which could cause
early loss'f HPCZ and RCIC.

3. Strip non-essential loads from the DC power supplies to extend
battery enduzance.

The Station Blackout transient was studied in considezable depth to
investigate optimal strategies for operation of the HPCZ and RCZC and the SRVs
for various event sequences and failure combinations. These transient
calculations were an essential element of developing our Station Blackout
response strategy and resulted in PPGL's early recognition that RCZC alone was
adequate for surviving the 'early stages of the Station Blackout event. Our
goal in this early study was to demonstrate that. no safety-related plant
parameter would exceed its design value for at least 8 hours. We were
successful in achieving that goal in every case except when both HPCZ and RCIC
were lost in the first hour of the event. Achieving this goal did require
anticipatory actions in our procedures and operator training.

In mid-1985 when we initiated our ZPE program for IDCOR, the above
approach to accident management and risk evaluation was well established at
PP&L, and we had continued to develop our transient analysis capabilities for
other accident events such as ATWS. When Susquehanna was then evaluated for
risk in the Station Blackout event using the ZDCQR methodology, we found that
the calculated plant damage frequencies were very low. This result did not
seem unexpected to us since our Station Blackout procedure had incorporated
several mitigative actions for which no credit had been taken in existing BWR

risk assessments.

Another very important factor in the more favoz'able results calculated
was adoption of the Hannaman HCR methodology which was adopted for calculation
of the success rate for control room operator actions. This methodology has
recently been subjected to simulator tests to verify its applicability for
risk assessment purposes and for Susquehanna in particular. Zn addition to
prior measurements carried out by EPRZ and NUS, San Diego, a series of
simulator operator performance measurements were carried out foz'll of the
Susquehanna operating crews. The accident sequences used were among the most
severe and demanding in tezms of operator response. The preliminary results
from these measurements appear to fully support the assumptions used in the
Susquehanna IPE.

As an indication of the effectiveness of the additional procedural
actions, Table 1 displays the the development of the various plant damage
contributors, starting with the Susquehanna IPE results, and then removing the
benefit of operator actions and equipment not considered in earlier BWR risk
assessments.

This table includes consideration of failure to scram in combination with
Station Blackout. Because of this, some, core damage is seen to occuz's a



result of reactivity transients. Such transients are normally associated only,
with ATWS events. Care should be exercised in interpreting this table since
the changes, from left to right, represent accumulative changes. For this
reason, the order of consideration can have a strong impact on the importance
of a given change. Furthermore these changes are strongly interdependent.
For example, load stripping the .DC power supplies will show very little
improvement unless a backup source of low pressure injection to the vessel has
been provided.

Examination of. Table 1 shows that in spite of this, measures taken to
extend DC power availability are worth a factor of 3 in core damage frequency
but have little influence on containment overpressure failure. Containment.
overpressure failure is sharply influenced by early wetwell venting (a factor
of 10) and is also strongly influenced by the existence of a fifth diesel
(another factor of 10). It is clear, from this table, that the ve low
fre encies of lant dama e calculated in the Sus ehanna IPE are readil
ex lained on the basis of Sus ehanna e i ment and rocedures relative to the
results of WASH-1400 and NUREG-1150.

4.2 Anticipated Transients Without Scram

4.2.1 Partitioning

In addressing ATWS plant damage contributions, we have used the
NUREG-0460 value for pzobability of failure to scram on demand., Since there
is a major difference in the effectiveness plant modifications, such as ARI,
and operator response actions between the "electrical" and the "mechanical"
ATWS we partitioned all ATWS events between "electrical" ATWS (failure of the
RPS relays to operate) and "mechanical" ATWS (failure of the Scram Discharge
Volumes (SDV) to provide sufficient volume for the scram discharge water) on a
two to one basis in accordance with prior practice. Our results are not
particularly sensitive, however, to this partitioning.

The "mechanical" ATWS we further partitioned between single and double.,
SDV failures, and, based on technical judgement, we assumed that the singly
failure was 100 times more likely than the double failure. Random failures of
rods to insert were dismissed as statistically incapable of resulting in a
core generating sufficient power to represent a threat to the plant. No other
common mode mechanisms could be identified which would result in a full core

'echanical'ATWS. Subsequent calculations which we have performed using a
precursor model, convolution integzal, and LER data have shown that:

1. The NUREG-0460 failure probability looks valid for the pre-BF»3
condition of Susquehanna, and

2. the single to double partitioning of SDV failure is 1000 rather than
100.

This result indicates that the ATWS frequencies used in the Susquehanna IPE
are rather conservative since the SDV modifications mandated after the BF-3
event have sharply reduced the frequency estimate for mechanical ATWS, and the
partitioning used did not reduce the full mechanical ATWS by as much as
operating experience indicates as appropriate.

This result is important since ARZ has essentially eliminated
"electrical" ATWS as a contributor to plant damage, and the lower power of the
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partial ATWS (single SDV failure) greatly increases the confidence in
successfully achieving hot shutdown without plant damage and minimizing plant
damage in sequences involving additional equipment failures.

