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ABSTRACT

Lawrence Livermore National Laboratory (LLNL) has conducted a review of the
Millstone Unit 3 (MP 3) Probabilistic Safety Study (PSS) for the Office of
Nuclear Reactor Regulation, U.S. Nuclear Regulatory Commission (NRC). This
probabilistic safety study was performed by Northeast Utilities (NU) in
response to a 1981 request from the NRC. The objective of LLNL's review was

to review those aspects of the MP 3 PSS leading to estimates of the plant core
damage frequency. LLNh estimated core damage frequency from internal events at
MP 3 to be about 1x10 " per year. LLNL reviewed major areas of the PSS,
including initiating events, event trees, success criteria, fault trees, human
factors, component and operating experience data, and treatment of uncertainty.
The review of external events included earthquakes, fires, external and internal
flooding, extreme winds, aircraft accidents, hazardous materials, and turbine
missiles. The MP 3 PSS treated external events, other than seismic and fire,
in a cursory manner. LLNL's seismic review effort was curtailed by the staff
because of ongoing seismic analysis revisions by NU.
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1. EXECUTIVE SUMMARY

Lawrence Livermore National Laboratory (LLNL) has conducted a review of the
Millstone Point Unit 3 (MP 3) Probabilistic Safety Study (PSS) (Ref. 1-1) for
the Office of Nuclear Reactor Regulation (NRR), U.S. Nuclear Regulatory
Commission (NRC). This probabilistic risk assessment (PRA) was performed by
Northeast Utilities (NU) in response to a 1981 request from the NRC. The PSS
was submitted to the NRC in August 1983. A project team composed of people
from LLNL staff, subcontractors, and consultants began the review in September
1983 and completed a review draft in May 1984.

The project's objective was to review those aspects of the MP 3 PSS leading to
estimates of the plant damage state frequencies and associated uncertainties
to determine the accuracy of those estimates. The PSS results (Amendment 2)
for core melt probabilities were 4.5E-5/RY for internal events and 2.2E-5/RY
for external evemts. External events were dominated by contributions of
1.7E-5/RY from seismic events and 4.8E-6/RY for fires. The review included a
simplified re-evaluation and guantification of the internal event analysis and
estimates of the potential effects of changes to some external event

analyses. The scope of the project included neither a review of offsite
consequences nor extensive requantification.

The review process included several meetings with the plant owner and his
subcontractors and consultants and two site visits. Formal communications
between LLNL/NRC and the plant owner included detailed questions and answers.

Our review covered all major areas of plant analysis and evaluation in the

PSS. These included initiating events, event trees, success criteria (for

functions and systems), fault trees, human factors, component and operating
experience data, and the treatment of uncertainty. The review of external

events included earthquakes, fires, external and internal flooding, extreme
winds, aircraft accidents, hazardous materials, and turbine missiles.

The review effort expended varied significantly in these areas, both because
of the extent and detail of the analysis presented in the PSS, and because of
the relative importances of specific areas. More effort was expended on those
areas that were, or had the potential of being, significant contributors to
core melt or public risk. '

The scope of the review covered an examination of several issues of particular
concern to the NRC. These included: (1) reactor coolant pump seal failure
during station blackout, (2) depletion of station batteries during station
blackout, (3) pressurized thermal shock, (4) steam generator tube rupture with
stuck~open secondary steam relief valves, (5) anticipated transients without
scram, and (6) stuck-open safety/relief valve. Some of these issues had an
effect on system and/or sequence models and on requantification; others, such
as pressurized thermal shock, could not be completely evaluated. In this
example, an assessment of core melt frequency given the occurrence of
pressurized thermal shock is well beyond the scope of the review, and very
likely, beyond the present state-of-the-art.

We found no significant omissions which we could quantify in terms of an

overall contribution to core melt frequency. Several significant omissions
were found in terms of modeling errors that indicate an incomplete or

1-1



different understanding of interactions between plant systems or between human
beings (operators) and plant systems; these are described in the internal
events sectlon.

A particularly difficult problem arose with respect to the seismic evaluation
of the plant. About the time the MP 3 PSS was submitted to the NRC, NU
acknowledged that the evaluations of seismic hazard and seismic fragilities
contained in the PSS were incorrect. They belleved that both were excessively
conservative and that the relatlvely large core melt frequency due to seismic
events (which dominated the total core melt frequency) was due to these
conservatisms. Northeast Utilities, in fact, commissioned new analyses of
both areas to remove what they believed to be excessive conservatisms. LINL
recognlzed early in the review that the seismic hazard evaluatlon in the PSS
was not conservative, but rather was optimistic, by perhaps an order of
magnitude in the range of interest. 1In other words, our estimate of
earthquake frequency was significantly larger than the PSS .estimate and NU

. expected their new estimate to be smaller than the PSS estimate ~ so that a
significant difference would exist in the'ultimate.résults. "This issue was
not resolved by our review because we did not perform a complete review of the
revised seismic evaluation submitted by NU to the NRC in PSS Amendment 2 after
the project began.

The principal qualitative and quantitative coﬂclusiohsiof this review are
briefly described below in general terms.

1.1 Internal Events

‘

The éxtent and type of internal event initiators and their treatment is
reasonable and consistent with those considered in other PRAs.

Except for the V-sequence, the systems analysis appears to be adequate and
reasonably consistent with the state of the art. The .support state
methodology, however is judged to be inadequate with respect to the
identification of inter-system dependencies. Use of the large event

- tree-small fault tree methodology where support states are defined for various
conditions of initiating event occurrence and system or train avallablllty,
made the review and requantification more difficult. In fact, the use of
support states appears to place undue emphasis on the analyst's ability to
recognize all the dependencies not included in the (small) fault trees. This
process does not provide assurance that subtle dependencies normally treated
in the "small event tree-large fault tree” methodology are identified and
adequately treated. 1In addition, with the exception of glaring errors, the
use of support states in the PRA makes it virtually impossible to verify that
inter-system dependencies received adequate treatment. This is largely due to
difficulty in identifying all the places a given component or fault tree
enters into the larger model, i.e., where all the interfaces are.

The event tree and systems models were, with some exceptions, found to be
reasonable and appropriate. Major human errors of omission were included.as
events on the event trees in a consistent and correct manner; however,
operator errors of commission due to incorrect interpretation of plant
conditions (cognitive errors) were not treated, and we added two actions of
this type to the event trees. -



We found success criteria for the various emergency functions to ‘be reasonable.
Several minor.changes were made, with the most significant being rejection of
an optimistic PSS assumption that any one out of four HPSI pumps is capable of
providing high pressure injection during small loss-of-coolant accident (LOCA)
events. This success definition was revised into two separate success cases:
the first allows success for one out of two charging pumps alone, but the
second requires oné out of two PORVs in combination with one ocut of two safety
injection pumps.

The 16 system fault tree analyses in the PSS were found to be reasonable and
acceptable, with a few exceptlons. A s1gn1f1cant modeling error was'
identified in which the dependence on the vital DC system by the vital ac
system, the main electrical system, and the emergency generator load sequencer
was not included on the corresponding fault trees. We were unable to estimate
the quantitative effect of this error due to its pervasiveness and the nature
of the event tree-fault tree/support system model, which makes requantlflca—
tion almost impossible.

Our review of the failure rate data used in the PSS consisted.of a comparison
of individual component failure rates with other sources, a review of system
failure rates and unavailabilities, and a review of the common-cause failure
assessment. Although we found notable differences with other sources, none of
the component data differences (except possibly diesel generators) were judged
to have significant impact on the core melt results. A simplified sensitivity
evaluation for an.increase by a factor of 5 in the failure rate of the
emergency power system (based on the changed diesel generator rate) indicates
~that core melt frequency would increase by a factor of -3 over the PSS value
for the first year or two of operation and would be only slightly larger than
the PSS value thereafter. These results do not consider changes made to the
models in other parts of the review.

The reviews of operational experience and analySLS codes used in the PSS found
both to be reasonable and acceptable.

A review of the sevére adcident sequence assessment, which included

" consideration of assumptions, analysis, and predicted phenomena, indicates
that (1) the V-sequence evaluation in the PSS contains deficiencies which
result in a conservative probablllty of core melt and publlc risk, and

(2) many conservative assumptions were made in the PSS, but none have a
significant influence on the results with the possible exception of the
V-sequence, which we .did not completely re—evaluate. This sequence was found
to be a major risk contributor in the PSS where its evaluation was excessively
conservative.

Consideration and treatment of dependencies in the PSS were evaluated in. the
review's three categories: common—-cause initiating events, intersystem
dependencies, and intercomponent dependencies. Numerous conservatisms
identified in the area of common-cause initiating events appear to be largely
insignificant. The review of intersystem dependencies identified the failure
to treat loss of DC power in the support state analysis as a potentially
significant deficiency if the euxiliary feedwater system requires DC power
(which NU states is not necessary for successful AFW system operation). No .
errors were fognd in the intercomponent dependencies modeled in the PSS.



The overall quantification process used in the PSS is a natural product of the
choice of methodology, i.e., the large event tree-small fault tree approach.
No errors were found in the gquantification process; however, we were unable to
review the specific procedures of the discrete probability distribution (DPD)
arithmetic used to propagate uncertainties since that information was not
provided in the PSS.

A simplified requantification of the internal event sequences incorporated all
structural changes to the event trees and revised data for both components and
human errors. Our estimates of the effect of these changes on the core melt
probability is compared to the original PSS mean values in Table 1-1.

1.2 External Events

External event types considered in the PSS are earthquakes, fires, external
and internal flooding, extreme winds, aircraft accidents, hazardous materials,
and turbine missiles. This range of event types was judged to be reasonable
and consistent with other PRAs and with suggestions made in the PRA Procedures
Guide (Ref. 1-2). It should be noted that external events other than seismic
and fire were treated only in a cursory manner. Serious problems were
identified in the application and execution of the methodologies and with
input data. ’

The approach to the evaluation of external events in the PSS took the form of
a screening evaluation to identify potentially significant events for more
detailed assessments. Only earthquakes and fires survived the screening and
were subjected to detailed assessments. More detail is provided below for the
various event types.

1.2.1 Earthquakes

LLNL reviewed the entire seismic event evaluation in the original PSS and
found (a) the seismic hazard evaluation to be optimistic and not consistent
with the state of the art, and (b) the fragility analyis to be conservative
and to contain errors. . After the review of this material was completed, NU
submitted a substantially revised seismic evaluation as PSS Amendment 2 (Ref.
1-3) in which extensively modified hazard and fragility curves were utilized.
At NRC request, LLNL reviewed the revised fragility analysis, which was found
to be consistent with the state of the art. The revised seismic hazard
evaluation was not reviewed by LLNL, ‘

1.2.2 Fires

The screening process used to identify'critical areas was reasonable and
complete; however, the methodology used in the remainder of the fire
evaluation contains several notable errors. All fire areas deserving detailed
analyses were identified. The fire frequencies in various compartments were
estimated using acceptable methods and are reasonable.

Analysis of loss-of~safety functions due to fires in critical areas is not
rigorous, not explicit, and not performed consistently with the state of the
art; however, the effect of these deficiencies appears to be a conservative
bias of about one order of magnitude for the conditional fraction of fires
that result in loss~of-safety functions.



Table 1-1 Plant damage state fréquencies for internal events

(per reactor-year).

Pss Review
Name Description mean ‘estimatea
AEC Large LOCA, early melt 1.92E-06 8E-~7
AEC' Large LOCA, early melt, failure of recirc. spray 4,17E-09 -
AE Large LOCA, early melt, no containment cooling 2.68E~-09 -
ALC Large LOCA, late melt 5.44E-06 2E-6
ALC' Large LOCA, late melt, failure of recirc. spray 4.88E-07 1E-7
ALC" Large LOCA, late melt, failure of quench spray 3.42E-09 -
AL Large LOCA, late melt, no containment cooling 3.36E-10 -
SEC Small LOCA, early melt 1.12E-06 2E-5
SEC' Small LOCA, early melt, failure of recirc. spray 2.76E-09 ——
SE Small LOCA, early melt, no containment cooling . 1.17E-07 6E~6
S'EC Incore instrument tube LOCA, early melt -- 4E-7
S'E Incore instrument tube LOCA, early melt
no containment cooling- ' 1.83E-09 -
SLC Small LOCA, late melt '9.81E~06 3E-5
SLC' Small LOCA, late melt, failure of recirc. spray 4.79E~07 1E-6
SLC" Small LOCA, late melt, failure of quench spray 5.77E-08 -
SL Small LOCA, late melt, no containment cooling 2.73E-09 -
S'L Incore instrument tube LOCA, late melt 3.35E-10 1E-7
TEC Transient, early melt 1.81E-05 3E-5
TEC' "Transient, early melt, failure of recirc. spray 3.46E-07 8E~7
TE Transient, early melt, no containment cooling 5.31E-06 2E-6
TLC Transient, late melt - 2E-6
V2EC Steam generator tube rupture, steam leak,
early melt 1.11E-07 2E-6
V2EC' SGTR, steam leak, early melt, failure of recirc.
spray , 1.038-09 1E-7
V2E SGTR, steam leak, early melt, no containment
cooling 1.29E-08 --
V2LC SGTR, steam leak, late melt 2.76E-09
V2LC' SGTR, steam leak, late melt, failure of recirc.
spray ' ’ 1.49E-10 --
V2LC" SGTR, steam leak, late melt, failure of quench
spray 1.77E-11 --
V2L SGTR, steam leak, late melt, no containment
cooling 8.40E-13 -~
Y Interfacing systems LOCA 1.90E-06 8E-17
TotalP 4.53E-05 1E-4

dThe preliminary review estimates provided are based on a number of
simplifying assumptions and subject to a number of limitations discussed in

Section 5.1.1.

The reader is cautioned to keep these assumptions and

limitations in mind when considering the various potential implications of
these results. X

It is important to note that the plant damage state frequency increase does
not necessarily immediately imply a corresponding increase in overall public

risk.



The event tree analysis is reasonable, with one exception: the error rate for
failure to switch control from the control room to the auxiliary shutdown
panel (0.001 per demand) is judged to be too low by about a factor of 200. A
rate of 0.23 per demand.is suggested for this error.

The net effect of the two numerical changes discussed above is estimated to be
an increase of a factor of 6 in the core melt frequency, from 4.8E-6 to 2. 8E-5
per reactor-year. :

Several issues of potential significarice were not addressed in the PSS:

(1) the impact of earthquakes on fires and fire protection systems; (2) the
effects of the fire suppression agents on equipment; and (3) the response of
equipment and cables to high heat fluxes and temperatures. The evaluation of
the first two issues has not previously been addressed in any PRA, '

1.2.3 External Flooding

A qualitative screening analysis in the PSS concluded that this event was an
insignificant contributor to core melt frequency. No formal probabilistic
analysis was performed and no point estimate values were provided to support
or justify the conclusion. Although some of the judgments in the PSS are
believed to be conservative, the absence of an uncertainty analysis is-
considered to be a serious omission. The large uncertainties which exist for
water level exceeding the protected (water tight) elevation of 25,5 feet above
mean sea level indicate that there is a possibility of a mean frequency of
core melt larger than 1lE-6 per reactor- year. ’

In the absence of an uncertainty analysis; the conclusion that this event's
contribution is insignificant relative to other hazards is judged to be
inadequately justified and unacceptable.

1.2.4 Internal Flooding

By performing a qualitative screening analysis, the PSS concluded that core
melt induced by this event has an estimated frequency of 8.5E-7 perxr
reactor-year, and that it does not significantly contribute to core melt
frequency. The analysis includes several important conservative assumptions,
including for example, that all components in a flood zone are disabled if a
flood occurs in that zone. Individual zones were assumed to have a flood
frequency of 2E-3 per reactor-year, based on an unexplained derivation from
WASH-1400 (Ref.1-4) for breaks in pipes with a diameter greater than

6 inches. No estimate was made of the actual flood sources present in each
zone.

Inadvertent actuation of fire protection equipment was not considered, and
reactor trip was assumed to follow any flood-induced initiating event. Both
assumptions-are optimistic, but may not be significant.

The PSS conclusion that the contribution from this event is insignificant as
a contributor to core melt, without detailed assessments of flooding in the
cable spreading and switchgear rooms and in the absence of an uncertainty
analysis, is judged to be inadequately justified and unacceptable. :



1.2.5 Extreme Winds

A qualitative screening analysis in the PSS concluded that the effects are not
significant contributors to core melt frequency. The basis for this finding
is that the governing wind event is the occurrence of severe tornadoes, and
all safety-related structures have been designed to resist tornado loads and
resultant missiles for wind speeds up to 360 mph. The minimum thicknéss of
reinforced concrete in the walls and roofs of these structures is 2 feet.

The site hazard for tornado winds exceeding 360 mph is given as 5.4E-6 per
year. We believe this figure to be conservative and that Justlfication exists
{not provided in the PSS) to show that this probability is less than 1lE-8 per
year. This frequency of structural failure or missile- 1nduced damage, given a
360 mph tornado, would be smaller that 0.1.

We agree that wind hazard is not a significant external event even though no
fragility curves were developed, no systems analysis was performed, and no
uncertainty analysis was included. ‘

1.2.6 Aircraft Accidents

A quantitative assessment of the frequency of onsite aircraft crashes was
performed in the PSS in accordance with the NRC Standard Review Plan (Ref.
1-5). The total frequency estimates for onsite accidents of 1.6E-6 per year
is dominated by a contribution of 1.2E-6 per year from general aviation (light
aircraft), whose damage potential is limited to the switchyard. The FSAR

" (Ref. 1-6) states that no increase in air traffic is projected in the vicinity
of the site, but the PSS does not address this topic.

We judge the effective plant area and structures considered susceptible to
damage by the various classes of aircraft to be reasonable and conservative.
We also judge the analysis of crash frequencies to be conservative choices for
the numbers and types of flights considered.

The conclusion that aircraft crashes are not significant contributors to core
melt accidents, based on their low frequencies and the low'likelihood'of such .
an accident resulting in core melt, is judged to be- reasonable and acceptable.

1.2.7 Hazardous Materials

The PSS performed a qualitiative assessment of the potential for offsite and
onsite incidents involving the transportation and storage of hazardous
materials and concluded that they were insignificant contributors to core melt.

The anaiysis considered road, rail and water transport routes, and offsite and
onsite storage facilities and pipelines.

Numerical estimates of pdtential risk were made only for rail shipments of
propane (a small contributor). All other potential sources were dismissed.

The conclusion that all of these accident types are relatively insignificant
contributors to core melt is judged to be correct, but inadequately justified,
partlcularly for accidents involving onsite storage of chlorine in railroad
tank cars.



1.2.8 Turbine Missiles

A gqualitative -assessment in the PSS concluded that turbine missiles are not
significant contributors to core melt frequency on the basis of their low
frequencies.

In an analysis supplied by General Electric (Ref. 1-7), it is found that the
use of a frequency of 1.4E-8 per year of missile generating turbine failures
results in a frequency of significant damage to critical structures or
components of 2.5E-10 per year. This low frequency does not account for
recent NRC concerns with stress corrosion cracking.

Acknowledging this concern, a second calculation was performed in the PSS
using 1lE-4 per year for missile-generating turbine failures, as recommended in
NRC Regulatory Guide 1.115 (Ref. 1-8). The result is a frequency of 1.8E-6
per year for significant damage to critical structures or components, which
the PSS judges to be acceptable due to conservatism in the overall analysis.
We agree that this conclusion is reasonable.

1.3 References for Section 1

1-1 Northeast Utilities, "Millstone Unit 3 Probabilistic Safety Study,”
August 1983.

1-2  U.S. Nuclear Requlatory Commission, "PRA Procedures Guide - A Guide to
the Performance of Probabilistic Risk Assessments for Nuclear Power
Plants,” USNRC Report NUREG/CR-2300, January 1983,

1-3 Northeast Utilities, "Millstone Unit 3 Probabilistic Safety Study,
Amendment No.2," April 2, 1984,

1-4 U. S. Nuclear Regulatory Commission, "Reactor Safety Study - An
Assessment of Accident Risks in U. S. Commercial Nuclear Power Plants,"
USNRC Report WASH-1400 (NUREG-75/014), October 1975.

1-5 U.S. Nuclear Regulatory Commission, "Standard Review Plan," USNRC Report
NUREG-0800, July 1981.

1-6 Northeast Utilities, "Final Safety Analysis Report, Millstone Unit 3,"
1982,

1-7 General Electric Company, Hypothetical Turbine Missiles - Probability of
Occurehce, Memo Report, March 1983, Cited in G.C.K. Yey, "Probability
and Containment of Turbine Missiles," Nuclear Engineering and Design,
Vol. 37, 1976.

1-8 U.S. Nuclear Requlatory Commission, Regulatory Guide 1.115, "Protection
Against Low Trajectory Turbine Missiles," Rev. 1, July 1977.



2. INTRODUCTION

LINL has conducted a review of the Millstone Unit 3 (MP 3) Probabilistic
Safety Study (PSS) (Ref. 2-1) for the Office of Nuclear Reactor Regulation
(NRR) of the Nuclear Regulatory Commission (NRC). This project is one of
several in a larger NRR probabilistic risk assessment (PRA) review program in
which PRAs performed and submitted to the NRC by selected light water reactor
(LWR) plants .in response to regulator requests and/or requirements receive
comprehensive review and evaluation.

2.1 Background

The roots of the PRA review program lie in the interest expressed in April
1980 by the NRC Commissioners in determining if there were any candidates for
special risk studies at plant sites which may be risk outllers. The staff
performed limited generic risk analyses for plant sites within the U.S., based
on (1) weighted population density with a 30-mile boundary about the site, (2)
plant power level, and (3) stage of construction. Three plant sites (Zion,
Indian Point, Limerick) were found to have a weighted density factor 10 to 15
times higher than the median (SECY-81-25) (Ref. 2-2). These plants were
required to perform a PRA, Eight plants were found to have a slightly lower
weighted density factor (four to eight times the median), but only Millstone 3
and Bailey were in early construction stages where design modifications that
might be suggested by PRA analysis would be most productive. On September 21,
1981 [letter from H. Denton (NRC) to W. G. Counsil (NU), "Risk Evaluation -
Millstone Unit No. 3"] the staff requested Northeast Utilities to perform a
PRA for Millstone 3. Northeast Utilities performed the analy51s and submitted
a completed PSS to the NRC IN August 1983.

2.2 Scope

The objective of this project was to perform a review of those Millstone 3 PSS
aspects leading to teh estimates of frequencies of each plant damage state and
the associated uncertainty spread to determine the accuracy of these
estimates. Our review covered methodology, assumptions, data, information _
sources, models, plant understanding, completeness of the analysis, and other
areas where inconsistencies could affect the quantitative or qualitative
results.

The scope of the analysis'did not include extensive re-evaluation or
requantification of plant damage state frequencies, nor did it include a

review of the consequence analysis included in the MP 3 PSS.

2.3 Review Assumptions

The review philosophy on this subject was simple, straightforward, and applied
throughtout the review. Our approach was to examine the models and data in
the MP 3 PSS with respect to appropriate selection, application, and proper
execution; and. to determine whether or not any validation was required. We
assumed that the use of standard computer codes, data sources, system modeling
techniques, human factors information, etc., was acceptable and did not
require validation,except for specific application(s) in the analysis. We
similarly assumed that the execution of a particular application was



acceptable if it generally conformed with previous work in the PRA arena that
had received peer review. Conversely, if the choice of model(s) or data, or
the appllcatlon to a particular problem, or the manner od execution was new
and/or different than previously observed, and was not obviously correct, we

did not accept the new data or approach unless appropriate justification was
provided or the justifiCation-was known to, and could be provided by us.

We. did not assume, a priori, that the application of a conservative, or-very .
conservative approach necessarily provided an -acceptable result., Although it
is often assumed that this is not only a correct approach, but one where the
analysis is consciously accepting a self-imposed penalty, we do not accept
‘thi's argument. In'many, if not most cases, we would agree that the
conservative selection of general approach, model, or data, leads to
acceptably conservative results. However, the object of a PRA is to'identify,
the dominant contributors to core melt or to some other risk index, and the
selection of excessively conservative models or data may produce results,'
especially qualitative results, that are éssentially incorrect. This can
occur beause components, ‘systems, or even accident sequences are effectively.
promoted’ in rélative imporatnce, so that they may mask important results. If
realistic models are used, the problem does not occur, and both the
qualitative and quantitative results would-be easier to evaluate in terms of
NRC concerns with public safety and the utility's use of the results for both
publlc safety and plant rellablllty considerations. ‘

This'is not to say that we take issue with the concept of screenlng
evaluations or the usé of conservatlve models or data to simplify and make
tractable what is .already a very: complex analysis. The choice of conservative
assumptions in the analysis, with respéct to models and data in a PRA, must be
made with care so the results are not distorted in such a manner that
important insights are lost due to incorrect identification of dominant

contributors.

2.4 ’References for Section’2

2-1. ;jNortheast Utilities, "Millstone Unit 3- Probablllstlc Safety Study, -
" Amendment No. 2," April 2, 1984

2~-2" SECY-81- 25 W. J. Dircks to the Commissioners, "Performance of
Probabilistic Risk Assessment or Other Types of Special Analyses at
»ngh Populatlon Den51ty Sites," January ‘12, 1981.



3. INTERNAL EVENTS ANALYSIS

The evaluation of internal events in the MP 3 PSS uses the large event
tree-small fault tree methodology, where support states are defined for
various conditions of initiating event occurrence and system or train
availability. The internal initiating event evaluation is reported in PSS
Section 1.1 and supported by PSS Appendices 1-A, and 1-D through 1-F. The
plant and systems analyses are described in PSS Section 2, which constitutes a
large fraction of the PSS, and supported by Appendices 2-A through 2-G and 2-L.

In very general terms, the internal event analysis is reasonable and
consistent with the state of the art. Many minor deficiencies, both
conservative and optimistic, and a few significant errors were identified.

Our review covers the entire internal event analysis in the PSS and is
described in the sections which follow. These address; respectively, the
topics listed below in the noted sections: initiating events (§3.1), event
trees (§3.2), success criteria (§3.3), systems analysis (§3.4), human factors

(§3.5), failure data (§3.6), operating experience (§3.7), analysis codes
(§3.8), severe accident sequence progression (§3.9), dependencies (§3.10), and
the approach to quantification (§3.11). We also performed a simplified
requantification of internal events (§3.12) as part of the review. The
requantification incorporated most of the various changes made. to the event
tree models and to the component and human error data.

3.1 Initiating Events

The MP 3 PSS evaluated more than 60 individual initiators in the process of
defining a set of 21 classes of initiating events for the study. This section
.presents the results of a review of the completeness of the set of initiators
considered and of the frequency estimates assigned to each.

3.1.1 Completeness of Initiating Events Considered

The PSS considered two general classes of initiating events, LOCAs and

" transients, in keeping with the traditional classifications established in
previous PRAs., The LOCA classes were defined by examining those in WASH-1400
(the reactor safety study) (Ref. 3.1-1) and from an evaluation of the
Millstone plant design to determine if any special LOCA evaluations were
required. The transients were developed primarily from the pressurized water
reactor (PWR) transient list contained in EPRI NP-2230, ATWS: A Reappraisal,
Part 3: Frequency of Anticipated Transients (Ref. 3.1-2). This list .was
augmented by the development of plant-specific initiators selected because of
their unique effects on plant response following the occurrence of the ‘
initiator. The list of initiators considered is consistent with those from
previous PRAs, and the methodology used is consistent with those espoused in
NUREG/CR-2728 (IREP Procedures Guide) (Ref. 3.1-3) and NUREG/CR-2815 (draft
NREP Procedures Guide) (Ref. 3.1-4). No significant 1nternal 1n1t1ators were
identified as having been omitted from the evaluatlon.

Table 3.1-1 lists the 21 initiator classes which were used in the PSS. These
classes were developed to represent differences in plant response to each



Table 3.1~1 Internal initiating events for Millstone Unit 3.

Event
class - : Event name

1 Large LOCA

2 . Medium LOCA

3 Small LOCA

4 Steam generator tube rupture

5 Steamline break inside containment

6 Steamline break outside containment
7 Loss of RCS flow

8 Loss of main feedwater flow

9 Primary-to-secondary power mismatch
10 Turbine trip
11 Reactor trip

12 Core power excursion

13 Spurious safety injection

14 Loss of offsite power

15 Incore instrument tube rupture

16 Special large LOCA initiators

a. Interfacing systems LOCA
b. Catasﬁrbphic reactor vessel rupture

17 Loss of a single service water train
18 Loss of a single vital DC bus

19 Total loss of vital DC power

20 Loss of vital AC bus 120-VAC-1 or 120-VAC-2

21 Loss of vital AC bus 120-VAC-3 or 120-VAC-4

initiator class. Most of the classes are reasonable and consistent with
previous PRAs except for the division of the majority of the anticipated
transients into six event classes (numbered 7 through 12 in the table).
Although these groupings represent differences in the initial phenomenology of
transients, they do not represent differences in the plant response or in
their effects on mitigating systems. Further, these groupings do not account
for the possibility of the power conversion system (PCS) being available



(see Section 3.2.1.3). For these reasons, the events in these classes were
regrouped for this review into two classes, one for loss of PCS and one for
PCS available. These new classes are shown in Tables 3.1-2a and 3.1-2b, and
it is noted that some transients appear on both lists. These transients,
while not failing PCS, result in significant asymmetric perturbations of plant
systems which are more likely to fail the PCS than other transients. The
probability assigmments for these transients were made on the basis that in
50% of these transients, the PCS would definitely fail and in the other 50% it
would be available.

3.1.2 Prequency of Initiating Events

A list of the final initiating event classes used in the PSS and their mean
and median frequencies are shown in Table 3.1-3. These values are compared
with point (or best) estimate values from either NUREG/CR-2787 (Ref. 3.1-5)
(ANO-1 IREP study) or from other sources recommended in the NREP Procedures
Guide and presently available. The ANO-1 IREP study was used since it is the
most recently completed and approved NRC-sponsored PRA for a pressurized water
reactor (PWR). The point estimate values are used in the re-evaluation of the
dominant core melt sequences for each plant damage state. The source of the
point estimate values is also shown in the table. The remainder of this
section discusses the methods used by the PSS to establish some of the values
used in the study, and to explain the source of some of the point estimate
values used in the requantification where the source of the values is not
obvious and straightforward. '

3.1.2.1 OQuantification Methods

The PSS used very sophisticated calculational methods to develop frequencies
for some of the initiating events. For the events involving pipe breaks, they
took the 5th and 95th percentile frequencies from WASH-1400 and used them as
the 20th and 80th percentiles of prior distributions for a Bayesian estimation
of pipe failure rate distributions. Bayesian techniques were also utilized in
the PSS for loss of offsite power, using the history of LOSP over the entire
U.S. as the prior and the Millstone site specific data as the posterior. 1In
the quantification of interfacing systems LOCA, the utilization of the log
uniform distribution and discrete probability distribution (DPD) technique
results in an unrealistically skewed distribution, with the mean value being
more than two orders of magnitude higher than the median, and even slightly
higher than the 90% confidence bound. This example demonstrates that the use
of Bayesian techniques to incorporate "plant specificity” may not be
meaningful in data bases this small. The deviations which are credited to
plant-specific differences could also be caused by random distributions of
occurrences within the general population.

3.1.2.2 Steam Generator Tube Rupﬁure

The point estimate for steam generator tube rupture (SGTR) was developed from
actual operating data for Westinghouse reactors in the U.S. A review of
available data on steam generator tube leaks found four SGTR events through
early 1982 (Ref. 3.1-6). This represented a total of 240 reactor-years of
operating experience. The point estimate value is essentially identical to
the median value used in the PSS.



Table 3.1-2a PCS available transients for Millstone Unit 3.

EPRI
NP-2230
event no.

Transient name

Frequency
(per year)

N OO bk W N

=~

13
14
15
17
19
23
26
27

28
33
34
36
37
38
39

40

Loss of RCS flow.
Uncontrolled rod withdrawal
CRDM problems and/or rod drop
Leakage from control rods

Leakage in primary system

. Low pressurizer pressure

' Pressurizer leakage

High pressurizer pressﬁre . :
CVCS malfunction -~ boron dilution
Pressure/temperature/power- imbalance

Startup of inactive coolant pump

Total loss of RCS flow A
Loss or reduction in feedwater flow (1 loop) (50%)
Fuil or partial closure of MSIV (1 loop) (50%)
Inérease in feedwater £low (1 loop) (50%)

Loss of condensate pump (1 loop) (50%)

Steam géherator 1eakége |

Condenser leakage

Miscellaneous leékage in secondary systems
Turbine trip, throtﬁle valve closure, EHC problems
Geﬁerator'trip or generator'caused faults
Pressurizer spray failure

Loss of pbwer to neceésary_plant systems‘(SO%)
Spurious trips = cause unknown

Automatic trip - no transient condition

'Manual trip - no transient condition

Total - PCS available transients

0.39
0.02
0.65
0.02
0.08
0.03
0.01
0.03
0.04
0.16
0.00
0.03
0.94
0.12
0.35
0.04
0.04
0.05
0.08
1.38
0.38
0.04
0.05
0.14
1.55
_0.62

7.24




Table 3.1—2b Loss of PCS transients For Millstone Unit 3.

EPRI , _ .
NP-2230 Frequency
event no. Transient name ] (per year)
10 Containment pressure problems ' ' 0.01
15 Loss or reduction in feedwater flow (1 loop) (50%) 0.94
16 Total losé of feedwater flow (all loops) _ 0.15
17 , Full or partial closure of MSIV (1 loop) (50%) ‘ 0.12
18 Closure of all MSIV | . 0.03
19 Increase in feedwater flow (1 loop) (50%) A . 0.35
20 Increase in feedwater flow (all loops) ) 0.01
21 Feedwater flow instability - operator error 0.15
- 22 Feedwater flow instability - misc. mechanical céuseé 0.21
23 Loss of condensate pump (1 loop) (50%) 4 . . 0.04
24 Loss of condensate pumps (all loops) 7 ‘ 0.00
25 Loss of condenser vacuum : . 0.20
30 Loss of circulatiné water } . 0.06
31 Loss of component cooling : - 0.00
37 - Loss of power to necessary plént systems (50%) _0.05

Total - Loss of PCS transients ' 2.32

3.1.2.3 Steamline Breaks

The PSS apparently made an error in its selection of data for the steamline
break events. The PSS states that one of the causes of steamline break inside
containment is "...steam generator relief valve failures..."  This is a
reasonable statement, since "inside containment" here refers to cases where
the break path originates upstream of the main steam isolation valves,
regardless of where the break ultimately discharges the steam. The concern is
whether or not MSIV closure will terminate break flow rather than where the
steam actually goes. However, in the quantification of steamline break
events, event 29 from EPRI NP-2230 (sudden opening of steam relief valves) was
added to the steamline break outside containment category. This event
logically belongs in the inside containment category, and it is the dominant



Table 3.1-3

(frequencies in events/reactor-year).

Internal initiating event frequencies for Millstone Unit 3

_ Event frequencies Point
Event PSS PSS Point estimate
class Event name mean median estimate source
1 Large LOCA 3.88E-4 1.40E-4 1E-4 ANO-1 IREP
2 Medium LOCA 6.11E-4 2.56E-4 3E-4 ANO-1 IREP
3 Small LOCA 9.07E=-3 2.33E-3 1E-3 Sec. 3.1.2.8
4 Steam generator
tube rupture 3.92E-2 1.33E-2 4E~2 Sec., 3.1.2,2
5 Steam line break
inside containment 3.88E-4 1.408-4 4w=-2 Sec. 3.1.2.3
6 Steam line break :
outside containment 3.78E-2 1.40E-2 1E-4 EPRI NP-2230
7 Loss of RCS flow 4,91E-1 3.26E-1
8 Loss of main feedwater
" flow ' 7.298-1 4,778-1 7.2483
9 Primary-to-secondary
power mismatch 3.83 2.53 Sec. 3.1.2.4
10 Turbine trip 2.33 1.99 2.32P
11 Reactor trip 3.03 2.32
12 Core power excursion 7.18E-2 3.178-2
13 Spurious safety
injection . 4.99E-2 '1.83E-2 6E-2 EPRI NP-2230
14 Loss of offsite power 1.1E-1 9.23E~2 1r-1 Sec. 3.1.2.5
15 Incore instrument tube
rupture 9,2E-4 4,37E-4. 4E-4 Sec. 3.1.2.6
16 Special LOCA initiators
a. interfacing sys.
LOCA (event V) 1.9E~-6 7.4E-9 8E-7 Sec. 3.1.2.7
b. catastrophic : ‘
reactor vessel
rupture 3.0E-7 1.0E-7 1E-7 WASH-1400
17 Loss of a single
service water
train 1.27E-2 7.23E-3 3E-2 . EPRI NP-2230
18 Loss of a single vital
DC bus 3.91E-3 2.79E~-3 3.6E-2€ ANO-1 IREP
19 Total loss of vital »
DC power . 1.4E-8 9.91E-9 € ANO-1 IREP
20 Loss of vital AC bus
120VAC-1 or -2 6.15E-2 1.72E-2 7.02-2%  ANO-1 IREP
21 Loss of vital AC bus
6.15E-2 1.72E-2 7.0m-29  ano-1 IREP

120-VAC-3 or-4

9PCS available transients
bLoss of PCS transients

CThis point estimate value, for two buses, is twice the AN

of 1.8E~2/bus.

drhis point estimate value, for two buses, is twice the ANO-1 IREP frequency
of 3.5E~2/hus.

3-6
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contributor to the frequency of steamline breaks inside containment. The case
of steamline break outside containment is dominated by large pipe breaks and
would have a frequency identical to large LOCAs, which is consistent with
assumptions made in previous PRAs.

" 3.1.2.4 Anticipated Transients

The discussion in Section 3.1.1 describes the regrouping of transient classes
7 through 12 into two classes representing the condition of the PCS following
the initiator. Tables 3.1-2a and 3.1-2b show the point estimate frequency
calculations for these two classes. The frequencies for individual transient
types were taken directly from EPRI NP-2230. The frequency of events which
appear in both classes was split equally between the classes. There is no
significant difference between the total frequency of classes 7 through 12
from the PSS and the frequency of the two new classes developed here, since
the same basic data source was utilized for both.

3.1.2.5 Loss of Offsite Power

The Bayesian treatment of this event in the PSS is judged to be reasonable.
The historical frequency of LOSP events at the Millstone site (one event in 13
years) cannot be statistically demonstrated to be significantly different from
other sites in the region. On the other hand, there is sufficient evidence to
Suggest that the regional grid is a contributor to differences in LOSP
frequency across the country. That is, statistical evidence shows that plant
location (in a regional sense) does have an effect on LOSP frequency.

Although it is by no means the only effect, it is one which has easily .
accessible data. The point estimate for the historical LOSP frequency for the
nuclear sites in the Northeast Power Coordinating Council (from NUREG/CR-2815,
the NREP Procedures Guide) is 0.3 LOSP events per year. The value for LOSP
used in the PSS is 0.11, substantially lower but not unreasonably so, and
there appears to be evidence to support this number. The PSS, however, did
not provide adequate justification for the use of this lower number.

The recovery of offsite power values developed in the PSS were also reviewed.
This analysis utilized data specifically pertaining to facilities in the
Northeast Power Coordinating Council. The PSS, however, did not include the
1976 event at Millstone Point which resulted in an extended loss of offsite
power. They removed this event from the data base because they felt that
improvements in switchyard design completely eliminated this specific failure
mode. In addition, the length of the outage reported for this event is noted
to be conservative, because offsite power was recovered earlier but the
operators chose to stay on emergency power since it was available. The PSS
values were compared with the recovery values developed for the same site
during the Millstone 1 IREP study which were taken directly from EPRI NP-2301,
Loss of Offsite Power in Nuclear Power Plants: Data and Analysis

(Ref. 3.1-7). Although the PSS values are somewhat more optimistic than the
IREP values, they are surprisingly close, especially in the early time frame
(less than a factor of 2 reaching about a factor of 2 at two hours and about a
factor of 5 at eight hours). Thus, the offsite power recovery values
developed in the PSS were judged to be acceptable, with recognition of the
fact that use of the EPRI/IREP values would affect the values of extended
total station blackout sequences by factors of 2 to 5.



3.1.2.6 Incore(Instrument'Tube Rupture

It is unclear how the PSS came up with its values for this event, other than a
statement that the values are based on WASH-1400 and utilize the Bayesian
techniques previously discussed. We performed a simple bounding calculation
based on the assumption that each tube is a single pipe segment of less than
3-inch diameter and thus has a failure rate of 1E-9/hour (from WASH-1400). We
estimated that there are.approximately 40 such tubes. This results in a
frequency for the tube rupture event of7approx1ma£ely 4E~4/year, which we will.
use as our point estimate value. This is the same as the PSS median value for
this event. ‘ - :

3.1.2.7 1Interfacing Systems LOCA (Event V)

The PSS determined that the frequency of event V is dominated by the RHR
suction line valve failure and that injection line valve failure is not
significant. This is logical since the injection lines contain three valves
and the suction line only two. Both NUREG/CR-2787 (ANO-1 IREP) and
NUREG/CR-2515 (Crystal River-3 Safety Study) (Ref. 3.1-8) concluded that these
frequencies were small. The Crystal River study estimated that the frequency
of event V was approximately 1E-9 per injection path for paths containing two
check valves and a normally open, motor-operated valve which could .be closed
following initial blowdown. Using the same method as used in the Crystal
River study, we performed a simple boundlng calculation for a point estimate
of event .V in either of the two RHR suction lines at Millstone. U51ng a
failure rate of 1E~7/hour for catastrophic internal leakage in a ’
motor-operated valve (from the NREP Procedures Guide), and assuming that the
inboard. valve must fail first before the outboard valve is exposed to high
pressure, the frequency of event V is estlmated to be. :

(2y * (1E-7/hr * 8760hr/yr) * (1/2 yr * 1E-7/hr * 8760hr/yr) = 8E-7/year (3-1)

As previously stated, the presence of an additional valve in the injection
paths would make the contribution to event V from these other paths

negligible. Thus, our point estimate is based only on the RHR suction path.
The sophisticated treatment of this event in the PSS by the use of DPD
arithmetic is not considered justified since it results in a remarkably skewed
distribution for thlS event, as discussed in Section 3.1.2.1: Although this
result is a consequence of the consistent application of the techniques
utilized throughout the study, which were based on the NREP Procedures Guide,
the result should have been recognized by the PSS study team as being
unrealistic. This particular case is clearly an exception to the general rule
governing the use of a loguniform distribution, and a distribution should have
been found which had a lower mean/median ratio and which did not place the mean
near the '90% confidence bound. This problem is particularly meaningful in this
case since this event is the dominant contributor to the final risk results for
internal events in the PSS, so that the final risk curves for early fatalities
have the same distribution as this event. Thus, the conclusions drawn from the
risk curves are driven solely by the statistical technique utilized rather than
the plant model' itself; this fact alone argues for the rejection of the PSS
distribution. It was replaced with the above-calculated best estimate in our
requantlflcatlon.



3.1.2.8 Small LOCA

The PSS combined classical and Bayesian analyses to determine the frequency of
the small LOCA event. Bayesian analysis was utilized to evaluate the frequency
of random pipe breaks of this size range and classical analysis was utilized to
evaluate the frequency of reactor coolant pump (RCP) seal LOCAs, which also
fall into this break size. The PSS does not make clear where the data for the
classical analysis comes from. It is clear, however, that this data does not
agree with the estimate of RCP.seal LOCAs from the ANO-1 IREP study. Further,
the Millstone plant has loop isolation valves which could be used to isolate
RCP seal LOCAs but they took no credit for this action even though procedure
guidelines exist. Thus, we believe that a different value for small LOCAs
should be used. The basis for this value will be the ANO-1 IREP frequencies
for small pipe breaks and RCP seal LOCAs, adjusted for recovery. The ANO-1
values are 1lE-3/year and 0.02/year respectively. An examination of the
operator actions used in the PSS pertaining to small LOCAs reveels that, in
general, the operator has on the order of 30 minutes to mitigate this event if
‘the automatic systems fail. Thus, we conclude that if the operator can isolate
the break within 30 minutes, the small LOCA"event will be terminated. This
recovery would apply only to RCP seal LOCAs, which would always occur between
the loop isolation valves. Using the cognitive error model recommended in the
NREP Procedures Guide (NUREG/CR-2815), the probability of the operator failing
to diagnose and take proper action within 30 minutes is 0.01/demand. Since the
valve failure rates per demand are approximately an order of magnitude lower
than the operator error probability, the total failure probability for this
action can be estimated as 0.01/demand. Thus, the total frequency of small

. LOCAs is estimated to be: ' ‘

F(S-LOCA) = (1E-3) + (.02)(.01) = 1E-3/year (3-2)

This value is used in the reqaleulation of plant damage state f;equencies
contained herein. One additional important note is that it is not clear how
the ability of the operator to perform this action will be affected by the
support system state. Therefore, this value will be used only for support
state 1, where all support systems are available. For all other support states
it will be assumed that at least one of the loop isolation valves cannot be
closed and the frequency of small LOCAs will be estimated as 0.02 for these
Support states. This conservative assumption is not believed to have. a
significant 1mpact on the results.

3.1f3‘ Issues of Importance to the NRC

In their instructions for this review, the NRC listed certain issues of concern
to them. They wanted to know how these issues were treated in the PSS. Some
of those issues were either treated or should have been treated in the
1n1t1at1ng event analysis and are discussed in this section.

3.1.3.1 1Issues Directly‘Included as Initiating Events

A number of the issues of concern were directly included in the analysis as
initiating events. This was accomplished in one of two ways. Some of the
events became specific initiator classes. Other events were subsets of other
‘initiator classes and were included as contributors to those classes. Whenever
» comment in parentheses refers to "now..." it means that the event in question
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has been regrouped into one of the two new initiator classes discussed in
Section 3.1.1. The events which become initiator classes are:

* loss of DC power

less of instrument and control power

* steam generator tube rupture

loss of service water
i turbine trip (now divided between loss of PCS and PCS available)

loss of main feed (now part of loss of PCS)

The events which were subsets of another initiator class (and which class)
are:

loss of component cooling water (loss of main feed)

reactor coolant pump seal failure (small LOCA)
* boron dilution (core power excursion, now PCS available)
excess feedwater flow (primary/secondary power mismatch, now loss of PCS)

. loss of instrument or control air (turbine tfip, now loss of PCS)

3.1.3.2 Loss of Component Cooling Water (CCW)

Although this event was treated as part of another initiator class, further
discussion is warranted. The CCW system has been shown to be a significant
dependency in previous PRAs because it usually serves to provide cooling to
many key components and systems. At Millstone, however, the design is very
different: first, Millstone has two CCW systems, one for the turbine plant
(TPCCW) and one for the reactor plant (RPCCW); second, neither CCW system
prov1des cooling to any safety-related equipment. Unlike other designs,
essential cooling to the safety-related equipment is provided directly by the
service water system without the use of an intermediate loop. The TPCCW cools
a number of components in the secondary cycle, but no safety-related equipment
would fail due to loss of this system so that this event has no effect worse
than any loss of PCS event. Likewise, the RPCCW cools a number of components
in the primary system, but also likewise, no safety-related equipment would
fail due to loss of this system. Therefore, this event has no effect worse
than any PCS available event.

3.1.3.3 Multiple Instrument Tube LOCA Below Core Level

The PSS does not treat this event. It does treat the single-tube LOCA as a
special class of small LOCA, Since the small LOCA category ranges up to a
2-inch equivalent diameter break, multiple breaks would still fall generally
into the small LOCA class. However, no specific analysis was performed to
determine if the behavior of multiple tube rupture events was essentially
identical to the single tube events. This event has not been modeled in
previous PRAs, and it is beyond the scope of this review to perform a detailed
analysis of these types of events.



3.1.3.4 Pipe Breaks in the Auxiliary Building

This class of events, as well as pipe breaks in all other plant areas, was
evaluated in the external events portion of the PSS in the analysis of
internal flooding mechanisms. Our review of these events is discussed in
Section 4 of this report. ' :

3.1.3.5 Loss of Ventilation in the Auxiliary Building*

Loss of ventilation events are not treated as initiators in the PSS. 1In
general, previous PRAs have not considered these events as initiators. This
approach is considered to be reasonable since loss of ventilation to specific
plant areas are not likely to result in plant trip and degradation of
mitigating systems in ways not foreseen by other initiators. It is our
judgment that the omission of this event as an initiator does not affect the
study results.

3.1.4 References for Section 3.1

3.1-1 U.S. Nuclear Regulatory Commission, "Reactor Safety Study - An
Assessment of Accident Risks in U.S. Commerical Nuclear Power Plants,”
USNRC Report WASH-1400 (NUREG-75/014), October 1975.

3.1-2 Electric Power Research Institute, "ATWS: A Reappraisal, Part 3:
Frequency of Arnticipated Transients, EPRI Report NP-2230, January 1982,

3.1-3 D. D. Carlson et al., Sandia National Laboratories, "Interim Reliability
‘Evaluation Program Proceduces Guide," USNRC Report NUREG/CR-2728,
. January 1982.

3.1-4 It A, Papazoglou et al., Brookhaven National Laboratory, "National
Reliability Evaluation Program (NREP) Procedures Guide,"” USNRC Report
- NUREG/CR-2815, (Final Draft), September 9, 1982,

'3.1-5 G. J. Kolb et al., Sandia National Laboratories, "Interim Reliability
Evaluation Program: Analysis of the Arkansas Nuclear One - Unit 1
. Nuclear Power Plant," USNRC Report NUREG/CR-2787, June 1982,

3.1-6 J. H. Morehouse et al., "Value-Impact Analysis of Recommendations
Concerning Steam Generator Tube Degradation and Rupture Events," USNRC

.Generic Letter 82-83, September 1982.