4.2.2 Transient Analysis

Examination of the BWR Owner's Group Emergency Procedures Guidelines
clearly indicates that response to an ATWS event is an operator action
intensive activity.. Many actions are required in a rather short period of
time, and some of these actions look difficult to accomplish as directed. For
this reason, PPaL developed a greatly simplified model for calculating the
transient response of the reactor in an ATWS shutdown transient. The initial
model was crude, but over the past two years the model has been systematically
improved. The basis of this model is the Chexal-Layman correlation for
reactor power as a function of downcomer water level and reactor pressure.
The model incorporates an accurate free volume versus level representation
inside and o'utside the core shroud to yield accurate level calculations, and
incorporates appropriate boron transport and hydraulic models.

We have used this model 'to examine in depth various ATWS response
strategies to determine the time available to the operator to accomplish the
necessary response actions for ATWS events. On the basis of the results of
these calculations we have modified the EPGs somewhat in the development of
the Susquehanna Emergency Operating Procedures. The most important

~ modifications are:

l. ATWS response is based initially on a flow control approach rather
than a level control approach. Control of level is a secondary
consideration.

2. Level is to be maintained above the top of the upper plenum under all
circumstances rather than at TAF.

3. The Heat Capacity Temperature Limit (HCTL) for initiating reactor
depressurization was raised to 208 F at design pressure.

The rationale behind the first of these modifications is that for a BWR

in natural circulation the power generated is established by the. makeup flow
rate to the reactor vessel. In an isolation ATWS operation of the HPCI, RCIC,
and CRD pumps produce a steam flow corresponding to 21% of design. Our
transient calculations show that this steaming rate can readily be
accommodated and yet allow adequate time for boron injection. Our
calculations also show that water level at this flow rate will stabilize a few
feet above the top of the upper plenum. For the ATWS without isolation we run
feedwater back to the equivalent flow rate for the isolation case.

The second modification above is a reflection of our concern over limit
cycle operation of the reactor, a concern over the .consequences of the level l
initiations which would result, and the very poor indication of water level
which would result from operation at TAF. Limit cycle operation has been
observed in natural circulation operation of BWRs, and we are concerned that
operation with greatly reduced water level will aggravate this potential
problem, and we wish to minimize the magnitude of it. Operation below the top
of the

uppers
plenum results in a reduction in the free area of the downcomer

from 300 ft to 88 ft at Susquehanna which would potentially further
aggravate limit cycle operation.



Finally, the, basis for the third modification above is that we believe j.t
very hazardous to depressurize a critical reactor and reflood with low
pressure pumps. Thus we wish to avoid such action unless it is absolutely
necessary. - Since we must depressurize when the HCTL is reachedg we have
chosen to raise the limit curve to provide additional time for boron injection
so that the probability of being forced to depressurize is reasonably low.

The performance of such transient calculations has provided us with the
necessary information to quantify the time available for operator actions in
x'esponse to ATWS and to develop the probability of operator success at, taking
the action. This capability has also allowed'us to compare various response
strategies to determine the relative benefits of one over another in terms of
time available for operator actions. Our recently completed simulator
measurements are believed to fully support the assumptions for operator
response times made in the Susquehanna ZPE.

In the case of more severely degraded ATWS sequences, such as ATWS with
loss of SLCS or loss of HPCI, our transient analysis program cannot. provide
direct information on the plant perfoxmance, but with peripheral calculations
using programs such as SIMULATE, we can gain considex'able insight into the
event progression. Our conclusions are that, by depressurizing the xeactor and
using low pressure pumps, we Can nearly always achieve hot shutdown before
containment overpressure failure by the process of manual rod insertion which
can be accomplished even when SDV failure haa occurred.

4.2.3 ATWS Success Criteria

Our investigations have shown that if our procedures are followed, the
probabi.lity of failure to provide adequate cooling to the core for a period of
time sufficient to cause severe clad damage is extremely small. However, for
those events where the reactor must be depresaurized and low pressure make up
must be used, we have hypothesized clad damage from either extended limit
cycle operation or from severe reactivity txansients. Unfortunately, we are

,unable to perform definitive transient calculations for these'ituations, but,
based on our knowledge of plant characteristics, we"believe the potential for
mechani.cal clad damage is very high. While such damage would probably not
release fission products to the same degree as severe metal-water reaction
damage, we believe it could, nevertheless, release a large fraction of the
noble gases and a considerable quantity of the volatile fission products.

Therefore, for all sequences where our calculations indicate HCTL will be
exceeded, we postulate mechanical clad damage.

This is by far the dominant ATWS plant damage category for Susquehanna.
Our calculations indicate that we always have time for manual rod insertion
before the containment failure pressure is reached. Only in the case of a

very severe event, such as Station Blackout with failure to scram, would we
anticipate containment overpressure failure.

4.2.4 Results of the ATWS Analysis

Zn Table 2 we show the importance of the approach we have taken to ATWS

evaluation. On the left-hand side, the results are shown as currently
presented in the Susquehanna IPE. Zn order to show the importance of the
various plant modifications, procedural changes, and analysis models, we have
tabulated the process of stepping back to the condition of our plant design
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prior to the BF-3 event. Once again, caution must be used in interpzeting
this table since the changes have been made in a cumulative fashion, and there
are interactions between the changes shown.

The results show that two pump boron injection has changed ouz'isk of
Plant damage only bY a factor of only 2, while ARI further reduces this risk
bY a factor of 10. Partitioning credit for the single/doub].e SDV analysis is
worth an additional factor of 10 and the action to bypass HPCI logic to avoid
loss of HPCI is worth another factor of 10. These are very large
improvements, but up to that point the only significant risk has been core
damage. The operator is always able to avoid containment failuze.