3.1-7 Electric Power Research Institute, "Loss of Offsite Power at Nuclear
Power Plants: Data and Analysis," EPRI Report NP-2301, March 1982,

.3.1-8 A. A, Garcia et al., Science Applications, Inc., "Crystal River - 3
Safety Study," USNRC Report NUREG/CR-2515, December 1981,

3.2 Event Trees

The MP 3 PSS constructed 22 event trees to represent plant response to the-
initiators discussed in Section 3.1. We have reviewed these trees to
determine if they are a reasonable representation of that response. The



.

assumptions which went into the tree construction were compared to assumptions
used in previously performed PRAs., Where there were notable differences,
these differences were evaluated to determine if they were reasonable. Each
of these differences is discussed in this ‘séction. Addltlonally, a number of
issues of specific interest to the NRC were also examined. The final set of
event trees, which include all revisions and modifications we considered
necessary, are shown in Figs. 3.2-1 through 3.2-11l. We have retained the
sequence number used in the PSS where possible to allow direct comparison
between the trees in the PSS and those here. All top events in our event
trees are defined in Table 3.2-1. The plént'damage states intO'which the
accident sequences are assigned are described ih'Tab;e_3,2—2.

3.2.1 General Event Tree Findings

This section presents the results of our evaluation for items which pertaih to
more than one event tree.

3.2.1.1 Treatment of Operator Action

The event trees were constructed by including major operator actions as events
on the trees. The inclusion of these actions for the purpose of crediting
successful operator response to the mitigation of accident conditions was
performed in a consistent and correct manner., However, the possibility of
erroneous operator action due to incorrect interpretation of plant conditions
was not treated. 1In particular, this pertains to the operator performing one
of the major actions modeled during a sequence of events when the operator
action is not required. Since these actions are called for in procedures, it
certainly seems to be possible for this type of error to occur. For most of
the operator actions modeled this is not a problem, since they involve backup
methods of performing safety functions. Performing these actions when they
are not required would not degrade performance of the function. However,
there are two actions which involve shuttlng down 'or reducing fiow from safety
systems. Performing these actions at the improper time could result in a
situation where there is insufficient core cooling. Thus, it was considered
necessary to include two additional actions on the event trees.

J Operator Action OA-2-E, Improper Throttling of HPI: The operator has
determined that he can conserve RWST inventory by reducing HPI flow. In
performing this action he does not correctly determine how far he can
throttle HPI, and he throttles it back too far resulting in insufficient
injection flow. He fails to notice this in time and therefore does not
recover his error, resulting in core melt. He also overrides quench spray
actuation to further conserve RWST inventory, resultlng in the sprays
being unavailable. This error is applicable to small LOCA and incore
instrument tube rupture events. The event trees have been modified to
incorporate this new event. Figures 3.2-3 and 3.2-4 show the revised
trees, with the revisions appearing mainly on sheet two of .each figure.

. Operator Action OA-6-E, Erroneous Shutdown of HPI: The operator believes
that a spurious safety injection event has occurred and that auxiliary
feedwater is operating. Following procedure, he shuts down the HPI
system. He fails to notice his error in time and a core melt results.




Table 3,

2.1 Event tree top event definitions.

Symbol Definition
ACC Failure of accumulators
AFl Failure of auxiliary feedwater
AF2 Failure of auxiliary'feedwater (SGTR and steamline breaks)
AF3 Failure to recover auxiliary feedwater motor pumps (LOSP)
E60 Failure to restore offsite power for 1 hour
E120 Failure to restore offsite power for 1 to 2 -hours
. HP2 Failure of high pressure injection '
LP Failure of low pressure injection
OAl Operator fails to blow down SGs and initiate LPIT
OA2 Operator fails to conserve RWST inventory (control flow)
OA2E Operator overthrottles HPI resulting in inadequate flow
OA3 Operator fails to establish primary bleed
OA4 Operator fails to blow down SGs during SGTR
OAS5 Operator fails: to establish primary bleed during SGTR
OA6 Operator fails to prevent pressurizer overfill (control HPI)
OAGE Operator erroneously terminates high pressure injection
OA7 Operator fails to. establish primary bleed and feed
OAS8 Operator fails to establish emergency boration during ATWS
OA8R Operator fails to- establish HPI during ATWS consequential LOCA
OA9 Operator fails to delay recirculation when sump empty
OAl0 Operator fails to control HPI durlng SGTR
PCs Failure of power conversion system
PL ATWS pressure spike exceeds Service Level C (unfavorable MTC)
PR Consequential LOCA due to moderate ATWS pressure spike
Qs Failure of quench spray )
Qs'? Failure. to recover quench spray (i.e., restore OSP in 2-8 hours)
RPS(E) Failure to scram - electrical failure of RPS’
RPS(M) Failure to scram - mechanical failure of RPS
RT1 Failure of automatic reactor scram
RT3 Operator fails to manually.scram reactor
RT4 ‘Failure of both automatic and operator manual reactor scram
R1 Failure of low pressure recirculation ’
R2 Failure of high pressure recirculation
R3 Failure of containment spray recirculation
SA Failure of safety injection actuation
SBI Consequential steamline break inside containment
SBO Consequential steamline break outside containment
s2 Consequential small LOCA
SL Consequential steamline leak ‘during SGTR
TK Failure of RWST
TT ATWS turbine trip fails
Note: Tree top events which are "primed" (e.g., OA7') and not listed

individually on this table have the same definition as the "unprimed" version,
but are quantified differently to account for dlfferences in the partlcular
scenarios in which they appear. : .
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.Table 3.2.2 Plant damage state descriptions.

Symbol Description

AEC Large LOCA, early melt

AEC' Large LOCA, early melt, failure of rec1rculat10n spray
AEC" . Large LOCA, early melt, failure of quench spray

AE - Large LOCA, early melt, no -containment cooling

ALC Large LOCA, late melt

ALC? -Large LOCA, late melt, failure of rec1rculatlon spary
ALC" "Large LOCA, late melt, no containment cooling

SEC Small LOCA, early melt

SEC'! Small LOCA, early melt, failure of rec1rculat10n spray
SEC" . Small LOCA, early melt, failure of quency spary

SE Small LOCA, early melt, no containment cooling

SLC Small LOCA, late melt

SLC' Small LOCA, 1atevmelt,'failure of recirculation spray
SLc* Small LOCA, late melt, failuré of quench spary

SL ' Small LOCA, laté melt, no containment cooling

TEC ' Transient, early melt

TEC' ' Transient, early melt, fallure of rec1rculatlon spary
TEC" . . Transient, early melt, failure of quench spary

TE Transient, early melt, no containment cooling

TLC Transient, late melt . :

TLC! ‘Transient, late melt, failure of recirculation spray
TL Transient, late melt, no containment cooling

S'EC Incore instrument tube LOCA, early melt

S'E Incore instrument tube LOCA, ear]y melt, no cont. cooling
S'L Incore instrument tube LOCA, late. melt, no cont. cooling
- V2EC Steam generator tube rupture, steam leak, early melt
V2EC' SGTR, steam leak, early melt, failure of recirc. spary
V2EC" SGTR, steam leak, early melt, failure of quenc¢h spray
V2E SGTR, steam leak, early melt,'hp containment cooling
V2LC SGTR, steam leak, late melt ,

vV2LC' SGTR, steam leak, late melt, failure of recirc. spray
vV2Lc" SGTR, steam leak, late melt,.failure of quench spray
v2L SGTR, steam leak, late melt, no containment cooling

v Interfacing systems LOCA

This event applies to the spurious SI.and steamline break (inside or outside
containment) events when auxiliary feedwater has failed, and also to a
misdiagnosis of small LOCA, incore instrument tube rupture, and steam
generator tube rupture events. The event trees for these five initiators have
been modified to incorporate this new event. These are shown, respectlvely,
in Figs. 3.2-10. 3.2-6, 3.2-3, 3.2-4 and 3.2- 5 '

3.2.1.2 Use of Secondary Depressurization

The Millstone 3 PSS assumes that it is possible to provide safety injection
during small- and medium-sized LOCA events when HPI is unavailable, by
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depressurizing the secondary and using low pressure injection (event OA-1l).
The phenomenology assumed is that by opening the secondary atmospheric relief
valves, the increased heat removal rate will depressurize the primary
sufficiently to allow the accumulators to inject, which will reduce pressure
further until it is below the RHR pump discharge shutoff head. This method
has not been credited in previous PRAs. However, calculations by Westinghouse
published in WCAP-9754 (Ref. 3.2-1) have shown that this method will work and
they have included instructions on performing it is the emergency procedure
guidelines for this type of plant. This technique is considered viable and we
have no reason to believe that the Westinghouse calculations are incorrect.
Thus, credit for this scenario is assumed to be justified.

3.2.1.3 Availability of the Power Conversion System

No credit is taken in the PSS for cooldown following plant trip using the
power conversion system (PCS).2 The assumption made is that whenever a
plant trip occurs, the PCS will be caused to trip. Previous PRAs have
determined that for some transients, the PCS will be available to provide the
necessary cooling. Discussions with Millstone 3 operations personnel have
verified that the PCS will often be available following plant trip. Not
taking credit for this capability is a conservative assumption that will
result in an overestimation of risk for these transients which do not affect
secondary systems operation. A revised transient event tree is shown in
Fig. 3.2-7 to represent plant response to transients where the PCS remains
available. The transients which fall into this class were discussed in
Section 3.1.

The loss of feedwater event tree from the PSS shown in Fig. 3.2-8 can be used
to evaluate the loss of PCS events. . This tree would be used not only to
evaluate the event class referred to as loss of PCS, but also all other
transient event classes which result in loss of PCS. In this case, these
would be all of the other transient events included in the study (e.g., loss
"of offsite power, loss of service water, loss of an electrical bus, etc.).

3.2.1.4 Containment Spray Recirculation

The PSS does not consider that core melt may result from the failure to
provide containment cooling during recirculation. Previous PRAs have assumed
that even when core recirculation cooling is provided, in many cases it is
still necessary to provide containment spray recirculation (CSR) in order to
prevent containment overpressure failure. The failure of the containment in
this way would result in recirculation sump steam flashing with associated
cavitation and failure of all recirculation pumps, resulting in core melt.
The PSS assumes that core recirculation alone is sufficient to prevent the
addition of heat (i.e., steam) to the containment in amounts significant
enough to cause containment rupture. This assumption was initially considered
unjustified for sequences where all the heat is dumped to the containment
prior to being transferred to the ultimate heat sink. However, NU provided

“The power conversion system is defined as the main steam, turbine or
turbine bypass, main condensor, condensate, and feedwater systems operating at
sufficient capacity to remove primary heat.
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SEQ. SEQ.
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3.2-3 Small LOCA event tree (sheet 1 of 2),



SEQ. SEQ.
OAGE OA2E QS R2 R3 NO. NAME

1A SUCCESS
r———*lB SLC
L——1C SLC
1D SUCCESS
~———1E SLC"
———1F SL
| 1G  SEC
0A2 : , 1H SEC
FROM SH. 1 . 11 SE
———1J SEC
—1K SEC’
1L SE

Fig. 3.2-3a Small LOCA event tree (sheet 2 of 2),
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Fig. 3.2~4 Incore instrument tube rupture event tree (sheet 1 of 2),
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SEQ. SEQ.
OAGE OA2E QS ©OA9 R2 R3 NO. NAME

1A SUCCESS
1B SLC
1 SLC'
1D SUCCESS
1E  SLC”
1F  S'L
16 S'L
1H S'EC
0A2 ) : 11 S'EC
FROM SHEET 1 1y SE
1K SEC
1L SEC
M SE

Fig. 3.2-4a Incore instrument tube rupture event tree {sheet 2 of 2),
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SEQ. SEQ.
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Fig. 3.2-6 Steamline break insure (and outside) containment event tree,
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Fig. 3.2-7 Power conversion system available event tree,
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Fig. 3.2-9 Loss of offsite power (support state 7) event tree.
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Fig. 3.2-10 Spurious safety injection event tree,

SEQ.
NO.

W N OO, AW N

10A
11A

9B

-———— 10B

11B
12
13
14
15

SEQ.
NAME

SUCCESS
SUCCESS
SUCCESS
SLC
SLC’
SUCCESS
sLC”

SL

TEC
TEC'

TE

TEC
TEC'

TE
ATWS
S2

SBO

SBI



SEQ. SEQ.

RPS APS RT3 TT PL  AF1 PR QA8 OS B2 R3 NO.  NAME
|MECH} |ELEC MTC-OP $2 (0ABR
. {HPI]
1 SUCCESS
- 7 SUCCESS
3 SUCCESS
4 TEC
‘-_--___--{:::::: 5 TEC
6 TE
7 TEC
] . 8 TEC
9 TE
10 SEC
f--"_-__-'-{::::::: 1M SEC
S PR
13 SUCCESS
TEC
TEC
T
17 SUCCESS
18 SLC -
) 20 SUCCESS
0ABR 2 s
) 23 SEC
- 25 SE
— 26 TEC
27 TEC
28 TE
29 SEC
f_f___—-___{::::: 30 SEC
L———-— 31 SE
. 32 SUCCESS
33 TEC
. — 34 TEC
] B TE
[ 3% TEC
37 TEC
- 38 TE
39 SEC
[ S
42 SUCCESS
43 TEC
| E @ TEC
45 TE R
46  SUCCESS
_‘{:_E 47 SLC
: 48 sLC
. , : 49  SUCCESS ..
L““{ i;;;;;_so sic
. " OABR 51 SL
51 SEC
) . 54 SE
55 TEC
’ 57 TE
58 SEC
[:::: 59 SEC
S 60 SE

Fig. 3.2-11 Anticipated transient without scram (ATWS) event tree,
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the reviewers with additional MARCH 1.1 calculations in response to questions
about this scenario. These calculations showed that containment pressure
would not exceed design for at least 30 hours for both large and small LOCAs
with core recirculation and no sprays at all. The calculations were
considered to provide adequate justification for the assumption and no changes -
"were made to the event trees. Prior to being transferred to the ultimate heat
sink. However, NU provided the reviewers with additional MARCH 1.1 :
‘calculations in response to questions about this scenario. These calculations
showed that containment pressure would not exceed design for at least 30 hours
for both large and small LOCAs with core recirculation and no sprays at all.
The calculations were considered to provide adequate justlflcatlon for the
assumption and no changes were made to the event trees.

3.2.1.5 Primary Bleed and Feed (Once Through) Cooling

In scenarios where auxiliary feedwater is needed for heat removal but is
unavailable, the PSS considers providing the necessary cooling by opening the
pressurizer power-operated relief valves (PORVs) and using high pressure
injection pumps to supply sufficient cooling flow to the core. This
technique, referred to as bleed and feed, or once-through cooling, has been
determined to be a reasonable cooling method for certain PWRs. It has been
shown not to apply in every case. 1In the case of Millstone-3 class plants,
Westinghouse has performed an analysis which shows this method to be viable.
The analysis has been published in WCAP-9744 (Ref. 3.2-2). Westinghouse has
included bleed and feed in the emergency procedure guidelines for )
implementation in the plant procedures. It is concluded that the credit taken
in the Millstone 3 event trees for this cooling method (OR=-3 for small LOCAs
and steamllne breaks, OA-7 for transients) is appropriate.

3.2.1.6 Conserving RWST Inventory

For small LOCAs and incore instrument tube rupture initiators, the PSS takes
credit for the operator taking action to conserve RWST inventory when both
high pressure injectionvand auxiliary feedwater are available, thus extending
the injection phase of the accident. This action, referred to.as controlled
primary depressurlzatlon (OA-2), has .the operator throttling back HPI in
conjunction with depressurizing the secondary, which will reduce break flow
and therefore the need for HPI flow. Further, the operator will act to shut
down quench spray to further conserve RWST inventory. The combination of
these two actions is assumed in the PSS to allow core cooldown without the
need for recirculation.

This action has not been credited in previous PRAs, and appears to be a
somewhat optimistic view of the scenario. While the break flow is reduced, it
is not apparent that it can be terminated by this means. Therefore, although
the injection phase can be extended, the need for recirculation is not
completely eliminated. This is especially true of the instrument tube rupture
event, which would logically be expected to be below the core level so that it
would be impossible to stop the break flow. At some point, the RWST will be
depleted and recirculation will be required to replenish the continued leakage
from the break. The utility supplied additional ‘information regarding this
scenario, but it is insufficient to justify the sequence. The only
information provided is an emergency procedure guideline (EPG) which instructs
the operator how to perform this action. The procedure by which this action
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is performed is very complex and the EPG contains a number of caveats which
indicate there is no guarantee that recirculation can be avoided.-
Specifically, the EPG instructs the operator to abandon this procedure and
switch immediately to recirculation if the RWST level reaches a certain
point. It also instructs the operator to return to the LOCA procedure if
certain conditions are not met. No calculations were referenced which support
the time frames specified by the utility regarding the extension of the
injection phase beyond 24 hours. Thus, it is considered that the only credit
which is justified for this action is an extension of the time available for
other operator actions and recovery actions. Therefore, the applicable
trees,which are shown in Figs. 3.2-3 and 3.2-4, have been modified to reflect
the eventual need for recirculation during these event sequences.

3.2.2 Specific Event Tree Findings
This section pfesents review results applicable only to specific event trees.
3.2.2.1 Steamline Breaks (Inside or Outside Containment)

For steamline breaks, the PSS assumes that the failure of main steam isolation
(MSI) results in the failure of auxiliary feedwater. The basis for this
assumption is unclear, and there seems to be no reasonable explanation for

it. In most previous PRAs, main steam isolation has not been assumed to have
any affect on the availability of safety systems and was considered only as a
key part of the containment isolation system. In the case of auxiliary
feedwater, the worst one could assume is that the failure of MSI could affect
the availability of the steam=~turbine-driven AFW pump due to steam diversion,
although this would be unlikely, since very little steam is required to
operate this pump. Specifically, for the most likely break, a stuck-open
secondary steam relief valve, the flow diversion would be small enough that’
the steam supply to the turbine would still be sufficient to provide required
feedwater flow regardless of the state of MSI. For the less likely case of a -
major rupture of the steam line, the' turbine-driven pump would definitely fail
if none of the steam generators were isolated from the break. In either case,
the ability of the motor-driven pumps to supply water to the steam generators
would not reasonably be expected to be affected. As long as water is supplied
in sufficient amounts, cooling will be established regardless of main steam
isolation. This assumption is conservative and unjustified} The steamline
break trees shown in Fig. 3.2-6 have been modified to reflect this judgment.

3.2.2.2 Steam Generator Tube Rupture (SGTR)

The PSS gives credit for three alternative methods of cooling following SGTR
if either high pressure injection or auxiliary feedwater are unavailable.

Each of these methods requires operator action. When auxiliary feedwater is
unavailable, the necessary cooling is provided by initiating bleed and feed:
cooling as discussed in Section 3.2.1.5, When HPI is unavailable, it is
required to find dlternate means of maintaining primary inventory while AFW is
utilized for heat removal. One way to do this is to prevent inventory loss as
opposed to replenishing lost inventory. The PSS assumed this could be
'accomplished in one of two ways. The preferred method is to use secondary
depressurization to reduce the primary pressure to below that of the secondary
in order to terminate the break flow (OA-4), Failing that, the primary could.



be depressurized directly by opening a PORV (0OA-5), with the same overall
"effect. The key to the use of these methods is performing the action quickly
enough so that the break flow is terminated prior to core uncovery, thus
eliminating the need to replenish inventory. If this is accomplished, cooling
can be performed by auxiliary feedwater through the unaffected steam
generators. These methods have been analyzed by Westinghouse and found to .be
viable, and they have been included in the emergency procedure guidelines.

The credit given to these procedures in the event tree are considered to be
reasonable and justified.

Another assumption the PSS makes is that if HPI and AFW are both available
following an SGTR event, the event is terminated successfully without further
action., This does not seem reasonable, since the primary would be kept at
high pressure by the HPI pumps and water would continuously be pumped out of
the RCS and into the steam generator., Eventually, the RWST would empty with
the RCS still.at high pressure with no recirculation available. It seems that
some additional operator action is required to gain control of the scenario
following the start of HPI and AFW. Discussions with plant personnel
indicated their agreement that some operator action is required. The
emergency procedure guideline for this event instructs the operator to reduce
pressure and terminate HPI flow. It does not imply that this is required to
prevent core melt, but rather is intended to reduce the release of primary
coolant (and thus, radiocactivity) through the secondary. The reviewers,
however, consider this action to be ultimately required to prevent core melt
due to pumping the entire contents of the RWST out of the containment. A new
operator action has been defined to cover this case as described below.

. Operator Action OA-10, SGTR - Control HPI Flow (when both HPI and AFW are
available): The operator takes manual control of the HPI flow, throttling
it down to reduce the primary pressure to below the secondary pressure.
When primary pressure is below secondary pressure, HPI is terminated. We
estimate that this action is required in the time frame of approximately
19 hours, based on the results of MARCH calculations for small LOCA events
provided by Northeast Utilities. Precision is not required for the
19-hour estimate because the numericdl results are essentially insensitive
to any change within plus or minus five hours.

The SGTR tree shown in Fig. 3.2~5 has been modified to include this éctioh.

3.2.2.3 Large LOCA

The PSS assumes that high pressure injection (HPI) is sufficient to provide
coolant injection for the large LOCA event. Previous PRAs haveée usually
assumed that the HPI system is not capable of supplying this function for
large breaks. Part of the reason is that these systems are usually not sized
to provide the amounts of flow required to replenish the coolant lost during
large LOCAs. This, however, is only a secondary concern. The major concern
is that the HPI pumps are designed to provide flow against relatively high
pressure. They utilize a great deal of power to produce the required head.
When a pump of this type pumps against minimal or nho heéd, as is the case for
a large LOCA, the power which usually goes to overcoming the pressure at the
pump discharge is converted to greatly increased flow. In this case, the
tendency is for the pump speed to increase, due to the decreased resistance.,
beyond the point at which the pump is still capable of drawing sufficient
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amounts of water through the suction lines. At this point, pump cavitation
could occur and the pump could trip on low suction pressure or.overspeed. If
pump trips are not provided, as is the case at Millstone, the pumps could be.
destroyed. In either case, the pumps would not be able to provide coolant to
the RCS., There is no reason to believe that the Millstone pumps are immune to
this phenomenon, and the assumption that HPI could supply injection during
large LOCAs is not justified. The event tree shown in Fig. 3.2-1 has been
modified to reflect this judgment.

In addition, the original event tree showed a decision point for event R-1,
low pressure recirculation cooling in sequences where no injection cooling was
available. Due to the design of this plant, it is possible for this. to

occur. However, this does not change the outcome of the event, as seen on the
tree. Regardless of the state of R-~1l, an early core melt still occurs.
Although the presence of this decision point on the tree does not impact the
study's results, it has been removed from our modified tree because it ‘is
meaningless. o . . )

3.2.2.4 Spurious Safety Injectioﬁ

The use of operator action OA-7, primary bleed and feed, is incorrect on this
tree. While bleed and feed cooling is valid for this event, OA-7-includes the
unavailability of HPI in its unavailability value. . The initiating event
itself implies that HPI is already operating. Further, the other events on
the tree, such as OA-6, assume that HPI is already operating. Thus, the
proper event to use on the tree would be operator action OA-3, primary bleed.
This would serve to establish bleed and feed cooling. The modified event tree
is shown in Fig, 3.2-10.

3.2.2,5 Anticipated Transients Without Scram (ATWS)

We have reviewed the PSS analysis of ATWS within the context of- the recently
released NRC ATWS rule (Federal Register Notice SECY-83-293, Memo from J. M.
Fenton to S. J. Chilk, 12/8/83) (Ref. 3.2-3). We have found a number of areas
which we felt were improperly treated in the PSS and felt it was necessary to
construct a new ATWS event tree, which is shown in Fig. 3.2-11. The
justification for our version of the ATWS tree is discussed in the remainder
of this section.

The PSS took credit for operator action to manually trip the reactor if the
automatic trip failed. We believe it is valid to consider this type of
Yecovery, but disagree with the PSS assumption that it can be applied to all
RPS failures. We believe that this recovery action can only be applied to
electrical failures. Thus, we have divided RPS failures into electrical and
mechanical as in.the NRC ATWS Rule (2E-5 and 1lE-5 failure probability,
respectively), with one difference: the Rule defined electrical failures as
including failures of the breakers, and we have defined electrical failures as
failure to produce a trip signal at the breakers. This is based on the
detailed analysis of a Westinghouse RPS system contained in the Ringhals PRA
(Refs. 3.2-4 and 3.2-5), which is the most detailed probabilistic fault tree
analysis of a Westinghouse RPS known to us. The analysis shows that the total
RPS failure probability is about 3E-5 per demand and that about one-third of
this quantity is due to potentially. non-recoverable (in the short term) common
mode breaker faults (mechanical) and the remainder consists of recoverable (by
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manual scram) electrical signal faults, often combined with test outages (also
recovered by manual scram). Common mode control rod and drive failures did
not contribute. Since this analysis is much more detailed that the one
contained in the ATWS Rule or the PSS, we have used the results (Ref. 3-25,a)
and applied the operator recovery event RT3 to the electrical failures only.

We then considered the occurrence of turbine trip as-was done in the PSS,

This was used to determine two things: the probability that very high
pressure resulting in core melt would occur and whether there would be
additional stress on the primary relief and safety valves. The PSS considered
that the probability of extremely high pressure (represented by the event PL,
which the ATWS rule refers to as event MTC) was the same for all cases. The
NRC rule concluded that this was dependent on the occurrence of turbine trip.
We believe that the NRC position is more reasonable, and thus have used their
position and values for this event (0.0l with turbine trip, 0.1 without
turbine trip). The PSS also assumed that even when this extreme overpressure
occurred, it was still possible to prevent core melt. The NRC rule concluded
that whenever extreme overpressure occurred, defined as exceeding Service

- Level C, core melt would result. While this is likely to be conservative, the
uncertainty of RCS performance at these pressures leads us to conclude that
this is the most reasonable assumption to make at this time. Thus, all
sequences on our tree where PL fails are core melt sequences. We have also
assumed that MP 3 will have a diverse turbine trip (independent of RPS).

The PSS also assumes that it is possible, depending on plant conditions, to
mitigate an ATWS with either auxiliary feedwater or high-pressure injection.
In sequences where auxiliary feedwater succeeds, the PSS simply ends the event
with success. In the sequences where the initial power level is less than 25%
or the moderator temperature coefficient is more negative than -5pem/°F, and
auxiliary feedwater is unavailable, the PSS assumes that it is possible to
effect reactor shutdown and cooling by using emergency boration with PORVs
locked open. This would provide boration to shut down the reactor
simultaneously with bleed and feed cooling. This method has not been
considered in other PRAs, and appears questionable since we wonder how much
coolant can be pumped in under the conditions which would be present and how
long it would take to effect the shutdown. This assumption takes an
inordinately large amount of credit for the ability of HPI to provide flow at
reactor pressure. It would seem that at best only the charging pumps would be
capable of pumping anything at all, as the pressure should be too high for the
safety injection pumps. Also, there would be much greater amounts of heat to
be removed through the PORVs with makeup flow than for a normal bleed and feed
.scenario. It is not clear how this heat can be removed and the reactor shut
down under these conditions without assistance from the auxiliary feedwater
system. The NRC rule states that both auxiliary feedwater and HPI are always
required. It is our feeling that the NRC rule is again more realistic, since
in all cases HPI/emergency boration will eventually be required to effect-
reactor shutdown, although this will not be required for a long time period
unless there is a LOCA. Thus, our tree reflects the need for both systems to
mitigate an ATWS (events AFl and OAS8). . :

It was previously mentioned that the failure of turbine trip would affect the
stress on the primary relief and safety valves. This is dealt with by using
the PSS event PR for those sequences where turbine trip fails and extreme
pressure does not occur (eVent PL succeeds), This event changes the time



frame for the need for HPI (event OA8). As discussed above, OA8 is normally
not required for a long time period (>60 minutes is a sufficient definition
for the purpose of quantifying the operator error probability). However, if a
LOCA is present this time frame would be shortened to on the order of

20 minutes since a constant coolant loss would be taklng place. Event O0AS8R
represents this shortened time frame on the event tree. It is important to
note that no mention was made of small LOCAs resultlng from relief valve
failures when this additional stress is not present, i.e., resulting from the
normal -opening of the valves at the start of the event. That is because the
PSS deals with this cause of LOCA directly on each initiator event tree prior
to considering ATWS, and then branches to the small LOCA event tree where ATWS
is considered to be a core melt. This conservative assumption has no effect
on the results and thus we determlned that it would not be necessary to
modify it.

The remaining events in our tree are concerned with long~term cooling. They
are modeled in the same way as other trees depending on whether the sequence
resembles a transient or a LOCA. This is because once the initial phase of. an
ATWS is over, the remainder of the sequence behaves like any other accident.
The completed tree is shown in Fig. 3.2-11.

3.2.2.6 Summary of Assumptions for ATWS Event Tree
(1) RT3 operator recovery only applied to electrical RPS failures.

(2) Turbine trip success/failure determines probability of extreme
overpressure.

(3) Extreme overpressure leads to core melt (ATWS rule).

(4) Turbine trip failure causes additional stress on primary relief valves
(need to consider event PR-S2).

(5) HPI is always eventually requlred (ATWS rule) (event 0A8 is HPI/emergency
boration).

(6) If no LOCA (PR-S2 not considered or PR-S2 success) need for HPI is long
term (>0 minutes). If LOCA, need for HPI is short term ( ~20 minutes).

(7) HPR required for LOCA only.
3.2.3 1Issues of Importance to the NRC

In their instructions for this review, the NRC listed certain issues which
were of concern to them. They wanted to know how these issues were treated in
the PSS. This section discusses the issues which affect the event tree
analysis. )

3.2.3.1 Reactor Coolant Pump Seal Failure During Station Blackout

The reactor coolant pump seal failure is an imporant contributor to core
damage. While the method for treating this event in the PSS is considered
satisfactory, some of the input Values used are considered completely
unjustified.



This event is explicitly considered on the loss of offsite power event tree
for support state seven. It is included in the frequency of consequential $§2
LOCA and the failure probability has different values related to the length of
the blackout: for less than one hour P(S2) = 0.0858, from one to two hours
P(SW) = 0.164, and for greater than two hours P(S2) = 1.0.2 1In the PSS
section on recovery, credit is taken for the capability of the seals to hold
out even longer, such that the probability of core uncovery in under 6.5 hours
is only 2% [P(S2) = 0.02]. The PSS obtained the initial values by applying
the standard exponential failure rate equation, using a failure rate obtained
from a Westinghouse internal letter. This information was not available to
us, but the results obtained contradict the present NRC position on RCP seal
failures, which is that Westinghouse tests performed through June 1983 have
failed to confirm the ability of the seals to survive, although they agree
that there is insufficient information for a final judgment. The method
utilized in the PSS to justify the 6.5-hour number appears 1nappropr1ate and
arbitrary. It is stated in the PSS that eight incidents of loss-of- seal-
cooling ranging in duration from 2 minutes to 65 minutes have occurred at
operating nuclear plants without a seal failure. This is said to represent 66
O-ring hours without a failure. They also include tests on mainloop stop
valve O-rings, which they say are suff1c1ently similar, to bring the total to
186 O-ring hours without failure.

This treatment is considered to be completely unjustified. First, the
inclusion of the stop valve O-ring experience is unfounded.: These O-rings and
their application are similar only in that they see the same temperature and
pressure and are nominally of the same material. This is insufficient
justification for including them in the data base. Second, describing the RCP
O-ring data as "66 hours without a failure" is simply wrong. This implies
that data for three O-rings without cooling for one hour each is the same as
data for one O-ring without cooling for three hours. This treatment is then
used to justify a distribution which will be used to quantify failure of
O-rings due to continuous loss of cooling. Since the whole problem of seal
failure is based on continued exposure to heat and pressure without cooling,
this type of analysis cannot be used. The fact is, no seal has survived such
exposure for longer than 65 minutes without failure, and there is no reason to
believe that it is possible for a seal to survive for as long as two hours
without failure. The probability of seal failure in the one- to two~hour time
frame should be considered as certainty [P(S2) = 1.0]. Thus, a LOCA will
occur if offsite power is not recovered after one hour without cooling.
However, it is believed justified that core melt can be averted if power is
recovered and HPI restored within two hours. This essentially eliminates
sequence 11 on the loss-of-offsite power (support state 7) event tree (see
Fig. 3.2-9) since its probability goes to zero. This leaves the problem of
determining a value to use for the probability of seal failure in the first
hour. Utilizing the Chi-squared zero failure technique used in IREP (see
e.g., Millstone 1 IREP, NUREG/CR-3085, Chapter 4) (Ref. 3.2-6), it can be

“The PSS calculated other numbers in addition to these, including a
probability for the time period out to four hours. However, the values shown
here were actually used in the initial quantification.



stated that the value lies somewhere between the zero failure value based on
~eight trials (the number of loss of cooling events) and the value based on one
trial (the number of events actually lasting one hour). These values are:

P[s2(8)] = [(1/8)*1.386]/2 = 0.09
o (3-3)
and, P[S2(1)] = [(1/1)*1.386]/2 = 0.7

For the purpose of the simplified requantification contained in this review, a
simple averége of. these two numbers is taken to represent a reasonable
approximation of the probability of seal failure in the flrst hour of loss of
cooling, i.e., P(SZ) = 0.4,

One additional modification to the event tree is required due to the
consideration of RCP LOCA. The long-term blackout sequences numbered 21
thrbugh 23_should result in plant damage states SEC, SEC', and SE rather than
TEC, TEC', and TE, as shown in the PSS. In these sequences, secondary cooling
is available and the RCS is initially intact, which would normally result in a
success sequence, Core. melt results only because the extended blackout causes
an RCP seal LOCA, so that the small LOCA plant damage states are appropriate.
The similar sequences numbered 43 through 48 remain assigned to the transient
plant damage states because core melt in these sequences results from the lack
of secondary cooling, regardless of the eventual occurrence of an RCP

seal LOCA.

3.2.3.2 Depletion of DC Batteries During Station Blackout

This event is included implicitly in the loss of offsite power event tree for
support state 7. For events where the blackout lasts longer than two hours, a
core melt is assumed. However, recovery of quench spray is considered as a
means to redu01ng consequences. This recovery is limited to the time perlod
from two to eight hours, which corresponds to the estimated elght hour
lifetime of DC batteries. Limiting the recovery of quench spray to
eight-hours therefore 1mp11c1tly deals w1th the depletion of DC batteries in
that time frame.

'The'NRC has voiced concern that, absent additional information from the
appliéaqt, the appropriate battery lifetime to use in the review
requantification should be two to three hours, based on licensing criteria and
analysisl This position is considered to be excessively conservative,
especially in view of the five-hour time used in NUREG/CR-3226 (Ref. 3.2-7).
The detailed assessment performed in NUREG/CR-3226 included surveys and
interviews of a number of utilities, and reviews .and analyses of LERs and
other relevant documentation. Battery lifetimes for all plants included in
this review ranged from 2 to 16 hours. A large majority had a four- to
six-hour range, and most of these were clustered around five to six hours.
The long lifetimes resulted from detailed analyses which used realistic loads
and took credit for the operator following a procedure to accomplish load

" shedding. The very short (two-~hour) lifetimes took no credit for load

shedding, and they tended to occur in older plants with undersized batteries.

This information provided the basis for selecting five hours as a reasonable

estimate for battery life. It was supported by a sensitivity analysis that
showed battery lifetimes as short as 2 hours or as long as 12 hours generally

had very little effect on core melt frequency. In addition, the operator has
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at least one hour to perform load shedding and thereby s1gn1flcantly extend
battery lifetime, so that credit for this action is appropriate.  If we . were
to use the NREP cognitive error model for this time period, the probability_of
early battery failure due to operator failure to shed load is 0.001, while the
probability of late battery failure is 0.999. Each of these arguments
provides additional support to the conclusion that the eight-hour battery
lifetime used in the PSS is a more reasonable value than two to three hours.

3.2.3.3 Pressurized Thermal Shock (PSS)

The PSS does not deal explicitly with the issue of pressurized thermal shock,
although sequences resulting in this event are included in the event trees.
For example, sequence 2 on the spurious safety injection and steamline break
(inside and outside containment) trees, where the operator fails to control
HPI (OA-6), are pressurized thermal shock events. The PSS considers these
sequences to be "success" and does not carry the analysis any further. Since
the sequences exist, it is possible to calculate the frequency of PTS from
these trees. However, the probability of core melt given PTS is not
straightforward and is not described in the PSS. It is beyond the scope of
this review to attempt to determine this probability, so that only the
frequency of PTS events can be determined from the PSS and not the frequency
of PTS-induced core melt. :

3.2.3.4 sSteam Generator Tube Rupture (SGTR) With Stuck Open Secondary Steam
Relief Valves (SRVs)

This event is modeled directly on the SGTR event tree as the steam leak
event. It explicitly models instances where the occurrence of a steam leak
precludes preventing core melt. Also, in sequences where a core melt would
occur regardless of the presence of a steam leak, the tree differentiates in
the plant damage state. A core melt in conjunction with a steam leak will
always result in an interfacing systems LOCA plant damage state, whereas
without a steam leak, the result will be either a transient or small LOCA
plant damage state.

3.2.3.5 Anticipated Transients Without Scram (ATWS)

The analysis of ATWS is handled explicitly on its own event tree as a
consequential event following each of the initiator classes. Each of the
event trees for the various initiators has a branch for failure to scram which
transfers to the ATWS tree.

3.2.3.6 Stuck Open Primary Safety/Relief Valve (S/RV)

The stuck open S/RV is dealt with explicitly on each non-LOCA event tree. It
is included in the frequency calculation of consequential S2 LOCA and results
in a transfer to the small LOCA event tree whenever this branch occurs. The
PSS uses a value of 3E-5 for the occurrence of this event. This value is
based on three factors: (1) that the valves are demanded, (2) that at least
one valve sticks open, and (3) that the operator fails .to recover by closing
the appropiate PORV block valve. The values used for these parameters have
been reviewed and found to be reasonable; thus the ultimate value used is
valid except for ATWS and total loss of all feedwater. 1In this situation, the
only way to prevent core melt is to utilize feed and bleed, which would



require the PORVs to be open anyway. The treatment of ATWS pressure relief on
the ATWS tree, while being somewhat out of sequence, adequately represents the
Overall scenario of concern and thus no overall improvement on the answer
would be attained through further modifications to the tree.

3.2.4 References for Section 3.2

3.2-1 C. M. Thompson et al., Westinghouse Electric Corporation, "Inadequate
Core Cooling Studies of Scenarios with Feedwater Available,"”
Westinghouse Report WCAP-9754, June 1980.

3.2-2 W. Tauche, Westinghouse Electric Corporation, "Loss of Feedwater
Induced Loss of Coolant Accident Analysis Report,” Westinghouse Report
WCAP-9744, May 1980, '

3.2-3 SECY-83-293, J. M. Felton to S. J. Chilk, 10CFR50, "Reduction of Risk
from Anticipated Transients Without Scram (ATWS) Events for
Light-Water-Cooled Nuclear Power Plants," December 1983.

3.2-4 NUS Corporation, "Ringhals Unit 2 Probabilistic Safety Study."
3.2-5 P. J. Amico "Fault Tree Analysis of Westinghouse Solid State Protection

System Scram Reliability", Proceedings of the International Meeting on
Thermal Nuclear Reactor Safety, September 1984,

3.2-6 P. J. Amico et al., Science Applications, Inc., "Interim Reliability
Evaluation Program: Analysis of the Millstone Point Unit 1 Nuclear
Power Plant," USNRC Report NUREG/CR-3085, February 1983.

3.2-7 A. M. Kolaczkowski et al., Sandia National Laboratories, "Station
Blackout Accident Analysis (part of NRC Task action Plan A~44)," USNRC
Report NUREG/CR-3226, May 1983,

3.3 Success Criteria

The success criteria used in the PSS for the functions of emergency core
cooling early, emergency core cooling late, and containment heat removal are
shown in Table 3.3-1. Review of these criteria determined that they are, for
the most part, reasonable. Where criteria used differed from criteria used in
the past for similar reactors, examination of the bases of the criteria was
undertaken to determine if they were valid. Some of these were discussed in
the section on event trees (Section 3.2). A summary of our findings for each
function evaluated is discussed below. . .

3.3.1 Emergency Core Cooling Early

3.3.1.1 High Pressure Injection During Large LOCA events

The PSS assumes that HPI can be utilized for this function during large LOCA
events. This is not consistent with previous PRAs and it is not considered
justified for the reasons discussed in Section 3.2.2.3.

3.3.1.2 High Pressure Injection During Medium LOCAs

The PSS assumes that any one-out-of-four HPSI pumps are capable of providing

this function during medium LOCA events. Previous PRAs for plants of this
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type have assumed that one-out-of-two charging pumps AND one-out-of-two safety
injection pumps are required for this function, based on analysis provided in
plant FSARs. Plant-specific calculations performed by Westinghouse and
documented in calculation number CN~PRA-83-022 (Ref. 3.3- =1) determined that
any one-out-of-four pumps is sufficient. The calculation appears to be
reasonable in removing excess conservatisms in the analysis codes used for
FSAR calculations. The PSS assumption is therefore considered reasonable and
acceptable,

3.3.1.3 High Pressure Injection During Small LOCAs

The PSS assumes that any one-out-of-four HPSI pumps are capable of providing
this function during small LOCA events. Based on the discussion above, it
seems reasonable on the surface that if this is true of the medium break, it
should also be true of the small break. However, this does not account for
the slower pressure drop for these breaks, which may keep the RCS pressure
above the safety injection pump shutoff head. The PSS alludes to this by
mentlonlng that for some small breaks the operator may have to depressurize
using a PORV if only a safety injection pump is available. However, the PSS
does not deal with this problem. In order to remove this optimistic
assumption, it has been assumed that one-out-of-two charging pumps is
sufficient but that one-out-of-two safety injection pumps is valid only in
combination with one-out-of-two PORVs.

" 3.3.1.4 Secondary Depressurization and Low Pressure Injection

On Table 3.3.1 for medium LOCA, small LOCA, and incore instrument tube rupture
events, success criteria (b), (c), and (c¢), respectively, refer to the use of
secondary depressurization to reduce primary pressure. This is intended to
allow the use of low pressure injection cooling in sequences that would
otherwise require high pressure injection. Although inconsistent with
previous PRAs, these criteria are based on improved analysis and appear to be
reasonable. Our reasoning is discussed in Section 3. 2 1.2,

3.3.1.5 Bleed and Feed Cooling

The PSS assumes that bleed and feed cooling can be utilized for small LOCAs,
incore instrument tube rupture, steam generator tube rupture, steamline
breaks, and transients. This is represented by criterion (b) on Table 3.3-1
for each of these initiators. The success criteria presented appear to be
reasonable. Our reasoning is discussed in Section 3.2.1.5.

3.3.1.6 Primary Depressurization for Steam Generator Tube Rupture

Success criteria (c) and (d) on Table 3.3-1 for the SGTR initiator represent
the PSS assumption that it is possible to depressurize the primary rapidly
enough during this event to terminate break flow prior to core uncovery. This
allows the use of auxiliary feedwater alone to provide the required core
cooling. This scenario has not been credited in previous PRAs, but there 1s
sufficient justification to accept the success criteria presented. Our
Yeasoning is discussed in Section 3.2.2.2.

3.3.1.7 Main Steam Isolation During Steamline Breaks
The PSS assumes that main steam isolation is required during steamline break

events in order for auxiliary feedwater to function. This assumption is
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conservative for the reasons discussed in Section 3.2.2.1. Isolation is not
required. '

3.3.1.8 Power Conversion System During Transients

The PSS assumes that the power conversion system is never available to provide
cooling/during transients, This assumption is conservative for the reasons
discussed in Section 3.2.1.3. The PCS should be included as a valid success
criteria,. -

3.3.2 Emergency Core Codling Late

The success criteria for this function are reasonable and consistent with the
plant FSAR and the corresponding early cooling success criteria, with one
exception. The PSS assumes that it is possible to avoid recirculation for
small LOCAs and incore instrument tube ruptures by conserving RWST inventory.
This is represented on Table 3.3-2 by late success criteria (a) and (c), _
respectively. These criteria allow late cooling to be provided by injection
in the same manner as early cooling. This criteria are considered unjustified
for the reasons discussed in Section 3.2.1.6. o

v

3.3.3 Containment Heat Removal

The success criteria for this function is reasonable and consistent with the
plant FSAR and previous PRAs.

3.3.4 Revised Success Criteria

The revised success criteria shown in Table 3.3.2 are based on the discussipns
above. These criteria are used for the requantification of the dominant core
melt sequences. '

3.3.5 References for Section 3.3

3.3-1 Westinghouse Electric Corporation, "Millstone Unit 3 Plant Specific
Transient Analysis," Westinghouse Report CN-PRA-83-022, March 1983.



Table 3.3-1 Millstone 3 PSS functional success criteria.

Emergency core

Emergency core

Containment

Initiator cooling early cooling late heat rgmoval
Large (a) 1/2 LPSI + 3/3 ACC (a) 1/2 LPSR 1/2 CSR
LOCA or (core melt only)
(b) 2/4 HPSI + 3/3 ACC
Medium (a) 1/4 HPSI + 3/3 ACC (a) 1/2 HPSR same
LOCA or ' ' or
(b) 1/3 AFWS + SSR + 1/2 (b) 1/3 AFWS + SSR
LPSI + 3/3 ACC + 1/2 LPSR
Small (a) 1/4 HPSI + 1/3 AFWS ‘(a) 1/4 HPSI + AFWS + SSR Same
LOCA ) or ' or )
(b) 1/4 HPSI + 2/2 PORV (b) 1/2 HPSR
or or .
(c) 1/3 AFWS + SSR + (c) 1/3 AFWS + SSR +
1/2 LPSI 1/2 LPSR :
SGTR (a) 1/4 HPSI + 1/3 AFWS (a) 1/3 AFWS Same
or : or
(b) 1/4 HPSI + 2/2 PORV (b) 1/2 HPSR
or
(c) 1/3 AFWS + SSR
or
{d) 1/3 AFWS + 1/2 PORV
Incore (a) 1/4 HPSI + 1/3 AFWS (a) 12 QS + 1/2 HPSR Same
instrument or . or ;
Tube (b) 1/4 HPSI + 2/2 PORV (b) 1/2 QS + 1/3 AFWS +
rupture or ’ SSR + 1/2 LPSR -
(c) 1/3 AFWS + SSR +° or
1/2 LPSI (¢) 1/4 HSPI + 1/3
AFWS + SSR
Steamline (a) 1/3 AFWS + MSI (a) 1/3 AFWS Same
breaks ' or or
(b) 1/4 HPSI + 2/2 PORV (b) 1/2 HPSR
Transients (a) 1/3 AFWS {(a) 1/3 AFWS Same
or or
(b) 1/4 HPSI + 2/2 PORV (b) 1/2 HPSR




Table 3.3-2 Revised Millstone 3 PSS functional success criteria.

Emergency core

Emergency core

Containment

Initiator cooling early cooling late heat removal
Large (a) 1/2 LPSI + 3/3 ACC (a) 1/2 LPSR 1/2 CSR
LOCA (core melt only)
Medium (a) 1/4 HPSI + 3/3 ACC (a) 1/2 HPSR same
LOCA or or
(b) 1/3 AFWS + SSR + 1/2 (b) 1/3 AFWS + SSR
LPSI + 3/3 ACC + 1/2 LPSR
Small (a) 1/2 CP + 1/3 AFWS (a) 1/2 HPSI Same
LOCA or or
(b) 1/2.8IP + 1/2 PORV 1/2 HPSR
+ 1/3 AFWS
or or
(c) 1/4 HPSI + 2/2 PORV (c) 1/3 AFWS + SSR +
or 1/2 LPSR
(d) 1/3 AFWS + SSR +
' 1/2 LPSI
SGTR (a) 1/4 HPSI + 1/3 AFWS (a) 1/3 AFWS Same
or or .
(b) 1/4 HPSI + 2/2 PORV (b) 1/2 HPSR
or or
(c) 1/3 AFWS + SSR
or
(d) 1/3 AFWS + 1/2 PORV
Incore (a) 1/4 HPSI + 1/3 AFWS (a) 12 Q@S + 1/2 HPSR Same
instrument or . or
Tube (b) 1/4 HPSI + 2/2 PORV (b) 1/2 QS + 1/3 AFWS +
rupture or , SSR + 1/2 LPSR
(c) 1/3 AFWS + SSR +
1/2 LPSI
Steamline (a) 1/3 AFWS (a) 1/3 AFWS Same
breaks or or
(b) 1/4 HPSI + 2/2 PORV (b) 1/2 HPSR
Transients (a) 1/3 AFWS (a) 1/3 AFWS Same
or or
(b) 1/4 HPSI + 2/2 PORV (b) 1/2 HPSR
or or
" (c) PCS {(c) PCS
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- 3.4 Systems

This section provides the results .of our review of system descriptions and
system fault trees in the Millstone 3 PSS. The systems descriptions were
reviewed with regard to whether the information provided enabled us to verify
the fault tree analysis and system success criteria. The fault trees were
reviewed with regard to their accuracy, validity, and completeness in
quantifying accident sequences.

There are 16 systems for which fault trees were used in the Millstone 3 PSS.

A list of these'systems and the system failure probabilities for the total
system and redundant trains within the system under support state 1 are
provided in Table 3,4~1. the systems were quantified for eight different
support states. These support states are defined in Table 3.4-2 and discussed
in Section 3.10.2, The fault trees and descriptions of associated systems were
provided in Volumes 4 and 5 (Section 2.3) of the PSS. The fault tree for the
vital DC system was included in Appendix 1-E of Volume 1.

Our review concentrates on those systems that provided important support
functions and those system that were involved in high risk accident
sequences. In this regard, the following systems were found to be of
particular importance: ‘

. main electrical

¢ vital AC

i ESF actuation

emergency generator load sequencer

. auxiliary feedwater

¢ quenéh spray

. service water

A system-specific review is provided in each of the 16 subsections below.
Thege subsections are divided into three parts. The first part provides a
system description based on the system descriptions in the PSS and the
Millstone 3 FSAR. The second part discusses the system fault tree in light of

the system description. Particular attention is given to the treatment of
test and maintenance, human errors, and common-cause failures.

Our evaluation in this part also considers consistency among the fault tree
components, the top event, and the system success criteria. The last part of
each subsection provides our conclusions and comments on the system fault tree
with regard to accuracy, validity, and completeness.

The system success criteria and the top event definition of each fault tree
were generally consistent. The effects of test and maintenance, human error,
and common-cause were included in almost all of the fault trees.

A few potentially significant problems and several minor ones were identified
during the review of the systém fault trees for accuracy, validity, and
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Table 3.4-1 Results of the system fault tree analysis.

System ‘ ' Unavailabilitya

1. Main electrical "4.56E-4

2. 120VAC 8.43E-5 (per bus)

3. ESF actuation ‘ 1.17E-3 (per signal per train)

4, Load sequencer (EGLS) : 1.59E-5 (per signal, both trains)
5.  Auxiliary feedwater = 6.80E-5 '

6. High pressure injection 5.87E~5 (for small and medium LOCAs)
7. Low pressure iﬁjection " 1.74E-4 -

8.  Main steam isolation 8.197E-4°, 1.5E-5°

9. Quench spray _‘ ) ' - 3.2E-4
10. Safety injection pump cooling 7.32E-3 .(per train)

11. Charging pump cooling ' 5.32E-4
12. Low pressure recirculation 3.0E-3

13, High pressure recirculation 5.85E-3

14. Containment recirculation spray 2.0E-3

15. Service water 7.44E—6d
16. Vital DC : 1.4E-8/yr®

AThese values are taken from the PSS, BAll values are failure on demand
(except 16). .

For steamline breaks inside containment.

CFor steamline.breaks outside containment.

dLoss of system function within 24 hours.

€Loss of system function for a continuous 24 hour period.

Table 3.4-2 Support state definitions

System ‘ Unavailability

(1) » ' All support systems available

(2) One support train unavailable

(3) . Both support trains Unavailable

(4) : All ESF signals unavailable

(5) : ' LOSP, all support systems available
(6) : LOSP, one support train unavailable
(7) LOSP, both support trains unavailable
(8) . LOSP, all ESF signals unavailable




completeness. The minor ones would not contribute more than a few percent’
error to the overall frequency of core melt, so the reader is referred to
individual subsections for a discussion of the minor problems. The
potentially significant errors are taken up in the paragraph below.

An important dependence of the vital AC, main electrical system, and emergency
generator load sequencer on the vital DC system was not included in the
corresponding fault trees. In the event of a loss of offsite power, the vital
AC system would initially be dependent upon the batteries in the vital DC
system. This is an apparently critical dependence because the emergency
diesels cannot transmit power to the emergency bus unless the load sequencer
is operating, but the sequencer requires vital AC to function. The real
difficulty occurs in the individual fault trees for the vital AC and vital DC
system. The unavailability of each system is calculated assuming that AC
power is available on the emergency bus. This makes the results invalid for
those cases when no power is available on the emergency bus. Thus, the PSS
provides no estimate of the. unavailability of the vital AC and vital DC
systems, on demand, for those cases in which offsite power is unavailable.
Yet, such a case is precisely when the.unavailability of these systems is
extremely important. The significance of this problem increases in light of
the fact that loss-of~offsite-power-initiated sequences are dominant
contributors to important plant damage states. This issue is taken up in more
detail in Subsections 3.4.1, 3.4.2, 3.4.4 and 3.4.16 below.

Quantification of system failure with fault trees depends directly on the use
and application of component failure data.: The ‘review of the validity of the
Millstone 3 PSS failure data is discussed in Section 3.5.

3.4.1 Main Electrical System

3.4.1.1 System Description

The main electrical system is designed to provide a reliable source of power
to the normal and emergency AC power systems. The normal AC power system
supplies power to non-safety-related equipment that -is necessary to support
the plant's powér operation under normal conditions. During off-normal
conditions the emergency power system is designed to provide power to safety
systems that are required for plant shutdown and mitigation of postulated
accidents. . . - - :

The PSS and the FSAR indicate that the main generator provides power to the
electrical system through the two normal station service transformers (NSSTs)
during normal plant operation. The NSSTs are the preferred sources.of station
service power, and NSST "A" supplies power to the 4160V emergency buses via
the normal buses 34A and 34B. If the preferred source of offsite power is
lost, the system makes an automatic transfer to the two reserve station
service transformers (RSSTs). RSST "A" provides power directly to the
emergency buses 34C and 34D from an alternate offsite source.

If both sources of offsite power are unavailable, the emergency AC power
system provides power directly to both emergency buses 34C and 34D. This
system consists of two diesel génerators, each of which is dedicated to one
emergency bus and is capable of providing all engineered safety feature
equipment and essential shutdown loads on that bus.



A diagram of the main electrical system showing the link between the off-line
and on4iine'portions of the emergency AC system is provided in Fig. 3.4.1-1.

3.4.1.2 System Fault Tree"

The fault tree for the main electrical system was used to model the
unavailability of power.on emergency buses 34C and 34D. The structure of
event trees and support states in the Millstone PSS requires that the
unavailability of the main electrical system be modeled for three cases.

Case 1 models the unavailability of power on both buses (34C and 34D) when
loss-of-offsite-power is the initiating event. Case 2 models random failures
on a single bus that could lead to bus failure. - The case 2 model forms part’
of the  input to the case 1 model. - The case 2 model is also used to calculate
the unavailability of the emergency bus in othér fault trees and in the
‘support state model., Case 3 is used to model unavailability of all AC power
for an initiating evernt other than loss-of-offsite-power. The probability of
no power on buses 34C and 34D is calculated using both the probability of bus
failures-and the probability of losing offsite power within 24 hours of a
postulated accident. Figure 3:4.1-2, which is taken directly from the
Millstone PSS, was used to-calculate the unavailability of offsite power.
Figure 3.4.1~3 shows a substantially reduced form of the Millstone PSS fault
tree used to calculate the unavailability of AC power on a single AC emergency
bus. The circuit breaker referred to in this tree is the ‘large breaker '
between the emergency generator and the emergency bus. The PSS fault tree for
this component is extremely detailed. Figure 3.4.1-4 provides a simplified
fault tree for the main electrical system and shows the: relative positions of
each of the three cases in the system logic:

Table 3.4.1-1 provides a summary of the system unavailability that was
obtained in the PSS for each case and the dominant cut sets in each case. For
case 1, common-cause failure of both emergency diesel generators is the
dominant contributor, contributing 53% to total unavailability. The remainder
of the unavailability is contributed by combinations of random failures in the
emexrgency electrical equipment. However, none of these cut sets contributes
more than 1% each. The dominant cut set for case 2 is the failure of a diesel
generator to start and run, contributing '16% to6 the total. The next most
significant cut set for this case involves mechaniéal failure of the circuit
breaker and contributes about 2.4%; however, the sum of all cut sets involving
circuit breaker failures contributes 82% to total unavailability. Remaining-
cut sets contribute no more than 1% each. The dominant contribution to
unavallabillty for case 3 is loss of offsite power combined with common-c cause
failure of both diesel generators. This ‘cut set contributes 57% of the total
unavailability. No other cut set contributes more than 1%.

According to the Millstone PSS, the only significant common-cause contribution
to electrical system failure is that associated with the diesel generators.
All other components such as wiring, circuit breakers, protective relays,
etc., were determined to have common-cause failure rates that were negligible
when compared to their random failure rate. ‘This was determined by examining
common—-cause failures for components with and without aggregate control
circuit failures. Common-cause calculations for diesel ‘generators assume a
binomial failure rate model. ' '



Table 3.4.1-1 Dominant cut sets for failure of the main electrical system.

’ Unavailability
Dominant cut set ~ (per demand)
Case 1: Both emergency buses unavailable@
Common cause 2.6E-4
Random failures ' _ 1.96E-4
Total 4.56E—4
Case 2: One emergency bus unavailable@
Diesel generator failure: . 2;33E—3
Circuit breaker failures - 1.15E-2
Total 1.4E-2
Case 3: No AC power avéilable on either emergéncy busP
Loss of offsite power combined with
common~cause failure of both diesel
generators 7.80E-8
Other failures 5.90E-8
Total 1.37E-7

8For a mission time of 24 hours, given loss of offsite power as an
initiating.event (without consideration of recovery of offsite power).
For a mission time of 24 hours, given offsite power initially available.

The Millstone PSS found no credible human errors that could lead to component
unavailability in the main electrical system. The stated reason for this was
that aside from the emergency generators, the electrical system is in
continuous use and thus not subjected to any formal tests. Each diesel
generator and its associated control circuitry is tested monthly on a
staggered basis. Operational tests are performed during refueling shutdown.
No maintenance is scheduled for the electrical system during normal .
operation. Nonetheless, unscheduled maintenance on the diesel generators as a
result of periodic.testing is included in the calculation of their
unavailability. )



343 KV/6 38V, 63KV

ANNd DLYINIONOD

dAN¢ LNYI00D WOLOVIN

o X4 LNYI00) VoLV

$ANY YILYMOTRd <
NOLYMINIO WYILS

MAIN TRANSFORMER- SPARE.

DETAIL
156-6X

-, " o - dMNd JLVENIONOD

SBOMVA FOA -
| 343xV/22 80V

ONSITE

SERVICE TRANSFORMER B
30/40/50 MVA, OA/FA/FA
22 BRV/ESXAV, 6.9KV

15G-388
NORMAL STATION

A

T

T

l.LLU
mm
2

e dANd ANYI00D NOLIYIN

{_"'—"I

dWNd JLYENIANGD

dRNd LNYI00D §OL0VIN

BNILYINDMID

Sdnnd WILVM m
W

dNnd_ ONILYIN0NID -
HMYR Q37D fr— e o o e e e — e — —— —

dNNd NIYHO
HOLYHYAIS JUNLISION

dNNd NIYHO
VILYIH LNIOd NP

LINN NOILYHIOIHIIY
AVIINYHIIN

JNNd ¥ILYM ONITCOT
dNOD 1NV Td INIGENL

@mnd ONI00) LNINOJNG
LNV WOLOTIY

dNNY AYHdS HINING

SUH 0003 LY MY GRS
ANOD MX 9989
YOLYHINIO ADNIOUIN]

anng IvAOHIY
LV3IH WNQIS I

#NNg HEYM NIFUDS

uly
¥y
-

480 V BUS 320

dMNd NOILDIFN ALD VS

-o———@®)
-O—@®)
-o——
H+—)
HO———@)
HO——(®) e Y
HO——@)
H+—@®)
e O)
H+—Q®)

L o——®)

uly
mmn

drnd NOILY INJMIDTY
ANINNIVINGD

uly
5

480V BUS 312m

dNNd ONISYYHD

asov sus 327 _))

SdnNd ¥31va IIIAUIS

3
-

480V BUS 32K

MITUHD ¥ILvm
ONIO NG 104 ANOD

T
A

Bus 32w

< EMERGENCY 4.16 KV BUS 340 (TRAN 'B")

480V EMERG.

O wml)l* & dNNA NOILY TNINIIFY
ANZWNIVINOD
i 3 MT¢
ﬁID a > dt
i 8 WF)_
> 3t
2 3¢ .._ g, vm.x
3t m m LI £
> F34
RO L
dNNd ON11002 g3 ml)*
ANINOIMOD :
ANVId 30OLOVIY

fote

10 343 KV

T™T

SWITCHYARD 8US B

RESERVE STATION
SERVICE TRAMSFORMER A
27/ 363 MVA, GA/FOA/FOA
345 Kv/a KV, $.16 KV

G-233A

—

1

OFFSITE

CNSITE

Jesvsizany

TO 345 uv
SEITCNVARD

—F

AN TRANSFORMER &
€30uva, FOA
343RV/22 0%V

56-3x-A

| .
_ < .mlnl M_ hv 4NN ONIDHYHD mm mm mm
. W »
__3F » wm
m . _ 3 .* qu i ¢
ﬁﬂ S _ = 3
~ >
fD!l!:llli ..* $ H g v 4R¢ HOILY INDHIDI *
||wml).,* m p ; _ YD.I'@ LININNIYANOD m :
Bmf = 7 b . | ito—® LT w
LT ” e b 8 o —@ i
§sz O—r— iil.l!.lllil:um. 1* ] H 3 _ m $eRNg WLLYA TNAUIS
g || rom —34 5 1 | ®
4 Mm IU Lmb* » _ H IT@ aRNd DNIDYYHD
nuw. 3 u H I..I@ 4M0g NOLLY INONWIDIW
wwW 1 — wm )l* _ [ a8 NIRNIYIKOD
M me m H-O— I@ #NNG HEYM NIINTE ' _ m IG'I|® Rt et
IJ|.. . dNRd NOILIIrNT ALT4YS
I I e O I | b son e 3
mITL m ..l‘z.i@ 1nN¥34 IownL _ VOLYNINGS 33N DRI
m. —® . | 3 e
N e B UANY AYNGS HNINO
o ll'@v _ i @AN4 DNIT00 ANINOUNOD
|D® 0 @.v w oumn zo_»«wuw...uwu . _ O— N4 WOLIVIN
-o———®). S L .
' ———
mm Ic'l@ ..o:x:u._:n.ﬂ:uﬂuu .
"o
¥ [C Awﬁ P oL . m
EH O mu” m
. \ H* Sennd NILYM
ONLLY INDNIY

MP 3 FSAR)

Fig. 3.4.1-1 Main electrical sjstem {Source



~ Loss of Offsite
Power on Bus 34C

3.02E - 4/yr
. No_PoWer‘.
.G"d/ ' from Transformers Bus Faults
Switchyard _
. on Bus 34C
Failures

3.0E - 4/yr o : . 1.7E- 6/yr

Faults

Faults on .
RSST Feed

on NSST
Feed

21E-4/yr . S 1.0E - 4/D

Fig. 3.4.1-2

Fault tree used to calculate the probability of loss of offsite power
(Sonurce: MP 3 PSS)



Loss of Emergency
Power on Bus 34C

1.38E - 2/D

Circuit

Bus Diesel
Faults Breaker Fails Generator
to Operate Fails
2.0E - 6/D* °

1.15E - 2/D

2.33E- 3/D

{

* Failure rates for bus 34C are given as 7.3E - 8/h. The mission time
used to calculate failure/D for this fault tree is 28 h. In Figure 3.4.1-2
the mission time used to determine failure/D as a result of bus faults

Fig. 3.4.1-3

is 24 h giving a value of 1.7E - 6/D.

Reduced fault tree for the loss of emergenc

y power on one of the two
emergency buses. = : : :



Loss of All AC
Power on Buses

34C and 34D
(Case 3)
1.37E-7/D
Loss of Loss of Emergency
Offsite Power Power on Buses
During 24 h 34C and 34D
' {Case 1)

3.0E- 4/D 4.56E - 4/D

Loss of Emergency.
Power on Buses 34C’
and 34D from
Random Failures

Common
Cause
Failures

2.6E- 4/D

Loss of
Emergency Power
on Bus 34C

Loss of
Emergency Power
on Bus 34D
(Case 2)

1.4E - 2/D
' 14E - 2/Dv-

Fig. 3.4.1-4 Simplified fault tree for the main electrical system.
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3.4.1.3 Comments on the Main Electrical System Fault Trees

The fault trees for the main electrical system are, for the most part,
accurate, complete, and valid. However, several notable exceptions require
discussion.

One item of interest involves the circuit breaker between the diesel generator
and the corresponding emergency bus. Closure of this breaker requires that a
trip coil be energized. This coil is energized by a trip contact that must be .
closed either manually or automatically. According to the fault tree for this
system (Fig. 2.3.2.1-3 of the PSS), failure of this trip contact requires
failure of both the automatic and the manual mode. The automatic trip contact
requires a signal from the emergency generator load sequencer (EGLS) for
operation. ' But the EGLS requires 120VAC to operate. Nonetheless, the
unavailability of EGLS used for this trip coil in the PSS is based on the
overall unavailability of wvital 120VAC when, in fact, during such an event,
the only source of vital 120VAC would be from the 125VDC system.

Another item of concern involves the difference in system resolution for
subsystems in the electrical systems fault tree. Diesel generator failure is
modeled as a base event, but the circuit breaker between the generator and
emergency bus is modeled in significant detail. No explanation is given for
the large difference in resolution. 1If data was available on the overall
failure rate for these breakers, it should have been used in preference to the-
detailed model. Additionally, the fault tree reveals that the circuit breaker
relies, in part, on the emergency generdtor load sequencer which is powered by
the vital AC. There appears to be a dependence of the electrical system on
itself via the load sequencer that is buried within a 'rather large fault

tree. In contrast to the detailed analysis used for the diesel CB, the
absence of CB, transformer, and transfer scheme fallures in the LOP analysis
indicate that this analysis may be optlmlstlc. :

3.4.2 120V AC Vital Bus
3.4.2.1 System Description

The 120VAC vital bus system is a safety-related, voltage-regulated support
system. It supplies control and instrument power to the plant protection
systems. The 120VAC vital bus is divided 1nto four separate channels. Each
vital bus or channel provides a unique source of power to a correspondlng ESPF
or EGLS cabinet. Vital buses  VIAC-~1l and V1AC-2 supply power to ESF cabinets
(Trains A and B), respectively. Similarly, vital buses VIAC-3 and VIAC-4
provide power to EGLS cabinets (Trains A and B). These four vital buses
appear as basic events in the ESF actuation system and EGLS system fault trees.

In each channel, the 120VAC vital bus normally receives power from a solid
state inverter through a high speed static transfer switch. The primary
source of power to the inverter comes through a rectifier from a 480VAC bus
(one for each channel). If rectifier output is lost, a secondary DC supply is
available from the associated 125VDC battery charger and/or battery. 1In the
event of inverter loss, a third source of 120VAC vital power is provided
through a 480V- to 120V-stepdown and regulating transformer from the 480V
emergency bus. A simple schematic for the V1AC-1 channel is provided in

Fig. 3.4.2-1.
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Fig, 3.4.2-1 Schematic of the VIAC-1 channel.



Voltage on each 120VAC vital bus is continuously monitored and displayed in
the control room. It is stated that an alarm is sounded in the control room
on change of state in the static transfer switch due to loss of inverter
output. However, it is not clear ekactly what is sensed by this ‘alarm system
(i.e.,. voltage, current).

3.4.2.2, System Fault Tree

The system fault tree for the 120VAC vital bué was used to determine the
unavailability of 120VAC power on each channel. Because all four channels are
assumed identical, only one fault tree was developed.

The unavailability of the V1AC-1 vital bus was calculated to be 8.4E-5.

Almost 99% of the unavailability is contributed by nine cut sets (four
singles, four doubles, and one triple). Two singles contribute 66%. These
are failures of either the bypass switch or the static transfer switch. The
third single cut set (which contributes 14%) comes from a fuse failure, but
this fuse was not identified in the schematic provided in the PSS for this
system. A fourth single involves bus faults on the 120VAC bus and contributes
about 2% unavailability. The four double cut sets involve failure of the
regulating transformer and some other componeﬁf. These contribute about 16%.
The final cut set is a triple that includes loss of offsite power, loss of
on-site power, and loss of the 480/120V transformer. Because loss of power
would not require unavailability of the transformer for system failure, this
cut set points up an error in this fault tree's structure. This error is
discussed below. Table 3.4.2-1 lists the dominant cut sets that contribute to
the unavailability of the vital AC on one channel.

Test and maintenance, common-cause, and human error are not modeled in the
vital 120VAC fault tree. The system is in continuous use and there are no
tests réquiring any of its components to be taken out of service. All
maintenance is performed during refueling outage. Unscheduled maintenance is
supposed to be performed only with continuous power maintained to the vital
bus through an alternate source. The PSS states that no common-cause failures
were postulated for the vital AC because they were accounted for by command
faults that are included in pump and MOV start logic. It is also stated that
no credible human errors could contribute to system unavailability.

3.4.2.3 Comments

Our initial review of the vital 120VAC fault tree revealed several
inaccuracies. In particular there was a problem in the representation of the
system logic. Nonetheless, we estimated that these errors did not contribute
more than a 10% error in the calculation of system unavailability. After
discussing these problems with NU personnel, we received a revised fault tree
which addressed these concerns. Nevertheless, the revised fault tree
contained an error that was not in the original fault tree, in that loss of
power on bus 34C is no longer modeled in the system fault tree. Thus, the
tree still does not fully model the unavailability of vital AC. However, our
analysis of the fault tree reveals that, because system failure is dominated
by switch, fuse, and transformer failures, this error does not contribute
significantly to the estimate of this systems unavailability.

Failures in the vital AC system were not’major contributors to risk in the
Millstone PSS. Nonetheless, the problems noted could become significant for
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Table 3.4.2-1 Dominant cut sets in the PSS for the
unavailability at the 120V vital AC.

Component failures

Cut set probability ' (failure/demand)
Static transfer switch fails‘open 2.8E-5
Rotary bypass switch transfers open - 2.8E-5
Fuse opens prematurely o 1.2E-5
Power transformer and inverter fails . 1.13E-5
Bus faults on the vital 120-AC busv 2.0E-6

Power transformer (480/120) and
power transformer (4.16kV/480V) fails 1.3E-6

Total 8.43-5

cases in which the probability of basic events may have changed. Thus, the
usefulness of this fault tree for uncertainty and sensitivity.analyses may be
limited until these problems can be corrected.

3.4.3 Engineered Safety Features Actuation System

3.4.3.1 System Description

The engineered safety features (ESF) actuation system examines selected plant
parameters and determines whether predetermined protection limits are being
exceeded. The ESF actuation system consists of two separate sets of:
electronic circuitry. The first set is an analog portion consisting of three
to four (depending on the system) redundant channels per system parameter.,
The second set is made up of two redundant logic trains which process the
analog inputs and actuate ESF equipment as required.

Each channel of the analog portion is connected to a separate and redundant
sensor for the parameter of interest. This channel is made up of four major
components: (1) the channel test switch, (2) the loop power supply. (3) the
comparator, and (4) the comparator trip switch. With the exception of the’
containment spray system, the . comparator trip switch operates on the
"de-energize-to~actuate principle” so that the analog portion of the ESF
actuation system cannot be disabled during test. ‘

The output signals from the analog channels are transmitted to two separate
and redundant logic trains corresponding to the separate safety system trains
(Trains A and B). The logic trains pass the channel output through input
relays to the logic cabinet. The logic cabinet uses 2/3 or 2/4 logic to trip
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a relay driver which actuates the corresponding safety system. Each logic
train is independently capable of actuating the required ESF equipment.

3.4.3.2 Syétem Fault Tree

The ESF actuation system was modeled to determine the unavailability of -
actuation signals on the final outputs. The Millstone team from NU determined
that a model for the safety 1n]ect10n (SI) signal would adequately represent
all other signals.

The results of the fault tree quantification for the SI signal yield an

‘unavailability of 1.17E-3/per demand per signal per train with a variance of

1.53E~6. The calculated unavailability for both trains (including
common-cause failures) is 1.60E-5/ demand/ signal for both trains. Almost 99%
of the unavilability for a single train is contributed by five dominant cut
sets. These single member cut sets are summarized in Table 3.4.3-1.

The dominant contributor to system unavailability is a bimonthly logic test

which temporarily disables the system and makes up 29% of the total. This is

followed by failure of two different universal logic cards which respectively

make up 14 and 27% of the total. Failure of vital AC power supply and a relay
driver comprise a respective 7% and 5% of the remaining contributions.

Even though testing of the digital portion of the system makes a significant
contribution to unavailability, testing on the analog portion does not. This
is because the channel being tested is energized and thus in "actuate"” mode.
The exception to this is the quench spray actuation which has a separate model-
for unavailability that is discussed in Section 3.4.9. System unavailability
due to maintenance is included in random hardware faults.

The common-cause failure analysis is limited to command faults within the ESF
sensors. According to the PSS, this limitation is due to the diversity within
the ESF which makes other common-cause failures noncredible.  Failure of the
main electrical system and the emergency AC buses is treated as resulting in a
dependent failure of both the ESF and ESF actuation system. Common-cause
failures of both trains of the ESF actuation system were judged by the PSS to
occur at the rate of 1.5E-5 demand. .

This value is obtained from the overall reliability of the electrical portion
at the reactor protection system-as cited in NUREG-0460 (Ref. 3.4-1).

The Millstone PSS considers two sources of human errors that contribute to ESF
actuation system unavailability. One source is associated with periodic
testing of the analog portion of the  system, the other with periodic testing
on the digital portion. In the analog portion, the quench spray sensor
channels, because they are the only set of channels that do not operate on the
"de-energize-to-~actuate principle", can contribute to unavailability from
failure to restore the channels after testing. This source of human error is
unique to the quench spray system and included in its fault tree. For the
digital portion of the ESF actuation system, test unavailability due to human
error is insignificant compared to that contributed by the test itself.

3.4.3.3 Comments
Our review of the ESF actuation system fault tree raised some concerns

regarding its completeness, accuracy, and validity in treating common-cause
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failures. The calculated unavailability of both trains is dominated by
common-cause failure. But common-cause failure is estimated from a value
derived from NUREG-0460. There is limited consideration given to the validity
of this value. Certainly, there is a great deal of uncertainty associated
with a value obtained from a systems analysis of the reactor p;otection system
at another plant. ' :

Unavailability of a single train is dominated by tests on the digital portion
of the system. . Thus, any errors in estimating the amount of time necessary
for the test procedure could be important. In addition, the calculation of
variance in system unavailability for the ESF actuation system is not provided.

3.4.4 Emergency Generator Loading Sequencer (EGLS) System
3.4.4.1 System Description

The EGLS is a solid-state digital system that is designed to sequence the
reloading of ESF systems to prevent electrical system'instability caused by.
motor starts when power from the diesels transfers to the emergency bus. The
system provides actuation signals to shed loads, temporarily block manual
equipment starts, and sequentially load ESF equipment on buses 34C and 34D
during emergency conditions. The overall sequencing system is comprised of
two identical EGLS cabinets, Trains A and B, which are powered from separate
120VAC vital buses, VIAC-3 and VIAC-4,.

Table 3.4,3-1 Dominant cut sets in the PSS for the unavailability of an A
actuation signal on one train of the ESF actuation system. -

Probability

Component failure {failure/demand)
Unavailability due to test of the : 3.4E-4
digital circuitry . :
Improper operation of universal - 3.2E-4
logic card
Improper output from the universal 1.6E-4
logic card
Relay contacts fail to transfer 1.0E-4
Unavailability of 120V vital AC ) 8.4E-5
Relay driver receives improper
output from one gate . : 5.3E=5

Total 1.17E-3




The EGLS receives and processeslsignals of bus. uhdeivoltage due to loss of
power (LOP), safety injection (SIS), containment pressure change (CDA),
recirculation (RECIRC), reserve breaker. (AR BKR), and dlesel generator breaker
(DG BKR) status. The EGLS .automatically performs the functions of load
shedding, load blocking, and sequential load application under conditions of
LOP, SIS with LOP, and CDA with LOP. Under the conditions of (SIS) w1thout
LOP and CDA without LOP, the EGLS does not introduce load shedding, load
blocking or sequential load application into any .of the control c1rcu1ts of
the engineered safety features (with the exception. of the contalnment
recirculation pumps which are actuated by the RECIRC signal after a flve
minute time delay following CDA). However, the EGLS processes the SIS and CDA
signals in these cases, and it is thus required to close breakers.on standby
equipment, even though simultaneously. An EGLS is prov1ded for each emergency
generator.

During the first 40 seconds, the EGLS automatically and sequentially applies
loads to the buses which power the safety systems. After the first 40

seconds, the manual start block signal is removed and additional emergency bus
loads may be started manually. Typical loads manually started are the
pressurizer heaters, fuel pool cooling pumps, and turbine protection equipment.

The EGLS has seven operating modes.. Five of these modes are for plant
emergency conditions which involve LOP. The other two are for plant emergency
conditions which do not involve an LOP. The modes are prioritized such that a
CDA mode will always take precedence over an SIS mode when both inputs are
present. An LOP mode will always take precedence over a non-LOP mode.

In each of the LOP operating modes, the EGLS first recognizes a loss of power
on the plant safety buses and immediately generates LOP and manual start block
(MSB) output signals to plant safety equipment. These signals effectively
strip the bus and temporarily inhibit the operator from restarting any loads.
This allows each diesel generator time to start, achieve proper voltage and
frequency, and be connected to its dedicated safety bus without incurring
adverse loading conditions. Upon receiving a signal confirming that the

DG BKR has closed, the EGLS will begin generating time- sequenced "safeguard
sequencer start" (SSS) and manual trip block (MTB) signals to plant
equipment. Once initiated, the SSS and MTB signals are maintained until the
EGLS is reset. Should an SIS or CDA input occur without an LOP, the
appropriate SSS and MTB signals are generated immediately without time
sequencing. The MTB signal inhibits the operdtor_from tripping loads once
they have been automatically started.

3.4.4.2 System Fault Tree

The sequencer system fault tree was used to determine the unavailability of
one or both EGLS systems. This information was employed in the support states
model as the unavailability of EGLS trains. It is also used as. the
unavailability of the EGLS signal for the diesel generator breaker in the main
electrical system fault tree. Two fault trees are used to represent the seven
sequencer modes. These two are the SIS signal only mode and the SIS with LOP
mode. The quantified output of these fault trees is used to represent the
operating mode unavailability of the sequencers.

'In the "SIS only" operating mode, four dominant cut sets are reported to
contribute 80% of the total availability of 8.2E-4. The remaining cut sets
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contribute less than 1% each. The dominant contributor is stated to be
failure of AC power which makes up 30% of the total. Failure of sequencer
input relays to energize, reportedly contributes 25%. Failure of the
sequencer output relay and failure of an input signal from the diesel
generator aux111ary breaker contacts, reportedly contribute 12.5% each.

In the "SIS with LOP" operating mode, approximately 94% of the total
unavailability of 9.3E~4 is stated to be due to four cut sets. The remaining
sets contribute less than 1% each. For this mode the dominant contributor is
input relay failure, which contributes 37.5%. Another 30% is stated to be due
to AC power supply failure. Failures of the output relay and diesel generator
auxiliary breaker contacts contribute 12.5% each.

There are no test and maintenance procedures that are credited as contributors
to system unavailability. The EGLS has two manual test modes and one
automatic test mode. One of the manual tests, which is performed monthly,
does not prevent the sequencer from responding to accident signals. The other
manual test is performed only during refueling outages. The automatic test
sequence is performed at 30-second intervals and also does not inhibit
accident signals. There is no scheduled maintenance on the sequencer.
Unavailability due to unscheduled malntenance is not included in the fault
tree,

Two sources of common-cause failure are considered for the sequencer. One
source is a dependent failure due to the loss of vital AC., The other is
failure within the sequencer hardware. The common-cause failure rate for both
trains of ELGS actuation is judged to be 1.5E-5 per demand in the PSS, the
same value used for the ESF actuation system. The justication given for this
value is that the EGLS has an equal or greater diversity than the reactor
protection system (RPS) used in NUREG-0460 (Ref. 3.4-1), so that the same
common-cause failure probability may be useqd. ' :

3.4.4.3 Comments on the EGLS Fault Trees

Our review of the EGLS fault tree reveals that to some extent it is invalid,
inaccurate and incomplete. We identified several major problems which make it
difficult to assess the final top event unavailability without more :
information and a restructuring of the fault tree logic. Our concerns areé
enumerated below.

The major problem involves the failure to accurately model the dependence of a
single sequencer on the corresponding vital AC and vital DC systems. A major
difficulty comes from the use of the output from the vital 120-AC fault tree’
as a substitute for the vital DC failure. The fault tree model does not deal
with the fact that, following a loss-of-power accident, the EGLS would be the
primary initial support system and that for the first 10 to 40 seconds °
following this event, it would be functioning with AC power unavallable on
buses 34C and 34D. _ :

The unavailability of both EGLS cabinets is apparently dominated by
common-cause failures., However, the common-cause failure rate in the PSS is
based on the rate for the electrical portion of the reactor protection system
(RPS) in NUREG-0460. This rate was used for the EGLS because the Millstone
EGLS has an equal or greater diversity than the NUREG-0460 RPS.




There are many aspects of the load sequencer operations which are not
addressed 'in -the PSS. 1In particular, the loading sequencer performs functions
which raise questions relative to the possibility of exacerbating accident
conditions. The sequencer strips loads on plant safety buses when it receives
a loss-of-offsite-power signal. During subsequent diesel generator startup,
it blocks manual starts of safety equipment. Failure of the EGLS at this )
point could result in the total inability to load equipment. When the diesel
generator breaker closes, the sequencer begins to load the safety buses with -
safety equipment in a timed sequence and initiates manual trip blocks. so that
the equipment cannot be tripped. As a final point, we note that the dominant
cut sets described in the text do not correspond to those provided in the
computer output listing. However, the same total unavailability is reported
in both places.

3.4.5 BRuxiliary Feedwater System
3,4.5.1 System Descrip;idn

The auxiliary feedwater system (AFWS) is an engineered safequards system which
is designed to provide a supply of high pressure feedwater to the. secondary
side of the steam generators, for reactor coolant~system_(RCS)'heat removal
following a loss of normal feedwater. - The AFWS also provides this cooling
function in the event of a main steamline break, feedwater line break, small
break loss-of-coolant accident (LOCA), loss of power, or low low steam
generator water level conditions. In addition, the AFWS is designed to
respond to all of the above conditions whether or not all -AC.power is
available.

The AFWS consists of two motor-driven auxiliary feedwater pumps, one
turbine~driven auxiliary feedwater pump, and the associated controls, piping,
and valves necessary to perform the RCS heat removal function. Each auxiliary
feedwater pump normally takes suction from the demineralized water storage
tank (DWST). The DWST, which is sized at 340,000 usable gallons, has
sufficient capacity to provide the short-term safety grade source of auxiliaxy
feedwater for the steam generators. An additional source of 200,000 gallons
of water is provided to.the auxiliary feedwater pumps by the condensate
storage tank. This non-safety grade source of water is connected to each pump
suction line through normally closed air-operated valves. The long-term
safety grade source of auxiliary feedwater is provided by the service water
system,

-The AFWS is normally lined up to all four steam generators through

" normally-open, motor-operated control valves. In the event of an AFWS demand,
the minimum success criteria stated in the PSS is that one of the three
auxiliary feedwater pumps start and run. Redundant piping flow paths from the
pumps to the steam generators provide at least two of the steam generators
with the required flow.even if only one pump is-available for service. Each
of the two motor-driven pumps is capable of feeding two steam generators while
the tubine-driven pump is capable of feeding all four steam generators.

3.4.5.2 System Fault Tree

The auxiliary feedwater system fault tree was used to assess the failure of
the system to meet its success criteria for a period of 24 hours following any
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postulated accident or transient. System succes$ is defined as delivering

235 gpm of auxiliary feedwater to at least three of four steam generators
following all transients. :

The auxiliary feedwater system fault trees (with and without a faulted steam
generator) were quantified for six cases in order to represent the effects of
the plant support states:

. Case A: Both trains of AC power available - no faulted steam generator
(addresses support states 1 and 5)

* Case B: One train of AC power available or equivalent - no faulted
steam generator :
(addresses support states 2, 3. and 6)

d Case C: No AC power available - no faulted steam generator
(addresses suport state 7).

. Case D¢ Turbine-driven AFWS pump train not available and both-trains of
AC power recovered - no faulted steam generator
(addresses support state- 7 for loss of offsite power as the
initiating event)
. Case E: Both trains of AC power available or equivalent - one faulted
steam generator
(addresses support states 2, 3, 6 and 7)

¢ Case F: No AC power available or equivalent - one faulted steam
generator

(addresses support states 2, 3, 6, and 7)

Table 3.4.5-1 summarizes the unavailabilities of the auxiliary feedwater
system for each support state with/without a faulted steam generator. For
support state 8, both ESF actuation Trains A and B are assumed to be
unavailable. Thus, AFWS unavailability is 1.0 by definition. Table 3. 4 5-2
lists the dominant contributors for each of the six cases A through F.

The common-cause failure analysis for the AFWS used a binomial failure rate-
model., The analysis treated the turbine-driven auxiliary feedwater pump as a
diverse system with respect to the motor-driven auxiliary feedwater pump
trains. Analyses were performed for both those accidents and transients that
do not require a steam generator to be isolated and those that do require
isolation. A total of seven common-cause analyses were.performed. They are:

- No faulted steam generator, both emergency AC buses available
No faulted steam generator, one emergency AC bus available
No faulted steam generator, no emergency buses available
No faulted steam generator, loss of turbine-driven auxiliary pump
One faulted steam generator, both emergency AC buses available
One faulted steam generator, one emergency AC bus available
One faulted steam generator, no emergency bus available

NO b wN e
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Table 3.4.5-1 Summary of unavailability results for the auxiliary feedwater

system7 _ ’
Support ~ System unavailability
state ' Steam generator'statug » ' (failure/demand) Case

01 None isolated 6.8E~5"

01 , Steam generator "A" isolated . 4,94E-4 E
02 None isolated . 5.9E-4 B
02 ’ .Steam generator "A" isolated. . 4,53E-2 F
03 None isolated o 5.9E~4 B
03 Steam generator‘"Aa isolated 4.53E-2 F
04 None isolated . ‘ 1.0 -
04 Steam generator "A" iséléted . ‘.1.0' -
05 "None isolated ) , 6.8E-5" A
"05. ' Steam.generafor "A" isolated . 4.94E-4 E
06 None isolated " 5.9E-4 . B
06 Steam generator "A" isolated 4,538-2 F
07 None isolated ' 4.52E-2 C
07 None isolated 2.77E-4°2 D
07 Steam generator "A" isolated 4.53E-2 F
08 None isolated . 1.0 -
08 ~ Steam generator "A" isolated 1.0 -

8For support state 07 with loss of offsite power as the initiating event and
recovery of offsite power occurring within one hour.

3.4.5.3 Comments on the AFWS Fault Tree

In géﬁeral, we found the fault trees for this system to be accurate, complete,
and valid. Nonetheless, we noted issues of concern regarding success criteria
and the overall unavailability of the system, One issue is that the.auxiliary
feedwater unavailability probability (6.8E-5/demand) appears optimistic.

Other assessments have derived values:5 to 10 times greater for

similar systems, and even higher failure rates may be expected early in life.
A further discussion of this matter is provided in Section 3.6.



Table 3.4.5-2 Dominant contributors to unavailability for cases A-F
in the PSS. :

Case Dominant contributors S Percent
A Common-cause - : 96 - -
B Motor-driven pump "A: and

. turbine-driven pump both ‘
fail . . 37

Pump "A" actuation logic

and turbine pump failures . ' 16

Common-cause 10
Cc Turbine-driven pump

failure ' 90
D ' Common-cau§e~~ 54

Random failures in

the motor-driven pumps . 46
E Failure of pump "B"

and steam pump - . 64

Common-cause 13
F Turbine-driven pump

failure 90

3.4.6 High Pressure Safety Injection System
3.4,6.1 System Description

The high pressure safety injection system (HPSI) provides reactor core cooling
and shutdown capability by injecting borated water into the reactor

vessel following a loss-of-coolant accident (LOCA). The HPSI system, in
conjunction with the low pressure safety injection system and the
recirculation cooling system, must provide adequate cooling and makeup to the
reactor core for sufficient time to mitigate the effects of any postulated
LOCAs.

The major components of the HPSI system are three charging and two HPSI pumps,
along with the associated piping, valves, and control circuitry. Two of the
three charging pumps are normally used for the chemical and volume control
system. These two pumps are rotated on a monthly basis so that one pump is
always operating.- When the safeguards actuation signal ("S" signal) is
received, the.injection mode of operation is automatically initiated. The

3-63



non-operating charging pump is started and both it and the running pump are
realigned to take suction from the refueling water storage tank (RWST),
dischafging into the reactor coolant system cold legs (one in each of the four
RCS loops). During normal plant operation, the two HPSI pumps are not in
operation but are prealigned to the RWST. When the "S" signal is received,
both pumps start, taking suction from the RWST, and discharging to:the

RCS cold legs. The "S" signal comes from the ESF actuation cabinet.

3.4.6.2 System Fault Tree

The fault tree for the HPSI system is used for three classes of accidents -
large, medium, and small LOCAs. The success criterion for a large LOCA
specified that two of four charging or HPSI pumps be available. The success
criterion for a small or medium LOCA specified that one of four charging or
HPSI pumps be available. The system fault tree was used to quantify the
probability of failing to achieve the success criteria for the three LOCA
classes in each of eight support states. The results of these calculations
are provided in Table 3.4.6-1. Six fault tree calculations were used to
obtain the 16 values shown in Table 3.4.6-1. Table 3.4.6-2 lists the dominant
cut sets in each of these six cases and the percentage of the cut set
contribution to overall unavailability.

The effects of common-cause failures, test and maintenance unavailability, and
human errors were all included in the HPSI fault tree. Common-cause failure
was modeled using a binomial failure rate model. The only human error that
was included was failure to restore equipment after test and maintenance.
These failures were included along with random equipment failures.

3.4.6.3 Comments on the HPSI Fault Tree

Our review of the HPSI fault tree indicates no major problems with regard to
validity, accuracy, and completeness. The HPSI fault trees indicate that for
small, medium and large LOCA, the unavailability in support states 1 and 5 is
dominated by common-cause failures. Unavailability in support states 2 and 6
is dominated by the unavailability of the oil cooling system for the charging
and SI pumps. In support states 3, 4, 7, and 8, the HPSI system
unavailability is one due to dependent failures.

One item of concern is the vagque description of success criteria. It is
stated that two of four charging or HPSI pumps are required for a large LOCA
and one of four charging or HPSI pumps are required for a medium LOCA., It is
not clear, under this criterion, whether two charging pumps or one charging
pump and one HPSI pump are the minimum requirement for system success in a
large LOCA. Similarly, it is equally unclear whether the. success criteria
imply that one charging pump is sufficient to mitigate a medium LOCA. Also,
there is no consideration given to pump "run-out." Additional discussion of
these issues is provided in Section 3.3.

3.4.7 Low Pressure Safety Injection System

3.4.7.1 System Description

The low pressure safety injection (LPSI) system is designed to provide a ‘large
volume of water to the cold legs of the reactor coolant system (RCS) in the

event of a loss-of-coolant accident (LOCA). In the first phase of emergency

3-64



Table 3.4.6-1 High pressure safety injection system unavailability results
in the PSS.

-

System unavailability (mean values)

Large LOCA . Medium and small LOCA
(HP-1) (HP-2)
Support states (per demand) (per demand)
1 1.12E-4  5.87E-5
2 5.19E-2 7.01E-4
3 1.0 1.0
4 1.0 ' 1.0
5 1.38E~4 ‘ . 5.88E-5
6 5.19E-2 ' 7.01E-4
7 1.0 | . ' 1.0
8

1.0 ' 1.0

Table 3.4.6-2 High pressure safety injection system dominant contributors.

System
unavailability Dominant contributor Contribution

Hypothetical accident (failure/demand) (failure/demand) %
Large LOCA (HP-1) . .

AC power available 1.12E-4 7.47E-5 common-cause failure 67

loss of one bus 5.19E-2 '2.38E~-2 SI and chg cooling 46

loss of offsite Ac‘power 1.38E-4 -8.27E-5 common—~cause failure 60
Médium and Small LOCA (HP-2)

AC power available . 5.87E-5 5.87E-5 common-cause failure 100

loss of one bus 7.01E-4  1.42E-4 SI and chg cooling 20"

loss of offsite AC power 5.88E-5 5.88E~-5 common-cause failure 100




core cooling (ECC), borated water from the RWST and the accumulators is .
delivered to the RCS cold legs. When the water level .in the RWST reaches the
low low level limit, the LPSI system terminates injeqtiqn and the second phase
of ECC begins. This phase involves the recirculation of borated water from
the contalnment sump to the RCS cold legs by the residual heat removal (RHR)
pumps

The LPSI system consists of the accumulators, the RHR pumps, and the
associated valves, orifices, piping, and supporting circuitry. There are four
independent accumulator trains, each of which is dedicated to one of the four
reactor cooclant system loops. The two RHR pumps are included in two redundant
and independent trains. Each train delivers water to all four RCS loops.

3.4.7.2 System Fault Tree

The LPSI system fault tree was used to calculate the probability of system
failure based on two system success criteria. The first criterion is
associated with the large LOCA, vessel rupture, or interfacing systems LOCA
initiating events. Water must be delivered from three accumulators and at
least one full-capacity RHR pump. System failure occurs when either one
accumulator fails to discharge into an unbroken loop or when both RHR pumps
fail to deliver water to three intact RCS loops. The second criterion is
associated with the medium LOCA initiating event and requires that one out of
two full capacity RHR pumps deliver to two intact cold legs.

Compatability with the support states model required that the LPSI system
fault tree be quantified for two cases. Case 1 addresses situations in which
both trains of AC power are available and corresponds to support states 1 and
5. Case 2 addresses situations in which only one train of AC power is
available and corresponds to support states 2 and 6. The LPSI system is
.unavailable in support. states 3, 4, 7, and 8.

The LPSI system unavailability and dominant cut set contributions for cases 1
and 2 are summarized in Table 3.4.7-1. When both trains of AC power are
available (case 1), unavailability of the accumulators is the dominant cut
set, contributing 92% of the overall system unavailability.

Common-~cause failures contribute approximately 7%. When only one train of AC
power is available (case 2); 32% of the system failure probability is
attributed to the actuation circuits spurious closure of the motor-operated
valve in the pump miniflow line. Failure of accumulator check valves
contributes approximately 29%.  Hardware faults of the RHR pump

contribute 21%, Failure of the check valves in the suction and discharge
lines of the RHR pump account for 10% of the failure probability.

Test and maintenance unavailability, common-cause failures, and human error
are all included in the system fault tree. A test unavailability analysis is
not included in the LPSI fault tree because it is stated that tests do not
make the system unavailable.: Components outside of containment that can be
isolated and tested for failure are maintained on an unscheduled basis. Thus,
maintenance unavailability calculations have been done:for check valves,
air-operated valves, motor-operated valves, and the RHR pumps. A common-cause
- failure analysis was performed for the two RHR pumps and the motor-operated
isolation valves in the pumps' miniflow lines. The common-cause failure
calculations were based on a binomial failure rate model. Human errors that
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Table 3.4.7-1 Dominant contributors to LPSI system unavailability in the PSS.

‘ Components . Failure probability
' (per demand)

Case 1: Both AC trains available

Accumulator check valves 1.9E-3 (92%)

Common cause " 1.B6E-4 ( 7%)
Total 2.1E-3 (100%)

Case 2: One AC train available

Circuit breaker on pump fails to close 2.1E-3 (31%)
Accumulator check valves 1.98-3 (29%)
Accumulator check valves . . 1.4E-3 (21%)
Other check valves ' 6.4E-4 (10%)

Total . 6.7E-3 (100%)

were given credit for system failure involve failures to restore the RHR pumps
and vital motor-operated and air-operated valves following test and

maintenance.
3.4.7.3 Comments on the LPSI System Fault Tree

In general, the LPSI system fault tree appears to be accurate, complete, and
valid, Nonetheless, with regard to the long- and short-term system success
criteria there are issues that may require additional analysis.

The LPSI system is defined as including the RHR pumps and the accumulators.
The success criterion is stated to be three accumulators and.one RHR pump for
the large LOCA, a vessel rupture or an interfacing systems LOCA (event V).
According to this criterion, the system is modeled as failed when one of three
accumulators fails even when two RHR pumps are available. It is not likely
that failure of a single accumulator would result in a core melt when one or
more RHR pumps is operating. The fact that accumulator failure appears to
dominate LPSI failure could make this criterion an important conservatism.
However, The LPSI is not a contributor to any risk at Millstone 3. Thus, this
conservatism is not likely to be significant. Nonetheless, it should be
recognized that for event V, the accumulators are of little use and the
operation of the RHR system is not sufficient for success against this
sequence. Finally, it is also speculative whether one RHR pump could prevent
core melt for a rupture low in the reactor vessel.
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The requirement for long-term operation of the RHR is not considered in the
fault tree analysis. For long-term decay heat removal, the RHR may have to.
operate several weeks. However, this would be the case only if the plant were
not restarted. Additionally, the active components of the RHR are outside the
containment where maintenance and repair could be readily performed. Thus,
failure of the RHR in the extended cooling mode is not likely to be a
significént risk contributor.

‘

3.4.8 Main Steam Isolation System
3.4.8.1 System Description

The main steam isolation (MSI) system is designed to prevent uncontrolled
blowdown of the steam generators in the event of a steamline break. The
system consists of one 30-inch, steam-operated "Y" pattern globe valve per
loop, for a total of four valves. The valves are located in the main steam
piping downstream of the main steam safety and relief valves, in the main
steam valve building.

The main steam isolation trip valves are designed to close within 5 seconds of
receipt of a steamline isolation signal for all values of pressure
differential across the valve. They are designed to fail in the c¢losed
position upon loss of electrical power or steam header pressure and are spring
loaded in the close direction. Main steamline header pressure acts as the
operating medium for both the opening and closing operations of the valves.

An external nitrogen supply is used for operation and testing of the valves
when steamline header pressure is below approximately 185 psig.

Each main steam isolation trip valve is controlled by redundant pairs of
solenoid valves {(a set of Train A and B solenoid valves). Opening and closing
sets of solenoid valves pressurize and vent the bottom and top of the
valve-operatlng plston compartment.

3.4.8.2 System Fault Tree

The MSI system fault tree was used to determine the probability of failing to
achieve the system success criteria following a postulated steamline break.
Two types of steamline breaks are considered; a steamline break inside
containment, and a steamline break outside of containment. For a steamline
break inside containment, the success criterion is closure of the MSI valve on
the faulted steam generator/steamline or the closure of three out of three MSI
valves on the unfaulted steam generator/steamlines. For a steamline break
outside of containment, the success criterion is closure of any three out of
four MSI valves. Because the MSI system fails safe upon loss of power and
does not depend on service water, the support states that relate to ESF
electric power and service water supply are not addressed in the MSI failure
analysis.



The calculated unavailability for the MSI system is:

_ Mean system unavailability .
Case (failure/demand) Variance

Steamline break 8.2E~-4 ’ 7.1E-7
inside containment

Steamline break 1.5E-3 4,.9E~6
outside containment )

The dominant contributor to total unavailability in both cases is common-cause
failures. Common cause contributes 92% of the total mean unavailability for
steamline breaks inside containment and 91% for steamline break outside
containment.

3.4.8.3 Comments on the MSI System Fault Tree

No problems in terms of accuracy, completeness, and validity were found with
the MSI system fault tree. System failure is dominated by common-cause
contributions. The common-cause failure analysis employs the binomial failure
rate model, which is described in Appendix 2-C of the PSS and reviewed in
Section 3.10 of this report. A separate common-cause analysis was performed
for each success criterion.

3.4.9 ‘Quench Spray System
3.4.9.1 'System Description

The quench spray system is designed to provide rapid, short-term quenching of
steam. released from pipe breaks within containment. The system consists of
two identical trains, each of which contain a quench spray pump. These pumps
feed two ring headers near the containment dome. The quench spray pumps take
suction from the refueling water storage tank (RWST).