If we take the next step, however, and assume operator failure to follow
procedures and not initiate SLCS 10% of the time, we find.,ourselves with a
logical dilemma. If the operator did not know enough to initi'ate SLCS, how
can we believe he will be able to take the much more sophisticated actions
necessary to shutdown without it. Therefore we assume the operator
systematically fails to follow any subsequent steps in the procedure.

We do not believe it is credible'hat the operators will fail to inject
boron. The symptoms of ATWS aze unmistakable, and ample time is available to
take the action. we firmly believe failure to inject boron is dominated by
the equipment failure rate. As shown, the result of this procedural error
assumption is a dramatic inczease in the containment overpressure failure
frequency. We also believe that conservative models which neglect the HPCI
bypass and assume the operator fails to initiate SLCS, completely obscure the
true nature of ATWS risk, and can therefore lead to deficient procedures and
operator training.

Our observations during*our program of simulator measurements appear to
fully support our expectations for operator performance.

4.3 Containment Venting

4.3.1 Objectives of the Evaluation

At the time of the performance of the Susquehanna IPE, our emergency
procedures did incorpozate an instzuction to vent the wetwell. This
instruction advised the operators simply to open the wetwell purge exhaust
isolation valves before containment design pressure was reached. We did not
believe that our venting procedure could actually be implemented for all
accident sequences successfully, but we did not have time to carry out a

proper investigation consistent with our schedule for completion of the IPE.
For this reason we decided to use judgement, and we assumed an ability to
utilize the wetwell vent 90% of the time in all sequences which would benefit
from it.

Our primary objective in considering venting was to reduce the frequency
of containment overpressure failure. The rationale for this was that such a

course of action would maintain the plant in a more manageable condition after
stabilization, and that the noble gas release would have less offsite
consequence than, would result from overpressure failure. For those cases in
which the core had not yet sustained damage, the release would be negligible
and consequential damage to the core could be avoided.



4.3.2 Technical Issue Definition

In order to evaluate the actual effectiveness of wetwell venting with
existing equipment we started with .the dominant„ accident sequences derived by
the Susquehanna IPE. Each sequence was examined to determine whether or not
our existing procedure would achieve the objectives stated above- The major
issue which required resolution was the question of vent path integrity and
containment venting pressure.

We verY quicklY established the basic requirement. that we would not vent
when we believed that the result would be loss of vent integrity

o frationale or this constraint was a consideration of loss of Reactor Building
access,'r, worse yet, release into the control structure which houses the
control room and relay rooms. Further, such a release could result in a loss
of capability to maintain core cooling in those cases where the vessel was yet
intact or in a loss of ability to maintain cooling of core debris on the
drywell floor.

Information developed by another utility indicated that our ventilation
duct work, which formed a significant portion of our vent path, could only
withstand a differential internal pressure of about 10 psid before local
tearing and leakage began. Flow from the wetweLL must pass through two 18
inch isolation valves and several 90 elbows of heavy walled pipe before this
duct work is reached. Calculations for flow rates and pressure drops thorough
the vent path were carried out assuming that both 10,500 scfm SGTS filter
trains would be opened to minimize back pressure. The results indicated that
flow would not choke at any point in the vent path, including the exit, that,
30 psia was the maximum allowable wetwell pressure to avoid exceeding 10 psid
in the ventilation duct path, that the HEPA and prefilters in the SGTS trains
could be expected to tear before full flow was reached, and that the resulting
vent flow would be sufficient to stabilize the containment within 15 to 30
minutes of scram.

In order to establish reasonable constraints on a decision to vent, some
offsite dose calculations were performed using very conservative meteorology
(Pasquill F and a wind velocity of 1 meter/sec.) . The results of these
calculations indicated to us that with a damaged core, or with the potential
for core damage, venting should not be initiated before about 6 to 8 hours
into the event on the assumption that the downwind sector could be evacuated
out to about 10 km before venting. The rate of wetwell pressure increase is
such that 30 psia may be reached prior to 6 hours for some transients,
however. This rate of pressure increase could be drastically reduced in many
cases simply by adding water to the suppression pool. For example, doubling
the pool mass will more than double the available time to reach 30 psia.

Based upon a recent incident involving a potentially hazardous chemical
fire at a nearby manufacturing facility, we believe that evacuation of the
downwind sector in this time period is achievable. In this incident, the
decision to evacuate the area was made within about two hours of the outbreak
of the fire, and evacuation of about 16,000 people was"complete within about
4.5 hours of, the outbreak of the fire. This evacuation utilized the PPGL
Alert Notification System (5 sirens) and utilized evacuation plans developed
for an emergency at Susquehanna. No injuries resulted from this evacuation
which took place between 2:30 A.M. and 5:00 A.M. in the morning.
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The assumption was made that the Susquehanna procedure for venting could
be changed to vent at 30 psia wetwell pressure, and it. was also assumed that
venting would not be performed before about 8 hours to permit downwind
evacuation. On this basis the results of the Susquehanna IPE were
re-evaluated and it was found that the effectiveness of the vent was increased
by a factor of about 7 over the original results in terms of reducing
containment overpressure failure. This calculation assumed a 99'uccess rate
in venting when AC power was available or when no core damage had occurred or
was expected before 8 hours. ,This result is very much dependent on the vent
sequences which dominate Susquehanna plant damage frequencies, however.