The quench spray system is initiated by a containment depressurization
actuation (CDA) signal that results from coincident high containment pressure
signals.. ‘'The quench spray system is automatically terminated by a low level
switch in the RWST. WNaOH is added to the spray water in order to maintain a
minimum'pH;and thus prevent long-~term corrosion of stainless steel inside the
containﬁeqt once quench spray has been actuated.

The guench ‘spray system in conjunction with the containment recirculation
system 1s”used to maintain the integrity of the containment structure.
Following a major primary or secondary pipe rupture inside containment, the
system returns the containment to subatmospheric pressure by removing heat
from .the containment atmosphere. Figure 3.4.9~1 provides a schematic view of
the quench spray system. '
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3.4.9.2 gystem Fault Tree

The quench spray fault tree models the capability of the two pumps to start
and run and the availability of various valves to open on demand. In
preparing the system fault tree, the Millstone team gave consideration to the
impact of independent component failures, test and maintenance, common-cause
failure, and human errors. We have reviewed the fault tree and found it to be
accurate, complete, and valid with minor exceptions discussed below. )

The quench spray system fault tree was quantified for two cases in order to
represent the effects of the eight plant support states. These cases are:

Case A: Two trains of AC power available, corresponding to support states
1 and 5.

Case B: One train of AC power available, corresponding to support states
2 and 6.

For support states 3, 4, 7 and 8 the quench spray system is unavailable
(Q=1). For case A, the unavailability of the quench spray is 3.2E-4 w1th a
variance of 1.0E-7 and for case B the calculated unavailability is

8.2E-3 with a variance of 5.6E-5.

When both trains of AC power are available, the dominant contributor to quench
spray unavailability is common-cause failures. Common-cause makes up 70% of
the system unavailability. Most of this is associated with common mode
failures of both pumps to start and includes factors such as common design
errors, common actuating logic, and common test and maintenance procedures.
Much of the remaining common-cause unavailability comes from the two
motor-operated discharge valves (MOV34A and MOV34B). -Other contributors to
overall unvailability are ESF logic (9%), pump faults (3%), and failures in
the motor-operated discharge values (2%). The residual unavailability comes
from cross-train component failures. ' :

When only one train of the quench spray system is available, the major
contributors to unavailability are pump failure to start (28%), pump hardware
faults (17%), motor-operated discharge valve failure to open (26%),
motor-operated discharge value failure to remain open- (12%), and check valve
failures (12.7). Table 3.4.9-1 summarizes the major contributors to quench
spray system unavailability for cases A and B.

Four sets of common-cause failure are used to calculate the common-—cause
unavailability of the quench spray system. These are:

(1) failure of the quench spray pumps in Trains A and B to start
(2) failure of the quench spray pumps in Trains the A and B to run

(3) failure of the motor-operated valves in Trains A and B to open and allow
spray discharge through the ring headers .

(4) failure*of the motor-operated valves in Trains A and B to remain open

Common-cause calculatlons for the quench spray system assume a blnomlal
failure rate model. This failure rate model is described in Appendix 2-C of
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Table 3.4.9-1 Quench spray unavailability.

. Unavailability
Dominant contributors ‘ (failure/demand)
Case A:

Common~cause o 2.24E-4
ESF actuation logic _ V 3.00E-5
Pump faults : l9.60E-6
Faults in one of the motor-operated

valves MOV34A MOV34B and in one

pump in an opposite train 9.80E-6
Faults in the MOV34A and MOV34B 6.40E-6
6the; faults _ 4.00E-5

Tétal 3.20E-4
Case B:

Pump failure to start 2.30E-3
Failure of métorféperated © 3.13E-3

valve MOV34A to open
Pump hardware faults 1.40E-3
Failure of motor-operated 9.84E-4

valve to remain open
Check valve faults : '9.84E-4
Other faults | . 4,02E-4

Total 8.20E-3

the Millstone PSS and reviewed in Section 3.10 of this report. Contributions
to each failure mode from actuation logic are included in the individual

binomial failure rates for the components.

Two additional common-cause failures were considered, but judged by the PSS
authors to be insignificant contributors to unavailability: these are (1)
freezing of the RWST and quench spray lines and (2) common-cause failures of
pairs of check valves.



There are three human errors which are included in the quench system fault
tree as contributors to system unavailability: these are (1) failure to
properly close the gate valves (valves 36 and 37 on Fig. 3.4.9-1) in the pump
test line following test or maintenance, (2) failure to restore the locked
open gate valves (28 and 29) following tests of the motor-operated discharge
valves (40 and 41), and (3) failure to restore the quench spray actuation of
the ESF logic follow1ng its test.

3.4.9.3 Comments on the Quench Spray Fault Tree

Our review of the quench spray system fault tree indicates that it is
accurate, complete, and valid with only minor reservations. One guestion is
why the effect of test and maintenance on the motor-operated discharge valves
MOV34A and MOV34B (valves 40 and 41 on the P and ID) was not modeled in the
fault tree. Another concern involves the exclusion of freezing RWST and
quench spray lines and common-cause failures of pairs of check valves from the
list of categories. There have been licensee event reports that involve
freezing_of the RWST lines. However, our major concern is not that these
could be significant contributors to risk but that the authors judged these
modes as insignificant contributors without demonstrating this

quantitatively. Finally, it is interesting that failure of RWST coollng water
is not modeled. It seems clear that, although this system is not necessary
for proper functioning of the RWST, its failure would effect containment
performance during LOCA accidents. We feel that some estimate of chilled
water system availability would be useful in making an accurate assessment of
damage states or accident recovery.

3.4.10 safety Injection Pump Cooling System
3.4.10.1 System Description

The purpose of the safety . injection pump cooling system is to cool the bearing
oil of the safety injection:-pumps. It is a safety-related system and a
critical support system for the high pressure safety injection system. The
system is made up of two safety injection pump cooling pumps, two safety
injection pump oil coolers, two heat exchangers, and a shared cooling surge
tank. Each safety injection pump has dedicated cooling pump, heat exchanger,
and oil cooler. The heat exchanger interfaces with the service water system.
The surge tank is supplied by the.reactor plant component cooling water.
Normally, the safety injection pump cooling system is not in operation. It is
designed to start automatlcally when the associated safety injection pump
starts.

3.4.10.2 System Fault Tree

The system fault tree was used to model the unavailability of safety injection
pump cooling in a single train. The calculated unavailability of each train
is 7.32E-3 per demand. Pump faults contribute 96% of the overall system
unavailability. -Furthermore, actuation system faults are associated with 36%
of the unavailability, loss of control power to the pump circuit breaker
contributes 32%, and hardware faults contribute 20%. Residual unavailability
for each train is due to piping faults, heat exchanger faults and check valve
faults. Table 3.4.10-1 summarizes the dominant cut sets that contribute to
overall unavailability of the safety injection pump cooling system.
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Table 3.4.10-1 Dominant cut sets in the PSS for the safety injection
pump cooling system.

Probability
Component cut set _ (failure/demand)

Motor-driven pump actuation circuit fault 2,.60E-3
Loss of control power to circuit breaker
oxr pump ‘ 2,34E-3
Failure of motor-driven pump to start and
run _ o 1.49E-3
Failures of bus circuit breaker ‘ 2.43E-4
Check valve failure : 3.20E-4
Motor-driven pump trip circuit faults 2.34E-4
Other faults . 1.30E-5

Total 7.32E-3

Unavailability of both pump cooling systems is only a consideration when AC
power and service water is available to both trains. 1In this case,
common—-cause failure dominates the calculated unavailability of both systems.
The common-cause unavailability contribution from the safety injection pump
cooling system to the high pressure safety injection system is calculated to
be 1.43E-4, .

The safety injection pump cooling pumps.are tested monthly on a staggered
basis. However, the system is not unavailable during tests. All components
that can be isolated and are outside containment are maintained as necessary
on an unscheduled basis. Maintenance unavailability estimates for the high
pressure injection system includes contributions from maintenance on the
safety injection pump cooling system.

Consideration of human errors resulted in the conclusion that no human errors
were judged credible for the safety injection pump cooling system.

3.4.10.3 Comments

Our review of the safety injection pump cooling system revealed no significant
omissions or problems. Nonetheless, the fault tree was remiss in some general
areas. Pump capacities, water source requirements, and power requirements
were not fully described. The system success criteria were not fully
described. PSS Table 2.23.2.10.3-1 lists the mission time for the
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motor~-operated pump as three hours. However, the basis for this value is not
presented. It should be noted that failure of this system when both trains
are available is dominated by common-cause failures.

3.4.11 Charging Pump Cooling
3.4.11.1 System Description

The charging pump cooling system is a safety-related system that cools gear
and bearing 0il of the charging pumps. This system is essential for the
operating of the charging pumps and thus necessary to mitigate the
consequences of a loss-of-coolant accident. The system consists of two
charging pump cooling pumps, two heat exchangers which transfer heat from the
cooling system to the service water, three charging pump oil coolers, and a
shared surge tank. One of the cooling pumps is normally running while the
other is on standby. In the event of a safety injection signal or loss of
power signal, the standby pump automatically starts. In addition, when the
standby pump is running, the isolation valves are aligned so that each cooling
pump and heat exchanger is dedicated to one charging pump.

3.4.11.2 System Fault Tree

The system fault tree was used to model the effect of charging pump cooling
system unavailability on the unavailability of the high pressure safety
injection system (HPSI). One fault tree was used for both trains of the
charging pump cooling system. However, different calculations were used for
component unavailabilities in the train of charging pump cooling in which the
cooling pump is operating (Train A) and the standby train (Train B). For loss
of offsite power events (support state 5), both systems were modeled in
standby.

The calculated unavailability for the operating train was calculated to be
5.3E-4 per demand. The dominant cut sets for this train are listed in

Table 3.4.11-1. Check valve faults contribute 60% to unavailability and
failures of the motor—driven pump to run contribute 28%. Unavailability of
the standby train was determined to be 1.2E-2., The dominant cut sets for this
system are also listed in Table 3.4,11-1. Ninety-eight percent of the
unavailability is due to faults in the motor-driven pump. These are further
composed of 41% contribution from circuit faults, 22% from actuation system
faults, 20% from loss of central power to the pump circuit breaker, 13% from
pump hardware faults, and 2% from circuit breaker hardware faults.

Common-cause failures are determined for support states 1 and 5 (AC and
service water available to both trains). For all other support states, only
one train of charging pump coding is available. The common-cause calculations
for the charging pump cooling system assume a binomial failure rate model.

For support state 1 (all systems available), the calculated unavailability of
both cooling trains is 3.6E-6. The unavailability for support state 4 (loss
of offsite power) is 5.4E-5. '

The charging pump cooling pumps are tested monthly on a staggered basis. All
isolable components outside of containment are assumed to be maintained as
necessary on an unscheduled basis. The cooling system unavailability as a
result of maintenance has been incorporated into the maintenance
unavailability of the charging pumps.
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Table 3.4.11-1 Dominaﬁt cut sets in the PSS for the charging pump
cooling system.

Probability

Component failure’ o . (failure/demand)
Operating train
Check valve failure to operate . 3.2E-4 .
Motor-driven pump failure to run 1.46E-4
Trip circuit faults on motor-driven pump ° 4.01E-5
Loss of control power to circuit breaker :
on motor-driven pump - , 1.95E-5
Total 5.3E-4
Standby train
Trip circuit faults on motor-driven pump . "4.83E-3.
Actuation system faults for motor-driven
pump 2.6E-3
Loss of control power to circuit breaker on . 2.34E-3
motor-driven pump ‘ '
Motor-driven pump failure to start and run 1.49E-3
Bus circuit breaker failure to close : 3.38E-4
Check valve failure : 3.4E-4
' : Total 1.19E-2

No human errors were judged to be credible for the charging pump cooling
system, . ' :

3.4.11.3 Comments

Our review of the charging pump cooling system fault tree identified some
items of note. There is an inconsistency in the failure probability
listed in the input table and the value listed for the same component in
the list of cut sets. The pump trip circuit for both the operating and
standby pumps is calculated to have a component failure probability of
2.34E-4., Nonetheless, the cut sets for this component list its failure
probability as 4.01E-5 for the operating train and 4.83E-3 for the
standby train. The reason for the difference is not discussed.



It should be noted that for the charging pump cooling system, the
unavailability of both trains due to random failures is greater than that
due to common-cause. For support state 5 (no offsite power), the
unavailability of both trains of the charging pump cooling system due to
random failures is 1.42E-4, which is roughly a factor of 2 larger than
the common-cause unavailability (5.40E-5). When offsite power ‘is
available (support state 1), the unavailability of both trains due to
random failures is 6.3E-6 and that due to common—-cause is 3.6E-6. These
deficiencies are considered relatively minor when compared to the overall
failure rate of the charging pump cooling system.

3.4.12 Low Pressure Recirculation Systen
3.4.12.1 System Description

The low pressure recirculation system is an engineered safequards system
that is designed to provide long-term core coverage and decay heat
removal following a medium or large LOCA,

The low pressure recirculation system becomes functional in the latter
phase of a LOCA. The system is designed to operate in two modes: spray
mode and safety injection mode. The system takes suction from the
containment sump and pumps it through coolers (cooled by service water)
to the contanment recirculation headers (spray mode) and/or to the
reactor coolant system (safety injection mode). 'The spray mode of
operation is actuated automatically on high high containment pressure.
The safety injection mode of operation is actuated manually from the main
control board. The system then remains in long-term operation after an
accident until terminated by administrative control. o

3.4.12.2 system Fault Tree

The fault tree was developed in accordance with the system success
cr?teria which require delivery of coolant flow from one containment
recirculation pump to at least one intact reactor coolant loop following
a .large or medium LOCA.. .

Operator action is required to isolate flow to the spray headers, secure
the refueling water storage tank (RWST), and align valves for injection
~to the reactor coolant system (RCS). These operator actions have been
explicitly modeled in the fault tree.

The low pressure recirculation system fault tree was quantified for two
cases in order to represent the effects of the eight support states.
Case 1 addresses situations in which both trains of AC power are
available and corresponds to support states 1 and 5, Case 2 addresses
situations wherein only one train of AC power is available and
corresponds to support states 2 and 6. For cases corresponding to
support states 3, 4, 7, and 8, the low pressure recirculation system is
unavailable. Table 3.4.12-1 summarizes the calculated unavailability of

this system for each of the eight support states.
The calculated system unavailability for case 1 is 3.0E-3. Common-cause
failure is the dominant contributor and accounts for 18% of the total

unavailability. The dominant random failure contributor was found to be
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plugging of the service water motor-operated butterfly valves.
Coincident failure of these valves accounts for 6% of the total system
unavailability. The remaining unavailability is made up of hundreds of
two-element cut sets.

The calculated system unavailability for case 2 is 4.9E-2, Of this,
approximately 26% is due to the single failure of a motor-operated
service water isolation valve on one of the containment cooling heat
exchangers. The unavailability of this valve is the result of flow tests
during refueling. Local faults of other valves account for an additional
.33% of system unavailability.

Contributions from test and maintenance, common-cause failure, and human
error were included in the system fault tree.

3.4.12.3 Comments

No significant problems were found regarding the accuracy, completeness,
and validity of the fault tree analysis for the low pressure
recirculation system.

3.4.13 High Pressure Recirculation System

3.4.13.1 System Description

High pressure recirculation is an operational mode in which the charging
and safety injection pumps are aligned in series, or "piggy-back
operation”", with the containment recirculation system (CRS) pumps. These
engineered safeguards systems act to maintain long-term. reactor coolant
system inventory while removing decay heat during recovery from a small
or medium~sized LOCA.

Table 3.4.12-1 Low pressure recirculation system
unavailability results in the PSS.

s

System unavailability
Support state (failure/demand)

3.0E-3
4.9E-2
1.0
1.0
3.0E-3

4,9E-2
1.0
1.0

N N 0 Uk W N




The recirculation pumps take suction from water in the containment sump and
pump it through heat éxchangers to the suction of the high pressure pumps,
which inject to the RCS. Alignment of valves is performed manually at the
main control board when indications of low low RWST level and automatic
shutoff of the RHR pumps are received.

3.4.13.2 System Fault Tree

The fault tree for the high pressure recirculation system (HPRS) was used to
calculate its unavailability in terms of the system success criterion. This
criterion specifies that coolant flow be delivered to two of three intact
reactor coolant loops from one of four pumps (two charging pumps and two HPSI
pumps) by taking suction from one of two recirculation pumps. Component
unavailability for system operation was analyzed for the initial phase of
coolant recirculation following a LOCA. The analysis assumed a total run time
of 24 hours just prior to recirculation switchover to the hot legs of the
reactor coolant system. The analysis also assumed successful operation of the
HPSI pump during the injection phase of emergency core cooling.

Operator action is required to initiate high pressure injection recirculation
flow. The operator must isolate flow to the spray headers from the two
recirculation pumps and align the discharge of these pumps to the suction of
the charging and safety injection pumps. This is accomplished by opening
isolation valves in the cross=-connect lines that link the suction lines of the
charging pumps with those of the safety injection pumps. At the same time,
the operator must close isolation valves that tie the suction of these pumps
to the refueling water storage tank (RWST). The closing and opening of the
isolation valves by the operator was modeled in the system fault trees.

The HPRS system fault tree was quantified for two cases in order to represent
the effects of the eight support states. Case 1 addresses situations in which
both trains of ESF AC power and both trains of service water are available and
corresponds to support states 1 and 5. Case 2 addresses situations in which
only one train of ESF AC power is available and corresponds to support states

2 and 6. The HPRS is unavailable in support states 3, 4, and 8. Table 3.4.13-1

summarizes the calculated unavailability of the HPRS for each of the eight
support states. )

The calculated system unavailability for case 1 is 5.85E-3 per demand.
Common—-cause is the dominant contributor, making up approximately 30% of the
total. Random failures of motorized valves in the service water system is the
next most dominant contributor. At least one of these valves must open to
admit service water into its associated containment recirculation cooler.
Coincident failure of both valves failing closed accounts for 3% of total
system unavailability. Mechanical failure of either valve coincident with
failure of some other HPRS component accounts for an additional 10% of total
system unavailability. The remaining unavailability is made up of hundreds of
two-element cut sets, o '

The calculated system unavailability for case 2 is 5.84E-2 per demand.
Approximately 19% of the total is due to the single failure of a .
motor-operated service water isolation valve on one of the  containment cooling
heat exchangers. An additional 32% of system unavailability is due to failure
of any one of seven motorized valves in the system to change state to its
required accident position. The residual system unavailability is made up of
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Table 3 4.13-1 High pressure recirculation system
unavallablllty results in the PSS.

System unavailability

Suéport state | . (failure/demand)

1 : 5.85E-3

2. v - . 5.84E-2

3 1.0

4 1.0

5 5.85E~

6 5.84E-2

7 1.0

8 i.O

other single component random failures, including failure of the containment
spray. pump to start and run and failure of an operator to open two motorlzed
valves.

3.4.13.3 Cemments on the HPRS System Fault Tree

The fault tree for the HPRS system was generally accurate, complete, and valid
except for assumptions made in the common-cause calculations. These

assumptions require scrutiny since common-cause is a major contributor to
system unavailability.

The common-cause fallure analysis for the HPRS system required an
understanding of which combinations of components (or trains) are common and
which are diverse. In order to carry out the analysis, the PSS makes the
following asumptions regarding the commonality of components:

(1) The HPSI pump trains are claimed to be diverse from the charging pump
trains because the charging pumps are operating—-type pumps,.whereas the
HPSI pumps are standby—type pumps. It is not clear why this.makes'them
diverse. . e =

(2) Motor-operated gate valves (MOGV) are assumed to be alike and subject to
common~cause failure. .

(3) Motor-operated globe valves (MOGLV) are assumed to be alike and subject
to common-cause failure.

(4) Motor-operated butterfly valves. (MOBV) are assumed to be alike and
subject to common-cause failure. .

(5) Motor-operated gate, globe, and butterfly valves are assumed diverse from
each other and not subject to common-cause failure.
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(6) No common-cause potential is assumed to exist between containment
recirculation pumps and either HPSI or charging pumps because of the
significant differences in the pump design. However, this . assumption
does not recognize such things as common environment or common
maintenance errors. ’ ’

(7) No common-cause potential is assumed to exist for redundant pairs of
check valves failing to open in high pressure systems. -Licensee event
reports indicate that this may not be the case.

(8) The contribution to common-cause failure due to plugging of the sump
sScreens was assumed to be negligible when compared to other common-cause
contrlbutors. :

Although no supportive basis was given for these assumptions, none appear to
be particularly significant. Several of these assumptions are questlonable,
€.g., no common-cause failures in check valves. The most llkely cause for
such failures would appear to be corrosion effects or design defects, both of
which are potentially common-cause effects (Ref. 3.4-2). Furthermore, the
analysis of recirculation apparently assumed that all injection trains had
succeeded, so that the PSS missed contributions to unavailability from one
train failing in injection and the other in recirculation.

3.4.14 Containment Recirculation Spray System
3.4.14.1 System Description

The containment recirculation spray system is designed to provide long-term
removal of heat from the containment atmosphere following a LOCA or steamline
break inside containment. This system operates in conjunction with the quench
spray system to restore the containment to subatmospheric pressure.

The containment recirculation spfay system consists of two 100-percent capacity
trains which are each connected to both of the ring spray headers inside
containment. Each train has one pump and two each of the following items: a-
normally open containment sump suction isolation valve, recirculation pump,
heat exchanger, and a normally open spray header isolation valve. Pump
operation and valve opening are automatically actuated on "high 3" containment
pressure after a five-minute time delay. This delay is provided to ensure an
adequate supply of water in the sump for pump operation.

3.4.14.2 System Fault Tree

The system fault tree was used to calculate the failure to achieve system
success criteria which is to deliver sufficient recirculation flow to one of
two containment spray headers.

The effects of test and maintenance and common-cause are considered in the
fault tree model. The analysis assumes that testing will not contribute to
System unavailability of the containment recirculation spray. This is based
on. the observation that sufficient time will be available, between the onset
of an accident and the time when the system is actually needed, for an
operator to remove a component from test and place it in the required
operating mode. The only maintenance included in the system fault tree is
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that of the recirculation pumpé. Common-cause failures are modeled using the
binomial failure rate model. '

The system fault tree was quantified for two cases in order to represent the
effects of the eight plant support states. Case 1 addresses situations in
which both trains of AC power are available and corresponds to support’ states
1 and 5. Case 2 addresses situations in which only one train of AC power is
available and corresponds to support states 2 and 6. The containment
recirculation spray system is unavailable in support states 3, 4, 7, and 8.
Table 3.4.14-1 summarizes the calculated unavailabilities of the recirculation
spray system for each support states.

In case 1, the dominant contributor to system unavdilability is common-cause,
accounting for 28% of the total. The dominant random failure contributor to

system unavailability was found to be local faults resulting in plugging of
service water motor-operated valves. Coincident failure of these valves
accounts for 8% of the total system unavailability. The residual
unavailability is made up of hundreds of two—element cut sets such as failure
of a pump in one train while a motor-operated valve in the opposite train
fails to open. '

In case 2, the dominant contributor to system unavailability is failure of the
service water containment cooler isolation valve, accounting for 34% of the

total system unavailability. The large unavailability associated with this
value results from the length of the interval between flow tests. The valve
is tested only during refueling outages.

3.4.14.3 Comments on the System Fault Tree.

For the most part, the contalnment recirculation spray system fault tree was
found to be accurate, complete and valid. Failure of this system when both
trains are available is dominated by common-cause failures. However, in the
discussion of common-cause failures in the PSS, the plugging failure of
containment sprays was identified as a noncredible event and thus was not
included in the analysis. It is of concern that this exclusion was made
without providing a qualititative or quantitative analysis which would
indicate why common-cause plugging is not a contributor to system failure.

3.4.15 Service Water System
3.4.15.1 System Description

The service water system (SWS) is a major plant support system. It cools a
number of important emergency and normal system heat loads. The systems
relying on the service water system for cooling include:

auxiliary feedwater emergency makeup

charging pump cooling system

. containment recirculation coolers

containment recirculation pump vent units

* control building chillwater backup

control building air conditioning water chillers

emergency diesel generator cooclers
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Table 3.4.14-1 Containment recirculation spray system unavailability
results in the PSS.

System unavailability

Support state . (failure/demand)

1 2.0E-3

2 ' '3,.8E-2

3 1.0

4 1.0

5 2.0E-3

6 3.8E-2

7 1.0

8 1.0

. emergency diesel generator coolers

emergency spent fuel pool makeup

. lube water to circulating water pumps

MCC and rod control area air conditioning units
* post accident liquid sample cooler

RHR pump vent units

* RPCCW heat exchangers

safety injeé&ion pump cooling

* service water pumps lubricating water

¢ TPCCW heat exchangers

The service water system consists of two trains, each of which contains an
inservice pump and a standby pump. The standby pumps are blocked on the
discharge side by normally closed, motor-operated valves. Each pump is used
in the service mode 50% of the time and in the standby mode the remainder of
the time. 1If an inservice pump fails, the drop in pressure downstream of the
pump is sensed and the corresponding standby pump is automatically started.
The MOV downstream of the standby pump receives an opening signal as well.

3.4.15.2 System Fault Tree

The service water system fault tree was used to calculate the probability that
the system fails to feed emergency loads. The fault tree model includes the
effects of maintenance and common-cause failures on system unavailability.
Test unavailability was not modeled because there are no formal tests on the
system. Common-cause failures are modeled using the binomial failure rate
model. The study identified no human errors that could significantly
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The service water fault tree was quantified for four cases. These four cases
and the calculated unavailability for each case is summarized in
Table 3.4.15-1.

For cases 1 and 3, the dominant contributor to system uhavailability is
strainer plugging due to common-cause. This failure is responsible for
essentially 100% of the system unavailability in these two cases.

The dominant contributor to system unavailability for case.2 is also strainer
plugging, responsible for 30% of the unavailability. The remainder of the
unavailability is attributable to a number of random failure cut sets, none of
which contributes more than 8.1% to the total unavailability.

The dominant cut set for case 3 is the random failure loss of DC control power
to the pumps circuit breakers which prevents both pumps from starting. This
contributes 67% of the total unavailability. The residual unavailability is
made up of many cut sets, each of which contributes no more than 4%. '
Common-cause failure due to strainer plugging is responsible for 4% of the
unavailability.

3.4.15.3 Comments on the Service Water System Fault Tree

Our review of the service water system fault tree identified a number of
concerns regarding the accuracy, completeness, and validity of the analysis.
These concerns are enumerated in the paragraphs below.

PSS page 2.33.15-2 states that the "potential diveréipn paths" to turbine
plant and reactor plant component cooling heat exchangers are not considered
the SWS fault tree. They are stated to be included in the "recirculation
cooling system fault tree." It is not clear what "diversion flow" means, or
its consequence. Further, there is no fault tree analysis provided for any
system entitled "recirculation cooling.”

It is stated on page 2.3.3.15-2 of the PSS that "significant potential for
blockage of the (SWS) strainers exists upstream of the service water pumps."
Indeed, strainer plugging was subsequently found to be the major contributor
to SWS failure for cases 1, 2, and 3. However, on page 1-D-4 (PSS

Appendix 1-D, Volume 2), the common-cause strainer plugging failure was ruled
out, apparently based on (1) automatic backwash capability, (2) high pressure
differential alarms in the control room, and (3) greatly reduced intake water
flow should one train fail.  The probability of total loss of the service '
water system was subsequently determined to be 8.68E-12/hour in Appendix 1-D
(page 1-D-5). However, the results in Table 2.4.15-1 indicate that the
failure rate is 3.1E-7/hour (assuming a 24-hour mission time).

The SWS failure considered in PSS Section 2.3.3.15 was only for the case where
SWS is required after an accident has been initiated by other means. A
24-hour mission time was assumed, yielding a failure rate of (3.1E~7/hour)

(24 hours) = 7.44E-6. Actually, the mission time required could be much
longer, since core cooling is needed for several weeks if the plant remains in
a shutdown condition following sustained power operation.

Another concern regards the neglect to treat SWS failure as an initiating
event in light of the fault tree results. If SWS fails, the plant would trip,
and it appears the only available core heat removal system is-auxiliary
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Table 3.4.15-1 System unavailabilities in the PSS for service
water system.

Description ’ Unavailability
(failure/demand)

Case 1l: v 4 . . 7.44E-6
AC power available to both buses ' :
Offsite power available to both buses

Case 2: - 2.47E-5
AC powér available to both buses
Offsite power-available to both buses
One train of service water available

Case 3: . 7.44E-6
AC power available to both buses
No offsite power available

Case 4: . ' 1.80E-4
AC power available to one bus
No offsite power available
One train of service water available

feedwater if there are no dependencies between SWS and AFWS (also see PSS
page 1-D-5). While there appear to be no direct dependencies, this should be
clearly demonstrated. For example, the SWS provides cooling for the component
cooling system (PSS Fig. 2.3.3.15.2-1), which in some plants provides cooling
to AFS pumps, lubricating oil, or pump rooms. We did not identify
dependencies of this type in MP 3.

In any event, the possibility of SWS failure was considered in PSS

Appendix 1-D and dismissed due to the extremely low probability (based on the
9.68E-12/hr failure rate) and independence from the AFWS. If the PSS

Section 2.3.3.15 failure rate of 3.1E-7/hr is used, the annual failure
probability is 2.72E-2/yr. If the AFWS is assumed to be independent of the
SWS, the core melt probability would be:

(2.71E~2)(6.8E-5) = 1.8E-6/year ’ (3-4)

This result would not be a dominant contributor to the core melt probability
(total = 4.5E—5). This assumes, of .course, that there are no SWS-AFWS
dependencies and that the AFWS failure probability is correctly assessed in.
PSS Section 2.3.3.5.- As indicated previously, the AFWS failure probability
appears-optimistic, especially early in the plant operating life.

Also at issue in this asssessment is the choice of a realistic value for
service water failure given the substantial difference between the results in
PSS Appendix 1-D and the results in Section 2.3.15. In attempting to resolve
this issue we reviewed a recent ORNL report on service water system
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events (Ref. 3.4-4). In the ORNL report, 16 events involving service water
systems were found, including two events involving strainer plugging during
the January 1979 through June 1981 time period. In one case, total loss of
service water did occur but the function was eventually restored by use of
other systems. The ORNL report concludes that screens and filters in SWS are
susceptible to clogging whether or not self-cleaning mechanisms are used.
These results would tend to indicate a failure rate closer to the PSS

Section 2.3.3.15 value than Appendix 1-D. Thus, since the service water
system cools a large number of normally operating and emergency equipment,
sustained SWS failure could initiate a core melt if either, (1) auxiliary
feedwater fails independently, or (2) a reactor coolant pump seal LOCA occurs
as a result of the SWS failure (see Section 3.6.2 for additional discussion).

3.4.16 Vital DC System

The fault tree was not formally included in the main text of the Millstone
PSS. However, a fault tree for this system was developed in Appendix 1-E for
input to the initiating events analysis. We are reviewing this system here
because it is an important support system for the loss of offsite power and
because the results of the vital DC fault tree are used in other fault trees
as a basic event.

3.4.16.1 System Description

The vital DC buses provide essential DC loads to normal and safety-related
equipment. The DC power system has six separate systems - two normal DC power
systems serving non-safety-related loads and four Class IE DC power systems
serving safety-related loads.

The Class IE DC power is divided into four separate channels. Two channels

are devoted exclusively to supplying power to an associated 120 AC vital bus,
VIAC-3 and VIAC-4, in the event of a loss of power on these buses. The other
two channels, in addition to being able to supply vital 120 AC buses VIAC-1

and VIAC-2, also supply other safety-related DC loads. The redundancy of the
system is such that modeling the failure of the two DC buses supplying VIAC-1
and VIAC-2 essentially corresponds to a model of the failure of all DC power.

The class IE 125V DC power system equipment for each channel consists of one
operating battery charger, one spare battery charger shared by two channels of
the same train, one 125V DC battery, and one distribution switchboard. On
each of the two channels that also supply other safety-related DC loads,
additional distribution panels are included. Figure 3.4.16-1 provides a
simplified line drawing of the vital DC bus 125-VDC-1 that was used for the
system fault tree. '

The source of power to each of the four Class IE 125V DC bus channels is
supplied from either its associated battery charger or battery. The battery
chargexr is powered by the emergency 480V bus corresponding to that train.
Each set of two 125V DC buses has one spare battery charger to serve as a
backup for the two operating battery chargers. This spare battery charger is
connected to both buses of the set through normally opened circuit breakers
which are key-interlocked to prevent inadvertent interconnection of both
emergency 125V DC buses. The spare battery charger is powered from the
associated train emergency 480VAC bus.
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3.4.16.2 System Fault Tree

The system fault tree model was used to quantify the frequency of failure of a
single DC bus and the frequency of total DC power failure. The fault tree
model including the 24-hour mission failure rates is shown in Fig. 3.4.16-2,
The fault tree calculation provided a failure probability of 5.36E~6/day for
losing a single bus. The frequency of losing any one.of the two most critical
DC buses (125-VDC-1 and 125-VDC-2) was quantified by doubling the failure
probability of a single bus. This gives a failure frequency of 3.91E-3/year
for losing one of the two critical buses. ' .

The frequency of losing the entire vital DC power system was defined in the
Millstone PSS as the frequency of losing a second vital DC source given that
the other vital DC source is already in an unavailable state. This failure
rate is calculated using a time-dependent reliability model which includes a
time-dependent recovery model. The recovery model assumes.there is a 0.34
probability that a single channel will be recovered within 20 minutes and a
probability of 1.0 that a single channel will be recovered within 24 hours.
The calculated frequency for losing all DC power is 1.4E-8/year. This model
treated the two channels as completely independent. No allowance was made for
common-cause failures. In addition, the system fault .tree for wvital DC does
not account for unavailability due to human error. The exclusion of these
factors limits the utility of the fault tree.for estimating the frequency of
damage states initiated by vital DC failures. Because of the modeling
uncertainty involved in the vital DC fault tree, it is possible that vital DC
failures could be a significant but unquantified contributor to core melt.

3.4.16.3 Comments on the Vital DC Fault Tree

Our review of the DC fault tree revealed problems regarding the accuracy,
completeness, and validity of the system fault tree. These concerns are
enumerated in the paragraphs below.

One concern involves the failure of the fault tree to model the unavaiiability
on demand, given that there has been a loss of offsite power. The fault tree
(Fig. 3.4.16-2) models the availability of DC power given that AC power is
available in the vital AC. The structure of the tree does not allow the
determination of DC unavailability given loss of offsite power. During the
first few seconds of this event, the portion of the vital DC system which
includes the batteries and the components that transmit power from the DC bus
to the vital AC bus and the EGLS is a crucial subsystem whose failure could
rapidly lead to potentially serious damage states (see Section 3.4.4).

Another issue concerns two questionable assumptions used in the determination
of the failure rate for both DC channels. One is that there is no potential
for common~cause failures in the DC system. The second involves allowing
credit for the recovery of a .single channel once it has failed. These ,
assumptions result in much lower failure rates than would otherwise have been
calculated. Although these issues could have required a’requantification of
the entire system, a comparison of the PSS value with the value in the ANO-=1
IREP (Ref. 3.4-4) found it to be consistent, so that no requantification was
necessary. ‘
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3.4.17 General Comments Regarding the Millstone 3 System Fault Trees

In the preceeding subsections, we have provided a review of the systems
descriptions and system fault trees from the Millstone 3 PSS. 1In general, we
have found the fault trees to be accurate, complete and valid. Nevertheless,
as was stated at the outset, notable system-specific exceptions have been
identified and discussed in the preceding sections. ‘We have also developed a
number of general comments that apply to the systems analy51s 1n general.l
These comments are taken up in the paragraphs below.

In general, we found system hardware and operational que(descriptian'Eopbe
inadequate. Pump capacities, water source capacities, and power requirements
are generally not provided. System success criteria are not always complete
and nomenclature is sometimes inconsistent.

The report gives'almost no consideration to time~dependent failures. The
problem of higher system failure rates that are experienced early in the plant
life ("wear-in" failures) is not addressed in the report. . An example of
particular relevance in this regard is the auxiliary feedwater (AF) system.
The NRC has determined that well-designed, mature AF systems may have failure
rates as low as 1.0E-5/year, while newer systems may have failure rates as
high as 1.0E-3/year.

A mission time of 24 hours was assumed in the determination of system
success: This value appears to be adequate for many systems. Nevertheless,
it should be recognized that -forced-convection cooling may be required for
several weeks after shutdown to remove decay heat. This means that some
systems, such as the RHR system and the service water system, may be needed
for extended periods. PSS Appendix l-A briefly considers accidents initiated
from shutdown, but failure of heat removal systems is not included. The
neglect of this issue deserves note as potentially limiting the completeness
of the analysis.

Finally, many conservative assumptions were included in the systems analysis.
Several of these are described on pages 2.3-3 and 2.3-4 of the Millstone PSS.
We have not focused on these assumptions in our review nor have we attempted
to quantify their impact on the results. Nevertheless, it is important that
we acknowledge their existence. )

3.4.18 References for Section 3.4

3.4-1 U.S. Nuclear Regulatory Commission, "Anticipated Transients Without
Scram for Light Water Reactors", USNRC Report NUREG—O460, April 1978.

3.4-2 U. S. Nuclear Regulatory Commission, "Wear in Swing Check Valves," in
USNRC Periodical Report "Power Reactor Events," Vol. 4, No. 1,
May 1982.

3.4-3 J., A. Haried, Oak Ridge National Laboratory, "Evaluation of Events
Involving Service Water Systems in Nuclear Power Plants," USNRC Report
NUREG/CR-2797, November 1982,

3.4-4 G. J. Kolb et al., Sandia National Laboratories, "Interim Reliability
Evaluation Program: Analysis of the Arkansas Nuclear One - Unit 1
Nuclear Power Plant," USNRC Report NUREG/CR~2787, June 1982,
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3.5 Human Factors

The PSS considered a number of human actions in the analysis of Millstone
Unit 3. These can be generally categorized into two types: actions in
response to accident conditions and actions related to the unavailability of
an individual component. Actions of the first type were included in the event
trees. There are several different kinds. The major actions were direct
operator response in accordance with procedures to diagnose plant conditions
and perform the necessary actions to assure the performance of each safety
function. Such included manual backup actuation of systems as required,
included in the quantification of the top event to which it applied, and
recovery of failed systems where possible, which was added to the event
sequence analysis in a special additional step following the initial
quantification.

Human actions of the second type are actions related to the unavailability of
an individual component, due either to a failure to restore a component to
service following test or maintenance, or to an error of omission or
commission in the operation of a component in response to an accident. These
actions were modeled directly in each system fault tree and were thus part of
the system unavailability. We have reviewed the human factors analysis and
have concluded that it was generally performed in a reasonable and consistent
manner in keeping with the methods suggested in the NREP Procedures Guide,
NUREG/CR-2815 (Ref. 3.5-1). A few things which should have been analyzed
differently are discussed later in this section. In addition, it was
necessary. to add three operator actions to the analysis. The need for these
actions is discussed in Sections 3.2.1.1 and 3.2.2.2 and their quantification,
when not obvious, is discussed in this section. A summary description of all
the operator actions analyzed is provided in Table 3.2-1. The review results
are shown in Tables 3.5-1 and 3.5-2. Where there is a number in the "Review
assessment” column of theé tables, that number was used in any sequence
requantification subsequently performed. »

3.5.1 Operator Actions Modeled on the Event Trees

The PSS assumed that essentially all of these actions are dominated by
cognitive error as opposed to procedural error. That is, the failure of the
operator to make the correct diagnosis of the plant conditions and determine
correctly given that the diagnosis is made. In general, this appears to be’'a
sound assumption. Although there are no specific procedures for this plant,
the Westinghouse Emergency Procedure Guidelines which pertain to these actions
were reviewed, and run-throughs of selected operator actiéns were performed
with plant operators in the control room. Almost without exception, the
manipulative actions which the operator is required to make are simple,. few in
number (usually from one to four), and are performed on no more than two
control panels using indicators which are also on those panels. These

observations support the assumption that cognitive errors are dominant. The
PSS generally utilized the cognitive error model in the NREP procedures guide
for quantifying these errors, although there are some exceptions. The
following sections discuss these differences. The time frames allocated to
perform the various operator actions were also reviewed, since these form the
basis for obtaining the quantitative values from the cognitive error model.
These time frames are in keeping with those used in previous PRAs, which have
shown that most operator responses are required in the 20- to 30-minute time
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Table ,3.5-1 Human Error Probabilities for operator actions in event

trees.

Reéovery analysis, Sec. 3.0

PR

Operator Applicable Time Dominant Human error ., Review
action event trees or analysis avail.? fqil. probability assessment
OA-1 ETO03, ET15 30 o 1E-2 , ok .
OA-1 - ET02 20, [¢ 2E-1 1E-1 (see Sec. 3.5.1.1)
OA=2 ET03, ET15 . 30 c 1E-2 oK : '
OA-3 ET03, ET06, ET15 30 o] 1E-2 - OK .-
OA-4 ET04 ' 30 C 1E-2 OK
oA-5 ETO04 10 o SE-1 - oxX
0A-6 ET05 _ : _
’ Support states 1, 5 30 o) 1E-2 OK

Support states 2, 3, 4, 6 60 (o] 1E-3 OK
OA-6" _ET06, ET13 . : )

Support states 1, 5 20 (o] 1E-1 " OK

Support states 2, 3, 4, 6 30 c 1E-2 OK
OA-7 ET07 - ET21 (ET14A) R 30 c 1E-2 . oK
OA-T7"' ET14B 30 (o] 1E-2 oK~ )
OA-8 ET22 60 o " 1E-2 1E-3 (see Sec. 3.5.1.2)
OA-8"' ET22 -’10 C 1E-1 NA (see Sec. 3.5.1.2)
OR=-8R ET22 - -20 c NA 1E-1 (see Sec. 3.5.1.2)
OA-9 ET15° 10 c 1E-1 5eE-1 (see Sec. 3.5.1.3)
OA-10 419 hrs c NA 1E-4 (see Séc. 3.5.1.6)
OA-2-E NA P NA 1E-3 (see Sec. 3.5.1.4)
OR-6-E : 30 c NA 1E-4 (see Sec. 3.5.1.5)
RT-3 ET22 1 c 1E-2 OK (see Sec. 3.5.1.7)
RT-4 ET22 1 c 1E~2 OK (see Sec. 3.5.1.7)
R-~1 ET0l - ET04 60 C 1E=-3 OK -
R-2 ETQ2 ~ ET14, ET22 60 c 1E-3 [0).4
Qs ET148 . 60 c 1E-3 OK
ESF. ESF recovery, Sec. 2.2.6 30 c’ 1E-2 (034
sI SI recoverv, Sec. 2.2.3.4 . NA c 1E-1 OK
SBI ' Consequential SBI, Sec. 2.2.3.5 30. c 1E-2 . OK
SBO Consequential SBO, Sec. 2.2.3.5 30 c 1E-2 OK
s2 Consequential S2, Sec. 2.3.5 10 o] 5E-1 OK
SEQ Fire analysis, Sec. 2.5 NA P 12-3 ———
HP-2 Recovery analysis, Sec. 3.0 NA o} 1E-2 OK
OA-3 Recovery analyvsis, Sec. 3.0 NA (o] .1E=2 OK
AFR 60 o] 15-3 OK

“Time available in minutes unless .otherwise noted.

be =

= Cognitive error; P=procedural error

CThese events are defined in Table 3.2.1. )
References in this column are to sections in the PSS.
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Table 3.5-2

Human error probabilities for fault tree analysis'human error
rate. ' ' ' o

Type
of error

Operator error®

HEP
per demand

Review
a
assessment

l. Omission

2. Omission

3. Omission

4. Procedural.

error/with
recovery

5. Procedural
errors,with

recovery

Failure to restore a
manual valve to normal
position after test or
maintenance act.

Failure to restore a
motor-driven pump or an
air- or motor-operated
valve to normal ,
position after test or
maintenance act.

Failure to restore an
alarmed motor-Ariven
pump or an air- or
motor-operated valve to
normal position after
test or maintenance act.
Error of omission/
commission in operation .

1E-4

1E-4

1E-4

1E-4P

of air- or motor-operated

valve required for
accident mitigation.
Error of omission/
commission in operation
of motor- or turbine-
driven pump required
for accident mitigation

1E-4P

0.1 x Time between checks
Time between manipulations

1E-4 (monthly)
3E-5 (quarterly)

1E-4(monthly)
3E-5 (quarterly)

NK (see Sec. 3.5.2.2)

OK (see Sec. 3.5.2.2)

¥See Section 3.5.2.1.

bData source:

I. A. Papazoglou et al., Brookhaven National Laboratory,

"National Reliability Evaluation Program (NREP) Procedures Guide," USNRC
Report NUREG/CR-2815, Brookhaven Report BNL-NUREG-51559, Review Draft,

June 21, 1982,

CApplicable to all ESF systems.



frame. Those events in the PSS with shorter or longer time frames appear to
be reasonable. ' The PSS and review values for these events are shown in
Table 3.5.1. The events are defined on Table 3.2.1.

3.5.1.1 Operator Action OA-1

The correct value‘for this event from the NREP guide is 1E-1. The PSS value
used appears to be simply a data transposition error.

3.5.1.2 Operator Action OA-8

The PSS value of 1E-2 for OA-8 is not consistent with the value from the NREP
guide. The NREP value of 1lE-3 should be used instead, because this event is
independent of other events on the tree and there is ample time

(>60 minutes) to perform the action. Wo review is required for associated
action OA-8' because it was rejected in the event tree review in Section
3.2.2.5. For the newly added action OA-8R, which is needed for ATWS in
combination with a LOCA (see Section 3.2.2.5), the time frame is only 20
minutes. The NREP value for the action is therefore 0.1.

3.5.1.3 Operator Action OA-9

The PSS modified the NREP value because even though the opefat9r~has 30
minutes to diagnose the location of the LOCA, there are only 10 minutes from
the time quench sprav fails until he the recirculation signal must be
overidden. This modification is considered to be unjustified since the
cognitive error model is not based on the time from the start of the event.
It is based on the amount of time the operator has to diagnose a situation
from the onset of conditions which would tend to lead to the diagnosis. 1In
this case, review of the emergency procedure guideline shows that the
diagnosis of, and response to, this situation begins with the occurrence of
the CDA signal followed by the continued increase in pressure resulting from
the failure of quench spray. The unmodified NREP value of 5E-1 should be used
for this event. : .

3.5.1.4 Operator Action OA-2-E

This new action (see Section 3.2.1.1) is assumed to be procedural in nature as
opposed to cognitive, because it results not from misdiagnosing the situation
but rather from the improper performance of the procedure. This procedure is
the exception to the rule that operator actions are simple. Review of the
guideline for this procedure indicated that it could be quite complex. This
error is considered recoverable, however, based on feedback provided to the
operator through the procedures. The NREP screening value of 1E-3 for
procedural errors with recovery possible has been assigned to this error.

3.5.1.5 Operator Action OA-6-E

This new action (see Section 3.2.1.1) is somewhat unique in that it actually
consists of two separate but related cognitive errors. The first error
consists of the operator misdiagnosing the initial plant condition and
initiating operator action OA-6. The second cognitive error consists of the
operator failing to diagnose the first error and reversing the action. This
action has been evaluated using the NREP model for cognitive errors as applied
to both of the errors involved in OA-6-E. The first error is evaluated to be
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equal to the probability.of failing to perform OA-6 in 30 minutes. ‘ That is,
the error of failing to perform OA-6 is nominally equivalent to the error of
performing OA~-6 when not-required. The 30-minute time frame is chosen because
it represents the best estimate of operator response time for the OA-6
actions, which gives a failure probability of 1E-2. The actual time frame the
operator will have will depend on ‘exactly what he misdiagnoses the plant
conditions to be. Once this action has been performed, the cognitive error
"clock" starts adgain, and the operator has a certain amount of time to’
interpret the information feedback from the control room instruments. The
review estimate of this time is on‘the order of 30 minutes. This was chosen
because 30 minutes was used for other similar actions, that is, actions which
represent the actuation of systems to restore the core cooling function, e.g.,
OA-1, OA-3, OA-4, and OA-7. The NREP cognitive error value for failure to act
within 30 minutes is 1E-2.  Thus, the total probability of error becomes the
probability of misdiagnosing the situation and performing OA-6 times the
probability of failing to recognize the error, or:

P(OA-6-E) = P(OA-6) x P(FTRIOA-6) = .0l X .01 = 1E-4 (3-5)
3.5.1.6 Operator Action OA-lO

This new action is assumed to be cognitive in nature (see Section 3.2.2.2)
because it results from the operator falllng to recognize the need to take
action. The NREP tlme-dependent HEP for the avallable tlme frame (19 hours)
is 1E-4.

3.5.1.7 Operator Actions in RT-3 and RT-4

The PSS used a value of 1E-2 for the failure of the operator to act to
‘manually. scram the reactor within the-first minute of an initiator. This
value is substantially lower thah the NREP value, which assumes no action 1s
possible within the first minute.’ However, the use of this value for this
particular action is judged to be reasonable. As stated in the PSS, the
operator is highly sensitized to the need to hit the manual scram button
following a trip signal. Additionally, we note that the cognitive error model
is a tool for estimating the probability of proper diagnosis of a situation in
a given time frame. In this case, no diagnosis takes place. The operator
merely automatically responds to an annunc1atlon of a trip ‘condition without:
any attempt to determine the reason for the annunication. The action is
instinctive as opposed to cognitive. Thus, the estimate of 1 failure in 100
demands is judged to be a reasonable, 1f not conservatlve, estlmate of failure
to perform this action.