We also examined radiation levels within the reactor building during
venting the reactor building during venting and discovered that, based on veryconservative assumptions, high exposures could be experienced in the control
room. This is a consequence of the fact that the vent path runs up thecontrol structure wall adjacent to the control room area. These calculations
assumed, however, early venting at very low flow rates. This issue will
require further evaluation before the wetwell vent issue can be resolved.

4.3.3 Results of Preliad.nary Vent Evaluations

In Table 3 the comparison between the original Susquehanna IPE pl'ant
damage frequencies and the revised frequencies with detailed consideration of
vent constraints with existing equipment are shown.

These results are preliminary, however, and have not been subjected to
independent review either for accuracy or completeness. They should only be
considered as an indication of potential constraints and the impact oftechnical issues identified to date. Much more detailed work is required
before PPSL is prepared to state a position on the advisability of venting as
an accident mitigation capability or on the design requirements appropriate to
providing a wetwell vent capability.

5.0 Known Weaknesses in the Susquehanna IPE

In the time since the IPE work was completed in December, 1985 we have
continued our investigations into the IPE methodology and the assumptions that
were used in evaluating Susquehanna. At this time we are aware of a number of
deficiencies in the analysis. Except for one issue, core stabilization, we do
not believe that any of these items will result in an important change to the
results as they currently stand. The various problem areas in the IPE
currently known are discussed below.

5.1 Core Stabilization

In nearly'all Susquehanna accident sequences in which core damage occurs,
the restoration of makeup capability had commenced. The criterion specified
by IDCOR, restoration of adequate makeup flow (~3000 to 5000 gpm) before the
core reaches 3000 F, gives only about 30 minutes after loss of adequate core

0

cooling to stabilize the core. If this time were extended to 45 minutes or 60
minutes, the reduction in vessel failure frequency by" core stabilization would
be increased from a factor of 3 in the current IPE to a factor of 10 to 20 or
more. This change would have a dramatic influence on the need for concern
over such phenomena as core melt/concrete interactions, direct heating of the
drywell atmosphere, and attack on the drywell boundary.
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Recent work -by Oak Ridge and Sandia leads us to believe that a much more
favorable core stabilization criterion is appropriate. Because of the
importance of this concept, we believe„ this should be an effort of the highest
priority by- both industry and the NRC.

5.2 Support State Definition

While we very much like and recommend the support state concept used by
the BWR IPE methodology, we are concerned that not enough detail has been
included in the support state definitions for the use PPgjL wishes to make of
the IPE. For this reason we have been investigating our ability
support state definitions down to the individual bus and breaker level. we
believe this can be done in a practical manner, but at the expense of an
enormous expansion of the support states needed to described the plant.

Fortunately, we have seen that many of these support states are fully
equivalent so that lazge scale collapse of the large number of support states
is possible. In addition, the frequency of some of the support states becomes
so low that it may be appropriate to truncate support states below some
extremely low frequency. We believe that we can represent these support
states best by means of a computer program that will carry ciut the necessary
grouping of support states and calculation of frequencies.

Overall, we do not expect our IPE results to change, but this additional
detail may be important in sensitivity studies.

5.3 Treatment of Loss of Off-site Power

At the time of performing the IPE calculations we believed that the
off-site power lines were to be considered obtuse, that is, not subject to
coincidental loss due to tornadoes. Since that time the definition of tornado
classifications has changed, and the Susquehanna off-site power lines are no
longer classed as obtuse. This change will have some impact on our Station
Blackout damage frequency, but we expect it to be partially,'or completely,
compensated for by changes currently being made to our off-site power sources.

5.4 DC loads

In order to improve the instrumentation available to operators under loss
of off-site power, PPaL has added a number of new unintezruptible power
supplies for instrumentation. These result in additional loads to our DC

power supplies which will decrease their enduzance in Station Blackout.

We believe the impact of these added loads is relatively small. Table 1
provides an indication of the expected impact.

I

5.5 Control Rod Drive Pump Flow

In using CRD pump flow in establishing our various success criteria we
inadvertently used a rather optimistic value for the flow rate. We intend to
correct this. in the next IPE xevision, but we expect only a very minor impact
from this correction.
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5.6 Miscellaneous Computational Errors

In the time period since completion of the IPE we have also discovered a

number of computational errors. We do not believe any of these will have a

large influence on the overall results.

5.7 Peculiarities in Procedures and Equipment

We have found a number of features in our procedures which have caused
our operators trouble in the simulator performance measurements we have
carried out. we are in the process of evaluating these problem areas at this
time and plan to take action to improve the procedure or training. At this
time we are not certain what impact these items may have, but we do not expect
a large effect.

We have also discovered a number of peculiarities in our equipment which
were not appreciated at the time of the IPE work. The influence of these
items are both positive and negative, but are not expected to have much
influence on ouz results.

5.8 Improvements in Transient Models

Over the past several years we have continually improved our transient
models and the MAAP program is also now available in a new version. While we
do not expect. any large differences in our results, the most critical
transients should be re«examined using the latest available models and data.