3.5.2 .Operator Actions Modeled on the Fault Trees

The PSS included two generic types of operatdr errors in the fault tree
analysis; errors in response to accidents, and errors in failing to restore
components after test or maintenance acts. These errors are shown in

Table 3.5.2 with the human error probdbilities used in the PSS and the results
of our review of these values. ' '



3.5.2.1 Failure to Restore Following Test or Maintenance

The PSS evaluated these errors using the THERP methodology from NUREG/CR-1278
(Ref, 3.5-2). The use of this methodology is .considered inappropriate for
this analysis. The THERP system quantifies procedural errors by a detailed
analysis of the procedural and decision-making steps the operator must follow
in the course of performing a specific act. It was not possible .to this for
the PSS’ since there are no actual procedures available for Millstone. ‘
Therefore, the PSS designed its trees based on their perception of what the
procedures would be like. In doing so, they did not rigorously model all of"
the steps the operator has to deal with. Even if it had been possible to do -
this, a simpler screening calculation is more easily justified. A .
-re—evaluation of these errors was performed using the IREP methodology”
described in the Millstone 1 IREP study (NUREG/CR-3085) (Ref. 3.5-3). A full

discussion is not necessary here, but the expression for unavailability
reduces to: -

P(Error) = P(error per act) x time between status checks (3-6)
time between manipulations

The calculation for errors numbered 2 and 3 in Table 3.5.2, which pertain to
monitored components checked each shift (every eight hours), is
straightforward and is performed for components manipulated monthly and
quarterly, which should suffice for most ESF components. .Using an error rate
per manipulation of 0.01 from Ref.3.5-1, the results are:

P(monthly)

(0.01) x (8hours / 720hours) = 1E-4 (3-7) . .
P(quarterly) :

(0.01) x (8hours / 2160hours) 3E-5

The calculation for error number 1, which is for unmonitored components, must
be made on a per-component basis using reasonable assumptions regarding the
ratio of checks to manipulations. The conservative screening value of 0.0l
could be used as a scoping value. g '

3.5.2.2 Errors in Response to Accident Conditions

The PSS used the screening value for procedural .errors with recovery potential
from the NREP guide (1E-~3). This value is reasonable, but it is noted that
there may be errors which fall into this class for. which there is no recovery
potential. For example, failing to open a pump suction valve prior to.
starting a pump may result in irrepairable damage to the pump in a very short
time period, resulting in no chance for recovery. Each error so modeled in
the fault trees must be evaluated individually to determine if recovery is
possible, If it is not, the NREP screening value of 1lE~2 should be used.

3.5.3 References for Section 3.5

3.5-1 I. A. Papazoglou et al., Brookhaven National Laboratory,
"Probabilistics Safety Analysis Procedures Guide," USNRC Report
NUREG/CR-2815, January 1984,

3.5-2 A. D. Swain and H. E. Guttman, Sandia National Laboratories, "Handbook
of Human Reliability Analysis with Emphasis on Nuclear Power Plant
Application,™ USNRC Report NUREG/CR-1278, September 1980.



3.5-3 P. J. Amico et al., Science Applications, Inc., "Interim Reliability
Evaluation Program: Analysis of the Millstone Point Unit 1 Nuclear
Power Plant," USNRC Report NUREG/CR-3085, February 1983,



3.6 Failure Data

This section presents the results of a review of the failure (and
unavailability) rates used in the MP 3 PSS. . The review consisted of: (1) a
comparison of the individual random component failure rates with similar rates
from other sources, {2) a review of the syvstem failure probabilities and
unavailabilities, and (3) a review of the common-cause failure assessment.
These subjects are considered in separate subsections, following.

3.6.1 Random Component Failure Rates

It should be noted that most of the MP 3 PSS component failure rates were,
according to the MP 3 report, derived from a data base for Millstone 3 which
was developed by Westinghouse Nuclear Technology Division (WNTD). This data
base is described as proprietary, was not provided as part of the MP 3 PSS
documentation, and was not included in this review., The data are stated in
PSS page 2-3-2 to be based extensively on Westinghouse nuclear plant
experience which covers the time period of 1972 through 1981 and contains over
"200 years" (we assume this should be 200 reactor-years) of plant operation.

The use of a data base derived extensively from Westinghouse operating plants
can provide valid component failure rates for the Millstone 3 plant. However,
use of such data does not necessarily assure that the derived rates are
applicable to MP 3, nor can it be concluded that this data base is the most
applicable of the available data. Most safety system components are procured
by the architect-engineer and are not the direct responsibility of the

vendor. Thus, Westinghouse plants can have a variety of components supplied
by different manufacturers with different procurement specifications and
different failure rates. One of the most significant parameters 1nfluenc1ng
component failure rates is the manufacturer of the component.

The MP 3 PSS random component failure rates are given in PSS Appendix 2-A,
Section 2, Volume 6. This appendix also provides the assumptions which were
used in deriving the®rates. These assumptions were reviewed and the following
comments were developed. Each comment includes an assessment of the influence
of the discrepancy, when appropriate.

(1) Page 2-A~6: Under subsection A.2.1, it is stated that, for the purpose
of deriving a failure rate for motor-driven auxiliary feedwater pumps,
"It was assumed that the 'fails-to-operate' failure rate would be
similar to that for pumps classified as alternating pumps; i.e.,

component cooling and service water pumps. These alternating pumps are
assumed to operate 50% of the plant operation time." This statement
‘implies that one of the motor-driven auxiliary feedwater pumps was
assumed to be operating at all times that the plant was in operation.
However, auxiliary feedwater pumps are actually used only during plant
startup and shutdown, and on those reiatively rare occasions when main
feedwater is lost, and when tested. Thus, this assumption is invalid
and would produce an optimistic failure rate when used in conjunction
with Eq. 2-A-3, Page 2-A-3,

The influence of this assumption is not expected to be great, since
auxiliary feedwater failures are typically dominated by failure to start



of multiple pumps. A further discussion of auxiliary feedwater failure
is provided in Section 3.6.2 following.

(2) Page 2-A-6: The turbine-driven auxiliary feedwater pump, according to
Ttem 3.1, was assumed to operate 10% of the total plant operating time.
This seems excessively long (876 hours/year) for reasons stated in (1)
above (and also since the turbine-driven pump cannot be used for
startup) and would produce an optimistic failure rate.

For reasons stated in (1) preceding, this assumption is not expected to
have a significant influence on the overall results of the PSS.

(3) Page 2-A-6: The containment spray pump failure rate (item 4.1) "...is
derived from the 'fails during operation' mode of the service water and

component cooling water pumps." The meaning of this statement is not
clear.

The remainder of the review of random component failures consisted of
comparing the rates provided in Tables 2~A-2 {(fluid system components) and
2~-A-3 (electrical/electronic system components) contained in Appendix 2-A,
Volume 6, with other rates, The MP 3 PSS values in these. tables were compared
with the NRC~developed values as contained in the NREP (Ref. 3.6-1) and IREP
(Ref. 3.6-2) procedure guides, and with values contained in the Zion PRA

(Ref. 3.6-3), a recent industry-sponsored PRA for a Westinghouse plant similar
to MP 3,

Table 3.6-1 provides the quantitative comparison for fluid systems and

Table 3.6-2 for electrical/electronic systems. The first column lists all the
component types which were included in Table 2-A-2 of the MP 3 PSS, in the
same order. The second column gives the system(s) for which the corresponding
component failure rates were used, and the third column is the failure mode(s)
for the component. The next three columns provide the values used for the

MP 3 PSS, NREP/IREP, and Zion PRA. The NREP and IREP values were combined
since they are essentially identical. In a few cases, only IREP values [taken
from Appendix C of the Millstone Unit 1 IREP study (Ref. 3.6-4)] were
available. These cases are identified in the comments (last) column.

A1l values in Tables 3.6-1 and 3.6-2 are mean values. The IREP data, which
are given as median values in Reference 3.6-4, were converted to mean values
by using the conversion relationship in Appendix C of the NREP guide

(Ref. 3.6-1) for loguniform distributions. The NREP/IREP values are also
essentially identical to corresponding values used in WASH-1400. The NREP
values are all given as hourly rates, while many MP .3 PSS values are on a .
demand basis. The NREP hourly rates were converted to demand rates assuming a
monthly test interval.

Table 3.6-3 provides a listing of the MP 3 PSS values which were significantly

different from the NREP/IREP values. The measure of significance was somewhat

arbitrarily selected as a factor of 5. In other words, any MP 3 PSS value

which was a factor of 5 greater or less than the NREP/IREP value appears in

Table 3.6-3. It is considered that differences of less than a factor of 5 are

probably not significant in most, if not all cases. The first column in

Table 3,6~3 lists the component and failure mode, and the second column
(NREP/IREP)

(MP 3 PSS value)’

provides the factor of difference in terms of the ratio

3-99
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Table 3.6~1 Fluid system components

- comparison of component failure rate data.

closed

Component Failure Failures/hour or demand?
type System . mode "MP 3 pss NREP/IREP  Zion PRA® Comment s
1. Manual valve All ESF systems a. Transfers 2.15E-6/hr 2E-7/hr 5.28E-8/hr
: closed .
b. Transfers  4.92E-7/hr  1E-7/hr  NGS
open
2. Check valve All ESF systems a. Failure to . 3.20E-4/D 7E-5/D(M) 4.32E-5/D
: operate on R
i demand
'b. Failure to 1.56E-5/hr  2E-6/hr  8.38E-7/hr
seat
3. Spring-loaded . All ESF systems a. ?remature 1.90E-6/hr NGE 1.65E-6/hr Zion value
- safety valve ) opening ‘ includes leakage
'b. Failure to’ 2.98E-3/D NG NG
reclose
4. Motor-operated  All ESF systems a. Failure to 2.63E-3/D 4E-3/D(M) 1.55E-3/D
valve except cont. operate on
spray and CVCS demand . :
Q. Transfers '4.57E-6/hr 1E-7/hr 3.14E-8/hr ~ Zion value includes
open ) excessive leakage
c. Transfers 2.15E-6/hr 2E-7/hr NG .
closed '
5. Motor-operated éonpainment a. Failure to 9.54E-4/D 4E-3/D(M) 2.26E-5 Zion value for all
valve spray - operate on motor-operated
: demand valves. )
b. Transfers 4.578-6/hr 1E-7/hr NG MP 3 values assumed
open ' the-same as item 4
c¢. Transfers 2.15E=-6/hx 2E-7/hr NG Same as above
closed
6. Air-operated All ESF systems a. FPailure to 4.63E-3/D 4E-3/D(M) 1.44E-3
valve operate on ' -
demand
b. Transfers 4_.30E-6/hr 1E-7/hr NG
open ' : ’
¢. Transfers 1.37E-6/hr 2E-7/hr 1.12E-7/hr
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Table 3.6-1

(Continued).

Component

type

System

Failure
mode

Failures/hour or demand? .

-MP 3 PSS

NREP/IREP

Zion PRAP Comments

10.

1.

12,

13,

Motor-driven
pump

Motor~-driven
pump

Motor-driven
pump

Motor-driven
pump

Motor-driven
pump

Turbine-
driven pump

Isolation
valve

Auxiliary
feedwater

Safety injection

Residual heat
removal

Service water

Containment spray

Auxiliary

feedwater

Main steam

a.

Failure to
start on
demand

Fails during
run operation

Failure to-
start on
demand

Fails during
run operation

Failure
start on
demand

Fails during
run operation

Failure to
start on
demand

Fails during

" run operation

Failure to
start on
demand

Fails during
run operation

Failure to
start on
demand

Fails during
run operation

Failure to
overate on
demand

Transfer
closed

5.00E-3/D
1.69E-5/hr

1.34E-3/D

4.86E-5/hr
1.34E-3/D
6.90E-5/hr

1.34E-3/D

2,47E-5/hr

1.348-3/D

1.69E-5/hr

2.58E-2/D

6.15E-4/hr

4.63E-3/D

1.37E-6/hr

4E-3/D(M)

1E-4/hr

4E-3/D(M)

. 1E-4/hr

4E~3/D(M)

1E-4/hr

4E-3/D(M)

1E-4/hr

4E-3/D(M)

1E-4/hr

4E-2/D(M)

2E-5/hr

4E-~3/D (M)

1E~7/hr

9.87E-5/hr
7.21E~4/D
1.55E~5/hr
7.21E-4/D
2.53E~6/hr
7.21E-4/D
1)32E—6/hr
7.21E-4/D
1.5E-5/hr
2.29E-2/D
7.63E-6/hr

NG MP 3 PSS value
assumed the same
as item 6

NG ’ Same as above
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Table 3.6-1

(Continued).

Component Failure Failures/hour or demand?
type Svstem mode MP 3 PSS NREP/IREP 7Zion PRA Comments
14. Heat exchanger All ESF svstems a. External 1.00E-6/hr 3E~6/hr - 7.13E~7/hr MP 3 PSS value
leakage stated to be from
NREP
b. Tube side  8.50E-9/hr  4E-9/hr ¢ (3)
plugged (IREP)
c. Shell side 8.00E~10/hr 4E-10/hr € MP 3 PSS value
plugged ’ (IREP) stated to be from
WASH-1400
15. Motor-operated Chemical and a. Failure to 5.74E-4/D 4E-3/D(M) 3.72E-3/D
valve volume control operate on
system demand
b. Transfers 1.58E-5/hr 1E~-7/hr 3.14E~8/hr ‘Zion PRA value
open : includes excessive
leakage
c. Transfers 2.158-6/hr 2E-7/hr NG MP 3 PSS value
closed assumed to be
the same as item 4
16. Pipe section All ESF systems a. Ruotures/ 8.50E-9/hr 4E-9/hr 8.6E-9/hr MP 3 PSS value stated
<3" in plugged to be from WASH-1400
diam.
17. Pipe section All ESF systems a. Ruptures/ 8.00E-10/hr 4E-10/hr 8.6E-10/hr - Same as above
>3" in plugged
diam. .
18. Storage tank All ESF systems a. Ruptures 8.00E~-10/hr - 4E-10/hr NG MP 3 PSS value
’ assumed the same
as item 17
19. Flow/metering All ESF systems a. Ruptures 2.70E-8/hr 3E-8/hr NG
orifice
b. Plugged 3.70E-4/D 2E-4/D(M) NG
20. strainer All ESF systems a. Plugged 1.00E-5/hr 3E-5/hr NG MP 3 PSS value

stated to be from
NREP
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Table 3.6-1 (Continued).

a
Component Failure Failures/hour or demand
type System mode MP '3 PSS NREP/IREP Zion PRAP Comment s
21. Air—-operated All ESF systems a. Failure to 4,63E-3/D " 4E-3/D(M) NG MP 3 PSS value
check valve operate-on assumed the same
demand as item 6
b. Failure to 1.55E-5/hr 2E-6/hr NG Same as above
seat
22. Rir-operated All ESF systems a. Pailure to 4.63E-3/hr 4E-3/D(M) NG Same as above
three-way bypass on
bypass valve - demand
b. Transfers 1.37E-6/hr 2E-7/hr NG Same as above
closed
c. Transfers 4,.30E-6/hr 1E-7/hr NG Same as above
open
23. Butterfly All ESF systems a. Failure to 2.64E-3/D 4E-3/D(M) NG MP 3 PSS value
valve operate on assumed to be the
demand same as item 6
b. Traﬁsfers 2.15E-6/hr 2E-7/hr NG Same as above
closed
c. Transfers 1.52E-5/hr 1E-7/hr NG
open’
24. valve limit All ESF systems a. Failure to 1.00E-4/D 2E-3/D(M) NG MP 3 PSS value
switch ) operate stated to be
properly from NREP
b. Contacts 2,70E-8/hr 2E~-8/hr NG MP 3 PSS value
short (IREP) stated to be from
' WASH-1400
25, Valve torque All ESF systems a. Failure to 1.00E-4/D 7E-5/D(M) NG MP 3 PSS value
switch operate stated to be
properly from NREP
b. Contacts 2,70E~8/hr 2E-8/hr NG MP 3 PSS value
short (IREP) stated to be

from WASH-1400

an U

NG = not given
€ = negligible

/D(M) = per demand value computed from hourly rates assuming monthly testing. .
Zion PRA values are from updated, plant specific values given in Table 1.5.1-5 (Vol. 3).
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Table 3.6-2, Electrica;/electronic system components = comparison of component failure rate data.

Failures/hour or demand?

ground short

as item 8

Component Failure
type System mode MP-3 PSS NREP/IREP  Zion PRAP Comments
1. Diesel Ac emergency 'Failure to 2.33E-3/D 2E-2/D{M) 1.82E-2/D
generators electrical power start on
demand
Fails during NG© 3E-3/hr 5.97E-3/hr
run operation .
2. Bus feed AC electrical Failure to 3.38E-4/D 4E;3/D(M) 1.63E-3/D
power close on
demand
Failure to 1.58E-4/D 4E-3/D(M) 5.31E~4/D
open on
demand
Transfers 1.52E-6/hr 3E-5/hr 2.32E-7/hr
open
3. Main and AC electrical Fails during 2.80E-6/hr 6E-7/hr " 1.73E-6/hr
auxiliary power operation
"transformer
4. ESF aux. AC electrical Fails during 2.80E-6/hr  6E-7/hr 1.73E-6/hr
power power operation
transformer
5. DC/AC power AC electrical Fails during 2.39E-5/hr 1.09E-5/hr NG€
inverters power operation
6. Stérage“ DC electrical Fails during 1.00E-6/hr 2E-6/hr 7.61E-8/hr MP 3 PSS values
battery power operation stated to be from
(wet cell) NREP
7. Battery DC electrical Fails during 3.16E~5/hr 6E-7/hr 5.54E-7/hr
chargers power operation
8. Metal- Dc electrical a. Open circuit .1.682-8/hr 3E-8/hr " NG
' enclosed - power b. Bus-to- 5.,60E-8/hr ~ 3E-8/hr NG -
bus ground short
9. Metal- Ac electrical a. Open circuit 1.68E-8/hr 3E~-8/hr 1.91E-8/hr MP 3 PSS value
enclosed power assumed the same
bus as item 8
b. Bus-to- 5.60E-8/hr 3E-8/hr NG MP 3 PSS value

assumed the same
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Table 3.6-2

(Continued).

Component Failure Failures/hour or demand?
tyoe System mode MP-3 PSS NREP/IREP 2ion PRAP Comments
10. Undervoltage Ac electrical a. Fails to 4.03E-6/D 1E-3/D(M) 6.28E-6/D NREP/IREP value
relay power ' trip on . K based on solid
demand state devices
11. Overcurrent Ac electrical a. Fails to 4,03E-6/D 1E-3/D(M)' 6.28E~-6/D Same as above
relay power trip on -
demand
12. Underfrequency Ac electrical a. Fails to 4.03E-6/D 1E-3/D(M) 6.28E-6/D Same as above
relay power trip on
demand
13. Trip/bypass Reactor protection a. Fails to 3.38E~-4/D 4E-3/D(M) 9.79E-3/D
breaker system open on
demand -
14. Dc master Reactor protection a. Failure to 1.00E-4/D 1E-3/D(M) NG MP 3 PSS value
relay and ESF actuation operate on stated to be
. demand from NREP
b. Contacts 1.20E-7/hr 1E~7/hr 2.43E-7/hr MP 3 PSS value
transfer (IREP) stated to be
open from WASH-1400
¢. Contacts 2,70E-8/hr 2E-8/hr NG Same as above
transfer -
closed
15. Dc slave ESF actuation a. Failure to 1.00E-4/D 1E-3/D(M) NG MP 3 PSS value
relay operate on ' assumed the same
demand as item 14
b. Contacts 1.20E-7/hr 1E-7/h; NG
transfer (IREP)
open
c. Contacts 2.70E-8/hr 2E-8/hr NG
transfer N (IREP)
closed
16. Control cable/ Reactor protection a. Line-to-line 2.70E-8/hr 3E-8/hr  3.22E-6/hr MP 3 PSS value
wiring and ESF actuation short stated to be
from WASH-1400
b. Line-to- 8.00E-7/hr 1E-6/hr 7.52-6/hr Same as above
ground short
€. Open circuit 3.70E-6/hr 1E-~5/hr NG

Same as above



90T-¢

Table 3.6-2

(Continued) .

Component Failure Failures/hour or demand?®
type System mode MP-3 PSS NREP/IREP Zion PRAP Comments
17. Ac output ESF actuation a. Failure to. 1.00E-5/D 1E-3/D{M) NG MP 3 PSS value
relay operate on assumed the same
demand as item 14
b. Contacts 1.20E~7/hr 1E-7/hr 2.43E-7/hr Same as above
transfer (IREP)
open )
c. Contacts 2,.70E~8/hr 2E-8/hr NG Same as above
transfer (IREP)
closed
18. Ac output ESF actuétion a., Failure to 1.00E-4/D 1E-3/D(M) NG ‘Same as above
latching operate on
relay demand -
b. Contacts 1.20E~7/hr 1E-7/hr 2.43-7/hr MP 3 PSS value
transfer (IREP) assumed the same
open as item 14
c. Contacts 2.70E~8/hr 2E-8/hr NG Same as above
transfer (IREP)
closed
19, Control ESF actuation a. All modes 1.00E~6/hr 6E~7/hr NG - MP 3 PSS value
transformer stated to be
from NREP
20. Pressure Reactor protection a. Fails to 6.52E~5/hr 6E-5/hr NG
: transmitter and ESF actuation provide o (IREP) V
proper outout
21. Water level Reactor protection a. Fails to 4.298~5/hr 6E-5/hr 1.66E-6/hr
transmitter and ESF actuation provide : (IREP)
proper output
22, Temperature 'Reactor protection a. Fails to 4.83E~6/hr 6E-5/hr NG
transmitter and ESF actuation provide i {(IREP)
proper output -
23. Flow Reactor protection a. Fails to 3.86E~5/hr 6E-5/hr NG
transmitter and ESF actuation Ppovide (IREP)
. proper output
24, Temperature Reactor protection a. Fails to 8.33E-6/hr 6E-5/hr NG
element (RTD) and ESF actuation provide (IREP)

proper output
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Table 3.6-2 (Continued)."

Component ' Failure Failures/hour or demand?

type System ) mode MP-3 PSS NREP/IREP Zion PRAb Comment s
25, Differential Reactor protection a. Fails to 6.52E-5/hr 6E-5/hr NG

pressure and ESF actuation provide ) (IREP)

transmitter proper Output
26. Analog process Reactor protection a. Fails to 7.75E-7/hr 3E-6/hr NG

ing module and ESF actuation provide

proper Output

27. Comparator Reactor protection a. Fails high 2.40E-6/hr NG NG
(bistable) and ESF actuation. output
b. Fails low 1.65E-6/hr NG NG
output
28. Manual switch Reactor protection a. Short across 4.04E-7/hr 2E-8/hr . 2
(pushbutton) .. and ESF actuation contacts (IREP)
29. Manual switch ' Reactor protection a. Short across 1.70E-6/hr 2E-8/hr €
(rotary) and ESF actuation contacts (IREP)
' b. Contacts 1.70E-6/hr 1E-7/hr - NG
fail Open (IREP)
30. Fuse All electrical a. Open pre- 4.37E-7/hr 3E-6/hr 8.32E~7/hr
systems maturely
31. Loop power Reactor protection a. Fails to 2.97E-6/hr 6E~7/hr . -, NG
supply . and ESF actuation - provide

proper Output

32. Radiation " Reactor protection a. Fails to 1.06E-5/hr  6E-5/hr NG
monitor : and ESF actuation provide (IREP)
proper Output

Zion PRA value
(negligible)
based

on engineering
judgment

Same as above

Zion PRA value
stated to be

for ESF dc power
fuse

NREP/IREP value
for
transformers

/D(M) = per demand value computed from hourly rates assuming monthly testing.

Zion PRA values are from updated, plant specific values given in Table 1.5.1-5 (Vol. 3).
NG = not given

€ = neqgligible

a0 oe



In other words, a column 2 value of 5 means that the failure rate used in
NREP/IREP is 5 times greater than the corresponding rate in the MP 3 PSS, A
total of 23 component failure modes in the PSS were found to vary by more than
a factor of 5 from the NREP/IREP values. This represents 23% of the total
component failure modes in Table 3.6-1. Numbers in the second column less
than 0.2 (or 1/5) indicate that the MP 3 PSS values are greater than (or
conservative with respect to) the NREP/IREP values. Numbers greater than 5
indicate that the MP 3 values are less than (or optimistic with respect to)
the NREP/IREP values.

As Table 3.6-3 indicates for fluid system components, four MP 3 PSS values
were more than a factor of 5 greater than the NREP/IREP values, while four
rates were smaller than 1/5 of the NREP/IREP values. For electrical/
electronic system components, the majority (12 of 16) of the MP 3 PSS values
are lower than the NREP/IREP values, indicating an optimistic bias with
respect to the NREP/IREP values.

Table 3.6-4 provides a similar comparison between the MP-3 PSS values and
values used in the Zion PRA. (It should be noted that the Zion PRA 4id not
provide values for a number of the MP 3 PSS entries in the Tables 3.5-1

and 3.6-2,) The majority of the MP 3 PSS values, as shown in Table 3.6-4 are
conservative (larger) than the equivalent values used in Zion. Of the 20
entries, Zion failure rates are smaller than the PSS values on 13 cases.

It is difficult to draw conclusions regarding the validity of the MP 3 PSS
failure rates based on these comparisons. Since the data base used for the
MP 3 was not available for review, the validity and robustness of the data
could not be ascertained. It was considered significant that so many of the
MP 3 rates varied by large amounts from the NREP/IREP values. These
variations did show a trend for the MP 3 values to be on the optimistic side,
but the trend was not strong. i :

A further extension of the comparisons was undertaken to determine which MP 3
variations were significantly different in the same direction with respect to
both the Zion PRA and NREP/IREP data. Table 3.6~5 provides the results of
this comparison. As shown in the table, a total of eight component failure
rates were found. One-half of the MP 3 rates are optimistic with respect to
the other failure rates, and one-half are conse;vative.

Generally, system failures are dominated by active. components which are
required to change state when the system receives a command to operate.
Passive component failures (check valVes, etc), active components which fail
by incorrect transfer (MO valves, etc), and active components which start
(pumps, motors, etc.) but fail to sustain operation, usually are not dominant
contributors. In Table 3.6-5 the only components which meet these general
criteria as potentially significant component failures are CVCS MOV fails to
operate, diesel generators (fail to start), and trip/bypass breaker (RPS)
fails to open. The battery chargers are normally'operating and no change of
state is required. Furthermore, battery chargers do not appear as dominant
‘components (see Section 3.4.16). Thus, lowering their failure rate to be
consistent with NREP/IREP and Zion PRA values would make their already
negligible contribution to risk even lower. The CVCS MOV failures are not
expected to be dominant contributors since the high pressure SI pumps are
functionally redundant to the CVCS. As shown in Section 5.3, the CVCS does
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Table 3.6-3 Comparison of MP 3 PSS and NREP/IREP component failure rates.?

NREP/IREP value P
MP 3 PSS va}ue

Component and failure mode

Fluid system components

1. Manual valve transfers closed ' 0.1
2. Check valve fails to seat 0.1
3. MOV transfers open ‘ 0.02
4. Motor driven AF pump fails to run , 5.92
5. Motor driven CS pump fails to run g 5.92
6. Turbine driven AF pump fails to run ©0.03"
7. MOV (CVCS) fails to operate 7.

8. Valve limit switch fails to operate : 20,

Electrical/electronic system components

9. Diesel generator fails to start ' » 8.5
10. Bus feed breaker fails to close ' ©11.8
11. Bus feed breaker fails to open : 25,
12. Bus feed breaker:transfers open ' ' 20.
13. Battery charger faiis to operéte 0.02
14, Undervoltage relay fails to trip v.' 250.
15. Overcurrent relay fails to trip - ' 250.
16. Underfrequency relay fails to trib 250.
17. Trip breaker fails to open 10.
18. Relay fails to operate 10.
19, Temperature transmitter fails 12,
20. Temperature element fails 7.
21. Manual pushbutton short 0.05
22, Manual rotary switch short 0.012
23, Manual rotary switch contacts fail open 0.067
24, Fuse opens prematurely 7.
25, Radiation monitor fails 6.

@Millstone 3 PSS value is conservative if ratio is less than 1.

bNREP values are essentially identical to IREP values. Where only the NREP
value was available, or both values were available, the NREP value was used.
Where only the IREP value was available, it was used.
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Table 3.6-4 Comparison of MP 3 PSS and Zion PRA component failure rates.®

E Zion value
Component and failure mode . . MP 3 PSS value

Fluid system components

1. Mangal valve transfers closed ‘ ' .0.03
2. Check valve fails to operate . | : 0.14
3. Check valve fails to seat . 5.34
4. MOV transfers open ] ' , - 0.007
5. MOV (containment spray) fails to operate _ 0.023
6. Air-operated valve transfers closed , 0.083
7. Motor-driven AF pump fails to run . 5.84
8. Motor-driven RHR pump fails to run 0.037
9. Motor-driven SWS pump fails to run » - 0.053
10. Turbine-driven AF pump fails to run 0.612
11. MOV (CVCS) fails to operate .. : 6.5,
12. MOV .(CVCS) transfers operate o : 0.002

Electrical/electronic system components

13. Diesel generator fails to start . 7.8
14. Bus feed breaker transfers opén . o 0.153
15. Storage battery fails to operate A ' 0.076
16. Battery charger fails to operate ‘ ‘ 0.018
17. Trip/bypass breaker (RPS) fails to open . 28.9
18. Control cable/wiring short (line~to-line) 119.
19. Control cable/wiring short (line-to-ground) 9.4

20. Water level transmitter output failure | 0.039

aMillstone 3 PSS value is conservative if ratio is less than 1.
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Table 3.6-5 MP 3 Component failure rates significantly different from

a
- both NREP/IREP  and Zion PRA values.

NREP/IREP valueb Zion value
Component and failure mode MP 3 PSS value MP 3 PSS value
Fluid system components _
1. Manual wvalve transfers clésed : 0.1 . 0.03
2, MOV transfers open 0.02 ‘ 0.007
3. Motor-driven AF pump fails to.run 5.92 5.84 -
4. Turbine-driven AF pump fails to run 0.03 ' 0.012
5. MOV (CVCS) fails to operate 7. ' 6.5

Electrical/electronic system components

6. Dieselvgeqprator fails to start 8.5 . 7.8

7. Battery charger fails to operate 0.02 0.018

8. Trip/bypass breaker (RPS) fails ) 10. 28.9
to open

3Millstone 3 PSS value is conservative if ratio is less than 1.

REP values are essentially identical to IREP values. Where only the NREP
value was available, or both values were available, the NREP value was used.
Where only the IREP value was available it was used.

not appear in any of the dominant sequences. The RPS relay failure would
appear to be significant only in terms of influencing the probability of
failure to scram. The RPS system (scram) failure probability was not
considered in the MP 3 fault tree assessments (Section 2. 3), rather it appears
that a scram failure value of 3. 0E-5 was adopted based on NUREG-0460
recommendations (Section 2). Thus, the RPS relay failure rate does not appear
to be a significant issue.

This leaves only the diesel generators as both "outliers" with respect to the
NREP/IREP and Zion data and potentially significant contributors to the core
melt frequency. Diesel generator failures were found to have a not negligible
influence on core melt frequency (Section 5.3). Because of this significance
and the optimistic failure rate (compared to other sources) given to diesels
in the MP 3 PSS, the issue of diesel generator failure rates (to start and
assume load) was given rather comprehensive consideration, as described in the
following subsection. :

3.6.2 System Failures
This subsection provides the results of a review of the MP 3 PSS system

failure rates. The first part of the review consisted of screening the MP 3
values against independent assessments for similar systems to determine if
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large discrepancies existed. This was followed by an evaluation to determine
if the 'system failure rate discrepancies found had the potential for
influencing the core melt frequency computed for the MP 3 piant. If such a
potential was found, an attempt was made to requantify the core melt  frequency
to assess- the potential impact-of the apparent discrepancies.

It should be emphasized that the use of alternate failure rate assessments for
the MP 3 systems does not imply that they are more applicable. The basis for
and validity of these assessments need to be considered and judgment used in
reaching conclusions regarding realistic failure rates. Such rates are, of
course, unknown and must be estimated. Frequently it is difficult to judge
which value is a better estimate. '

A second evaluation of the validity of the MP 3 system failure rates was also

performed by reviewing the fault trees used for system. failure
quantification. The results of this review is presented in Section 3.4 and

will not be considered further here.

The alternate sources of system failure rates were selected to provide a -
diverse spectrum from available literature. Accordingly, -the following
sources were used: '

* Zion PRA (Ref. 3.6-3). An industry-sponsored PRA for a Westinghouse plant
similar to MP 3.

. Sequoyah RSSMAP PRA(Ref. 3.6-10), An NRC-sponsored PRA for a Westinghouse
plant similar in many respects to MP 3.

. ORNL: Accident Precursor Study (Ref. 3.6-6). A study which used generic
PWR LER data to estimate system failure rates for PWRs.

* Reactor Safety Study (Ref. 3.6-7). An NRC-sponsored PRA which is
frequently used as the baseline to compare with other studies.

* Various other sources for individual systems.

Table 3.6-6 lists the systems which were determined to be important to safety
in the MP 3 PSS. These systems represent all of those which were analyzed by
fault trees in Section 2.3 of the MP 3 PSS. The first column lists the 15 _
systems considered, and the remaining columns provide failure rates from the
various sources as identified at the top of each column. The first column of
failure rates is from the MP 3 PSS, Comparable failure rates for a few
systems could not be readily found 1n the literature, but some comparison

values were found for all 11 of the systems.

In reviewing the Table 3.6-6 comparisons, it is apparent that some of the MP 3
values are outside of the range provided by other sources and others are
questionable. For all of these cases, the MP 3 values are smaller (optimistic)
than the comparable values. Each of the systems will be considered

separately, with substantially more discussion provided for MP 3 failure rates
which seem to be inconsistent with other rates. In all cases, the rates
quoted are for no degradation of support. equipment. Other qualifications on
the values are provided in the notes at the bottom of Table 3.6~6 and are
discussed further, as appropriate, in the discussion of each system.
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Table 3.6-6 Comparison of system failure rates.

Failure rate

System MP 3 PSS RSS Zion PRA Sequoyah({i) Other
(Ref.3.6-7) (Ref.3.6-3) (Ref.3.6-10)
1. Main electrical 4.56E-4 1E-21 7.5E-4™ ag-3k 1.8e-3%,
a. On-site emergency 1.1E-3 to
power 6.8E-30
2. 120VAC 8.43g-5b
“3. ESF actuation 1.6E-5 6.7E-5 <6.7E-5
4, Loading sequencer 1.59E-5¢
.5, Auxiliary feedwater 6.8E-5 3.7E-5 '4,2E~6 <E-5 1.1E-39,
: 3.4g-4h
6. High pressure injection 5.87E-5P 6.3E-3 1.4E-6i 3,5E~-3 . 1.3E-39
7.4g-93
7. Low pressure injection 1.84E-4 4.2r-3 4.7E-4° 1.9E-3
8. Main steam isolation 8.2E-44 1.2E-39
1.5E-4¢
9. Quench spray 3.2E-4 2.4E-3 5.5E-5 1.7E-3
10, Safety injection pump 7.32E-3P
cooling
11. Charging pump cooling 5.3E-4
12, Low pressure recirculation 3.0E-3 8.8E-3 5.2E-3 4.6E-3
13. High pressure 5.85E-3 8.E-3 3.8E-4 8E-3
recirculation . - )
14. Containment recirculation 2E-3- 1.6E-3
spray
15. Service water 7.44E-5'f) 2.2e-8f 2.7E-5/yx®




Table 3.6-6 (Continued).

Notes:

S8 HRWH QO O O DN

jfo o)

Per bus

Per train

Both trains

Steamline break inside containment

Steamline break outside containment

During a 24-hr period

ORNL precursor study (Ref. 3.6-6)

Ebasco study (Ref. 3.6-~8)

Medium LOCA (2 of 4 pumps)

Small LOCA (1 of 4 pumps)

Has inter-unit bus ties, one of two dlesels

No load sequencer, one of two diesels with swing unit
One of three diesels

Battle paper (Ref. 3.6-9)

From Oconee RSSMAP PRA (Ref. 3.6-5), 1 of 2 pumps
Medium and small LOCAs

(1)

Main electrical system, on-site emergency power. The MP 3 value for this

system is lower than any other in Table 3.6-6, from a factor of about 2
for the Zion PRA value, to about 20 for the RSS value. The most
comprehensive assessment of on-site emergency power reliabilitv was
performed by Battle, et al., (Ref. 3.6-9), and the range of values found
(for one of two diesels, the MP 3 configuration) was 2 to 15 times higher
than MP 3, Because of these differences, a review of the basis for the
MP 3 value was performed, and the results are summarized herein.

The MP 3 value for loss of on-site emergency power (4.56E-4) is dominated
(as would be expected) by the common-cause failure of both diesel
generators. This contribution was assessed at 2.59E-4 (Table 2.3.3.1-3,
Page 2.3.3.1-48) which represents about 60% of the total. The
common-cause failure assessment was performed using the binomial failure
rate model. The single diesel failure rate used in the MP-3 BFR model
was 2.33E-3., Thus, the MP 3 common-cause quantification corresponds to a
B~factor of about 0.1, a reasonable value., The B-factor model is
equivalent to the binominal failure rate model for two redundant trains
or components (Ref. 3.6-11). However, the value of 2.33E-3 for a single
diesel generator failure is not consistent with other results. Single

diesel generator failure rates have consistently been found to be in the
range of 1 to 10E-2 (Refs. 3.6-7, -9, -12).

The basis for the MP 3 diesel generator failure rate is given in
Appendix 2-E of the MP 3 PSS (Volume 6, Section 2). This appendix
derives the single diesel generator failure rate based on a large number
of tests on the MP 3 diesel units and similar tests. A total of 300
tests were said to have been performed on the MP 3 diesel generators, and
additional tests (totaling 1,839) were used to establish the failure
rate. The test details in Appendix 2-E are very sketchy. It is merely
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(2)

(3)

(4)

“stated that the 300 MP 3 tests "were performed under conditions which

rigorously stressed the diesels under numerous load conditions." It is
not stated whether, and to what extent, "prepping” (pre-lubing,
pre-warming, pre-checking) of the diesels was performed prior to testing,
whether the tests were under "fast start" conditions which would exist
under actual demands, time interval between tests, whether the other
tests (other than the 300 MP 3) were under the same "rigorous"
conditions, and what other measures and considerations were employed to
assure that the test data represents "field" conditions. In view of this
lack of information regarding the tests, it was not possible to evaluate
the validity of the MP 3 diesel generator failure rate based on the
tests. However, the derivation of the failure rate given that the test
data are applicable does appear valid. Other investigators

"(Refs. 3.6-9, -13) have concluded that reliability improvements below

about 1E-2 are probably not readily achievable for diesel generators.
Further, Ref. 3.6-12 indicates that Fairbanks-Morse diesels (the
manufacturer of the MP 3 units) have a somewhat worse~than-average
failure rate, and larger units (the MP 3 units, at 5000 kW, are among the
largest used at nuclear plants) tend to be less reliable.

In view of these considerations, it seems highly unlikely that a failure
rate of less than about 2E-2/demand can be achieved for diesel generators
at the MP 3 site unless extraordinary measures have been taken to improve
reliability.

If a value of 2E-2/demand were substituted for the MP 3 rate of 2.33E-3,
the probability of on-site emergency power failure would be about 2.2E-3
assuming the same relative common-cause contribution and that the other
contributors to the failure probability remain the same.. This represents
about a factor of 5 increase in the MP 3 value. The significance of this
increase is assessed later in this section.

120V AC System.  No comparable failure rates for this system could be

readily found in the open literature. A review of the fault tree

.quantification for the derivation of this value is given in Section 3.4.

It should be noted that failure of the 120VAC system does not appear as a
dominant contributor to the core melt frequency (Section 5.3).

ESF Actuation. The MP 3 result for the probability of ESF actuation
Failure (l.6E-5) is about a factor of 4 less than the equivalent value
from the RSS and less than a factor of 4 smaller than the Sequoyah
value. This is considered reasonable.agreement. Further, since ESF
actuation failures do not appear in any of the dominant accident
sequences (Section 5.3), a factor of 4 (or even larger) increase would
have an insignificant effect on the results.

Load Sequencer. No values in the open literature could be readily found

to compare with the MP 3 failure rate for the emergency diesel generator
loading sequencer. However, the value appears reasonable, and loading
sequencer. failures are not among dominant systems (Section 5.3).

Further, since the loading sequencers are a part of the emergency on-site
power system, the MP 3 failure rate for the sequencers would have to be
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(5)

(6)

(7)

raised by over an order of magnitude to become a contributor to emergency
power failure.

Auxiliary Feedwater. The MP 3 auxiliary feedwater system failure rate

was assessed to bé 6.8E-5/demand. This value is, as shown in

Table 3.6-6, somewhat higher than the RSS, Zion, and Sequoyah assessments
(all have similar systems, consisting of two 50% capacity motor-driven
pumps and a 100% steam turbine-driven pump). .However, more recent
assessments (shown in the "Other" column of Table 3.6-6) indicate
significantly higher failure rates, being 5 (for the Ebasco study) to 16
(for the ORNL precursor study) times higher than the MP 3 rate. It
should be noted, however, that the ORNL assessment is for all auxiliary
feedwater systems (including designs other than MP 3) based entirely on
LER data. It appears, based on the comparison, that the MP 3 value is
not unreasonable . for a mature system. However, for the first year or two
of operation, the NRC has estimated, based on LER data, that the
auxiliary feedwater failure rate may be in the range of 1E-4 to
1E-3/demand, corresponding to the Ebasco (Ref. 3.6-8) and ORNL precursor
study (Ref. 3.6-6) values. It therefore seems appropriate to examine the
impact on the core melt frequency of assuming a factor of 10 increase in
the MP 3 auxiliary feedwater system value to determine the potential
significance during the first years of operation.. This impact is
evaluated later in this section.

High Pressure Safety Injection System., MP 3 PSS failure rate assessed

for the HPSI is lower than all Table 3.6-6 values except for Zion.
However, there are significant differences for the success criteria and
the system designs assumed for the RSS and Sequoyah PRAs. In the RSS,
the Surry plant HPSI consists of (Appendix II, Ref. 3.6-14) three
charging pumps, one of which is required to operate for success during
small and medium LOCAs. In thé Sequoyah study (Section B.9, Ref. 3.6-5),
the HPSI consists of two charging pumps plus two safety injection pumps.
For success, at least one-pump from each system is assumed to be
required. In the MP 3 PSS, the HPSI is described as including three
charging pumps (one of which is in a standby condition) and two safety
injection pumps. According to the PSS (Table 2.3.3.6.2-1), only one pump
of the four available (the standby pump is not considered available under
LOCA conditions) is required for success. In view of these differences,
the MP 3 HPSI failure rate does not seem unreasonable. Further, the Zion
HPSI design is similar to MP 3 (two independent systems of two pumps
each) and success for small LOCAs is one of any four pumps (Section
I1-4.5.2.3.1). In this instance, the Zion PRA assesses the failure rate
(Table 3.6-6) at 7.4E-9, well below the MP 3 value.

Low Pressure Safety Injection System. The MP 3 LPSI failure rate is
lower than all other values, ranging from a factor of 2.6 lower than Zion

to a factor of 23 less than the RSS.

The LPSI system is needed as a safety injection system only for
large-break LOCAs. In this case, the accumulators are also required,
such that the success criteria becomes operation of both systems. It is

. thus important to consider both systems in combination. Table 3.6-7
‘provides a comparison between Zion, the RSS, and the MP 3 failure rates
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(8)

(9)

for these systems (Sequoyah does not have the same accumulator system
design).

As shown in Table 3.6-7, the failure rates for the systems considered in
combination are quite similar, with the MP 3 PSS value being between Zion '
and RSS. It should also be noted that neither the LPSI nor the
accumulator system is a dominant contributor to core melt frequency (see
Section 5.3). '

It is concluded that the MP 3 assessmeﬁt of LPSI failure is acceptable
within the context of the system influence on overall core melt frequency

results.

Main Steam Isolation. The main steam isolation system (MSIV) failure

rate assessed in the PSS is somewhat lower (for inside containment
steamline breaks) than the only other value found (ORNL precursor
study). This difference is less than a factor of 2, however, which is
not considered significant. ' '

For breaks outside containment, the différence is somewhat more )
significant, with the MP 3 value a factor of 8 less than the precursor
assessment, which does not distinguish as a function of steamline break
location. These differences are not considered significant since a

factor of 10 increase in MSIV failure rate would only raise the CMF by
30% (Section 5.3).

Quench Spray. The MP 3 quenéh spray design is very similar to the

containment spray injection designs for the RSS and Sequoyah plants. The
MP 3 quench spray failure rate is between the Zion value and the RSS and
ORNL precursor values (which are roughly equivalent). The largest
disparity is between the RSS and MP 3 values, with the MP 3 rate being
about a factor of 8 less than the RSS. However, the RSS failure rate
included a large contribution (over 40%) from failure of the consequence
limiting control system which monitors plant parameters and actuates the
containment spray injection system. The equivalent MP 3 gystem
(designated ESF actuation system) is considered in the event trees as a
separate failure. 1In view of these differences, the MP 3 value seems
reasonable.

Table 3.6-7 Comparison of low pressure safety injection system
failure rates.

Failure Rate

System ' MP 3 PSS Zion PRA RSS

LPSI | 1.7E-4 4.78-4 . 4.2E-3
Accumulator 1.9E-3 ' 7.2E-4  9.5E-4,
| Total 2.1E-3 1.§E—3 5.23—3
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(10)

(11)

(12)

(13)

(14)

(15)

Safety Injection Pump Cooling System. No independent failure rate

values for this system were found in documents reviewed for the
comparison.

Charging Pump Cooling System. No independent failure rate values for

this system were found in documents reviewed for the comparison.

'Low Pressure Recirculation System. The MP 3 PSS assessment of the LPRS

failure rate corresponds very closely to all other values in Table 3.6-6
and is therefore considered reasonable.

High Pressure Recirculation System. The MP 3 PSS value for the HPRS is
very nearly the same as the RSS and Sequoyah results and is therefore
considered reasonable.

Containment Recirculation Spray System. ,The MP 3 PSS value is
comparable to the Zion rate. No other equlvaleﬁt rates were found. The
MP 3 rate is also comparable to those of other recirculation systems
considered previously. It is therefore concluded that the MP 3 CRSS
failure rate is reasonable.

Service Water System. The MP 3 service water failure was assessed for

the 24-hour period following the initiation of an accident during which
service water is assumed to be required to maintain cooling of essentlal
safety equipment. The MP 3 SWS failure rate is much higher than Zion {(a
factor of 338) and also higher than the equivalent Oconee RSSMAP

(Ref. 3.6-5) rate by a factor of 100 (obtained by converting the Oconee
vearly rate to a 24-hour rate). However, for the 24-hour period assumed
as the mission time, the failure probability is so low that SWS failure
does not contribute to any dominant accident sequence. Therefore,
assuming a lower rate would have no effect on the probablllty of any

domlnant sequence.

It is of 1nterest to note that a second 1ndependent assessment of SWS
failure is included in the MP 3 PSS in Appendix 1-D. This failure rate
was assessed in the context of SWS failure as an init1at1ng4event.
Since the service water system cools a large number of both normally
operating and emergency equipment (see Section 9.2 of Ref. 3.6.15 for

‘details), sustained SWS failure would appear to lead to core melt if

either auxiliary feedwater fails independently or a reactor coolant pump
seal LOCA occurs as a result of the SWS. failure.

The PSS Appendix 2-F assessment of SWS concludes that the failure rate
of the SWS is 8.68E-12/hour, much lower than the Table 3.6-6 rate (taken

from Section 2.3 of the PSS) which would be 3.1lE~7/hour. Further, the
Appendix 2-F assessment concludes that simultaneous plugglng of the SWS
inlet screens is not a credible event, while Section 2.3 assumes that
this failure mode is the only credible failure mode. If the Section 2.3
rate is used to compute an annual frequency of SWS failure as an
initiating event, a value of 2.7E-3/year is obtained, compared to
7.6E-8/year based on Appendix 1-D. This is a very large discrepancy of

potentially significant proportions especially if reactor pump seal
LOCAs are likely as a result of SWS failure. It should be noted that
the Section 2.3 rate of 2.7E-3/vear is considerably higher than the
Oconee assessment from Table 3.6-6. A recent assessment of events in
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service water systems (Ref. 3.6-16) indicates that a number of problems
have occurred, including a complete failure (which was recovered in time

to preclude serious consequences) in approximately 200 reactor-years of
experience surveyed.

In discussing this issue with NU in December 1983, it was pointed out by

NU that the Section 2.3 assessment in the PSS includes no credit for
recovery of the SWS in the event of screen plugging, while PSS Appendix
1-D discusses the basis for and quantifies credit for screen plugging
recovery. Furthermore, NU contended that SWS failure would not result
in reactor pump seal failure since the component cooling water system
could be drained for an extended length of time providing sustained

cooling to the reactor pump seals by maintaining flow through the heat

exchanger which provides cooling to the seal cooling system. This means

that core melt from SWS failure would not likely occur unless auxiliary
feedwater failure also occurs. '

On balance, it appears that SWS failure is not a significant contributor to
core melt frequency either as an initiating event or as a support system
failure following other initiating events.

3.6.3 Requantification of Accident Sequences Based on System Failure Rate’
Revisions 4

This section provides an estimate of the change in core melt frequency as a
result of revisions to the MP 3 PSS system failure rates which appear
justified based on the preceding discussion. Two such changes are
considered: (1) an increase of a factor of 5 in the emergency power system
failure rate based on a revised failure rate for the diesel generators, and
(2) an increase of a factor of 10 in the auxiliary feedwater system failure
rate which is judged to apply only to the first year or two of operation.

Table 3.6-8 provides the results of the requantification. The results
indicate that the core melt frequency would be increased about a factor of 3
over the MP 3 PSS value for the first year or two of operatlon and would be
only slightly higher thereafter.

It should be emphasized that these changes are valid only if the revisions are

considered separately;‘that is, no other changes suggested elsewhere in this
review are considered. '

3.6.4 References for Section 3.4

3.6-1 I. A. Papazoglou et al., Brookhaven National Laboratory, "National
Rellablllty Evaluation Program (NREP) Procedures Guide," USNRC Report
NUREG/CR~2815 (Final Draft), September 9, 1982,

'3.6-2 D. D. Carlson et al., Sandia National Laboratories, "Interim

Reliability Evaluation Program Procedures Guide," USNRC Report
NUREG/CR~-2728, January 1982,

3.6-3 Commonwealth Edison Company, "Zion Probabilistic Safety Study," 1981.
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Table 3.6-8 ReqUantification of core melt frequency
based on revisions to system failure rates.

System failure rates Core melt
Emergency Auxiliary frequency
power feedwater :
1. Current MP 3 PSS o 4.56E-4 '6.8E-5 4.58-5
2. Revised diesel = ; 2E-3 . 6.8E-5 5.1E-5
generator failure rate : i .
3. Same as 2 above with - 2E-3 . 6.8E-4 1.32-4
revised AFS failure T :
rate?

d

3.6-4

3.6-5

3.6-10

3.6-11

Noted to apply only to the first year or two of oberation.

P. J. Amico et al., Science Application, Inc., "Interim Reliability
Evaluation Program: Analysis of the Millstone Point Unit 1 Nuclear
Power Plant," USNRC Report NUREG/CR-3085, February 1983,

D. D. Carlson-et al., Sandia National Laboratories, "Reactor Safety
Study Methodology Applications Program: Sequoyah #1 PWR Power Plant,"
USNRC Report NUREG/CR-1659, February 1981,

J. W, _Minarick and C. A. Kukielka,'séience Applications, Inc., _
"Precursors to Potential Severe Core Damage Accidents: 1969-1979, A
Status Report,"” USNRC Report NUREG/CR-2497, June 1982.

U.S. Nuclear Regulatory Commission, "Reactor Safety Study - An
Assessment of.Accident Risks in U.S. Commerical Nuclear Power Plants,"”
USNRC Report WASH-1400 (NUREG-~75/014), October 1975.

J. J. Raney, Ebasco Services, Inc., "Auxiliary Feedwater Systems
Reliability," presented at International Meeting on Thermal Nuclear
Reactor Safety, August 29-September 2, 1982, Chicago, IL, USNRC
Conference Proceeding NUREG/CP-0027. :

R. E. Battle et al., "Reliability of the Emergency AC Power System at
Nuclear Power Plants," presented at International Meeting on Thermal
Nuclear Reactor Safety, August 29~September 2, 1982, Chicago, IL, USNRC
Conference Proceeding NUREG/CP-0027, : ' '

G. J. Kolb et al., Sandia National Laboratories, "Reactor- Safety Study
Methodology Applications Program: Oconee #3 PWR Power Plant," USNRC
Report NUREG/CR-1659, May 1981. : )

C. L. Atwood, EG&G Idaho, Inc., "Data Analysis Using the Binomial
Failure Rate Common Cause Model," USNRC Report NUREG/CR~3437,
September 1983.
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3.6-12 J. P, Poloski and W. H. Sullivan, EG&G Idaho, Inc., "Data Summaries of
Licensee Event Report of Diesel Generators at U.S. Commercial Nuclear
Power Plants,: USNRC Report NUREG/CR-1362, March 1980.

3.6~13 G. L. Boner and H. W. Hanners, University of Dayton, "Enhancement of
On-Site Emergency Diesel Generator Reliability,"” USNRC Report
NUREG/CR-0660, February 1979, .

3.6-14 J. A. Haried, Oak Ridge National Laboratory,i"Evaluation of Events
Involving Service Water Systems in Nuclear Power Plants," USNRC Report

NUREG/CR-2797, November 1982,

3.6-15 Northeast Utilities, "Final Safety Analysis Report, Millstone Unit 3,"
1982,

3.7 Operating Experience Analysis

The use of failure data derived from operating experience is vital to the
validity of any PRA analysis. In the Millstone PSS operating experience
provided an important source of input for determining the frequency of
initiating events, random failure rates, and operator errors. This section
provides a review of the use of operating experience in the PSS in each of
these areas. ’

The Millstone 3 plant is still in the final stages of construction, so we have
no data on failures at Millstone 3. Thus, failure data must generally come
from'industry—wide sources. But operating experience indicates that some
failure and unavailability rates can vary widely from plant to plant, and we
do not know whether Millstone will be above or below average. Nevertheless,
recent advances have been made by the industry in identifying below-average
design, maintenance, test and operation procedures. This has come about
through study of LERs and more attention to the plant specific causes of
system and component failures. To the extent that these activities represent
improvements, a new plant such as Millstone 3 can and would be expected to
take advantage of this experience to improve its performance over the average
performance of plants already running.

3.7.1 Initiating Events o

Twenty-two initiating events (in 21 classes) are identified in the Millstone
PSS as events that could lead to core damage. Since Millstone 3 is not an
operating plant, no plant-specific operating experience is available for
incorporation into the data analysis for initiating events. However,
site~specific information was used for the loss of offsite power event.
Estimates of initiating event frequency distributions were based largely on
'PWR experience. Sources used in this analysis include an Electric Power
Research Institute (EPRI) compilation of transient data, (Ref. 3.7-1) an Oak
Ridge National Laboratory (ORNL) report on loss of offsite power experience,
(Ref. 3.7-2) and WASH-1400 (Ref. 3.7-3).

A Bayesian analysis was performed in order to estimate the loss of offsite
power frequency for Millstone 3. We reviewed this calculation and conclude
that it could be optimistic. The analysis uses data on the loss of offsite
power at all U.S. reactors. The method used matches the moments of this
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population data.to- the moments of an assumed lognormal prlor dlstrlbutlon.

The Millstone site-specific data used in the PSS. .{one loss-of- off51te power in
seven years) is then 1ncorporated to form a posterior distribution that is
used as-the event frequency. The difficulty with this analysis .is that the
use of all U.S. reactors as a prior distribution-could be optimistic, The
loss of power occurrence for plants on the Northeast Inter—tie; which is
exposed to a higher incidence of hurricanes and other severe weather, might be
a more appropriate choice for:the prior distribution or at least for the
Bayesian update. We estimate that, if performed in this manner, the
calculated frequency of loss of offsite power would increase by as much as a
factor of two. ' ‘

For those initiating events in which the PWR population érovided data points,
a classical statistics treatment was used to estimate the frequency of the
particular initiating event. In these cases, the initiating event frequency
was treated as a random variable whose distribution reflects inherent
plant-to-plant variability. The distributions are: assumed lognormal. The

initiating events for which this classical treatment was used ere listed in
Table 3.7-1. ' : :

For those initiating events in which available. data were limited (those events
which have not occurred) a Bayesian appproach was used to estimate the
distribution for the frequency of an initiating event. A prior distribution
was developed based on WASH-1400 distributions. These distributions were then
updated, based on the observation of zerc occurrences in.213 years of U.S. PWR
operating experience. The resulting distribution was used to estimate the
frequency of a particular initiating event.. This approach'was used in both
the Indian Point (Ref. 3.7-4) and Zion (Ref. 3.7-5) PRA studies. The
initiating events- that were given a Baysian treatment are listed in

Table 3.7-1. The remaining initiating events'were considered unique to the
Millstone 3 plant, thus no data exist. The estimate of the initiating event
frequency in each case was based on a spepific analysis for that system.

Aside from our concern that the loss of offsite power may be underestimated by
a factor of two, we found no major concerns regarding the operational data
analysis for initiating events. However, one item of minor concern is the use
of classical estimation for events which have had a small and perhaps
statistically insigni¥icant number of occurrences, such as small LOCAs and
steam tube rupture. For these cases the use of classical estimation for event
frequency could lead to optimistic results relative to the Bayesian estimate.

3.7.2 Component Failures

The component failure rate data used in the Millstone 3 PSS was obtained from
three sources: WASH-1400 (Ref. 3.7-3), NREP (Ref. 3.7-6), and the
Westinghouse Nuclear Technology Division (WNTD)' data base. Most of the
component failure rates were derived from WNTD.. This data base is described
as proprietary and is not provided as part of the Millstone 3 PSS
documentation. This data base is described as being based extensively on
Westinghouse nuclear plant experience and contains over 200 reactor years of
plant operating experience. Additional discussion of component. failure rate
data is provided in Section 3.6 (Failure Data).
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3.7.3 Human Errors

Human error is another area in which the use of operating experience is both a
necessity and a source of potentially large uncertainties. In treating human
error, the PSS used NUREG/CR-1278 (Ref. 3.7-7) for most of its human factors
failure data. Although this document has industry-wide acceptance in general,
the data in it contains a great deal of uncertainty. In particular, the
failure data are lumped into broad categories whose applicability to specific

Table 3.7-1 Dependence of Millstone initiating events on operating expefiencé;

Initiating events that use site-specific operating experience:
Loss of offsite power

Initiating events that use a classical treatment of operating experience data:

Small LOCA )

Steam generator tube rupture
Steamline break outside containment
Loss of reactor coolant system flow
Loss of main feedwater flow
Primary to secondary power mismatch
Turbine trip

Reactor trip

Core power excursion

Spurious safety injection

Initiating events that use a Bayesian treatment of operating experience data:

Large LOCA

Medium LOCA A
Steamline break inside containment
Incore instrument tube rupture

Unique initiating events:

Special large LOCA initiators

Loss of a single service water train

Loss of a single vital DC Bus

Total loss of vital DC power

Loss of vital AC bus 120-VAC-1 or 120-VAC-2
Loss of vital AC bus 120-VAC-3 or 120-VAC-4
ATWS ' : '

situations at Millstone 3 is only approkimate. In addition, it is of course
not known how Millstone's operators will respond compared to induSt;y:averages.

Additional discussion of human error failure data and its use'in'Millétone
accident sequences is provided in Section 3.5.
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3.7.4 Concluding Remarks on Operating Data Analysis

Despite the limitations discussed above it is our conclusion that the
Millstone 3 PSS under review has used state~of-the-art data bases generally.
There are cases where we have reservations about specific numerical values.
It appears that the value used for loss-of-offsite power based on operating
experience may underestimate this occurrence by as much as'a factor of two.
The use of classical statistics for estimating the frequency of events such as
steam generator tube rupture, for which there have only been a hahdful of
occurrences, is likely to provide results that are at best highly
speculative. These events could have received a better analysis.
Nonetheless, we conclude that the operating experience analysis provides a
generally acceptable basis for estimating accident probabilities at
Millstone 3.

3.7.5 References for Section 3.7.

3.7-1 Electric Power Research Institute, "ATWS: A Reappraisal, Part 3:
Frequency of Anticipated Transients,"” EPRI Report NP-2230, January 1982.

3.7=2 F. H, Clark, "Loss of Offsite Power Experience,: unpublished report,
1981.

3.7-2 U.S. Nuclear Regulatory Commission, "Reactor Safety Study - An
Assessment of Accident Risks in U.S. Commercial Nuclear Power Plants,
USNRC Report WASH- 1400 (NUREG—75/014), October 1975,

3.7-4 Pickard, Lowe and Garrick, Inc., "Indian Point Probabilistic Safety
Study," prepared for Power Authority of the State of New York, and
Congolidated Edison Company of New York, Inc., 1982,

3.7-5 Commonwealth Edison Compény, "Zion Probabilistic Safety Study," 1981.

3.7-6 I. A. Papazoglou et al., Brookhaven National Laboratory, "National
Reliability Evaluation Program (NREP) Procedures Gulde," USNRC Report
NUREG/CR-2815 (Final Draft), September 9, 1982,

3.7-8 A. D. Swain and H. E. Guttman, Sandia National Laboratories, "Handbook

of Human Reliability Analysis with Emphasis on Nuclear Power Plant
Application," USNRC Report NUREG/CR-1278, September 1980,

3.8 Analysis Codes

3.8.1 Introduction

This section discusses the computer codes that were used to quantify fault
trees for the Millstone 3 PSS, -since these were the only accident sequence
probability codes described in the study. The PSS does not describe any
computer codes that were used to quantify the overall damage state
probabilities even though it is likely that some computer analysis was used
for this process (see Section 3.11). This section does not include a
discussion of codes used for accident analysis =-- i.e. COCO-class 9, CORCON=-
MOD1l, and MODMESH. '
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The WAM series codes, WAMBAM (Ref. 3.8-1), and WAMCUT (Ref. 3.8-2), were used
in the Millstone PSS for fault tree quantification. These codes were used to
determine minimal cut sets for each fault free. Minimal cut sets give all the
unique combinations of primary events that cause system failure, and are used
to calculate the system unavailability for all support states. WAMBAM was
used for preliminary point estimate calculations of system unavailability and
failure probability. WAMCUT was used to derive cutsets and to develop the
appropriate uncertainty values.,

In general, fault tree analysis codes provide two approaches for calculating
minimal cut sets (Ref., 3.8-3). One is deterministic; the other is a Monte
Carlo approach. The deterministic method uses Boolean-algebra principles to
sort through the fault tree structure, which is first encoded in a suitable
format. This method is rigorous and accurate, but can consume a great deal of
computer storage and processing time. The Monte Carlo approach randomly
selects the events in the fault-tree and combines them to test whether the
fault tree logic is satisfied.- When an event combination has been selected
that satisfies the logic, a cut set has been established. This method is less
accurate but often faster in terms of computer time. Both WAMBAM and

WAMCUT use a deterministic approach for calculating cut sets.

3.8.2 WAMBAM

WAMBAM is designed to calculate the point probabilities for top events in a
fault tree. It actually consists of three codes: WAM, WAMTAP, and BAM. The
cut set evaluation is carried out in BAM (Boolean Arithmetic Model). WAM and
WAMTAP serve as input preprocessors for BAM. The WAM preprocessor is designed
to ease the input description of the fault tree and the event probabilities.
If requested, the input to BAM can be saved and ‘subsequently modified by

WAMTAP. . WAMTAP allows the probability of Slngle or grouped primary events to
be changed for sensitivity studies.

The evaluation code BAM.calculates the probabilities of all operating and .
.nonoperating states for a system. Operations within a system are modeled as
gates on a fault tree. The probability of the top event is computed: by
forming a truth table, each line of which represents a product term (P-term)
event disjoint from all other P-terms. The product of the probabilities of
the events in each P-term gives the probability of the P-term, and the union

of the applicable Prterms gives the probability of the top-event. BAM reduces
storage requirements by eliminating low-probability paths at an intermediate

stage of the processing and at the same time keeps track of the total of the
discarded paths. :

3.8.3 wAMCUT

. WAMCUT was used in the Millstone PSS to derive cut sets and to develop
appropriate uncertainty values. WAMCUT is designed to obtain minimal cut sets
and to quantify the top events of fault trees. . It consists of two parts:. WAM
and CUT. WAM is a preprocessor that reads the fault tree description and
checks for logic and syntax errors. CUT is the cut set finder routine that
takes the restructured input fault tree from WAM and finds the cut sets of
each gate, working from the bottom to the top of the tree. the output of this
code includes a list of cut sets and the probability of each. Also included
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is the variance of each cut set. The deterministic approach for finding cut
sets is similar to. WAMBAM.

WAMCUT also eliminates low probability paths at an intermediate stage of
processing. The system fault trees for Millstone were quantified with WAMCUT
using a specified cut-off value (typically 1E-7). Only cut sets whose
probabilities are greater than or equal to the cut-off value were analyzed.

3.8.4 Comments

There are some minor limitations to the use of WAMCUT in the Millstone PSS.
Some codes offer the ability to move replicated events up as far as possible
toward the top of the fault tree without violating Boolean-algebra rules. The
use of such an option in applying WAMCUT to Millstone fault trees might have
eliminated some of the inaccuracies that have been noted above. Also, WAMCUT
does not provide failure probabilities for intermediate gates in the fault
tree. 'This information would have been useful for auditing these trees.
Finally, one can question whéther eliminating cut sets on the basis of
probability without considering variance would limit the ability of an- '
uncertainty analysis to incorporate those events which have a low probability
but large variance.

3.8.5 References for Section 3.8

3.8-1 F. L. Leverenz and H. R. Kirch, Science Applications, Inc., "User's
Guide. for the WAM-BAM Computer Code," Electric Power Research Institute
"Report EPRI-217-2-5, 1976. :

3.8-2 F. L. Leverenz and H. R. Kirch, Science Applications, Inc., "WAMCUT- A
Computer Code for Fault Tree Evaluation," Electric Power Research
Institute Report EPRI NP-803, 1978,

3.8-3 U.S. Nuclear Regulatory Commission, "PRA Procedures Guide - A Guide to
the Performance of Probabilistic Risk Assessments for Nuclear Power

Plants," USNRC Report NUREG/CR-2300, January 1983.

3.9 Accident Sequences

This section provides the results of a review of the MP 3 PSS assessment of
the progression of accident sequences. The review-.encompassed an examination
of assumptions, analysis, and predicted phenomena associated with the
progression of severe accidents as considered in the PSS. The review is
limited to considerations of accident progression within the primary system
and reactor vessel cavity. It does not consider other phenomena in the
containment such as H, combustion, overpressure failure, and basemat
penetration. :

A discussion of accident sequence analysis occurs in Section 4, Volume 8 of
the MP 3 PSS and related appendices in Volumes 8 and 9 (Appendices 4-A through
4-N). .In addition, as part of the accident sequences review, Section 3
("Analysis of Recoverable Degraded Core Cooling Sequences") and the related
Appendix 3-A ("In-Vessel Debris Coolability") was reviewed.
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It should be noted that much of the phenomena associated with the progression
of severe accidents is not well ﬁnderstood. Thus, con51derable engineering
judgment is required in estimating the realistic progress1on of such
accidents, and disagreement exists among 1nvest1gators. (On—g01ng research is
expected to help resolve much of the uhcertalnty ) In the dlscu551on which
follows, an attempt has been made to clearly delineate those issues which are
subject to dlfferences 1n judgement and those for whlch some data base exists.

The format of this section cohsists of: (1) a listing of significant comments
generated as the result of the review, (2) a listing of conservative.
assumptions and analysis as described in the PSS, and (3) a summary evaluation
which attempts to develop an overall conclusion regarding the significance and
implications of individual elements in (1) and (2). The conservative
assumptions are listed and evaluated in order to provide addltlonal
_perspective.

3.9.1 Comments on MP 3 PSS Assessment of Accident Sequences
This subsection provides comments on Section 4 of the MP-3 PSS, as follows:

(1) Page 4.2-3. Failure of containment isolation is considered as a
contalnment failure mode. The probablllty of such a failure is
quantified in Section 4. 7 1 where a value of 1E-4/demand is a551gned
While the PSS argues that operatlon of a sub-atmospherlc containment
precludes the possibility of 51gn1f1cant pre-existing undetected
penetratlon openings’, very little justification is given for the 1lE-4
value. No fault tree is provided, and very little description is given
of the isolation system. While such a low failure rate may be
justified, it cannot be evaluated from information provided. 1In view
of the very important role long-term containment integrity assumes in
the MP 3 PSS and considering the rather poor experience which has been
observed with penetration/isolation systems (Refs. 3.9-1, 3.9-2), it
appears that further analysis to justify the low failure rate is
required (Ref. 3.9-2 suggests a general failure rate for PWRs of 0.1
for leakage being beyond technical specification limits).

(2) Section 4.3.1.5. This section covers the failure scenarios postulated
for the reactor vessel during core melt progression. However, there is
no consideration here (and none could be found elsewhere in the PSS) of
the potential for primary system failures preceding reactor vessel
melt-through. Such failures could have a significant impact on
containment response and source terms. The most likely conditions for
such failures are.during accidents wherein the primary system pressure
remains at or near the pressurizer relief valve setpoint. (Many
important sequences result in these conditions.) Under these
conditions, the entire primary system will be heated due to natural
convection of steam through the core. Additional heating would occur
from release of hot hydrogen gas -after metal-water reaction commences.
Eventually, some parts of the prlmary system may become hot enough to
fail under the elevated pressure conditions. Steam generator tubes may
be susceptible to such failure, particularly if some are in a degraded
condition. Such failures would Be particularly onerous since a fission
product pathway directly to the atmosphére (through the steam generator
relief valves) could result.
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(3) -

(4)

(5)

- In a recent analysis (Ref. 3.9~3), the possibility of such primary

system failures was suggested. Steam generator tube failures as well
as primary piping and reactor vessel ruptures were examined. It was
concluded that failure of the main coolant pipes would occur when the
maximum cladding temperature reached a rather modest 1300°K for the
station blackout accident scenario. (This calculation presumably
assumed no prior degradation of steam generator tubes.) It was further
concluded that the steam generator tubes would be the likely failure
point if the secondary side were in a depressurized condition (which
could occur from a stuck open relief valve or from operator action in
efforts to cool the primary system).

The Ref. 3.9-3 calculations have not been reviewed as part of this
effort. .However, the results suggest a potentially significant failure
mode which should receive further consideration. Overpressure spikes
when molten core material drops into residual water in the reactor
vessel lower plenum could also contribute to these failures.

Section 4.3, The MP 3 PSS analysis used Westinghouse codes for
assessing the containment thermal-hydraulic conditions. In particular,
"COCO-Class 9" (Pg. 4.3-49), "CORCON-MOD1l, Westinghouse Version", and
"MODMESH" were used for various phases of the accident.  These codes
are not described in detail in the MP-3 PSS, and very little
information was provided to verify their capability. They do not
appear to have been subjected to extensive peer review or to have been
assessed against experimental data. As a result, the results have not
been, and probably cannot be, fully evaluated as part of this review.
While no obvious problems appear to exist, it is not possible to
conclude that the analyses are valid.

General. There appears to be an inconsistent and somewhat confusing

discussion at various locations in Section 4 with respect to the
operability of the recirculation .spray system without previous
operation of the quench spray. On Page 2.2.7-1 it states,
unequivocally, that recirculation spray failure was assumed if quench
spray failed. However, on Page 4.4-15 recirculation spray is
considered operable for "T" sequences, and on Page 4.4-27 recirculation
spray only cases are.considered for sequences AEC", ALC", SEC", SLC",
and TEC". Furthermore, it is stated that for these sequences, the
accumulator water would be available for these sequences when
recirculation spray is actuated, but this water would not be available
until after RV failure (and subsequent depressurization) and then only
if accumulator water is vaporized and condensed on the containment

walls. The question of sufficient NPSH for these sequences appears not

to be addressed. -

General - Analysis of Recoverable Degraded Core Cooling Sequences

Section 3, Vol, 7). This section, in general, appears to be

reasonable. . While several questionable and insufficiently justified
assumptions appear to have been made, none of these seem overly
significant. 'Further, the PSS consideration of recoverable core
cooling sequences has very little significance to the results.
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(6)

General. There is no consideration in Section 3 of a recoverable
HEEEEEEE core condition in conjunction with the V-sequence accident
scenario. In view of the PSS estimate of the fact that the V-sequence
accident is an important contributor to risk, this omission seems
significant. Further, there appear to be opportunities to interrupt
the progression of the V-sequence accident and restore adequate core
cooling. It should be noted that no PRA to date has considered this
type of recovery.

A comprehensive review of this accident and the corresponding PSS
analysis identified several deficiencies in the PSS assessment. One of
the most significant is a misleading portrayal of the results and an
unrealistic assessment of the accident probability distribution. These

‘problems are considered at length in Section 3.1 and are not repeated

here. Additional apparent deficiencies in the PSS relative to the
assessment of the V-sequence accident are described below:

a. There appear to be discrepancies in the pipe and valve
configuration assumed in the PSS for the RHR suction. This portion
of the RHR system was found to dominate the probability of a
V-sequence accident. The assessment of the V-sequence probability
for this case is provided in PSS Section 1.1.2.1.7. The

configuration used in the assessment is reproduced here as Fig.
3.9-1.

According to the PSS Section 1.1.2.1.7 description, the accident
would occur upon failure of both valves in either pump suction
line. The transition from high pressure to low pressure pipe is
shown on Fig. 3.9-1. Thus, rupture could occur inside the
containment, but this is conservatively assumed not to occur in the
PSS. (Rupture inside containment would not lead to severe offsite
consequences since the containment barrier is not breeched.

Figure 3.9-2, which is based on P&ID drawing S&W #12179-EM-112A-1,
indicates that a third valve (MV8702A and B) exists in both RHR
suction lines. Based on other plant designs, it seems likely that
the transition from high to low pressure pipe would occur at the
location of these valves rather than inside the containment. If
this is the case, the probability of the V-sequence accident would
be reduced dramatically since a third valve, normally locked
closed, would have to fail. (The S$&W drawing does not indicate the
design pressure transition point.) If low pressure pipe is located
between the inside and outside valves (as implied by the PSS
assessment), then there is a possibility of a rupture outside
containment. However, depending on relative pipe segment lengths
inside and outside the containment, the probability of an outside
rupture would be reduced over the PSS value.

b. The PSS description of the progression of the V-sequence accident
is very sketchy, and some of the results seem unusual. If the
accident were to occur, it appears that the pipe would rupture in
the RHR pump cubicle. Following rupture, a high energy blowdown
process would ensue. This would likely cause pipe whipping and the
generation of high velocity debris in the pump cubicle. It seems
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these events could disable the operation of the RHR pumps even
though they would be commanded to start following the rupture.
Further, the high temperature steam environment would likely cause
the pumps to fail. If they were to operate under these conditions,
they would very likely become flooded from the large amounts of
water discharged to the area (from blowdown, accumulator discharge,
HPIS, drain from the RWST to the break, and LPIS flow).

If the LPIS pumps were to fail, the core would very likely remain
cooled from operation of the HPIS. The HPIS run-out flow, assuming
operation of both charging and safety injection pumps, is 1700 gpm
PSS (Table 4.1-1, Pg. 4.1-4). This is more than adequate to
maintain core cooling. (In fact, the PSS states on Pg. 2. 2~25 that
one high pressure safety injection pump is sufficient to recover
from a 6" LOCA.) Assuming a refueling water storage tank volume of
1.2E+6 gallons (Table 4.1-1, Pg. 4. 1—13), the core would remain
cool for 11.8 hours if the drain from the RWST to the break
location is either negligible or terminated by operator closure of
valves MV8812A and MV8812B (see Fig. 3.9-2). If the operator
throttles down the HPIS flow to conserve RWST water, an even longer
time for sustained core cooling c¢ould be realized for this
scenario. PSS Table IV~5, Pg. IV-31, indicates a radionuclide
release time of 2.5 hours for the V-sequence. This value was
apparently derived based on full capacity operation of the LPIS
which would empty the RWST in about 2 hours..

The scenarios described previously'for the V=-sequence suggest that
the accident could be terminated or mitigated. (None of these
possibilities were explored in the PSS.) Since about 12 hours may
.exist before core uncovery occurs, it Seems reasonable that an
alternate source of water supply to the RWST could be obtained. If
so, the HPIS could provide core cooling indefinitely, provided that
these pumps do not become flooded from water injected into the LPIS
pump cublcle.

It also seems likely that the LPIS rupture may become submerged
early in the scenario due to the large amounts of water delivered
to the LPIS pump cubicle (see b, above). If core melt occurs while
the pipe is submerged, a large fraction of the radionuclides
released from the core would be expected to be secured in the
water, greatly reducing the source term. assumed in the PSS

(Table IV-5, Page IV-31l) for this accident. Since only small floor
drains were found in the LPIS pump cubicle during the plant tour in
December 1983, it seems likely that the pipe rupture location would
be submerged unless large openings exist in the pump cubicle below
the rupture sensitive piping, allowing spillover into adjacent
areas.

The preceding discussion suggests that the V-sequence accident is a
complex event with many possible outcomes depending on assumptions

. made and operator actions taken. Figure 3.9-3 qualitatively

depicts these alternatives in event tree format. As indicated by
the fiqure, some 20 different outcomes appear feasible. Of these
20, some 17 would appear to result in lower offsite consequences
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(and therefore lower risk) than/assumed in the PSS due to either
sustained core cooling, delayed melt, or removal of radionuclides
from a submerged rupture. The only scenarié apparently considered
in the PSS is No. 9 in Fig. 3.9-3. Quantification of the event
tree in Fig. 3.9-3 would require additional effort and detailed
knowledge of plant design features.

3.9.2 Conclusions

The major findings from review of the PSS assessment of accident sequences are
as follows: :

(1) No consideration is included of primary system failure prior to vessel
melt-through.

(2) The analysis of the V-sequence accident is more conservative than it
needs to be, in that opportunities for terminating and mitigating the
accident were not credited. '

{3) The remaining deficiencies, listed below, do not appear significant:

* Inadequate support for containment isolation failure probability

Lack of assessment for codes used in core melt progression calculations

* ‘Inconsistent assessment of operability of containment recirculation sprays

Lack of justification for some degraded core coolihq recovery assumptions,

3.9.3 References for Section 3.9

3.9-1 D. W. Sams and M. Trojovsky, EG&G Idaho, Inc., "Data Summaries of

Licensee Event Reports of Primary Containment Penetrations at U.S.
Commercial Nuclear Power Plants," NUREG/CR-1730, September 1980,
3.9-2 M. B. Weinstein, "Primary Containment Leakage Integrity: Availability

and Review of Failure Experience”, Nuclear Safety, Vol. 21-5,
September~October 1980.

3.9-3 L. Winters, "RELAP 5 Station Black-Out Transient Analysis in a PWR,"
Energieonderzoek Centrum Nederland, July 1982.

3.10. Dependencies

This section presents the results of a review of the consideration and
treatment of dependencies in the MP 3 PSS. The actual meaning of
"dependencies" is somewhat vaque and occasionally inconsistent within the risk
assessment community. Generally, Aependencies can be defined as initiating
events or system and component failures which are related to or have a
detrimental influence on the probability of successive failures. Failures
involving dependencies have been found to be very important to nuclear reactor
risks, both in PRA studies and in actual accidents. The TMI-2 and Brown's
Ferry accidents are examples of actual occurrences which have involved
dependencies.
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The MP 3 PSS used the large event tree-small fault tree methodology, where
support states are defined for various conditions of initiating event
occurence and system or train availability, i.e., specific deflnltlons of
certain combinations of dependencies. The eight support states used in the’
PSS are defined in Table 3.10-1, where it can be seen that the initiators are
split between loss of offsite power events and all other initiatiors.

It is usually convenient and useful to subdivide the general area of
dependencies into more explicit sub-issues. The subdivision chosen for the
purposes‘of the MP-3 review was that recently proposed by Fleming, et al.
(Ref. 3.10-6). In this case, three subdivisions are used, defined as follows:

(1) Common Cause Initiating Event. 1In this case, an initiating event occurs
which simultaneously causes multiple system failures and/or degrades
systems, increasing their unavailability. The most dramatic examples of
this type of dependency are external events, such as earthquakes, which
can cause multiple system degradations. However, some important internal
initiating events, such as loss of offsite power, can represent important
internal initiating events with dependencies.

(2) Intersystem Dependency. In this case, a system failure occurs which
causes the simultaneous degradation’ (either failure or an increase in
unavailability) of other systems. An example of such a failure would be
the service water system (see Sect. 3.6) which causes the eventual loss
of numerous components which depend on SWS for cooling.

(3) Intercomponent Dependency (Common-Cause Failure). This dependency
Involves the simultaneous (or near simultaneous) failure of components
from the same cause. This type of dependency is often referred to as
common-cause failure, a term which will be used in the remainder of this
section. An example of common-cause failure would be the simultaneous
failure to start of pumps in a multi-train system due to seized pump
shafts from excessive corrosion. In the MP 3 PSS, these three types of
dependencies are not all considered separately. Rather, a discussion of
each type is considered in various locations, with special cases of each
type also considered. These discussions include the following:

. PSS Vol. 3, Part 1 of 4, Section 2, "Plant and Systems Analysis”
(particularly Sections 2.2.1, 2.2.3, and 2.2.5),

. PSS Vol. 6, Appendix 2-C, "Common Cause Failure Analysis",

* PSS Vol. 6, Appendix 2-F, "Analysis of Common Cause Service Water
Strainer Plugging", '

. PSS Vol. 6, Appendix 2-G, "Analysis of Common Cause Actuating System
Logic Unavailability". | : ' '

The remainder of this section evaluates separateiy the three types of.

dependencies as considered in the MP 3 PSS. - External events and related
dependencies are excluded here, but are considered in Chapter 4 of this report.
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Table 3.10-1 Support state definitions.

Symbol : : Definition

(1) All support systems available

(2) " One support trains unavailable

(3) Both support trains unavailable

(4) All ESF signals unavailable

(5) LOSP, all support systems available
(6) : LOSP, one support train unavailable
(7) LOSP, both support trains unavailable
(8) LOSP, all ESF signals unavailable

3.10.1 Common-Cause Initiating Event

Considerable attention has been given to initiating event dependencies for
internal events since the publication of the Reactor Safety Study

(Ref. 3.10-2). The role of such dependencies appear to have been recognized
and appropriately considered in PSS Section 2, Vol. 3, with the following
exception: ' :

. It was assumed that the power conversion system would be isolated and
unavailable for all transient initiating events. This is a conservative
assumption which is considered further in Section 3.1. In actuality, it
appears that the PCS would be available for many transients and could
ser¥ve as a system for core cooling. '

In reviewing PSS Section 2.2, a number of inconsistencies and errors were
found which appear to be minor. They are as follows: :

(1) Figure 2.2.3.2-5., There appears to be an incorrect double entry ("Failure

of Either Pressurizer PORV Block Valve to Open") on this fault tree.

(2) Page 2.2-45, The quantity Q (TK) in Eq. 2.2.3.3-2 is not defined, and the
quantity Q (TR) is not in Eq. 2.2.3.3-2.

(3) Page 2.2-50, Item 7, Pressure relief failure during ATWS is stated to be
dominated by failure of pressurizer relief valves to close. It is not
clear how this failure causes failure of the overpressure function.

(4) Page 2.2-65, Tt is stated here that "..only the loss-of-offsite-power
initiator was adjudged to have the potential for initiating an accident
and then influencing the accident progression sequence." The interfacing
systems LOCA accident initiator is an even more important example of this
type, wherein the LPIS is failed and the contaimnment is bypassed.

(5) Table 2.2.1.3.1-1 (Pg. 2.2-76), Does not include the support systems
which provide pump room cooling or lube oil and lube oil cooling for any

3-136



plant systems. It is not clear that these support systems have been
determined to be unnecessary for the plant systems. They have been found
to be important in other PRAs. '

(6) Item 3 on Page 2.2.7.1-8, 1Indicates that cooling is necessary for high
pressure injection pumps. However, no such dependency is indicated in
Table 2.2.1.3.1-1 on Page 2.2-76.

(7) On Page 2.2.714B-4. A loss of AC power scenario is described, with
- operation of the steam generator PORVs in conjunction with the
turbine-driven AFW pump utilized to depressurize the primary system.
However, on page 2.2.7.14B-2 it is stated that "...potentlally the steam
generator PORVs would be disabled by the loss of AC power... .

A number of conservative assumptions were found in the review of PSS Section
2.2 even though on page 2.2-24 it is stated that "The ultimate objective...is
to present realistic estimates of public risk...". These can tend to bias the
risk towards a high value and should be considered for proper perspective in
PRA reviews. These conservatisms are listed in Table 3.10-2., The table
includes the location in the PSS where the conservatism is described and an
assessment of the potential significance.

3.10.2 Intersystem'Dependéncy

This subsection provides a brief overview of the results of an assessment of
the MP 3 PSS method of accounting for intersystem dependencies.

The Millstone 3 PSS uses support states to represent the dependencies of
front-line systems on support systems. A major assumption in this method is
that no subtle interfaces or interactions within or between the various
support system trains exist. That is, the support system trains are truly
independent and affect only the associated front-line system trains. This is
the design philosophy for the plant. However, other studies which have done
more rigorous analysis of support system interfaces through the propagation of
the connections through detailed fault tree models, e.g. - the interim
reliability analysis program (IREP) studies, have shown that this assumption
is not always valid. While there are no obvious deficiencies in this area in
the PSS, it is beyond the scope of this review to invest the required effort
to determine if any subtle dependencies exist which were missed. There is no
easy way to determine if anything of significance was omitted. This would
require using fully integrated fault trees for each accident sequence or
performing a separate component level systems interaction study.

Another problem area comes from the need to combine the many different
possible support states into a much smaller number of simplified support
states. These simplified support states consist of collections of actual
support states which are similar in their effect on the plant response, but
not completeiy identical. The assumption made in the analysis is that they
are similar enough to be treated equally and that the effects of any
simplified support state on the plant response are taken to be the effects of
the most limiting actual support state in the group. This may add an element
of conservatism in the analysis. However, this is a simplification which may
or may not be wvalid and which is beyond the scope of this review to evaluate.
In either case, it can be stated that this treatment does not accurately
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Table 3.10~-2 Conservatisms claimed in PSS System Analysis.

causes core melt for
medium break LOCAs.

risk since medium LOCAs
are not risk significant.

Item Location Significance Comments
C in PSS

1. Using 8 "support states" to Vol. 3, Pg. 2.2-12 Undetermined PSS claims 8 support states .
represent all combinations ' conservatively used to bound 72
,of>support systems. states initially identified.

2. Several actuation signals, Vol. 3, Pg. 2.2-19 Could be significant PSS Pg. 2.2-20 lists examples of

’ plant 'systems, and operator these.
actions not modeled.

3. Some success criteria Vol. 3, Pg. 2.2-23 Probably not significant
utilized conservative ' o since important sequences
FSAR analysis. used realistic analysis.

4. PORV block valves assumed Vol. 3, Pg. 2.2-32 25% reduction in failure- During plant tour of October
closed during operation. and Pg, 2.2-52 of feed and bleed. 1983, PORV block valves were

’ stated to remain open during
operation.
. 5. Failure of RT-4 (manual Vol. 3, Pg. 2.2-49 Appears not significant..
or automatic reactor trip)
results in core melt.

6. All three pressurizer Vol. 3, Pg. 2.2-50 Not significant (ATWS
relief valves assumed to sequences do not
1ift during ATWS. contribute to risk).

7. Operator assumed to Vol. 3, Pg. 2.2-59 Appears not significant.‘
isolate PORV in 10 min,

8. For non-LOOP transients Vol. 3, Pg. 2.2-60 Not significant.
and support state 7, DCP
sedal LOCA occurs.

9. Accumulator failure Vol. 3, Pg. 2.2.7.1-5 ©Not significant - large - Large LOCA does have a minor
causes core melt for LOCA accidents not contribution to core melt
large break LOCA. significant to CMF. (See Section 5.3).

10. If containment spray Vol. 3, Pg. 2,2.7.1-6. Could be significant, but PSS Pg. 4.4-27 indicates
injection and quench it does not appear this . recirculation spray is operable
spray fail, neither LPRS ‘assumption was retained. in the absence of previous
or CSRS can succeed. N containment spray injection.

11. Accumulator failure Vol. 3, Pg. 2.2.7.2-7 Not significant to public Medium LOCA with accumulator

failure not a dominant
sequence for core melt.



represent the various:possible effects and conditions stemming from the
dependence of front-line systems on support systems.

The above discussion points out problems with the support state method of
analysis which would apply to any study which-utilized it. As stated, it is
not possible within the. scope and time available to perform this review to -
determine if any of these problems are 51gnif1cant to the PSS. It is
1mportant to note, however, that other studies have demonstrated the potential
for errors to be 1ntroduced in this way.. Support system interfaces have been
shown to be very important to risk and sometimes very subtle in nature. The
support state method tends to treat these interfaces in a less rigorous manner
than the use of fully integrated fault tree analysis. The use of the support
state method may 1n3ect additional uncertainty into the PSS.

As far as the application bf the support,state method in the PSS is concerned,
the potential‘loss'of DC power was not treated in the support states

utilized. Although electric power was selected as one of the support systems,
the concentration was on the unavailability of the main AC engineered safety
features busses. The effect of losing one DC power train can be more
far-reaching than the loss of an AC train in that it causes more equipment
failures. Additionally, the loss of ‘some or all DC power following a loss of
offsite power will have a significant effect on recovery of offsite power due
to the unavailability of various control room indications and control circuits
for breaker manipulations. It is'generally assumed that in the total absence
of DC power it is not p0551ble to recover AC power in any reasonable amount of
time. Although loss of DC power is treated as an ‘initiating event, its lack
of treatment in the support state analysis is a deficiency in the PSS. In
examining the significance of this deficiency, it has been concluded that the
omission is probablvvnot significant if the turbine-driven auxiliary feedwater
- pump can successfully operate without DC power as maintained by the applicant
during.a meeting at NU headquarters in December 1983.

3.10.3 CommonfCause Failure Analysis

The MP 3 PSS employed the binominal failure rate model to assist in
quantifying the contribution of common-cause failures to system failure
rates. Common—cause failures have long been recognized to have a very
1mportant impact on, nuclear power plant system failure rates. This occurs
because many of these systems have redundant trains, each of which are
generally of high reliability. Under these circumstances, common-cause
failures are almost always dominant contributors to system failures. Since
common-cause failures have been very rare at nuclear plants, there is
generally insufficient data to permit a direct quantification of common-cause
failure contributions.‘ As a result, various mathematical models have been
proposed, and quantification of common-cause failures in probabilistic risk
assessments remains an uncertain and somewhat controversial area.

Of various models to quantify common-cause failures, two are generally
preferred by the reactor risk assessment. community (Ref. 3.10-3). These are
the B-factor model and the binominal failure rate (BFR) model. These two

models are similar, and for two redundant train systems they produce
equivalent results. The BFR is somewhat more sophisticated and generally
represents the state of the art in common-cause failure modeling. Much
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literature is available (Ref. 3.10-3, -4, -5) which describe models. Thus, a
detailed description will not be provided here.

It is important to recognize that the BFR and B~factor models do not produce
common-cause failure rates from strictly random failure rates. Instead, they
require input from the analyst on the potential for common-cause failures.
This is obtained usually by examination of data to determine which observed
failure mechanisms contained the potential for common-cause failure, or by
actual use of common~cause failure data if available. (For - example, for a
three-train system, common-cause failures of two trains can be input to the
BFR model in order to compute the common-cause rate for three trains.) These.
data can be from identical systems or, if data are sparse, may be inferred
from data on similar systems. In any case, considerable judgement is
frequently required on the part of the analyst in inputting data (or
assumptions related to data) to the BFR or in deriving a value for B for the
B-factor model, As a result, significantly different results can be

obtained by different analysts for the same syStem with the same model. Thus,
while use of the BFR for common-cause failures in the MP 3 PSS represents a
generally acceptable state-of-the-art model, its use does not necessarily
assure that common-cause failures have been realistically estimated.

A general description of the MP 3 PSS common-cause failure assessment is
discussed in PSS Appendix 2~C. Thisdescription appears adequate and includes
a consideration of the important aspects of common-cause failures. The
appendix includes a description of the BFR model and prov1des data used to
quantify the common-cause contribution.

Two specific common-cause assessments are provided in the MP -3 PSS as
indicated previously. These are common-cause service water strainer plugging
(Appendix 2-5) and best estimate common-cause actuating logic unavailability.
The SWS failure assessment and related implications are discussed in Sectlon
3.6 of this report. Based on that discussion, it appears that SWS common-
cause failure is not of concern for the MP 3 plant. The assessment of
actuating system logic appears reasonable.

In summary, it is concluded that -the MP 3 PSS common-cause failure models are
reasonable and valid, The actual quantification of common-cause failures is
discussed, as part of the overall assessment of system failures, in Sections
3.4 and 3.6 of this report. '

3.10.4 References for Section 3.10
3.10-1 X. N. Fleming et al., "On the Analysis of Dependent Failures in Risk

Assessment and Reliability Evaluation," Nuclear Safety (Vol. 24-5),
September-October 1983, p. 637 .

3.10-2 U.S. Nuclear Regulatory Commission, "Reactor Safety Study =~ An
.Assessment of Accident Risks in U.S. Commercial Nuclear Power Plants,"
USNRC Report WASH-1400 (NUREG-75/014), October 1975.

3.10-3 U.S. Nuclear Regulatqry Commission, "PRA Procedures Guide - A Guide to
the Performance of Probabilistic Risk Assessments for Nuclear Power
Plants," USNRC Report NUREG/CR-2300, January 1983.
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3.10-4 C. L. Atwood, EG& Idaho, Inc., "Data Analysis Using the Binomial
Failure Rate Common Cause Model," USNRC Report NUREG/CR-3437,
September 1983,

3.10-5 C. L. Altwood, EG&G Idaho, Inc., "Estimators for the Binomial Failure
Rate Common Cause Model," USNRC Report NUREG/CR-1401, April 1980.

3.11 Quantification

The purpose of this section is to review and summarize the approach used in
the Millstone 3 PSS to quantify the frequency of the plant damage states using
the results of the event tree, support state and fault tree models. The
results of the quantification were assembled into the combined internal plant
damage state matrix - referred to as the "M matrix." Each entry in the M
matrix represents a conditional probability of a plant damage state given a
particular initiator. The event tree for each initiating event was quantified
eight times, once for each support state. Also con51dered is the propagation
of uncertainty through the quantlflcatlon process.

3.11.1 . Development of Quantitative Results in the Millstone 3 PSS

Plant system event trees were quantified by combining results into an internal
plant damage state matrix - the M matrix. FEach sequence in an event tree was
assigned a plant damage state. Often several sequences in an event tree can
lead to the same plant damage state. For a particular initiating event and
support state, the probabilities of event tree sequences having the same plant
damage state were summed together. The sum is the conditional probability of
a plant damage state given a particular initiator and support state. This sum
was multiplied by its corresponding support state probability (or split

- fraction). The resulting products for each support state were added together
for each event tree. The final values obtained in this process are the
conditional probabilities of plant damage states for a given initiator. This
process produces the entries in the M matrix. Each entry in the M matrix
corresponds to a specific damage state and 1n1t1at1ng event. The entries of
the M matrix as calculated in the Mlllstone PSS are providéd in Table 3.11.1.

3.11.2 OQuantification of Uncertainties

Uncertainty analysis involves the estimation of uncertainties in the input of
event and fault tree models used to describe plant behavior and the propa-
gation of these uncertainties through the trees. The authors of the Millstone
PSS states that the study "attempts to better account for overall uncertain-
ties by formally recognizing and propagating uncertainties originating from
..." 1) initiator frequencies, 2) system unavailability, 3) core melt '
frequency, 4) frequency of containment failure, 5) uncertainties in fission
product source terms and 6) uncertainties in public consequences. Our
objectives in this review were limited us to consideration of uncertainties in
the first four categories. In general, we found the propagation of
uncertainties from variances in ihdividualgcomponent failure rates, to system
failure more traceable then the propagation from fault trees to event trees
and plant damage states.

The frequenc1es of initiating events at Millstone 3 were described by the mean
and variance of an assumed lognormal distribution. The frequency of common
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Table 3.11-1

Internal Plant Damage State Matrix (M)2

(Source: Millstone 3 PSS)

Plant Damage States

ALC ALC'® ALC" AL SEC SEC'

Initiators AEC AEC® AE SE S'E
SLC SLC® sLc*" sL s'L TEC TEC® TE V2EC V2EC’
V2E V2LC v2LC' v2ice" vaL v Success B
Large .LOCA 1.92E~3 4:17E-6 2,68E-6  3,17E-3 4.85E-4  2.69E-6 2.29E-7 0 0- 0 0
0 (i} 0 0 ()} 0 : o - - 0. EE 0
0 0 0 0 (] 0 9.94E-1 -
Medium LOCA 1.93E-3 4.18E-6 2.69E-6 6.55E-3 4.91E-4 3.89E-6 2.428-7 0 - 0 0 0
0 0 0 0 ] o o o 0 0
0 0 0 0 -0 0 9.91E-1
Small LOCA 0 o 0 0 o 0 0 9.75E~6 2.52E-8 1.99E-6 0
1.57E-4 5.15E~6 7.30E-8 2.71E-9 0 .0 0 0 o 0
() () (i 0 0 0 1.0
Steam generator 0 0 0 0 0 oo 0 6.53E-6 1.41E-8  1.50E-6 _ 0
tube rupture 1.29E-5 6.97E-7 8.27E-8  3.93-E9 0 1.68E-S 2.05E-7 2.01E-7 2.83E-6 2.63E-8
- 3.29E-7 7.04E-8 3.80E-9 4.50E-10 2.14E-11 -0 . 1.0
Steamline break 0 0 0 0 0 . - 0 o . 2.94E-10- 7.60E~13 5.80E-11 0
inside 1.82E-5 1.09E-6 8.61E-8  4.14E-9 .0 4.78E-5 2,91E-7 1.80E-6 0 p 0
containment - 0 0 0 0 0 0 1.0
Steamline break 0 0 0 0 0 0 0 2.94E-10° 7.60E-13  5.80E-11 0
outside ‘ 2.26E-5 1.42E-6 8.86E-8  4.30E-9 0 6.66E-5 3.31E-7 1.80E-6 . 0 0
containment - 0 . 0 0 -0 0 0 1.0 . o -
Loss of reactor 0 0 0 0 o 6 ° .. 0 - 6.56E-8 1.41E-10 " 8.10E~11 0
coolant system 5.68E-7 3.90E-8 1.27E-9 ' 6.37E-11. ] 2.18E-6 . 7.19E-9 2.28E-7 . O o -
flow 0 0 0 0 0 0 1.0 -
i-oss of main 0 0 -0 0 : 0 - o 0 0  6.56E-8 1.41E-10 8.10E-11 O
feedwater 5.68-7 3.90E-8 1.27E-9 °~ 6.37E-11 0 2.18E-6 7.198-9 2.28E-7 0 0
' : "0 0 0 0 -0 0 - 1.0 :
Primary to 0 0 ) 0 o - "0 0 6.56E-8 1,41E~10 8:10E-11 0
secondary power 5.68E-7 3,90E-8 1.27E-9 6.37E-11 0 2.18E-6 7.19E-9 2.28E-7 0 o
mismatch 0 - 0 0 .0 . .0 0 1.0
Turbine trip 0 0 ‘0 0 ‘0 0 0 6.56E-8 1.41E-10 8.10E-11 0
. 5.68E~7 3.90E-8 1.27E-9  6.37E-11 o 2.18E-6 7.19E-9 2.28E-7 0 0
0 0 0 ‘0 0. 0 1.0 .
Reactor trip 0 0 0 0 0 0 -0 6.56E-8 1.41E-10 8.10E-11 0
- 5,68E-7 3.90E-8 1.278-9  6.37E-11 (] 2.18E-6 7.19E-9 2.28E-7 - 0 0
0 0 0 0 0 0 1.0
Core power- 0 0 0 .0 0 0 0 6.56E-8 1.41E-10 8.10E-11 0
excursion 5.68E-7 3.90E-8 1.27E-9  6.37E-11 o 2.1BE-6 7.19E-9 2,28E-7 0 0
0 0 0 0 (i} 0 1.0
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Table 3.11-1 (Continued)

Initiators AEC

SEC

ARCT AE ALC ALC' ALC" AL SEC' SE . S'E
SLC " sLCY sLCc" SL S'L TEC TEC* TE V2EC V2EC'
V2E | V2LC vaLc! vaLe” V2L v Success
Spurious Safety 0 0 0 0 0 0 0 6.56E.8 1.41E-10 8,10E-11 0
Injection 5.68E-7 3.90E-8 1.27g~-9 6.37E-11 0 2.18E-6 7.19E~9 2.28E-7 0 0
0 0 ' 0 0 0 0 1.0
Loss of Offsite 0 0 0 (1 0 0 0 1.93E-7 4,29E-10 3.47E-7 0
Power 6.83E~7 5.16E-8 2.21E-10 1.66E-11 0 7.98E-~5 1.01E~6 1.59E-5 0 0
0 0 0 0 0 .0 1.0
Incore Instrument 0 0 0 0 0 0 0 9.75E~-6 2.52E-8 0 1.99E-6
Tube Rupture 1.57E-4 5.15E-6 6.57E-8 0 3.64E-7 0 0 0 0 0
0 0 0 0 [1] .0 1.0
Inferfacing- 0 0 0 0 0 0 0 0 0 0 0
Systems LOCA (] o 0 0 0. (i 0 0 0 (]
V-Sequence . 0 0 0 0 0 1.0 (Y

AThese are conditional core melt

frequency.

probabilities and must be multiplied by the initial event frequency to calculate core melt



transients was obtained using classical estimation methods. In these cases,
"the initiating event frequency was treated as a random variable, the
distribution of which reflects inherent plant-to-plant variability. The
distribution parameters for these events were obtained by matching the moments
of the population data 'to the moments of a lognormal distribution. For those
events which have not occurred, a Baysian approach was used. A distribution
is established which represents the prior state of knowledge about the
frequency of a particular event. This d;strlbutlon is then revised, via
Bayes” theorem, to reflect observed operating~experience. The resulting
distributions are fit to a lognormal distribution in order to obtain
uncertainty parameters. ’

System unavailability (failure/demand) was calculated from the system fault
trees using the WAMCUT computer code. The WAMCUT code uses the method of
moments to propagate variance of individual components to an overall variance
in system unavailability. The method of moments uses the moments of component
distributions to determine the moments of this system distribution. - Random
component failures and the variance in these fallures were obtained primarily
from the proprletary Westlnghouse Data Base. :

Discrete probability distribution (DPD) arithmetic was used to determine the
variance in the plant damage states. Uncertalnty in the frequency of core
melt was obtained by propagating the variance in top events through event
trees using DPD arithmetic. The uncertainty in the frequency of containment
failure was treated using DPD arithmetic with input variances propagated from
the fault and event tree models combined with best estimate uncertainties
derived from engineering judgement. According to the PSS, a discussion of the
overall uncertainty analysis is provided in Appendix L. However, all that was
provided regarding the use of DPD arithmetic was a tutorial on DPD
arithmetic.. No description was provided for how DPD.arithmetic was used for
Millstone 3. We were, thus, unable to review the specific procedures used to
propagate uncertainties using DPD arithmetic for the PSS.