6.0 Future Plans

In the past year we have found the Susquehanna IPE to be an invaluable
tool in addressing issues relating to safety at Susquehanna. Further, the
transparency of the IPE methodology makes it very easy to assess the impact of
changes in equipment or procedures and to understand exactly what is involved
in the effect of the change. For this reason we see that the IPE will
continue to be a very important influence in our evaluation of changes to
Susquehanna.

The information developed also provides a very useful and effective basis
for communicating the qualitative and quantitative influence of various
problems which arise in operation of the plant because of the very rapid
response time possible using the IPE. It is therefore a very valuable tool in
assisting management to make knowledgeable decisions on alternative courses of
action. The IPE has been used in a preliminary fashion for training selected
Nuclear Department groups. It will be used as the basis for a much broader
formal training program for our personnel in the near future.

We intend to revise the Susquehanna IPE in the future to incorporate
corrections for the deficiencies identified above, to extend its scope to
consider fire and floods, and also to calculate the total risk for two units.
As a major objective in the revision to the report document, we wish to place
all of the calculations and data on a computer. At the present time we would
prefer to accomplish this using an IBM AT type personal computer and we
believe that this is a practical goal. Ovezall, our ultimate objective is to
make the IPE a useful working tool for all of our design, safety evaluation,
and modification activities. Our purpose is to create the best reasonable
level of understanding of the contributors to plant damage risk throughout our

- 13-



organisation so that consideration of impact on risk becomes an integral partof our operation.

-14-



organization so that consideration-of impact on risk becomes an integra]. partof our operation.
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TABLE 1 STATION BLACKOUT

-1
(Frequency - yr )

Plant Damage
State

Present
IPE

Correction
for

Deficiencies

No
Fire Hain
Injection

No Ho Ho
Early DC Load Fifth WASII NUREG

Venting Shedding Diesel 1400 1150
Credit

1. Ho Damage (2)
2. Reactivity Transients
3. Netal-Water Reaction
4. Core Nelt g~d Vessel Failure
5. Vent t 1

6. Vent + 2

7 Vent + 3

8 Vent > 4
9 1 + COPF

10. 2 + COPF

11 3 + COPF

12 ' + COPF
13. COPF + 4

1 ~ 2xlO
7 6%10
3.9xlO
8.5x10

(5)
1.6x10

1.4xlO

1.3xlO
1.4xlO
8 8%10
3.0xlO

-8
2. lxlO
6.0x10

2. lxl0

1.3xlO
1.5x10
1.0xlo
2.8xlO

-8
7. 6x10
F 6%10

-9
2.0x10

1.3xlO
2.3x10
2.'7x10

0

0
0

2.0xlO

-9
1.3%10
5.9xl0
9.1%10

0

"8
2.0%10

1.3xlO
2.8xlO
5.0xlo

0

0
0

1.4x10

TOTAL
-7

1 . 3xlO
-73.lx10 -7 -6 -6 -7 -64.9xlO 5.2x10 1.5xl0 7.8xlO 1%10 7xlO

(1)
(2)
(3)
(4)
(5)

Hew DC loads plus non-obtuse off-site lines.
Not included in total because no significant release.
Sequence indicates order of daaage occurrence.
COPF contaimaent overpressure failure
Not calcula'ted



TABLE 2 ANTICIPATED TRANSlENT MlTNOUT SCRAH

-1
(Frequency - yr )

Plant Damage
State

Present
IPE

~ One
SLCS
Pump

No
ARI

No
No RPCl

Partitioning Bypass

(1)
Procedural

Error
(0-1)

MASH NUREC
1400 1150

l. No Damage (2)
2. Reactivity Transients
3. Hetal-Water Reaction
4. Core Helt ~~d Vessel Failure
5. Vent + 1

6. Vent t 2

V. Vent + 3
8. Vent + 4
9 1 + COPF ,(4)

10. 2 + COPF

11 3 + COPF

12 4 + COPF
13 COPF + 4

6.6xlO 6.6x10 1 9xlO 2.2xlO 9.0xlO-12 -12 -11 -11 -1 1 B.lxlO

2 2x10 2,2x10 6 3xl0 7 2x10 7.2xlO 2.0xlO

-8 -5 -59.3xl0 1.8xlO 2.2xlO 2.2xlO 4.5x]0 4.1xlO

-9
9.3xlO

"8 -7 -6 -5 -5 -51.9xlO 2.2xlQ 2 2xlO 4.5xlO 6.lxlO 1.3xlO 1.0xl

(1) The dominant contribution is failure to initiate SLCS or any subsequent mitigating action
(2) Not included in total because no significant release.
(3) Sequence indicates order of damage occurrence.
(4) COPF containment overpressure failure.



TABLE 2. AHTIClPATED TRANSlEHT WlTHOUT SCRAH

-1
(Frequency - yr )

Plant Damage
State

Present
1PE

One
SLCS
Pump

No
ARI

No
No IIPC1

Partitioning Bypass

(1)
Procedural

Error
(0- 1 )

WASH HURD
1400 1150

1. No Damage (2)
2. Reactivity Transients
3. Hetal-Water Reaction
4. Core Helt ~~d Vessel Failure
5. Vent t 1

6. Vent t 2

7. Vent + 3

8 ~ Vent + 4
9 1 t COPF, (4)

10 2 + COPF

ll. 3 + COPF

12 4 + COPF

13 ~ COPF + 4

9.3x10 1.8xlO
-7

2. 2xlO
"6 -5 -52.2xlO 4.5xlO 4.1xlO

2. 2x10 2. 2x10 6. 3x10 7. 2x1 0 7. 2x10 ~ 2. Ox10
-11 -11 -11 -11 -11 -5

6.6x10 6.6xlO 1.9x10 2.2xlO 9.0xlO 8.lxlO-12 -12 -ll -ll -11 -ll

"9
9.3xlO 1.9xlO

~pj2.2xlO
-6

2 F 2@10
-5

4. 5xlO 6.1xlO -51.3xlO 1.0xlO

(1) The dominant, contribution is failure to initiate SOS or any subsequent mitigating action.
(2) Not included in total because no significant release.
(3) Sequence indicates order of damage occurrence.
(4) COPF ~ containment overpressure failure.



TABLE 3

EVALUATION OF EXISTING
VENT CAPABILITY

-1
(Frequency - yr )

Plant Damage
State

Present
IPE

Vent at
30 PSIA

(8 hrs)

Vent without core damage 1.9x10 2.0x10

Vent with core damage 1.7x10 1.8x10

Containment failure without

core damage

l.2xl0 6.9x10

Containment failure with 6.2x10 9.1x10

core damage

Not, vented due to constraints 6.0x10
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THE PPRL APPROACH

TO

RISK MANAGEMENT AND ASSESSMENT

INTENT

WE WISH TO ASSURE THAT ALL POSSIBLE CAPABILITY

OF THE PLANT TO PREVENT OR MITIGATE THE CONSEQUENCES

OF PLANT DAMAGE FOR ANY INITIATING EVENT AND ANY

COMBINATION OF EQUIPMENT FAILURES WILL BE EFFICIENTLY

AND EFFECTIVELY APPLIED,



THE PPRL APPROACH

TO

RISK NANAGENENT AND ASSESSNENT

APPROACH TO INPLENENTATION

o SEQUENCES HAVING HIGH CALCULATED FREQUENCIES ARE

NOT ACCEPTABLE,

o LOM CALCULATED FREQUENCIES ARE NOT ADEQUATE, AND

DEFENSE IN DEPTH IS ALSO REQUIRED,

EQUIP NENT:

o PLANT DANAGE MILL OCCUR ONLY AFTER INDEPENDENT

FAILURE OF REDUNDANT AND DIVERSE EQUIPNENT,

o NO CONBINATION OF FAILURES CAUSING CORE DANANGE CAN

CAUSE UNAVOIDABLE CONSEQUENTIAL CONTAINNENT FAILURE.

o IN THE ABSENCE OF ADDITIONAL FAILURES BEYOND THOSE

CAUSING CORE DANAGE, THE CORE DAMAGE SEQUENCE CAN

ALMAYS BE ARRESTED BEFORE REACTOR VESSEL FAILURE,

PROCEDURES:

o NO PROCEDURE MILL HAVE ADVERSE CONSEQUENCES IN THE

CASE OF ADDITIONAL EQUIPNENT FAILURES BEYOND THOSE

OCCURRING INITIALLY,

o THE NECESSARY ANTICIPATORY ACTIONS WILL BE PERFORMED

TO AVOID LOSS OF ADDITIONAL EQUIPNENT,

o THE NECESSARY ANTICIPATORY ACTIONS MILL BE PERFORNED

TO PERNIT SUCCESSFUL RESPONSE TO POTENTIAL ADDITIONAL

FAILURES,



THE PPRL APPROACH

TO

RISK MANAGEMENT AND ASSESSMENT

APPROACH TO IMPLEMENTATION

o 'EQUENCES HAVING HIGH CALCULATED FREQUENCIES ARE

NOT ACCEPTABLE,

o LOW CALCULATED FREQUENCIES ARE NOT ADEQUATE, AND

DEFENSE IN DEPTH IS ALSO REQUIRED,

EQUIPMENT:

o PLANT DAMAGE WILL OCCUR ONLY AFTER INDEPENDENT

FAILURE OF REDUNDANT AND DIVERSE EQUIPMENT,

o „NO COMBINATION OF FAILURES CAUSING CORE DAMANGE CAN

CAUSE UNAVOIDABLE CONSEQUENTIAL CONTAINMENT FAILURE,

o IN THE ABSENCE OF ADDITIONAL FAILURES BEYOND THOSE

CAUSING CORE DAMAGE, THE CORE DAMAGE SEQUENCE CAN

ALWAYS BE ARRESTED BEFORE REACTOR VESSEL FAILURE,

PROCEDURES:

o NO PROCEDURE WILL HAVE ADVERSE CONSEQUENCES IN THE

CASE OF ADDITIONAL EQUIPMENT FAILURES BEYOND THOSE

OCCURRING INITIALLY,

o THE NECESSARY ANTICIPATORY ACTIONS WILL BE PERFORMED

TO AVOID LOSS OF ADDITIONAL EQUIPMENT,

o THE NECESSARY ANTICIPATORY ACTIONS WILL BE PERFORMED

TO PERMIT SUCCESSFUL RESPONSE TO POTENTIAL ADDITIONAL

FAILURES.