3.12 Requantification Summary for the Internal Event Accident Sequences

A simplified requantification of the internal event accident sequences
contained in the new/revised event trees presented in Section 3.2 was
performed as a part of ‘this rev1ew.

This section provides a summary of the input data used in the
requantification, tables of definitions and descriptions applicable to the
event trees, and an annotated set of the event trees from Section 3.2 which
show the values used for specific events in all sequences whose frequency of
occurrence was -evaluated as greater than or equal to 1lE-7 per year.

The results presented here are necessarily based on many.assumptibns and
subject to many qualifications. The reader is referred to Section 3.2 for a
detailed discussion of the event trees, and to other sections of this report
for additional information on 1n1t1at1ng events, data, etc., That information
is not repeated here.

The reader is cautioned to keep in mind that the support state methodology

used in the MP 3 PSS requires an evaluation of each event tree for each
applicable support state. In most cases here, one or two support states

3-144



(typically the support states numbered 1 -and 2 in the PSS) are so dominant
that it is unnecessary:to evaluate the others. In the event trees presented
in this section, we have adopted a convention to simpl}fy the presentation of
results: unless otherwise noted, numbers shown above an event line are for.
support state 1 and numbers below the line are for support state 2. Where an
ambiquity might occur, the support state is identified.

The eight tables and 11 annotaﬁed event trees which are shown on the following
pages are listed below for the convenience of the reader.

Table Content

3.12-1 Initiating event frequencies

3.12-2 Support state probabilities

3.12-3 System failure and human error event probabllltles-

3.12-4 Offsite power recovery factors

3.12-5 System failure and human error event probabilities for the ATWS
" event tree

3.12-6 Event tree top event definitions

3.12-7 Support state definitions

3.12-8 Plant damage state descriptions

Figure Event Tree

3.12-1 Large LOCA

3.12-2 Medium LOCA

3.12-3 Small LOCA

3.12-4 Incore instrument tube rupture

3.12-5 Steam generator tube rupture

3.12-6 Steamline break inside (& outside) containment

3.12-7 Power conversion system available

3.12-8a Loss of power conversion system (support states 1,2)

3.12-8b Loss of power conversion system (support states 5,6)

3.12-8c¢ Loss of a single DC bus

3.12-84 Loss of vital AC bus 1 or 2
3.12-8e Loss of vital AC bus 3 or 4

3.12-8f Loss of a single service water train
3.12-9 Loss of offsite power (support state 7)
3.12-10 Spurious safety injection

3.12-11 Anticipated transients without scram

*
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Table 3.12-1. Initiating event frequencies-
(Source: Table 3.1-3, fifth column)

Point estimate

Event
class Event name frequency (per year)
1 Large LOCA 1E-4
2 Medium LOCA 3E-4
3 Small LOCA 1lE-3(see note 1)
4 Steam generator tube rupture 2E-2
5 Steamline break inside containment 4E-2
6 Steamline break outside containment 1E-4
7 PCS available . 7.24
8 Loss of PCS 2,32
13 Spurious safety injection 6E-2
14 Loss of offsite power 1E-1
15 Incore instrument tube rupture 4E-4
16a Interfacing systems LOCA 8E-7
17 Loss of a single service water train 2E-2
18 Loss of a single vital DC bus 4E-2
19 Total loss of vital DC power € (see note 2)
20 Loss of vital AC bus 120~-VAC-1 or -2 TE-2
21 Loss of vital AC bus 120-VAC-3 or -4 TE=-2
Notes:

1. Support state 1 only, 2E-2 for all other states.

2. € < 1E-7 per vear.
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Table 3.12-2 Support state probabilities
(Source: Millstone Unit 3 PSS Tables 2.2.6.1-1 through 2.2.6.1-7 except as noted)

Support State Probability

Initiator type | 1 2 3 2 5 3 7 8

Non-support system |

related | 0.996 0.004 2.6E-7 1.6E-7 3E~4 4.9E-6 6.5E~8 9.6E~11
!

Loss of offsite power | N/A N/A N/A N/A 0.958% 0.042 .002®  3.6E~7
|

Loss of single service |

water train ] N/A 0.999 4.5E-5 1.6E-7 N/A 3.1E-4 1.6E-6 9.6E~-11
|

Loss of single vital | .

DC bus | N/A 0.999 1.6E-5 1.2E-5 N/A 3.1E-4 1.6E-6 7E-9
!

Loss of single vital AC |

bus (120 VAC~1 or =-2) | N/A 0.999 1.6E~5 1.2E-5 N/A 3.1E-4 1.6E-6 7E-9
|

Loss of single vital AC | »

bus (120 VAC-3 or -4) | N/A 0.999 2.7E-5 1.6E-7 N/A 3.1E-4 1.6E-6 9.6E-11

aRevised ~ see Section 3.6
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Table 3.12-3 - System fai'“re and human error event probabilities

(Source: Millstone Unit 3 PSS Tables 2.2.3.2-1 through 2.2.3.5-1 except as noted).

i ‘Support state ..
System/event | 1 2 3 4 5 6 7 8
oA-1 | .0.02 0.02 1.0 1.0 0.02 0.026 1.0 1.0
OA-1" l 0.1 0.1 1.0 1.0 0.1 0.1 1.0 1.0
OA-2 1 0.01 0.01 1.0 1.0 0.01 0.01 1.0 1.0
oa-2-gf2) : 0.001 0.001 0.0 0.0 0.001 0.001 0.0 0.0
oa-3 : 0.03 0.03 1.0 1.0 0.03 1.07 1.0 1.0
oa-4 % 0.02 0.02 1.0 1.0 0.02 0.02 1.0 1.0
oa-5 : 0.5 0.5 1.0 1.0 0.5 1.0 1.0 1.0
0A-6 l 0.01 0.001 1.0 1.0 0.01 .001 1.0 1.0
OA-6" ‘ 0.1 vo.01 . 1.0 1.0 0.1 0.01 1.0 1.0
on-6-gf2) I| 1E-4 1E-4 0.0 0.0 1E-4 1E-4 0.0 0.0
oa-7 i 0.03 0.03(b} 1.0 1.0 0.3 1.0 1.0 1.0
OA-7" I| N/A N/A N/A N/A N/A N/A 0.01 N/A
oa-8(a) =~ 0.001 0.001 1.0 1.0 0.001 .001 1.0 1.0
oa-9(a) = 0.5 0.5 0.0 0.0 0.5 0.5 0.0 0.0
oa-10{a) : 1E-4 1E-4 0.0 0.0 1E-4 1E-4 1E-4 0.0
acc : 2E-3 2E-3 ‘2E~3 2E-3 2E-3 2E-3- 2E-3 2E-3
LP i 2E-4 5E-3 1.0 1.0 2E-4 5E-3 1.0 1.0
HP~1 ! 1E-4 5E-2 1.0 1.0 1E-4 5E-2 1.0 1.0
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Table 3.12-3

(Cohtinued).

T Support state
System/event | 1 2 3 4 5 6 7 8
HP~2 A|~ 6E~5 7E-4 1.0 1.0 6E-5 7E-4 1.0 1.0
AF~1 : 7E~5 6E-4 6E-4 1.0 7E-5 6E-4 5E-2 1.0
AF~2 : ' SE~4 SE~2 SE-2 1.0 S5E-4 SE-2 SE-2 1.0
AF-3 'I . N/A N/A N/A N/A N/A N/A 3E-4 N/A
s } 3E~4 8E-3 1.0 1.0 3E-4 8E-3 1.0 1.0
QS |HP-2 : 7E-4 8E-3 1.0 1.0 7E-4 8E-3 1.0 1.0
R1 % 4E-3 5E-2 1.0 1.0 4E-3 SE-2 1.0 1.0
R2 = 7E-3 6E-2 1.0 1.0 7E-3 6E-2 1.0 1.0
R-2|0A-2 : 2E-2 7E-2 1.0 1.0 2E-2 7E-2 1.0 1.0
R-3 ‘ 2E-3 4E-2 1.0 1.0 2E-3 4E-2 1.0 1.0
R-3|R-1 ; 1E-1 S5E-2 1.0 1.0 1E-1 SE-2 1.0 1.0
R-3|RrR-2 : " TE-2 5E-2 1.0 1.0 7E-2 5E-2 1.0 1.0
R-3|R-2 + OA-2 : 3E-2 4E-2 1.0 1.0 3E-2 4E-2 1.0 1.0
RT-1, RT-2 ‘ 3E-5 3E-5 3E-5 3E-5 3E-5 3E-5 3E-5 3E-5
RT-3 = 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
SA I 2E-6 2E-6 2E-6 2E-6 2E-6 2E-6 2E-6 2E-6
TK i 2E-8 2E-8 2E-8 2E-8 28-8 2E-8 2E-8 2E-8
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Table 3.12-3

(Continued).

T Support state
System/event ] 1 2 3 4 5 6 7 8
sSL | .5E-3 5E~3 5E~3 5E-3 SE-3 5E-3 5g-3 SE=3
SL| (AF-2 + 0OA-3) E 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
s2 | 3E-5 3E-5 3eE-5  3E-5 3E-5 3E~5 1.0¢ 1; 0
SBO : SE-4 SE-4 SE-4 5E-4 0.0 0.0 0.0 0.0
SBI ‘ E 2.2E-4 2.2E-4 2.2E-4 2.2E-4 0.024 0.024 0.024 0.024

(a) From Table 3.5.,1

(b) 1.0 for loss of a single vital DC bus initiator (from PSS)
{(¢) 0.4 if offsite power restored within one hour (Section 3.2,3.1)
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Table 3.12-4 Offsite power recovery factors

(Source: Millstone Unit 3 PSS,

Section 2.2.6.1.1).

Recovery Time

Failure to
‘Recover Probability

0 - 1/2 hour
1/2 - 1 hour
2 hour
- 8 hour

N
1

0.33
0.65 |
0.59
0.23
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Table 3.12-5 System failure and human error
probabilities for the ATWS event tree -

Event — Proﬁability — Source

RPS (Méchaﬁicaii 1E-5 ATWS Rule*

RPS (Electrical) 2E~5 : ATWS Rule

RT3 0.01 : Table 3.5-1

TT 0.1 PSS Table 2.2.3.4-1

PL** _ : 0.01 ATWS Rule

PL ITT* 0.1 ATWS Rule

AF1 7E-5 PSS Table 2.2.3.3-1

PR ' 0.3 PSS Table 2.2.3.4-1

OAB*** 0.001 Table 3.5.1

ORBR*** 0.1 Table 3.5.1

Qs 3E-4 PSS Table 2.2.3.3-1

R2 7E-3 PSS Table 2.2.3.3-2

R3 ' ~ 2E-3 PSS Table 2.2.3.3-2

R3|R2 TE-2 , PSS Table 2.2.3.3-2
*10CFR50.62

**Defined as moderator temperature coefficient~overpressure by the ATWS Rule.

***Defined as high pressure injection by the AWTS Rule.
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Table 3.12-6 Event tree top event definitions.

Symbol Definition
ACC Failure of accumulators
AF1l Failure of auxiliary feedwater
AF2 Failure of auxiliary feedwater (SGTR and streamline breaks)
AF3 Failure to recover auxiliary feedwater motor pumps (LOSP)
E60 Failure to restore offsite powér in 1 hour
E120 Failure to restore offsite power in 1-2 hours
HP2 Failure of high pressure injection
LP Failure of low pressure injection
OAl Operator fails to blow down SGs and initiate LPI
OA2 Operator fails to conserve RWST inventory (control flow)
OAZ2E Operator overthrottles HPI resulting in inadequate flow
OA3 Operator fails to establish primary bleed
0OA4 Operator fails to blow down SGs during SGTR
OAS Operator fails to establish primary bleed during SGTR
OA6 Operator fails to prevent pressurizer overfill (control HPI)
OAGE Operator erroneously terminates high pressure injection
OA7 Operator fails to establish primary bleed and feed
OAS8 Operator fails to establish emergency boration during ATWS
OA8R Operator fails to establish HPI during ATWS consequential LOCA
OA9 Operator fails to delay recirculation when sump empty
OAl0 Operator fails to control HPI during SGTR
PCs Failure of power conversion system ’
PL ATWS pressure spike exceeds service level C (unfavorable MTC)
PR Consequential LOCA due to moderate ATWS pressure spike
0s Failure of quench spray
os'? Failure to recover quench spray (i.e., restore OSP in 2-8 hours)
RPS(E) Failure to scram - electrical failure of RPS
RPS (M) Failure to scram - mechanical failure of RPS
RT1 Failure of automatic reactor scram
RT3 Operator fails to manually scram reactor
RT4 Failure of both automatic and operator manual reactor scram
R1. Failure of low pressure recirculation
~R2 Failure of high pressure recirculation
R3 Failure of containment spray recirculation
SA Failure. of safety injection actuation
SBI Consequential steamline break inside containment
SBO Consequential steamline Brbak outside containment
S2 Consequential small LOCA
sL Consequential steamline leak during SGTR
TK Failure of RWST
TT ATWS turbine trip fails
Tree top events which are "primed" (e.g., OA7') and not listed

Note:

individually on this table have the same definition as the "unprimed”

version, but are quantified differently to account for differences in
the particular scenarios in which they appear.
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Table 3.12-7 Support state definitions.

(4)
(5)
(6)
(7)
(8)

~Symbol Definition

- (1) All support systems available
(2) One support train unavailable-
(3) - Both support trains 'unavailable’

"All ESF signals unavailable

LOSP, all support systems  available
LOSP, one support train unavailable-
LOSP, both support trains unavailable
LOSP, all ESF signals unavailable *

3-154



Table 3.12-8 Plant damage state descriptions.

Symbol Definition

AEC Large LOCA, early melt

AEC Large LOCA, early melt, failure of recirculation spray

AEC" . Large LOCA, early melt, failure of quench spray

AE Large LOCA, early melt, no containment cooling

ALC Large LOCA, late melt

ALC?® Large LOCA, late melt, failure of recirculation spray

ALC" Large LOCA, late melt, failure of quench spray.

AL Large LOCA,- late melt, no containment cobling

SEC Small LOCA, early melt

SEC! Small LOCA, early melt, failure of recirculation spray

SEC" Small LOCA, early melt, failures of quench spray

SE Small LOCA, early melt, no containment cooling

SLC Small LOCA, late melt ' :

SLC' Small LOCA, ldte melt, failure of recirculation spray

sSLC” Small LOCA, late melt, failure of gquench spray

SL Small LOCA, late melt, no containment cooling

TEC Transient, early melt . ;

TEC® Transient,‘early melt, failure of recirculation spray

TEC" Transient, early melt, failure of ‘quench spray

TE Transient, early melt, no containment cooling

TLC Transient, late melt

TLC' Transient, late melt, failure of recirculation spray

TL Transient, late melt, no containment cooling

S'EC Incore instrument tube LOCA, early melt

S'E Incore instrument tube LOCA, early melt, no containment cooling
S'L Incore instrument tube LOCA, late melt,"no containment cooling
V2EC Steam generator tube rupture, steam leak, early melt

V2EC!' SGTR, steam leak, early melt, failure of recirculation spray
V2EC" SGTR, steam leak, early melt, failure of quench spray

V2E SGTR, steam leak, early melt, no containment cooling

V2LC SGTR, steam leak, late melt

vVaice! SGTR, steam leak, late melt, failure of recirculation spray
vVaLc" SGTR, steam leak, late melt, failure of quench spray

V2L SGTR, steam leak, late melt, no containment cooling

v

Interfacing systems LOCA
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9GT-¢

E1 TK SA ACC LP Qs R1 R3
4E-3
5E-2 | 1E-1
" BE-2
3E-4
8E-3 .| 4E-3
© BE-2 |I1E-1
~ BE-2-
2E-4 2E-3
5E-3 | 3E-4 (4E-2
8E-3
2E-3 - [1E-1
(fgih) , 2E-3 3E-4 _SE-2
(1E-4)(0.004) 2E-6 ' 8E-3
SS2 =
JEg 2E-6
2E-8

T O A W N

Fig. 3.12-1 Large LOCA event tree-

SEQ.

NO.

13
14

- 17

18

. 19

20

21
— 22

SEQ.
NAME

 SUCCESS

ALC
ALC
SUCCESS
ALC"

AL

AEC
AEC"

AEC

AEC'
AE

AE

AE

'SEQ.
PROB.

4E-7 (SS1)

' 2E-7 (SS1)



'E2 TK SA ACC HP2 OA1 QS  R2 R3
. ) (R1)
7E-3
“eE2 LIZE-2
7 BE-2.
3E-4 |
8E-3 |7e-3 [
. 6E-2 7E-2 _
" BE-2
R1
4E-3
0.9 5E-2 LIE-1
0.9 ' SE-2
6:'; R1
6E-5 8E-3 | 4£-3 | -
- © sE2 LIES1
7E-4 =
for L2E-3
8E-3
SS1 2E-3 2E-3
(3E-4) | 2E-3 . 3E-4 4E-2
(3E-4)(0.004) 3
§s2 2E-6
ey 260
2E-8

SEQ.
NO.

O 0O N O s W N =

Q W 0 N O ;s W N = O

Fig. 3.12-2 Medium LOCA event tree
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SEQ. SEQ.
NAME PROB.

SUCCESS

ALC 2E-6 (SS1)
ALC 1E-7 (S81)
SUCCESS

ALC"

AL

SUCCESS

ALC

ALC’

SUCCESS

ALC”
AL
AEC
AEC’
AE
AEC BE-7 (SS1)
AEC' -
AE

AE

AE



SEQ. SEQ. SEQ.

E3 RT4 SA  HP2Z AF1 0A2 OS R2 R3 NO. NAME PROB.
(0AT1) (R1)
{OA3)
» TO SH. 2
—————— 2 SUCCESS
2€-2 3 sic 2E-7(SS1)
0.01 7e-21L.3E-2 4 si¢
0.01 4E-2
. [—————— 5 _SUCCESS
3E-4 - )
721 3E-2 ,
. 4E-2
——————— 8 SUCCESS
1 7e-3 9 SLC
6E2L1E2. 45 g ¢
. 5E-2
3E " 11 SUCCESS
- 8E-3 : 12 sLe”
7E-5 L 7E3 e
0A3 6E-2 . 13 SL
-« 6E-4 | SE2
0.03 263 45 sec
0.03 3E-4 - 4E-2 6 SE
8E-4
. 17 SUCCESS
RLE_3 18 SLC
5e-2L- 152'; 19 sLC
20  SUCCESS
6E-4 o )
8E-3 4E-3 21 SLC
OA1 - s5e-21_1E-1 2 sL
' 5E-2
23 SEC
6E-5 | 0.02 ig"z 24 SEC’
. -4 -
7184 0.02 4223 25 SE
SS1 o 26 SEC
(0.001) : ____E A
o E-5 .
(0.02)(0.004) . S 254 ecs w7 SEC
552 : 85'3 28 SE
22_2 20 SE
7E-6 ii"z 31 SEC’
7E-6 ) .
3€ 4 32 SE

8E-3

$S3 —~ (0.02)(2.5€-7) = 5E-9
SS4 —~ (0.02)(1.6E-7) = 3E-9

Fig. 3.12-3 Small LOCA event tree {(sheet 1 of 2).
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6GT-€

OA2

. FROM SH. 1

SEQ.

SEQ. SEQ.
NAME PROB.
SUCCESS
SLC  7E-6(SS1);5E-6 (SS2)
SLC'  BE-7 (sé1;)§éE—7 (852)
success .
SEC - 1E-6 (SS1)
SE
. SEC. 1E-7 (S$1)
SEC'
SE

OA6E OA2E QS _ R2 R3 NO.
1A
JE-3 "752 b
. 552 1C
3e-4 [ '
8E-3 | 7E-3° 1E
. 7E-2 :
6E-2 LAZ-Z
2 5 1F
‘—'.——1G
1E-3 32
1E-3_ | 3E-4 ° 4E-2. _
8E-3
| —1J
o 3E-2
1E_4 A —
1E-4 3E-4 a7 0
n = 1L

Fig. 3.12-3a

8E-3

Small Loca event tree (sheet 2 of 2),



SEQ.
E15 RT4 SA HP2 AF1 0A2 Qs 0A9 R2 R3 - No.

SEQ. SEQ.
NAME PROB.

{0A1) (R1)
(OA3)
> TOSH. 2
— 2 SUCCESS
2E-2 | 3 SLC
3E-2
0.01 7E-2 Lm— 4 SLC
0.01 05 — 5 SUCCESS
05 |26-2 6 sLc”
3E-4 ee 2 | L
se3 | e
= — 8 SL
—————— 3 SUCCESS
7€-3 10 sLc
‘ 7E-2
662 =5 1 s
os 12 SUCCESS -
: : 1782 ,
7E-5 Yy 6E-2 L—= 14 s
0A3 05 5E-2
6E-4 — 15  SsL
—— 1 SEC
0.03 } L2630 e
0.03 | 3E-4 4E-2 - o
3 — 18 sE
19 SUCCESS
R1 :
4E-3 20 SLC
. 1E-1
_ 5E-2 e 2V sLC'
05 22 SUCCESS
05 |hE-3 23 sLc”
: ot sE2 Ll 5y gy
oar 8831 45 5E-2
. — 25 SL
. [—— 26 SEC
6E-5 0.02 L2£3 7 sec
—) 002 | 6E-4 4E-2 ,
28 SE
ss1 | . 8E-3
(4E-4) (0.004) 7E-5 1263 o0 oo
SS9 — S 4E-2
31 SE
. 8E-3
== 32 SE
—— 38 SEC
JE-6 L2E3 o, s
7E-6 3E-4 482 '
— 3% SE

Fig. 3.12-4 1Incore instrument tube rupture event tree
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19T~¢

SEQ. SEQ. SEQ.
OA6E OA2E QS OA9 R2 R3 NO. NAME PROB.

— 1A SUCCESS .
7g-3[——— 1B SLC 3E-6 (SS1)
_7E-2
6E-2 L/E-2 ' 2E-7 (SS1) .
e 1C .s!.c‘ | (S$1)
o5 —— 1D SUCCESS
0.5 7E—3.‘ 1 SLC”
3E-4 ; |
.  e6E-2L7E-2_ 1F S'L
BE3| o 5E-2
o2 — 1G  S'L . 1E-7 (S§1)
' ———— 1 SEC  4E-7(SS$1)
0A2_ . 1E3 ) %%—_2'" S'EC’
FROM SHEET 1 1E-3 | 3E-4 ' ,
E3 1 SE
| - 1K SEC
1E-4 - ' ig'z L SEC
— L -
e 3t4 ™ e

Fig. 3.12-4a 1Incore instrument tube rupture event tree (sheet 2 of 2)



SEQ.
E4 RT4 SA HP2 AF2 O0A4 OA3 SL @S R2 R3 NO.
(OAGE) (0A5)
{0A10)
1A
18
0A10 ——‘rié__; 1c
3E-4 -
1D
1€-4 8E-3
1E-4 1E
OAGE SE-3 ié:g 1F
5E-3 | 3E-4 16
8E-3
M
e —e2
1€-4 3E-4 5€-2 N
8E-3
S — 1
7e3 [ 3
6E-2 -
se2 ¢
: 5
3E-4
8€-3 | 7E-3T 6
6E2 | 7E-2 . .
. BE2"
8
7E-3 9
5E-3 62 72 4
5E-2
5E-3
: . — 1
: “3E-4
SE-4 .
SE2 8E-3 | 7E-3 12
TeE-2L7E2 .
- . ., BE-2
— 14
- 4E-2 .
3€-4 .
: - 16 -
{0.03) 8E-3 :
{0.03}) ——E——: 17
5E-3 i:'z 18
"BE-3 | 3E-4 19
8E-3
20
o 21
a2l o
5€-3 | 6E-4 €-2 2
8E-3
24
(0.5) 25
= S 4E-2
: 5E-3 | 6E-4
{0.02) 27
“0.02)| °A° 8E-3 e
— (0.5) 23 2
' (0.5) 6E-4 30
8E-3
— L ]
‘ . 2€E-3
32
551
{0.02) 6E-4 4E-2 a3
(0.02) (0.004) S5E-4 8E-3
5€-3 2E-3 35
5E-3 | 6E-4 4E-2 36
266 8E-3
= 37
2E-6
38
7E-6 2E-3 39
7E-6 2€-4 4E-2 w0
8E-3

SS3 > (0.02) 2.5E-7) = 6E-9
$54 —+ (0.02) 2.6E-7) = 6E-9
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SEQ. SEQ.
NAME PROB.

SUCCESS

TLC 2E-6 (SS1)
TLC'

TL

vaLe

vaie

vaL

V2EC 2E-6 (SS1)
V2EC’ 1E-7 (8S1)

‘V2E

SUCCESS

sLe 2E-7 (SS2)

sLC’

SUCCESS

SLC';'

st -

' SUCCESS

vaLe

‘vaie!

SUCCESS

L vaee”
." vaL
FTEC  3E-7(SS1); 1E-7 (§52)

TEC
TE

V2EC
V2EC

“V2E

SUCCESS
V2EC

‘v2eC

V2E

" SUCCESS

V2EC
V2EC’
V2E
V2EC
V2EC’
VZE
TEC
TEC'
TE
V2EC
VZEC’
V2E
SE
SEC
SEC’
SE

Fig. 3.12-5 Steam generator tube rupture event tree,
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E5 S2 RT4 SA HP2 AF2 OA6 OA3 QS R2 R3 NO.
(OAGE)
1
0.01
0.001 2
3
JE3 T 4
6E-2 _7E.;g._ .5
BE-2
- 6
3E-4
8E-3 |7E-3—— 7
6E-2 L7E2
».5E;Zlu:
Sl
2E-3
a | 222 q
5E-4 lonsE —_ 4E-2
BE-2 | - 1
: 8E-3
— 18
1E-4 - | i:‘g 19
1E-4 3E-4 : 20
" 8E-3 .
21
6E-5 25
' 7E-4 | . :
5T | E-a 263 .
BE-2 — | 6c-4 4E-2
DE6 8E-3 .
ss1 2E-6
(0.04) y | _
{0.04)(0.004) | 7e-6 | 2E-3 55
S$S2 7E-6 3E-4 4E-2
| - 31
3E-5 E-3 .
3E-5

‘27 .

29 .

NAME PROB.

SUCCESS
SUCCESS

SUCCESS

SLC 1E-7 (SS1), 5E-7 (S52)
sLC’

SUCCESS

sLc”

TEC 6E-7 (SS1); 2E-7 (§52)
TEC

TE

TEC

TEC

TE

SUCCESS

TEC

TEC

TE

TE

TEC

TEC

TE

$2

Fig. 3.12~-6 Steamline break inside (and outside) containment event tree,



SEQ.  SEQ. - SEQ.

yoli-¢

E7 SBI SBO S2 RT1 PCS AF1 OA7 QS R2' .R3 NO.  NAME PROB.
0.9 K ) -
.0 1A SUCCESS
- 1B SUCCESS
2 SUCCESS
| 7E-3 [ 3 SLC 4E-7 (SS1); 1E-6 (SS2)
s - 5E-2 -
| 6E-4 5 SUCCESS
7E-5 8E-3 | 7E-3 = 6 SLC”
 6E-4 6E-2 LI=—<
. ez 7 St
— 8 TEC 2E-6 (SS1); 5E-7 (SS2)
— 2E-3 ' :
-0.03 6E-4 4E-2
_ SR 1
e ey 0 TE |
- 11 ATWS
SS1 3.5 SE5 .
(7.24) — : 12 82
(7.24) (0.004) 5E-4 - ‘ 13 SBO
SS2 5E-4 : :
2E-4 14 . SBI
2E-4 '

Fig. 3.12~7 Power conversion system available event tree.



S91-¢

E8

SS1
(2.32)

(2.32)(0.004)

SS2

Fig.

as

- SEQ.
NO.

SBI SBO S2 RT1 AF1 OA7 R2 R3
7E-3 :
6E-2 L7E=2

5E-2
6E-4
JE-5 8E-3 | 7E-3
6E-2 LIE-2
6E-4. ’
, 5E-2
0.03 2E-3
0.03 | 6E-4 4E-2
3E-5 8E-3
3.5 3EB
5E-4 SEO
2E-q BE-4
2E-4
3.12-8a Loss of

© 00 N O O AW N

-

- - - - Y
AW N =2 O

SEQ.
NAME

SEQ.
PROB.

SUCCESS
SUCCESS

SLC 1E-6 (SS1):

3E-7 (SS2)
SLC

. SUCCESS

sLc”
SL

TEC 5E-6 (SS1);

2E-7 (8S2)

TEC'
TE"

ATWS

3

SBO
SBI

'power conversion system (support states 1, 2) event tree,
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E14 SBI SBO S2 RT1 AF1 OA7 QS R2 R3
7E-3
6E-2 LZE-2
| 5E-2
3E-4
5 8E-3 |7E-3 [—
_ b2 LZE=2
6E-4 55
0.03 2E-3
4E-
' 1.0 3E-4 2
3E-5 8E-3
SS5 3g-5 SO
(0.1)(0.33) .
1)(0.33) sgq SE
(0.1)(0.33) "
(0.04) | 2E-4 )

SS6 2E-4

SEQ.
NO.

-—d

A W N = O

© 0 N O O s W N

SEQ.
NAME

SUCCESS
SUCCESS
sLC
sLc!
SUCCESS
sLc”

SL

TEC
TEC'

TE |
ATWS

S2

SBO

SBI

Fig. 3.12-8b Loss of offsite power (support states 5, 6) event tree.

SEQ.
PROB.

8E-7 (SS6)



L9T-€

E18

SS1
(NA)

(0.04)

$S2

SBI SBO S2 RT1~ AF1 O0A7 QS R2 R3
0.0
6E-4 ————
1.0 4E-2
- 8E-3
3E-5
3E-5
GE-4
2E-4
SS3 - (0.04)(1.6E-5)(6E-4) = 4E-10
'$S4 — (0.04)(1.2E-5) =47 (TE) |

SEQ.
NO.

—

© 0 N o o~ W N

D e e el
H W N = O

SEQ.
NAME

SUCCESS
SUCCESS
SLC
SLC’
SUCCESS

sLC”

SL
TEC
TEC'
TE
ATWS
S2°
SBO

 SBI

SEQ.
PROB.

2E-5 (SS2)
" 8E-7 (SS2)
2E-7 (SS2); 4E-7 (SS4)

Fig. 3.12-8c Loss of single DC bus event tree (Train A or B),-
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E20

SS1
(NA)

(0.07)

S$S2

R2

SBl  SBO S2 RT1 AF1 OA7 @S R3
_
6E-2-
5E-2
8E-3
6E-2
6E-4 e
0.03 4E-2
o 8E-3
3E-5
3E-5
5E-4
2E-4
SS3 — (0.07)(1.6E-5)(6E-4) = 7E-10
S$S4 — (0.07)(1.2E-5) = 8E-7 (TE)

O 0 N O O A& W N

SEQ.
NO.

-

—l.—ld—d-—l:
A W N = o

Fig. 3.12-84 Loss of vital AC bus 1 or 2 event tree.

SEQ. SEQ.
NAME PROB.

SUCCESS

SUCCESS

sLC 3E-6 (SS2)
sLc’  1E-7(SS2)
SUCCESS

sLc”

SL

TEC 1E-6 (8S2) -

TEC’

TE -8E-7 (SS4)
ATWS

$2

SBO

SBI
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E21

881

(NA)
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4. EXTERNAL EVENT ANALYSIS

The approach to the evaluation of external events taken in the MP 3 PSS
included a screening analysis of a number of external events to identify those
whose frequency of occurrence and consequences were significant enough to
warrant additional detailed assessments. The screening evaluation reported in
PSS Section 1.2 addresses earthquakes, fires, external flooding, internal
flooding, extreme winds, aircraft accidents, hazardous materials, and turbine
missiles. Only earthquakes and fires survived the screening analysis and were
subjected to detailed assessments, which are reported in PSS Section 2.5. Our
review covers each of these subjects in the sections which follow.

In general, the range of external event types considered in the PSS is
reasonable and consistent with the external events assessed in other PRAs as
well as those suggested by the PRA Procedures Guide. It should be noted that
external events other than seismic and fire were treated only in a cursory
manner. ‘

We have numerous disagreements with the application and execution of the ]
selected methodologies, both in the screening evaluation and in the detailed
assessments. Areas of disagreement concern completeness, conceptual and
logical errors, data, and the treatment of uncertainty. _Examples of hoth
conservative and optimistic treatment of the parameters are described below.
In particular, important areas of disagreement exist in the evaluation of
fire, external flood, and internal flood which have the potential to
significantly increase the calculated core melt frequency for these events.

4.1 Seismic Events

LINL reviewed the seismic event evaluation contained in the original PS3.
This review included a review of . seismic hazard, seismic-induced initiating
events, seismic fragilities, and seismic core melt models. The overall
results of this review, which are reported in Appendix A, were that the
evaluation of geismic hazard was optimistic and not consistent with the state
of the art, and that the fragility analysis was conservative and contained
numerous errors., Details of the fragility review are contained in Appendix B.

After the review of the original PSS material was completed, NU submitted a
substantially revised seismic evaluation as PSS Amendment 2, dated April

1984. The revised evaluation utilized extensively modified hazard and
fragility curves. At NRC request, LLNL performed a review of the revised
seismic fragility analysis contained in this amendment. Thé revised analysis
was found to be consistent with the state of the art in this field. The
details of this review are contained in Appendix C. The revised hazard curves
were not reviewed by LLNL,

NU submitted a furthér revised seismic evaluation to NRC as PSS Amendment 3,
dated November 1984, in which mathematical.errors in the earlier documents
were reported to be corrected. LLNL did not review this submittal.

4,2 Fire Events.

This review is limited to an evaluation of the methodology for the assessment
of risks from fires at Millstone Unit 3 nuclear power generation station. The



validity of the event trees for the plant response given a fire has not been
examined. Furthermore, the statements of the Millstone 3 PSS concerning the
contents of various compartments and»fire areas have not been verified.

It is convenient to conduct the evaluation of the ana1y51s in terms of 1ts
three major parts, i.e., - .

Part

I.

II.

III.

The identification and screening of critical areds. The areas of the
plant are screened to identify a limited number in which-a fire can cause
an initidting event (IE) and, at the same.time, affect the performance of
safety systems. The frequency of fires in these areas is assessed and a
detailed analysis is performed. ThlS part is contained in PSS

Section 1.2.2.

The analysis of the fires in critical areas, - Inclﬁdediin this part are
the effects of detection and suppression on the growth of fires, as well
as the identification of the impact of the fires on plant systems, and is

contalned in PSS Sectlon 2. 5 2.1.

Event tree analysis, This part includes the analysis of accident

sequences'induéed.byvthe fires. It produces the frequencies of relevant
plant states and of core melt. It is found in PSS Section 2.5.2.2.

4.2.1 Overall Assessment

Regarding the methodology and its implementation, we £ind that:

(1)

(2)

(3)

(4)

(5)

The screening process (Part I). is reasonable and complete. All fire
areas warranting detailed analysis and evaluation have been identified.
The frequencies of fires in various compartments are estlmated u51ng
acceptable methods and are reasonable. '

The analysis of the loss-of-safety functions due to fires in the

¢ritical areas (Part II) is not rigorous and explicit. Cable routing and
room configurations are neither used nor given. Thermal models for fire
Dropaqatlon are not used, in contrast to other PRAs, 9., Zion

(Ref, 4.2-1) Indian Point (Ref. 4.2-2) Limerick (Ref. 4 2-3), and
Seabrook (Ref. 4.2-4). However, this lack of detail appears to lead the
PSS to conservative values for the conditional frequency of losing a11

the safety functions that  depend on a crltlcal area (PSS

Table 2.5.3.1-3). This issue is dlscussed further in Section 4.2.2.1 of'
this review. :
The event tree analysis (Part III) is reasonable (assuming the system
unavailabilities are reasonable) with one exception. The error rate for
the” failure of the operators to switch control of the plant from the
control room to the auxiliary shutdown panel is too low

(see Section 4.2.2.2). :

The method of combining histograms two at a time leads to erroneoué‘
estimation of uncertalntles when dependenc1es are present (see.

‘Sectlon 4.2.2.3).

The following items have not been addressed in the PSS:

4-2



a. The impact of earthquakes on fires and fire protection systems, e. g.,
fires started by earthquakes, sprlnkler systems actlvated by
earthquakes, etc.

b. Effects of the suppression agents on equipment.

c. Issues related to the response of equipment and cables to high heat
fluxes and temperatures, e.g., fire barrier degradation, effects of
hot-gas layers on cables, etc. (see comment (2) above).

It should be p01nted out, however, that items (a) and (b) have never been
addressed in any PRA performed to date.

(6) The impact on the numerical results of the conservatism noted in comment
(2) and optimism noted in comment (3) above has been assessed in a crude.
sensitivity analysis in Section 4.2.2.4., It is found that the mean’
frequencies of plant damage state TE and core melt could be ‘raised from
1.39E-6/RY and 4.80E-6/RY, respectively to 2.46E-5/RY and 2.80E-5/RY,
respectively. This shows that the mean core melt frequency could be
underestimated by the PSS by as much as a factor of roughly 6 (see
Table 4.2-1).

4.2.2 Discussion of Findings
4.2,2.1 Thermal Models

Most major PRAs, e.g., those for Zion, Indian Point, Limerick, and Seabrook
use the thermal models of Refs. 4.2-5 through 4.2-8. The principal tool in
this approach is the computer program COMPBRN, which, essentially begins with
the burning fuel element, releasing heat at a certain rate, then transmits
this heat by convection and/or radiation to other elements, e.g., cables, and
finally calculates the ignition time of these elements. Typical cases that
have been analyzed in this manner include vertical fire propagation within a
stack of horizontal cable trays, horizontal propagation across the width of a
horizontal tray, and fire propagation among a group of separated trays when an
external exposure fire is present. Special models have been developed for
situations that do not fall in the preceding classes, e.g., for cabinets
exposed to fires, for fire barriers, etc.

This approach requires knowledge of the location of the cable trays and
cabinets, as well as their contents, in order to assess the fire's impact.
The importance of transient fuels, exact location of the fire within the room,
and the impact of special measures, like the installation of fire barriers,
are some of the issues addressed in this approach. The detection and
suppression times are represented by probability distributions that are
comblned with results of the thermal models to produce the fractlon of flres
that cause damage (Ref. 4.2-9).

This approach is not followed in the PSS. Cable tray configurations are not
presented, although it is claimed on page 2.5-23 that they have been used.

The notions of the total safety loss and partial safety loss are -introduced to
indicate whether all the .safety functions or only part of them (in a fire
area) have not been lost. The impact of detection and suppression is assessed
using event trees.



The lack of detail has led the PSS to values for the conditional fraction of
fires that cause safety loss that are high (the mean values reported in PSS
Table 2.5.2.1-3 are in the neighborhood of 0.1). :

As an example, we use the cable spreading room (CSR). The. fraction of fires
causing a safety loss given a fire in the CSR is given as 9.25E-2 PSS

Table 2.5.2.1-3). This number is derived from the.event tree of PSS

Fig. 2.5.2.1.2~1 which assesses the impact of the detection and suppression
capabilities in the room. Even though the Indian Point 3 PRA does not follow
the methodology of the Millstone 3 PSS, we can derive the corresponding number
for the CSR by multiplying the mean value of the fraction of CSR fires that
are "large and near the center of the northern wall" (0.026) with the mean
value of the conditional frequency of fire propagation (0.44, the result of
COMPBRN and the detection and suppression distributions). The result is
1.1E-2, i.e., nearly an order of magnitude smaller than the PSS number. The
main reason is that the Indian Point PRA has taken advantage of the fact that
only fires "near the center of the northern wall" within the CSR can cause
significant damage. Recent evidence (Ref. 4.2-10) suggests that even COMPBRN
may be too conservative in some cases, so that the mean value of the
conditional frequency of fire propagation may, in fact, be lower than 0.44.
It appears, therefore, reasonable to say that the Indian Point number is
roughly one order of magnitude lower than that of the PSS. '

-4,2,2,2 Human Error Rate

The human error rate of 0.001 (error factor of 3) for failure to switch
control to the auxiliary shutdown panel (basic event SEQ) is not adequately
justified and is too low. Furthermore, the distribution of this rate appears
to be too narrow. It is explained on PSS page 2-D-8 that the procedure for
transferring of control to the ASP will be practiced on a regular basis by the

Table 4.2-1 Results of the sensitivity analysis (all frequenciés are
’ ’ reactor-year).

PSS Modified results

Contribution to TE from the control

room, instrument rack room, and

cable spreading room : 1.222E-6 2.444E-5
Contribution to TE from other areas , 1.68E-7 . ' 1.68E~7

Total TE frequency " 1.39E-6 2.46E-5

Total core melt frequency . 4 .80E-6 2.80E-5

Percent contribution of TE to , _

core melt frequency 29% - 88%




operations personnel; therefore, "the NREP ‘screening  value for human errors
occurring within a procedural framework where recovery is possible at the
point of erroneous action is used to estimate the HEP for this analysis."

This argument, however, ignores the fact that the switching would have to take
place under accident conditions during which stress on the operators would. be
high. ) ‘ : - :

A similar human error is analyzed in Section 9.4.6.4.2 of the Seabrook PRA
(Ref. 4.2-4). It is stated there that the "stress level is deemed to be high
because of the...very confusing conditions in the control room." "The mean
value of 0.23 is proposed for this error rate (the 5th percentile is asséssed
to be on the order of 0.02, still substantially higher than the values of the
MP 3 PSS).

4.,2.2.3 Method of Calculation

When the uncertainties are propagated through a function (by DPD, Monte Carlo,
or any other method), the dependencies between events must be correctly
accounted for. This does not seem to be the case here, where the histograms
are combined two at a time. The impact of this omission is not expected to be
large, because of the simplicity of expressions that are calculated.

An interesting argument appears on PSS page 2.5-31. There seems to be an
attempt here to justify the difference between the "point" estimate and the
mean of the histogram that is calculated using DPD arithmetic. This is
unnecessary. The point estimate calculations usually ignore various
dependencies which DPD can easily handle (but, unfortunately not here, as
indicated earlier). Furthermore, there is no reason to increase the upper
tail of a histogram in order to make the probabilities add up to unity. A
simple renormalization would be sufficient. Again, the impact of this '
practice is expected to be minor.

4,2.2.4 Sensitivity Analysis

We assess here the impact on the numerical results of the PSS of the two major
findings of this review. In Section 4.2.2.1 we argued that the conditional
fractions of total safety loss are roughly one order of magnitude too high.

In Section 4.2.2.2 we found that the human error rate for basic event SEQ
could be too low by roughly a factor of 200 (all our values are mean values).
The plant damage state that is affected the most by these two findings is TE
{see PSS Fig. 2.5.2.2.2-1), to which fires in the control room (CR),
instrument rack room (IRR), and cable spreading room (CSR) are the major
contributors. To do a crude sensitivity analysis, we assume that the combined
impact of these two findings is to increase the contribution to TE from these
three fire zones by a factor of 20,

In PSS Table 2.5.2.3-1 we find that the contribution to TE from these three
rooms is 4.54E-7 + 1.52E-7 + 6.16E-7 = 1.222E~6/RY. Therefore, the
contribution from other areas to TE is 1.39E-6 - 1.222E-6 = 1.68E-7/RY.

The new contribution from the CR, IRR and CSR is 1.222E-6 x 20 = 2,444E-5/RY
and thé new total frequency of TE is 2.444FE-5 + 1.68E-7 = 2,46E-5/RY.



The mean core melt frequency is:reported in PSS Table 2.5.2.3-1 as.
4.80E-6/RY. Of this, 1.39E~6 (29%) is due to TE and 3.41E-6 (71%) is due to
other plant damage states (the dominant one being TEC). With the new numbers,
the total core melt frequency is 2.46E-5 + 3,41E-6 = 2,80E~5/RY, The dominant
plant state is now TE (87.8%). We note that the core melt frequency has been
increased by a factor of about 6. These results are summarized in

Table 4.2-1.

It should be noted that the contribution -from zones other than the CR, IRR,
and CSR would actually be smaller because only the conservative number of the:
PSS appears there and not SEQ, assuming, of course, that the unavailabilities
- of the system listed. in PSS Table 2,5.2.2.1-1 are accurate.

This crude sensitivity analysis addresses only the two identified issues. An
accurate reassessment must consider the full distributions ‘and not only mean
values. Furthermore, this analysis does not include the impact of the items
that are bevond the ‘state-of-the-art (listed under comment (5) of Section 2).
Since no PRA has attempted to investigate them, it is difficult to assess
their significance. : .

Finally, we note. that the PSS analysis has addressed the issue of major fires
that could, in combination with other failures, lead to core melt. In fact,
it is stated on PSS page 1.2-7.that "critical" areas are areas where a fire
can cause an initiating event and fail engineered safeguards. While it is
reasonable to consider only the "critical" areas. in the fire analysis, fires -
in other areas should-be included in the calculations of frequencies of
initiating events and system unavailabilities as appropriate. . We are unable
to judge whether these fires have been so -included.

4.2.3 References for Section 4.2
4.2-1 Commonwealth Edison Company, "Zion Probabilistic Safety Study,“ 1981.

4,2-2 Pickard, Lowe and Garrick, Inc., "Indian Point Probabilistic Safety
Study," prepared for Power Authority of the State of New York, and
Consolidated Edison Company of New York, Inc., 1982,

4.2-3 NUS Corporation, "Severe Acbident'Risk Assésément for the Limerick
Generating Station," prepared for Philadelphia Electric Company,
April 1983. » : '

4.2-4 Pickard, Lowe 'and Garrick, Inc., "Seabrook .Station Probabilistic Safety
'~ Assessment," prepared for Public Service Company of New Hampshire and
Yankee Atomic Electric Company, 1983,

4.2-5 N. 0. Siu, "Probabilistic Models for the Behavior of Compartment
Fires," USNRC Report NUREG/CR-2269, August 1981, -~

4,2-6 N, 0. Siu, "COMPBRN-A Computer Code for Modeling Compartment Fires,"
~ USNRC Report NUREG/CR-3239, May 1983.

4,2-7 N, 0. Siu and G. Aposfolakis, "Probabilistic Models for Cable Tray
Fires," Reliability Engineering, 3:213-227, May 1982.




4.2-8 N. 0. Siu, "Physical Models for Compartment Fires," Rellablllty
Engineering, 3:229-252, May 1982,

4.2-9 G, Apostolakls, M. Kazarians and.D. C. Bley, "Methodology ‘for Asse551ng
the Risk from Cable Fires," Nuclear Safety, 23:391-407,
July-August 1982,

4.2-10 G. Chung, N. 0. Siu and G. Apostolakis, "COMPBRN II: Code Description
and Simulation of Experiments," Draft Report, UCLA-ENG-8404, University
of California, Los Angeles, March 1984,

4.3 External Flooding?® ' ’ ‘ p

In Section 1.2.3 of the Millstone PSS, it is concluded that external flooding
is an insignificant contributor to plant risk. Only two sources of external
flooding are considered to potentially impact the Millstone site - tidal
flooding and intense precipitation. Since there are no major rivers or A
streams in the vicinity of Millstone Point, river flooding and dam failure are
not considered applicable to the site. Tsunamis are also excluded since there
is an extremely low probability that these events will occur along the North .'
Atlantic coast line.