THE PPRL APPROACH

TO

RISK MANAGEMENT AND ASSESSMENT

APPLICATIONS

WE WILL USE RISK ANALYSIS AND METHODS TO:

o EVALUATE ALTERNATIVES FOR PLANT MODIFICATIONS,

o DEVELOP OPTIMAL EMERGENCY RESPONSE PROCEDURES,

o DEVELOP OPERATOR TRAINING PROGRAMS TO ASSURE

OPERATOR KNOWLEDGE OF CRITICAL RESPONSE ACTIONS

o TRAIN AND .INFORM MANAGEMENT TO ASSURE PROPER

CONSIDERATION OF RISK IN DECISION MAKING,

o ASSURE DEFENSE IN DEPTH IN OUR EQUIPMENT AND

IN OUR PROCEDURES,



THE PPRL APPROACH

TO

RISK MANAGEMENT AND ASSESSMENT

AN IMPORTANT OBSERVATION

EXCESSIVE CONSERVATISM IN THE RISK EVALUATION

PROCESS IS FUI I Y AS OBJECTIONABLE AS EXCESSIVE OPTIMISM,

THE EVALUATION MUST BE AS REALISTIC AS POSSIBLE AND

CONTAIN AS FEW ASSUMPTIONS AS POSSIBLE.

OTHERWISE, ATTENTION WILL BE FOCUSED ON IMPROPER

EVENT SEQUENCES WHICH ARE NOT REAL, AND EVENT SEQUENCES

WHICH ARE REAL AND WHICH MAY REQUIRE EXPLICIT OPERATOR

TRAINING MAY BE MISSED,



THE PPRL APPROACH

TO

RISK MANAGEMENT AND ASSESSMENT

AN IMPORTANT OBSERVATION

EXCESSIVE CONSERVATISM IN THE RISK EVALUATION

PROCESS IS FULLY AS OBJECTIONABLE AS EXCESSIVE OPTIMISM

- THE EVALUATION MUST BE AS REALISTIC AS POSSIBLE AND

CONTAIN AS FEW ASSUMPTIONS AS POSSIBLE,

OTHERWISE, ATTENTION WILL BE FOCUSED ON IMPROPER

EVENT SEQUENCES WHICH ARE NOT REAL, AND EVENT SEQUENCES

WHICH ARE REAL AND WHICH MAY REQUIRE EXPLICIT OPERATOR

TRAINING MAY BE MISSED,
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THE IDCOR BWR

INDIVIDUALPLANT EVALUATION NETHODOLOGY

DEPENDENCY NATRICES

o FRONT LINE FUNCTION vs SUPPORT STATE

o (SUPPORT STATE vs SUPPORT STATE)

FUNCTIONAL FAULT TREES

o USED TO QUANTIFY EVENT TREES AND ARE SPECIFIC

TO THE INITIATOR

SUPPORT STATE EVENT TREES

o PARTITION THE INDEPENDENT FAILURES OF SUPPORT

SYSTENS

EVENT TREES - FRONT LINE FUNCTIONS

o QUANTIFICATION IS ENTIRELY NUNERICAL USING THE

FUNCTIONAL FAULT TREE TOP LEVEL UNAVAILAB!LITIES

ACCIDENT CLASS DEFINITIONS

o USED TO ASSIGN EVENT TREE END POINTS

o ADEQUATE FOR TOTAL CORE NELT FREQUENCY DEFINITION

o NOT ADEQUATE FOR PROGRESSION TO CONTAINNENT LOSS

OF INTEGRITY



SUSQUEHANNA IPE

ACCIDENT CLASSES

~ ~

TINE OF CORE DAHAGE

A, -0-2HRS
B, 2 - 4 HRS

C, 4-10 HRS

VESSEL STATUS

D, 10- 24 HRS

E, CONSEQUENTIAL

Z, NO FAILURE

I — INTACT:

F - FAILED

X - NOT DETEfNINED

TINE OF CONTAINNENT FAILURE

A, 0 - 4 HRS

B, 4-10 HRS

C, 10- 24 HRS

D, >24 HRS

TYPICAL CLASSES

V, VENTED

Z, NO FAILURE

X, NOT DETERNINED

AIZ - CORE DANAGE BEFORE 2 HRS, BUT VESSEL AND

CONTAINNENT INTACT

AXX - CORE DANAGE BEFORE 2 HRS, VESSEL AND CONTAINNENT

STATUS NOT DETERNINED

EFD - CORE NELT AND VESSEL FAILURE AS A CONSEQUENCE

OF CONTAINNENT FAILURE AFTER 24 HOURS



SUSQUEHANNA IPE

ACCIDENT CLASSES

TIME OF CORE DAMAGE

A, .0-2HRS
B, 2 - 4 HRS

C, 4-10 HRS

VESSEL STATUS

D 10- 24 HRS

E CONSEQUENTIAL

Z, NO FAILURE

I - INTACT :

F - FAILED

X - NOT DETERMINED

TIME OF CONTAINMENT FAILURE

A, 0 - 4 HRS

B, 4-10 HRS

C, 1O- 24 HRS

D, >24 HRS

TYPICAL CLASSES

V, VENTED

Z, NO FAILURE

X, NOT DETERMINED

AIZ — CORE DAMAGE BEFORE 2 HRS, BUT VESSEL AND

CONTAINMENT INTACT

AXX — CORE DAMAGE BEFORE 2 HRS, VESSEL AND CONTAINMENT

STATUS NOT DETERMINED

EFD — CORE MELT AND VESSEL FAILURE AS A CONSEQUENCE

OF CONTAINMENT FAILURE AFTER 24 HOURS



EVALUATION

OF

ATWS EVENTS

o PARTITIONING

ELECTRICALlNECHANICAL= 2:1

SINGLE SDV/TWO SDV = 100:1

RANDON FAILURE

o TRANSIENT ANALYSIS

=0

EVALUATE ALTERNATIVE RESPONSE ACTIONS

EXANINE DEGRADED PLANT CONDITIONS

o DEPRESSURIZATION

RAISED HCTL CURVE

DEPRESSURIZE ONLY WHEN HCTL IS EXCEEDED

o NANUAL ROD INSERTION

ALWAYS SUCCEED BEFORE CONTAINMENT FAILURE

o ANTIC I PATORY ACT IONS

CAN ALWAYS AVOID LOSS OF INJECTION



APPLICATION TO ATMS

PRESENT IPE

SINGLE SLCS PUNP

NO ARI

NO PARTITIONING

NO HPCI BYPASS

PROCEDURAL ERROR (10X)

MASH - 1400

NUREG - 1150

CORE

DAMAGE

9.3 x 10-9

1,8 x 10 8

2,2 x 10 7.

2,2 x 10

4.5 x 10-5

4.1 x 10 5

CD +

COPF

',2

x 10-11 .

x 10-11

6,3 x 10-11

x jp-11

7,2 x 10 11

2,0 x 10 5

1,3 x 10 5

1.0 x 10 6

"
CORE DAMAGE MITH CONTAINNENT OVERPRESSURE FAILURE



APPLICATION TO ATWS

PRESENT IPE

SINGLE SLCS PUNP

NO ARI

NO PARTITIONING

NO HPCI BYPASS

PROCEDURAL ERROR (10X)

WASH - 1400

NUREG - 1150

CORE

DAMAGE

9.3 x 10-9

18x108

2,2 x 10 7

2,2 x 10-6

4,5 x 10-5

4.i x 10-5

CD+
COPF

'.2

x 10-11

2,2 x 10-11

6,3 x 10-11

7,2 x 10-11

7,2 x 10-11

2,0 x 10 5

i.3 x 10-5

1,0 x 10 6

"
CORE DANAGE WITH CONTAINNENT OVERPRESSURE FAILURE



DEFICIENCIES

IN THE

CURRENT ANALYSIS

o CORE STABILIZATION

o SUPPORT STATE DEFINITION

o LOSS OF OFF-SITE .POMER

o DC LOADS

o CRD PUMP FLOM

o COMPUTATIONAL ERRORS

o PECULIARITIES IN PROCEDURES AND EQUIPMENT

o IMPROVEMENTS IN TRANSIENT MODELS



FUTURE PLANS

o ASSESS IMPACT OF CHANGES

EQUIPMENT

PROCEDURES

o IMPROVE QUALITY OF DECISIONS

RAPID RESPONSE TO PROBLEMS

PROVIDES INFORMATION ON RISK IMPACT

CAN BE USED IN TRAINING ..

o GO TO A COMPUTER BASED SYSTEM

IMPROVES ACCURACY AND SPEED

PERMITS FINER RESOLUTION OF SUPPORT STATES

o ULTIMATE GOAL

APPLY TO ALL DESIGN, MODIFICATION AND SAFETY

EVALUATIONS,

CREATE A HIGH LEVEL OF UNDERSTANDING OF

CONTRIBUTORS TO RISK IN THE ORGANIZATION,



FUTURE PLANS

. o ASSESS IMPACT OF CHANGES

EQUIPMENT

PROCEDURES

o IMPROVE QUALITY 'OF DECISIONS

RAPID RESPONSE TO PROBLEttS

PROVIDES INFORMATION ON RISK IMPACT

CAN BE USED IN TRAINING .

o GO TO A COMPUTER BASED SYSTEM

IMPROVES ACCURACY AND SPEED

PERMITS FINER RESOLUTION OF SUPPORT STATES

o ULTIMATE GOAL

, APPLY TO ALL DESIGN, MODIFICATION AND SAFETY .

EVALUATIONS,

. CREATE A HIGH LEVEL OF UNDERSTANDING OF

CONTRIBUTORS TO RISK IN THE ORGANIZATION,



SUMMARY

' ~

o HIGH FREQUENCY OF AN EVENT SEQUENCE IS UNACCEPTABLE

o LOW FREQUENCY IS NOT GOOD ENOUGH

o DEFENSE IN DEPTH IS ESSENTIAL, BOTH IN EQUIPMENT

AND IN PROCEDURES

o TRAINING IS ESSENTIAL

o EXCESSIVE CONSERVATISM CAN OBSCURE THE MOST PROBABLE

EVENT SEQUENCES

o ACCURATE MODELING IS ESSENTIAL TO EFFECTIVE RISK

MANAGEMENT

o CALCULATED DAMAGE, FREQUENCIES ARE THE RESULT OF THESE

MEASURES AND MAY NOT BE USED TO JUSTIFY THAT THEY ARE

NOT NEEDED

o .THE MOST CRITICAL OUTSTANDING TECHNICAL ISSUE IS CORE

STABILIZATION, AND IT SHOULD HAVE THE HIGHEST PRIORITY

OF ALL SEVERE ACCIDENT ISSUES
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