The justification for excluding external flooding from the formal risk
analysis is made on a qualitative basis. No formal probabilistic analysis was
performed. Tidal flooding and intense precipitation are based on the effects
of the probable maximum hurricane (PMH) and the probable maximum precipitation
(PMP), respectively. No probability values are given; however, these events
are judged to have a point estimate frequency of occurrence between 1E-6 to
1E-4/RY. This estimate is based on an approx1mate ana1y51s using avallable

hurricane hazard data in the vicinity of the Millstone site (Refs. 4 3-1
and 4.3-2),

The description of the calculations, which were conducted to obtain the
maximum wave runup and standing wave height due to the PMH and the flood depth
due to the PMP, are contained in the FSAR (Ref. 4.3-3). ' It is anparent from
the description given that conservatisms were included in the’ calculations
(e.g., the most severe combination of hurricane parameters were used to
represent the PMH and the site yard drains were considered ineffective in the
PMP analysis). However, the amount of additional conservatism is.not known.
It is not necessarily true that single extreme events are the only
circumstances that contribute to the risk. Also, the PMH and PMP may be.
correlated since the PMP could be caused by the PMH,

In contrast to the seismic analysis, the external flooding analysis d4id not
explicitly consider the uncertainty (which is large) in the underlying
parameters and models. Even at the lOO-year storm level, the coefficient of
variation on water depth is expected to be approx1mately 0.2 to 0.3, Thus,
the conclusion that external flooding has a very low frequency of occurence is
not convincing without some formal quantification of the hazard.

“This section is reproduced here from Appendix B, w1th minor editorial
changes, for the convenience of the reader.



In including the effect of uncertainties in the external flood analysis, a
distribution on the frequency of occurrence can be obtained. The present
analysis implies that the frequency of flooding above the protected elevation
is small. However, the margin of safety above the PMH and PMP design
elevation is also small (less than one foot for the PMH and less than an inch
for the PMP).

As an example, the point estimate for the PMH might be 1lE-5/year; however,
because of the large uncertainties that are present, there is a small but
finite probability that the frequency of the PMH is 1E-4/year or larger.
Similarly, it can be argued that there is a potential hurricane bigger than
the PMH which could produce a wave runup which exceeds the watertight
elevation of 25.5 feet mean sea level {(msl). The point estimate for this
event might be on the order of 1E-6/year; however, due to uncertainty, there
also is a small but finite probability that it is 1lE-5/year or larger.
Proceeding in this manner, it can be shown that including uncertainty will
result in a family of hazard curves which may increase the mean frequency of
water depth above the value obtained using only a single point estimate value
(i.e., the PMH). 1In order to evaluate the implications of a water level
greater than 25.5 feet msl, it is necessary to either conservatively assume
core melt or to develop event trees, fault trees, and equipment fragilities to
syvstematically incorporate the plant's unique features into the uncertainty
analysis.

In summary, ‘a formal analysis should be conducted which provides frequencies
of occurrence and includes uncertainty in the external flood models and '
parameters. Because of the large uncertainties which exist for external
flood, there is the possibility that the mean frequency of core melt is larger
than 1E~6. 1In order to conclude that the contribution from external flooding
is insignifieant relative to other hazards, a complete statement of the
probability distribution on frequency of occurrence should be'provided.

4.3.1 References for Section 4.3

4;3-1 " Pickard, Lowe and Garrlck Inc., "Indian Point Probablllstlc Safety
Study, " prepared for Power Authority of the State of New York, and
Consolidated Edlson Company of New York, Inc., .1982.

4,3-2 M. E. Batts, et al., "Hurricane Wind Speeds in the United State,” NBS
Building Science Series 124, National Bureau of Standards, May 1980.

4,3.3 Northeast Utilitiee, "Final Safety Analysis Repeft,,MiliStone'Unit
3," 1983, i

4.4 Internal Floods

This section describes the review of methods and procedures used in the
Millstone 3 PSS for assessing tHe consequences of reactor accidents involving
internal floods. The conclusion of this review is that the flood analysis is
incomplete and the results of the analysis are speculative. A major
limitation of the analysis is the absence of calculations for flow rates,
drainage rates, and flood levels. Instead, the PSS presents a qualitative
treatment of flood hazard and concludes that internal flooding is not a
significant contributor to core melt. A particular concern is that the



approach used could downgrade the importance of floodlng in some zones such as
the switchgear and cable spreading rooms.

The PRA procedures guide (Ref 4.4-1) states that, for some nuclear power
plants, internal floods can be an 1mportant cause of multiple dependent
failures. This guide proposes that a flood risk analysis con51sts of a hazard
assessment, a component fragility evaluation, a plant system repsonse
assessment, and a release frequency analysis. The hazard assessment involves
both a qualitative evaluation in which specific flood scenarios are selected
for quantification and a quantitative assessment that provides an estlmate of
the frequency of specific damage states. The flood hazard assessment is
conceptually similar to a fire hazard assessment. However, according to the
procedures guide, significant among the distinctions between these assessments
are that sources of flooding should be more easily and completely enumerated
and that floods are more likely to propagate.

4.4.1 Overview of the Millstone 3 Internal Flood Analysis

The risk assessment of internal flooding for Millstone 3 consisted of a
qualitative evaluation in which specific scenarios were selected for further
evaluation, and a quantitative evaluation where the frequency of exceeding
various accident consequences was estimated. The qualitative analysis
involved an evaluation of floor plans at various elevations to determine the
critical safety-related components or systems that would be affected by a
single flooding event. 1In order to conduct this analysis, buildings and
facilities at the Millstone 3 site were divided into "flood zones." According
to the PSS, the flood zones were established using fire boundary areas but
fire boundary areas "did not constitute the sole basis for establishment of a
flood zone." Whatever additional criteria were used to establish these zones
were not discussed in the PSS.

The established flood zones were. reviewed for possible sources of internal
flooding. Table 4.4-1 provides a list of plant systems considered credible
flood sources in the PSS. Each source was assumed to have a flooding
frequency of 2E-3/year. It is stated that this is derived from the WASH~1400
estimate for the frequency of a pipe break greater than 6 inches., A
postulated flood was assumed to disable all components within the flood zone
corresponding to the source. Consideration was also given to progressive
flooding, in which sufficient water is discharged in one zone to flow to and
affect safety equipment in an adjacent zone. Where the potential exists for
progressive flooding, all components in the progressively flooded zone are
also assumed to be disabled.

If the loss of all components within a flooded zone would not initiate a
transient or LOCA or if no safe shutdown equipment was disabled, that flood
zone is removed from further analysis. Flood zones not removed by this
screening process were subjected to further analysis. This consisted of
multiplying the unavailability (2E-3/year) of the systems disabled by flooding
by the unavailability of redundant or alternate systems that could substitute
for the flood-damaged systems in preventing core damage. The latter
unavailabilities were taken from the results of the plant event and fault tree
analyses.



The procedures described above were used to determine that core melt induced
by internal flooding has an estimated frequency of 8. SE-7/year. Based on the
analysis, the PSS further concludes that internal flooding does not
s1gn1f1cantly contribute to overall plant risk,

4.4.2 State-of-thé'rArt in Flood Risk Analysisj

The most exten51ve analysis system currently avallable for assessing the risks
associated with internal floods is the ESP-NOAH code package (Ref. 4.2-2).

_ The flood risk ‘analysis methods in this package are de31gned to identify and
quantify flood impacts by using the results of the plant's systems failure
analysis. 'ESP identifies accident sequences and systems that can contribute
to-plant risk as result of floods. The input to ESP consists of accident
sequences and system failure probabilities obtained from the fault and event
tree analysis, engineering criteria describing system susceptibility to
flooding, and the flood probabilities. ESP screens the accident sequences
based on the engineering criteria and determines important system failures and
accident sequences along with a quantitative estimate of each sequence's
contibution to overall flood risk. The important system failures identified
by ESP are candidates for a more detailed systems analysis using NOAH.

Table 4.4-1 Plant systems considered as credible flood sources.

1. Main.féedWater system .

2. 'Augiliéry feedwatef system:.

3. Service water system

4. Chemical and volume control system

5. Reactor:planf_componept cooliﬁg water system
6. Turbine plént qompopéht_cooling water system
7. ' Chilied.waterisystem

8. Site fire pro#ection system

9. High pressure ‘safety injection system
JlO  Low pressure safetyAinjection system

11. Condensate and aemineraliéed water storage system

12, Boron recovery system
13. Gaseous waste disposal system

14. Circulating water system




The NOAH program also uses system fault.trees as input to make a quantitative
flood risk assessment. Other inputs to NOAH include flood level increments
within the plant (discretized flood level profile) and the effective elevatlon
of each component in a fault tree (component vulnerablllty elevation). Wlth
this information, NOAH simulates the flooding of components in the fault
tree. The output of this simulation is the order of component submersion and
the flooded minimal cut sets, if any exist. If no flooded minimal cut sets
exist, NOAH determines partially flooded minimal cut sets. These cut sets
represent the system failure modes during flooding and provide input to the
quantitative evaluatlon of system fallure probability as a function of flood
level.

4.4.3 Comments on the Intérnal'Flooding Analysis in the Millstone PSS

Each zone containing a flood source is assumed to have a flood frequency of
2E-3/year. The basis for selecting this value is quite weak. It was stated
to be derived from a WASH-1400 estimate for breaks in pipes with a diameter
greater than six inches. This approach provides no estimate of the actual
flood sources present in each zone. As far as we can determine, WASH-1400
only provides pipe break frequencies per hour per pipe segment as a function
of pipe size. The PSS does not make clear how this information could be used
to calculate or estimate this "generic" value for flood frequency. The only
apparent way that flood frequencies could be calculated from WASH-1400 data is
to count all pipe segments in a zone in each size category and use the pipe
segment failure frequencies together with flow capacities to calculate the
annual probability of exéeeding a given flood hazard in each zone. The
simplistic approach actually employed in the PSS leaves doubt as to whether
the analysis is capable of screening the potentially important flood sources
in the Millstone plant.

Inadvertent actuatioh of fire protection equipment was not considered as a
potential fléoding source., Excluding such sources is likely to make the
results optimistic, since fire sprinklers generally spray directly onto
.components so-that significant water heights may not be necessary to cause
equipment failures. However, some consideration of this problem should be,
and usually is, taken up during plant design.

The PSS made the conservative assumption that all components in a flood zone
are disabled if a flood occurs in that zone. :

It is stated in the PSS that the flooding analysis includes ruptures of pipes,
tanks, or vessels. However, the review found no tanks or vessels used as
flood sources. The RWST was included in the analysis, but only in terms of
the pipes that lead from it, not rupture of the vessel itself. The PSS states
that flooding caused by overfilling of tanks is bounded by the effects of pipe
breaks. This assumption was used without even a qualitative justification,'
which we believe diminishes the value of ‘the analysis.

Although the PSS deals with progressive flooding (from one zone to another),
it is difficult to determine the modeling assumptions used to treat this )
process. In particular, it is difficult to establish what criteria were used
to decide when progressive flooding occurs. A review of the progressive
flooding tables in the PSS reveals that progreSS1ve flooding was considered
between some, but not all, adjacent zones connected by a door. Similarly, ‘
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progre551ve floodlng to zones directly below a flooded zone was assessed in
some cases but not in others. There were also cases in whlch floodlng occurs
between zones with common walls but no door. The PSS states’ that a
progres51ve flood will occur when the water level in a partlcular zone reaches
5 feet., This is based on the assumption that the flre boundary can wlthstand
a differential pressure of 2 psid. This assumptlon appears reasonable even .
though no ‘actual boundary analysis was performed. Nevertheless, the procedure
used to determine if a flood could reach this height was not descrlbed The
only relevant 1nformat10n included was that closed systems (such as component :
cooling) did not contaln enough water to cause progre551ve floodlng - a
reasonable assumption. It could not be determined from the PSS what analysis
was used to determine the volume of water released 1n floodlng by sources
other than closed systems.

The PSS assumes that a reactor tr1p occurs following any flood-induced
initiating event. This appears to be an optlmlstlc assumption; however, 1t is
not likely that the implications of this assumptlon are 51gn1f1cant.

The PSS assumes that if a flood in a given zone does not initiate a tran51ent
or LOCA (by impacting a component necessary for normal operatlon) or disable
safe shutdown equipment, then that zone can be’ eliminated from further
consideration. This assumption is questionable because it ‘implies that a.
plant continues to run during a flood. Futhermore, it excludes from the
analy515 those zones that contain important safety equlpment not directly
necessary for normal operation or shutdown. It may be more reasonable to
assume that operators would be required to shut down when significant flooding
is discovered in any area of the plant. ‘

The analysis of flooding in the switchgear and cable-spreading rooms indicates
that core melt induced by flooding in these areas has a frequency of about
1F-6/year. Because of the large uncertainty in the screening analysis
performed for Millstone PSS internal flooding, a frequency of this magnitude.
should suggest the need for addltlonal analysis. However, no further analysis
was performed. Instead, the PSS reduced the frequency by multlplylng with the
factor 0.7, which is described as the probablllty of damaging all cables 1n
the room. The basis of this factor is not described or justified.

Futhermore, the results of the flooding analysis strongly suggest that
internal flooding can not simply be dismissed as comparable to flres as a
cause of core melt, contrary to the conclusions of the PSS.

4.4.4 Conclusions

The internal floodlng analy51s performed in the Millstone PSS can be
characterized as a predominately gqualitative screening ana1YS1s with numbers
dttached to reflect the authors' best estimates. The process results in an
estimated frequency of internal flood-induced core melt of 1lE-6/year. The
simplistic approach leads us to question whether the analysis is capable of
screening the potentially important flood sources in the Millstone plant. In
addition, the uncertainties inherent in the analysis indicate that the results
could be in error by orders of magnitude. Thé results of the screening
analysis would have to be at least an order of magnitude lower to allow
internal flooding to be dismissed as a contributor to core melt risk. In our
opinion, internal flooding in the cable spreading and switchgear rooms should
have been assessed in more,.detail using realistic flow rates, drainage rates
and flood levels rather than arbitrary values.
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4.4.5 References for Section 4.4'

4.4-1 U.S. Nuclear ﬁegulatory Commission,. "Reactor Safety Study - An
" Assessment of Accident Risks in U.S. Commercial Nuclear Power Plants,"
USNRC Report WASH-1400 (NUREG/75/014), October, 1975. -

4.4-2 D..P. Wagner, M. L., Casada, and J. B. Fussell, "Flood Risk Analysis
Methodology Development Project Final Report,” USNRC. Report
NUREG/CR—2678 (ORNL/TM-8314), 1983.

4.5 Extreme Wlndsa

PSS Section 1.2.5 concludes that wind does not contribute significantly to
plant risk. The governing wind event at the Millstone site is the occurrence
of severe tornados. In general, the effects of.tornados, hurricanes, and
extratropical cyclones (i.e., normal winter storms and thunderstorms) should
be considered in the wind risk analysis. As discussed below, it is agreed
that tornado effects, which potentially create much larger loads, do not
contribute significantly to plant risk; thus, the effects of other wind loads
are implicitly included.

It is stated that all Millstone Unit 3 safety-related structures are of
reinforced concrete construction with wall thicknesses of at least 2 feet.
Except for some of the gquench spray system components, all other
safety-related components are contained in safety-related structures

(Ref. 4.5-1, Table 3.2-1).

Based on the analysis described in Section 1.2.5.1.1 of the Millstone 3 PSS,
it is stated that the frequency of exceeding the design tornado wind speed of
360 mph is approximately 5.4E-6/year. It is believed that this value is very
conservative, as discussed below. .

At the Indian Point site, which is approximately 100 miles away and is in an
area with higher tornado activity based on historic data, the mean maximum
tornado wind speed at the 1lE-7/year frequency level is 230 mph with an 80%
confidence range of 170 to 340 mph (Ref. 4.,5-2). Other independent point
estimates for the Indian Point site at this frequency level are 236 mph and
200 mph (Ref. 4.5-3). Note that these results-are significant.since the,
reported mean rate of tornado occurrence in the Millstone Unit 3 PSS is _
1.87E~4 per square mile per year, which is lower than the value of 2.4E-4/year
per square mile per year used in the Indian Point study (Ref. 4.5-2),

A recent technical paper by Twisdale gives velocity frequency curves for four
regions of the contiguous U.S. (Ref. 4.5-4). None of the'curves extend beyond
300 mph, Finally, using an approach developed by Reinhold (Ref. 4.5-5), the
mean frequency using a tornado occurrence rate of 1.87E-4 per square mile per
year was found to be less than 1E-8/year. It is concluded that the mean
frequency of occurrence of tornados with maximum wind speeds equal to. or
greater than 360 mph is less than 1E-8/year.

9This section is reproduced here from Appendix B, with minor editorial
changes, for the convenience of the reader.

4-13



On the capacity side of the problem, all safety-related structures are
designed, using code procedures and allowable strength values, to resist wind
speeds of 360 mph and associated tornado missiles. From a probabilistic
viewpoint, the frequency of structural failure or missile~induced damage given
a 360 mph tornado would be one to two orders of magnltude lower than the
frequency of the tornado occurrence.

Because of the extremely low mean frequencies of failure (i.e., on the order
of 1E~-9 to 1E-10/year), it can be safely concluded that tornado (and hence
other lesser wind types) effects are not significant. Even considering the
contribution of uncertainty, it is unlikely that the effects of wind would
contribute 51gn1flcant1y to the plant risk.

4.5.1 References for Section 4,5

4,5-1 Northeast Utllltles, “Flnal Safety Analysis Report Mlllstone Unit
3," 1982,

4.5-2 Pickard, Lowe; and Garrick, Inc., "Indian Point Probabilistic Safety
Study," prepared for Power Authority of the State of New York, and
Consclidated Edison Company of New York, Inc., 1982,

4.5-3 G. J. Kolb, et al., Sandia National Laboratories, "Review and,
Evaluation of the Indian Point Probabilistic Safety Study," USNRC
Report NUREG/CR-2934 December 1982.

4.5-4 L. A. Twisdale and W. L. Dunn, "Probabilistic Analysis of Tornado Wind
Risks," Journal of the Structural Division, ASCE Vol. 109, No. 2,
February 1983

4.5-5 T. A. Reinhold and B. Ellingwood, Brookhaven National Laboratory,
"Tornado Damage Risk Assessment," USNRC Report NUREG/CR-2944, ’
- September 1982,

4.6 Aircraft Accidents

The PSS analysis of on-site aircraft crashes is presented in PSS

Section 1.2.6.2., It includes a quantitative assessment of crash frequency
performed in accordance with NRC Standard Review Plan, Section 3.5.1. 6
(Ref. 4.6-1). The results of this assessment include the follow1ng total
frequency estimates for three classes ,of aircraft:

¢ general aviation u 1.5E-6/year
¢ commercial aviation 1.2E-7/year
. military aviation ' 3.4E-9/year

These numbers were calculated by considering aircraft‘operatlons at two nearby

airports and aircraft traffic (1nfllght) acc1dents in three nearby Federal
airways. '

Aircraft operations were considered at the New London-Waterford Airport, which
services only general aviation, and at the Groton-New London Alrport, whlch
sServices general, commercial, and military aviation, :
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The effective plant area susceptible to damage from general aviation was taken
to include only the unit 3 switchyard and determined to be 4.6E-3 square
miles. The effective plant area susceptible to damage from commercial and
military aviation was-taken to include the containment structure, auxiliary
building, control building, ESF building, main steam building, emergency
generator enclosure, and the unit 3 switchyard. This area was determined to
be 9.5E-3 square miles. These choices and areas are considered reasonable and
conservative.

The results of the quantitative assessment of airport operatlons were crash
frequencies of: .

. general aviation
New London - - Waterford 2.5E-7/year
Groton 1.2E-6/year

. . commercial (Groton) 1.1E-7/year

i military (Groton) ‘ 3.4E-9/year . -

Consideration of potential in-flight accidents in the three nearby Federal -
airways which could result in on-site aircraft crashes used an effective plant
area of 9.5E-3 square miles (the figure for commerc1a1 and military aircraft)
and ylelded the following crash frequenc1es.

Airway V-16 . e 1.1E-8/year
Airway V-58 . - 5.5E-10/year
Airway V-374 : . 1.5E~10/year

The overall results are consistent with the one-paragraph discussion of
aircraft hazards in FSAR Section 3.5.1.6 (Ref. 4.6-2) which states that, "A
study of the probability of aircraft which use nearby airports and airways
colliding with the safety-related structures of the Millstone site...concludes
that the aircraft accident probability would be less than 1.3E-7/year for a
number of years since no increase in air traffic is projected in the vicinity
of the site." The PSS, however, does not include any discussion of projected
air traffic. ' h ‘ '

The PSS analysis of crash frequencies is judged to be conservative, based on
their selection of conservative parameter values made in the screening
evaluation for the numbers and types of flights considered. Although there is
a brief discussion of the types of accident sequences that could be initiated
by an on-site aircraft crash no risk values were computed or presented in the
PssS.

The most likely cause of an on-site crash.identified in the evaluation is due
to general aviation, with a. frequency of 1.5E-6/year. The dominant '
contribution (1.2E-6/year) to this frequency comes from operations at the
Groton Airport. Such an accident is considered to have the potential of
initiating a loss-of-offsite-power accident sequence, but other (random) '
failures in the plant would be required to result in a core melt accident. In
effect, the high predicted frequency of on-site crashes for these relatlvely
lightweight ‘aircraft is offset a lower conditional probablllty of core melt,
given an accident 1n1t1ated by thls type of alrcraft.

An on-site crash by a heavier commercial or military aircraft has the
potential to initiate a greater variety of accident sequences, but these
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crashes have an order-of-magnitude smaller frequency of occurrence so that.
they are not significant contributors to core melt accidents.

The PSS analysié/df on~-site aircraft crashes concludes that such accidents do
not contribute significantly to plant risk on the basis of their low
frequencies and the low likelihood of such an accident resulting in a core
melt. We agfee that this conclusion is reasonable.

4.6.1 References for Section 4.6

4.6-1 " U.S. Nuclear Requlatory Commission, "Standard Review Plan,"™ USNRC.
Report NUREG-0800, Section 3.5.1.6, July 1981.

4.6-2 Northeast Utllltles, "Final Safety Analysis Report, Mlllstone Unit 3,
1982,

4.7 Hazardous Materials .

This section provides a review of the Millstone 3 PSS treatment of offsite and
on-site incidents invblving transportation and storage facilities for
hazardous materials. Transportation facilities considered in the PSS were
road, rail, and waterway traffic routes. Also considered were on-site storage
facilities and nearby gas and oil pipelines. The conclusion of the PSS was
that none of the sources of hazardous material would pose significant risk to
the plant in terms of potential core - melt initiation. This conclusion seems
reasonable, based on the results of other PRA studies and the PRA Procedures
Guide (Ref. 4.7-1). Nevertheless, the Millstone 3 PSS arrived at this
conclusion using a limited and somewhat arbitrary analysis for screening
potential risk contributors.

4.7.1 Identification and Screening of Hazardous Materials Initiators

The potential for core melt initiated by on-site or offsite sources of
hazardous materials was assessed by considering road, rail, and water
transport routes and on-site and offsite storage facilities and pipelines.

Highway routes proximate to the Millstone site reported in the PSS include
Interstate 95, which passes within four miles; U.S. Highway 1, passing within
three miles; and State Highway 156 within 1.5 miles. The PSS concludes that
because of the distance between the plant and these routes, no accident
1nvolv1ng explosions or toxic materials could impact the plant. The PSS makes
no estlmate of the frequency of accidents on these routes or of the amount of
attenuation provided by atmospheric dispersion. Our own estimate reveals that
under adverse conditions (F stability, 1 m/s wind velocity), the atmosphere
would dilute a toxic substance released on any of these routes by at least a
factor of 104 before the plume reached the plant.

On-site-transport of hazafdous materials to Millstone. is stated to involve
truck-size quantities of hydrogen, sulfuric acid, and sodium hydroxide. Two
of these materials (sulfuric acid and sodium hydroxide) are shipped to the
plént every six weeks.. The PSS concludes that on-site road transportation
would not pose significant risk to the plant. No estimate of .accident
frequencies or consequences was made to support this conclusion.



The. Millstone site is traversed by the Conrail/Amtrak rail system. Eighteen
passenger trains and one freight train pass daily along tracks near the site.
The PSS estimated the probability of rail shipment accidents and the
consequent potential for missile generation, unconfined vapor cloud explosion,
and control room unlnhabltablllty. The aggregate frequency of such accidents
is estimated to be 8.2E-7/year. Damage to safety-related structures as a
result of railroad accident missiles is estimated to be no greater than
2.0E-8/year. The unconfined vapor cloud explosion is estimated to have a
frequency of 8.4E-9/year.” Control room habitability following a release of
propane is determined to be a sub-lethal 19. 3 g/m”, However, the
inflammability of this concentration within the control room is not
discussed. Because of these low (and, judging from the use of two and three
significant figures, highly accurate)-estimated frequencies, railroad
accidents are judged to be insignificant contributors to plant risk.

Water traffic on Long Island-Sound in the vicinity of- the site is stated to
average 12 ships per day. It.is stated that no oil barges pass within two
miles of the site. “No consideration is given to other hazardous material
transportation on the sound. Consideration is given to possible damage of the
service water pumphouse by runaway barges, but it is found that the service
pumps would not be impaired by this event. Thus, it is concluded that/
waterway traffic does not contrlbute significantly to plant rlsk. Again, mno
quantitative estimates were ‘made to/ support this conclu31on. ’

Hydrogen and liquid chlorine are stated to be ‘the only hazardous materials
stored on-site in quantities greater than 100 pounds. The PSS, using
information in the FSAR (Ref. 4.7-2), concludes that the hydrogen storage
facility poses a negligible hazard. However, no quantitative estimate of
explosion probability was made in support of this conclusion.’

According to the PSS, chlorine is stored in two railroad tank cars
approximately 1400 feet from the unit 3 control room air intakes. An analysis
performed in the FSAR shows that the control room could be made uninhabitable
if one of these tank cars were to rupture. To mitigate the consequences of
this event, a chlorine -detéction system has been planned for unit 3. This
system is described as providing warning and an automatic changeover to a
closed-air recirculation system for the control room. The PSS states that
because chlorine tank ruptures are rare and because of the mltlgatlng
features, the on-site storage of chlorine does not contribute significantly to
plant risk. Again, no gquantitative estimate-of the frequency of hazard '
occurrence is used to support this conclusion. As a minimum, some estimate of
both tank rupture frequency and the expected infiltration rate into the
control room (during closed circulation mode) should have bheen provided. The
NRC staff has found that large discrepancies exist between the leak-tightness
of control ventilation systems as specified in des1gns and that measured 1n
actual operating plants. , )

It was reported in the PSS that no major gas transmission lines pass within
five miles of the Millstone site, that the nearest gas distribution line is
approximately three miles from the site, and there are no oil transmission or
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distribution lines located within five miles of the site. On the basis of
this information, it is concluded that pipelines do not pose a credible risk
to the plant and we concur.

4.7.2 Comments

In reviewing the treatment of hazardous materials as contributors to plaht
risk at Millstone 3, we applied three questions:

(1) Was consideration given to all potential sources?
(2) What screening criteria were used to identify important contributors?
(3) Were these screening criteria applied appropriately?

The answer to the first question is that the PSS did not make clear what
procedure was used to ensure that all potential external events were
considered and that all the significant ones were selected for detailed risk
studies. In applying the second question, we found no well- defined screening
criteria for eliminating insignificant contributors to risk. Yet all sources
of hazardous material on and near the Millstone site were determined to be
insignificant contributors to risk in the PSS. The only source for which a
numerical estimate of potential risk was made was rail shlpments of propane.

* In this case, the numerical estimate reveals that 1ndeed the source is a small
contribution. However, we are asked to accept the PSS judgment that all other
sources are insignificant risk contributors. Flnallyp because the screening
criteria were not explicitly stated, it was not possible to determine whether
they were applied appropriately or consistently.

4.7.3 References for Section 4.7
4.,7-1 U.S. Nuclear Regulatory Commission, "PRA Procedures Guide - A Guide to
the Performance of Probabilistic Risk Assessments for Nuclear Power

Plants," USNRC Report NUREG/CR-2300, January 1983,

4,7-2 Northeast Utilities, "Flnal Safetv Analys1s Report, Millstone Nuclear
Unit 3," 1982, . ‘ . . ’

4.8 . Turbine Missiles

The PSS analysis of the contribution to core melt probability from accidents
that produce turbine missiles is presented in PSS Section 1.2.8. The material
presented is essentially a summary of FSAR Sections, 3.5.1.3, .3.5.2 and 3.5.3
(Ref. 4.8-1). The PSS and SAR state that the probability estimates were
developed using the approach described by Bush (Ref. 4.8- 2) in which the
following expression is evaluated.

P4 = Pl x P2 x P3 S (4-8)
where

Pl - frequency of missile generating turbine fallures per year of
turbine operatlon

P2 - conditional probability of a missile striking a critical
structure or component, given missile generation
4-18



P3 ~ conditional probability of a missile causing significant
damage, given that it strikes a critical structure or component.

Two mechanisms for turbine failure are considered: ductile fracture of
rotating turbine parts under abnormal overspeed conditions and brittle
fracture at or near operating speed caused by material defects or stress
corrosion cracking. The source of the Pl probability used in the PSS
calculations, however, is a memo report (Ref. 4.8-3) from the turbine vendor
(GE) that does not consider stress corrosion cracking. The probability values
are (only the 30-year numbers are presented in the report): ‘

Condition or Per 30-yr
fracture type : - plant life Per year

Brittle fracture ‘ : . .
(rated speed failure) . 2.6E-7 8.7E-9

" Ductile fracture .
(overspeed failure) 1.5E-7 5.0E-9

Total fracture 4.1E-7 1.4E-8

The probability of missile strike (P2) was calculated using a computer program
which was not described.

The probability of the missile causing significant damage (P3) was evaluated
using criteria from Bush (Ref. 4.8-2).

The overall results for P4 is a total probability of damage of 7.5E-9 for the
30-year life of the plant, or 2,.5E-10/year, based on the total Pl probability
of 4.1E-7/plant life provided by GE. This low probability does not account
for recent NRC concerns with stress corrosion .cracking.

The review identified two areas of concern in the PSS analysis. These are:
(1) the effect of stress corrosion cracking on the Pl probability and (2) the
assumption that one, and only one turbine wheel fractures during an incident.

The PSS acknowledges that the first concern exists and provides a "bounding"
calculation for P4 using the Pl value of 1E-4 recommended in NRC Reg.

Guide 1.115 which results in a turbine missile damage frequency of "only
slightly above 1lE~-6/year,” which the PSS judges to be acceptablé due to the
conservatism in the overall analysis. (The P4 value is 1,8E-6/year, based on
the P2 and P3 numbers shown in the PSS.)

We note that the use of a Pl value of 1-E4/year produces a P4 value not in
compliance with Reg. Guide 1.115, although this point is not important to this
review. It is not clear, however, whether or not 1E-4/year is an appropriate
Pl value to use in this analysis. Given the current state of the art in this.
area, and in the absence of better information regarding the value of Pl, we
would agree that the current PSS results for P4 are reasonable and acceptable,
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The assumption that one, and only one turbine wheel fractures during an
incident is considered realistic, although the PSS provides no discussion or
justlflcatlon for it. .

The PSS analysis of turbine missiles concludes that they do not significantly
contribute to overall plant risk on the basis of their low frequencies.. We
agree that this conclusion is reasonable.

References for Section 4.8

Northeast Utilities, "Flnal Safety Analysis Report, Millstone Unlt 3,"
1982, '

S.H. Bush, "Probability of Damage to Nuclear Components Due to Turbine
Failure," Nuclear Safety, Vol. 14, No. 3, May-June 1973.

General Electric Company, "Hypothetical Turbine Missiles - Probability
of Occurrence,"” Memo Report, March 1973, cited in G.C.K. Yeh,
"Probability and Containment of Turbine Missiles," Nuclear Ehginéering
and Design, Vol. 37, 1976.



5. SUMMARY AND CONCLUSIONS

5.1 Dominant Sequences Corresponding to Each Plant Damage State

5.1.1 -~Internal Events

A simplified requantification was performed for the internal event sequences
affected by the review's findings. The requantification process used and the
results are presented in this section.

All of the suggested modifications to the internal events analysis that are
described in Section 3 have been included in this simplified requantifica-~
tion. The results should be used with care, and due consideration given to
potential shortcomings in these results arising from the necessarily -
simplified methods used to perform the requantification. - The following
assumptions and limitations are applicable and should be kept in mind when the
results are examined.

In general terms, the use of support state methodology significantly
reduces the PRA's ability to identify subtle inter-system dependencies
(see Section 3.10.2). The use of this methodology also affects the review
process by effectively making it impossible to determine that all
dependencies have been adequately treated. For this reason, it is not
possible to provide assurance that.no dependencies exist that could
significantly affect the results of the requantification.

The initiating event categories and frequencies used are the revised
events and frequencies discussed in Section 3.1 and summarized in
Table 3.1-1 under the column titled "Point est.”

Requantiflcatlon is based on the revised event trees presented in -

Section 3.2, Event probabilities are generally taken from the PSS, except
for system failure and human error events, and for the recirculation pump
seal LOCA during station blackout (event S2 for support state 7) as
described in Section 3.2.3.1.

. With tWo exceptions, the models and data used in the PSS to assess system

failure probabilities and support state probabilities were evaluated as
reasonable and used in the requantification.

The first exception is for LOSP in. support states 6 and 7, where the
data used in the PSS for diesel generators was evaluated as optimistic
and discussed in Section 3.6. Using the revised diesel generator data,
the support state failure probabilities changed from 0.014 to 0.04 for
support state 6 and from 0.00018 to 0.002 for support state 7.

~ The second exception concerns a modeling deficiency involving the DC
batteries, vital AC power supplies, and the emergency-generator load
sequencers. The deficiency, which is particularly important during
LOSP events, is discussed in Sections 3.4 and 3.10. The
requantification did not treat this issue because the significant
effort that would have been required is outside this review's scope.
This is a limitation on the results of the requantification.



. The operator action failure probabilities used are the revised and

appended values discussed in Section 3.5 and summarlzed 1n Table 3.5-1 1n
the column titled "Review assessment."

. The entire requantifiéation effort was performed and checked"b? hand. No
independent review of these results has been performed.

* In order to perform the requantification in a time frame and level of
effort in keeping with the scope of the review, it was”neéessary to
truncate the analysis at 1E-7/RY for any given sequence. Thus, no
sequences of lower frequency are accounted for, This means two things:
(1) plant damage state frequencies around 1E-7 have inherently greater
uncertainty than those of higher frequency since truncated sequen¢es could
contribute significantly to them; (2) plant damage states which have no
review estimate value given are not necessarily lower than 1E-7 - they
simply do not have any sequences of 1E-7 or greater contributing to them.
These limitations must be kept in mlnd when using the requantification
results.

5.1.2 Requantification Results

The results of the requantification discussed above are présented in this
section. It is very important to remember that these results should not be
presented without reference to the assumptions and limitations'discussed in
Section 5.1.1. Table 5.1-1 presents the review requantification estimate for
each plant damage state and compares it to the mean value from the MP 3 PSS.
Table 5.1-2 presents the dominant sequences whose frequencies are at least
1E-7/RY for each plant’ damage state as determined by the requantification.
The format of the sequence representation is the same as in the PSS. A legend
to aid in interpreting the sequence representations is provided at the end of
the table. The remainder of this section discusses the reasons for major
differences between the PSS mean value and the review point estimate value in
certain plant damage states’ - :

5.1.2.1 Small LOCA with Early Core Melt

The principal reason for the increase 'in the-frequenéy‘of these plant damage
states (SEC, SE) is the transfer of long-term station blackout sequences with
secondary cooling states from the equivalent plant damage states (TEC, TE).
This is discussed in Section 3.2.3.1. Other'changes made prior to this
transfer also had an effect on these plant damage states. These two damage
states and SEC' were affected by the reduction of the small LOCA frequency
{see Section 3,1.2.8) and the inclusion of operator error OA-2-E (see
Sections 3.2.1.1 and 3.5.1.4). . The net effects of these two changes were
insignificant, as they essentially offset one another. ' The re-evaluation of
ATWS, which is discussed in detail in Section 3.2.,2.5, resulted in increasing
the frequency of damage state SEC-by a factor of 3. - Although many of the ATWS
modifications had an effect, the increase is due primarily to the assumption
that RCS pressure in excess of Service Level C results in core melt. ?his
increase in SEC from ATWS is not important in the final results since its
contribution is not significant compared to the contribution transferred from
the long-term station blackout séquences. -



Table 5.1~-1 Plant damage state frequencies for internal events (per reactor-year).

PSS Review

Name Description mean estimated
AEC Large LOCA, early melt 1.92E-06 8E-7
AEC! Large LOCA, early melt, failure of recirculation spray 4,.17E-09 -—
AE Large LOCA, early melt, no containment cooling 2,.68E-09 -
ALC Large ILOCA, late melt i 5.448-06 2E~-6
ALC'  Large LOCA, late melt, failure of recirculation spray 4.88E-07 1E-7
ALC" Large LOCA, late melt, failure of quench spray 3.42r-09 --
AL Large LOCA, late melt, no containment cooling 3.36E-10 -
SEC Small‘LOCA, early melt 1.12E-06 2E-5
SEC' Small LOCA, early melt, failure of recirculation spray 2,76E-09 -
SE Small LOCA, early melt, no containment cooling 1.17-07 6E~
S'EC  Incore instrument tube LOCA, early melt -- 4E-7
S'E ‘Incore instrument tube LOCA, early melt, no cont. cooling 1.83E-09 -
SLC Small LOCA, late melt 9.81E-06 3E-5
SLC' Small LOCA, late melt, failure of recirculation spray 4.79E-07 1E-6
SLC" Small LOCA, late melt, failure of quench spray 5.77E-08 -
SL Small LOCA, late melt, no containment cooling 2,73E-09 -
S'L Incore instrument tube LOCA, late melt 3.35E-10 1E-7
TEC Transient, early melt 1.818-05 3E-5
TEC' Transient, early melt, failure of recirculation spray 3.46E~-07 8E~7
TE Transient, early melt, no containment cooling 5.31E-06 2E-6
TLC Transient, late melt - 2E-6
V2EC Steam generator tube rupture, steam leak, early melt 1.11x-07 2E-6
V2EC' SGTR, steam leak, early melt, failure of recirc. spray 1.03E-09 "1E-7
V2E SGTR, steam leak, early melt, no containment cooling 1.29E-08 --
vaLc SGTR, steam leak, late melt 2,76E-09 -
V2LC' SGTR, steam leak, late melt, failure of recirc. spray 1.492E-10 --
V2LC" SGTR, steam leak, late melt, failure of quench spray 1.77E-11 -
V2L SGTR, steam leak, late melt, no containment cooling 8.40E-13 -
v Interfacing systems LOCA 1.90E-06 8E-7

TotalP 4.53E-05 1E-4

AThe review estimates provided are estimates based on a number of
simplifying assumptions and subject to a number of limitations discussed in

Section 5.1.1. The reader is cautioned to keep these assumptions and

limitations in mind when considering the various potential implications of
these results.

bry ig important to note that the increase in the plant damage state

frequency does not necessarily immediately imply a correspondlng increase in
overall public risk.



Table 5.1-2 Dominant sequences by plant damage state (all values
per reactor-year).

Plant damage stafe Dominant sequences

Name Frequency ~ Name Frequency

AEC 8E-7 E2(1)/ACC 6E-7 -

’ E1(1)/ACC 2E~7

ALC 2E-6 E2(1)/R2 ' 2E-6

E1(1)/R1l AE-7

ALC! 1E-7 E2(1)/R2/R3 - - 1E=7

sEC 2E-5 ' E14(7)/E60/£E120 2E-5

' E3(1)/0A2E " 1E-6

E7(1)/RPS{(M)/TT/PL 7E-7

E7(1)/RPS{(M)/PL E=-7

E7(1)/RPS(M)/TT/PR/OABR 2E-7-

E8(1)/RPS(M)/TT/PL " 2E-7

E8(1)/RPS(M)/PL 2E=7

E14(7)/E60/0A7' 2E-7

E3(1)/OAGE ’ 1E-7

El4(7)/S2/0A7! 1E-7

SE 6E-6 E14(7)/E60/E120/0S" " BE-6

S'EC 4E-7 E15(1)/OA2E 4E-7

SLC 3E-5 : "E3(1)/R2 7E-6

E3(2)/R2 5E-6

E15(1)/R2 3E-6

E20(2)/AF1/R2 3E-6

E21(2)/AF1/R2 3E-6

E7(2)/PCS/AF1/R2 1E-6

E8(1)/AF1/R2 1E-6

E17(2)/AF1l/R2 : 7E-7

E5(2)/AF2/R2 ’ 5E-7"

E7(1)/PCS/AF1l/R2 4E-7

ES(2)/AF1l/R2 3E~-7

E4(2)/AF2/R2 . 2E-7

E14(7)/E60/S2/R2 ‘ 1E~7

E5(1)/AF2/R2 1E-7

SLC! 1E-6 E3(1)/R2/R3 SE-7

E3(2)/R2/R3 2E=7

E15(1)/R2/R3 2E-7



Table 5.1-2 (Continued).

Plant damage state

Dominant sequences

Name Frequency Name Frequency
E20(2)/AF1/R2/R3 “1E-7
E21(2)/AF1/R2/R3 1E-7
S'L 1E-7 E15(1)/QS/0A9 1E-7
TEC 3E-5 E18(2)/AF1/0A7 2E-5
E8(1)/AF1/0A7 5E-6
E7(1)/PCS/AF1/0A7 2E-6
E20(2)/AF1/0A7 1E-6
E21(2)/AF1/0A7 1E-6
E14(7)/AF1/E60/E120 1E-6
E14(7)/AF1l/E60 8E-7
E14(6)/AF1/0A7 8E-7
E5(1) /AF2/0A3 6E~7
E7(2)/PCS/AF1/0A7 5E-7
E17(2)/AF1/0A7 AE-7
E4(1)/AF2/0A3 3E-7
E5(2)/AF2/0A3 2E-7
E8(2)/AF1/0A7 2E-7
E4(2)/AF1/0A3 1E-7
E13(1)/AF1/0A3 1E-7
TEC' 8E-7 El8(2)/AF1/0A7/R3 8E~7
TE 2E-6 E20(4)/AF1/0A7/QS 8E-7
E18(4)/AF1/0A7/0S - 4E-7
E14(7)/AF1/E60/E120/0QS" 3E-7
E18(2)/AE1/OA7/QS 2E-7
TLC 2E-6 E4(1)/0Al0 2E-6
V2EC . 2E-6 E4(1)/OA6E 2E-6
V2EC!' 1E-7 E4(1)/0A6E/R3 1E-7
\Y 8E-7 El6 8E-7




Table 5.1-2 Legend

Initiating events

El
E2
E3
E4
ES

Support states

(1)
(2)
(4)
(6)
(7)

Large LOCA
Medium LOCA
Small LOCA

Steam gener

ator tube rupture

Steamline break inside containment

Power conve

rsion system available

Loss of power conversion system

Spurious sa

Loss of off

Incore inst

fety injection
site power

rument tube rupture

Interfacing systems LOCA

Loss of a s
Loss of a s
Loss of vit

Loss of vit

All support

~ One support

ingle service water train

ingle vital DC bus
al AC bus 120-VAC-1 or 120-VAC-2
al AC bus 120-VAC-3 or 120-VAC-4

’

systems available

train unavailable

All ESF signalsvunavailable

LOSP, one support train unavailable

LOSP, both

support trains unavailable

Dominant sequences by plant damage state

Events
ACC
AF1l
AF2

E60
E120

OAZ2E
OA3

"Failure of

Failure of
Failure of
Failure to

Failure to

Operator ov

Operator fa

accumulators

auxiliary feedwater

auxiliary feedwater (SGTR and steamline breaks)
restore offsite power in 1/2 to 1 hour

restore offsite péwer in 1 to 2 hours
erthrottles HPI resulting in inadequate flow

ils to establish primary bleed



Tablé 5.1-2 Legend (Continued).

OAGE ‘Operator erroneously terminates -high pressure injection

OA7(OA7') Operator fails to establish primary bleed and feed

OA8R Operatof fails‘to establish HPI during ATWS consequential LOCA
OA9 Operator fails to delay‘récircuiation when sump empty

OA10 Operator fails to control HPI during SGTR

PCsS Failure of péwer conversion system .

PL ‘ATWS pressure spike exceeds Service Level C (unfavorable MTC)
PR Consequential LOCA dﬁe to moderate ATWS pressure spikg‘
‘ Qs Failure of quénch épray )

as!? Failure to recover'quench spray - failure to restore'offsite

power in 2 to 8 hours - " '

RPS(M) - Failure to scram - mechanical féilure of RPS

R1 Failure of low pressure recirculatioﬁ

R2 Failure of high pressure recirculaﬁion

R3 Failure of containmeht spray recirculation

S2 Consequential small. LOCA

T ATWS turbine trip fails

5.1.2.2 1Incore Instrument Tube Rupture with Early Core Melt

The principal reason for the increase in the frequency of this plant
damage state (S'EC) is our inclusion of the procedural error OA-2-E.
This error, which was not considered in the PSS,.accounts for the
operator overthrottling the high pressure injection system when
attempting to take control of it during these sequences. Our evaluation
is discussed in detail in Sections 3.2.1.1 and 3.5.1.4.

5.1.2.3 Small LOCA with Late Core Melt

The principal reason for the increase in the frequency of these plant
damage states (SLC, SLC', S'L) is our rejection of the PSS assumption
that it is possible to avoid the need for recirculation by conserving
RWST inventory for these events. A detailed discussion of this subject
is contained .in Section 3.2.1.6 of this report. Adding the need for
recirculation to these events created a new set of core melt sequences, -
and the PSS recirculation failure probability was high enough to raise
the frequency of these damage states.

5.1.2.4 Transients with Early Core Melt

The principal reason for the frequency of ‘these plant damage states (TEC,
TE) either remaining approximately the same or decreasing is the transfer
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of some of the long~term station blackout sequences, which would have
been dominant contributors, to the small LOCA plant damage states (SEC,
SE) as described in Section 5.1.2.1 and discussed in Section 3.2.3.1, It
is important to note, however, that the frequency of the sequences which
were transferred to other plant damage states, and the frequency of the
loss of offsite power sequences which remain in the TEC and TE plant
damage states, increased due to our feanalysis. The remainder of this
section discusses the reasons for the increase, and thus also applies to
plant damage states SEC and SE., It should also be noted that the large
increase in the frequency of loss of a DC bus had a significant effect on
the TEC and TE damage states. :

There are two principal reasons for the increase in the frequency of the
long—~term station blackout sequences. The first is the increase in the
support states 6 and 7 probabilities discussed in Sections 5.1.1 and

3.6. The second is the change in recirculation pump seal failure
probability discussed in Section 3.2.3.1. These items, in combination,
contribute most of the increase in frequency of these sequences. It is
important to note that the modeling deficiency concerning loss of offsite
power discussed in Section 5.1.1 might have caused a greater increase in
the frequency of these sequences if it could have been treated in the
review. It is also worth noting that the use of unmodified EPRI recovery
factors for loss of offsite power (rather than the PSS modified values),
with the assumption that RCP seal LOCA occurs at 30 minutes, would have
resulted in additional increases in the frequency of three of the four
plant damage states affected by these sequences. Damage state SEC would
have increased by an additional 25%, which would not have affected our
results; damage state TE would have increased by an additional factor of
2, to 4E-6; and damage state SE would have increased by an additional
factor of 3, to 2E-5.

5.1.2,5 Transients with Late Core Melt

The principal reason for the increase in the frequency of this plant
damage state (TLC) is inclusion of operator action OR-10 for steam .
generator tube rupture events. This action represents a requirement that
the operator must act to reduce primary system pressure by controlling
HPI flow for steam generator tube rupture events where both auxiliary -
feedwater and high pressure injection are functioning. This requirement,
which was not considered in the PSS, is evaluated and discussed in detail
in Section 3.2,2.2.

5.1.2.6 Steam Generator Tube Rupture with Steam Leak and Early Core Melt

The principal reason for the increase in frequency of these plant damage
states (V2EC, V2EC') is inclusion of operator action OA-6-E. This error,
which was not considered in the PSS, accounts for the operator
misdiagnosing the plant conditions and terminating high pressure
injection when it should not be terminated. The error is evaluated and
discussed in detail in Sections 3.2.1.1 and 3.5.1.5.

5.1.2,7 Interfacing Systems LOCA

The principal reason for the decrease in the frequency of this plant
damage state (V) is requantification of the initiator frequency, which is-
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evaluated and discussed in detail in Section 3.1.2.7t.‘This re-analysis
does not include the considerations discussed in Section 3.9, -which would
reduce interfacing systems LOCA probability even further.

5.1.3 -External Events

The external event analysis presented in the PSS was not as detailed as
the internal event analysis. Although, in general terms, the range of
external event types considered is reasonable and consistent, detailed
evaluations were performed only for earthquakes”and fires. All other
external events were dlsmlssed ‘on the ba31s of screenlng evaluations
performed in a cursory manner.

The seismic evaluation presented in’ the PSS was substantially revised by
Amendment 2 to the PSS. Both the. seismic hazard and selsmlc fraglllty
assessments were extens1vely revised. - The original core melt frequency
due to seismic events of 9.4E-5 per reactor year (RY) was the dominant
contributor to core melt events from all causes. The seismic core damage
frequency in PSS amendment 2 of 1.7E-5/RY is still a significant
contributor to total core damage frequency. The revised evaluation
utilized extensively modified hazard and fragility curves. LLNL reviewed
only the revised fragility evaluation. '

A further revision in PSS Amendment '3, dated November 1984, is purported
to correct mathematicai errors in the Amendment 2 analysis. This
resulted in an insignificant reduction in the Amendment 2 seismic core
melt frequency to ?.lE—G/RY. Amendment 3 has not been reviewed by LLNL.

Fire events were estimated to contribute 4.8E-6/RY, or about 5% of the
total core melt probablllty in the PSS. A simplified requantlflcatlon,
based on a sen51t1v1ty analysis, resulted in an increase by a factor of
about 6 to 2.8E-5/RY in this contribution.

The remaining external events considered were -evaluated as insignificant
in the PSS. Our reV1ew agreed with this flndlng for extreme winds,
aircraft accidents, and turbine missiles, but there are significant
disagreements for'the'other external events, as outlined below.

An uncertainty assessment was not performed for external

flooding. The margin of safety above de51gn flood elevations
is very small.

The estimated frequency of core melt due to internal flooding
ig too large to dismiss on the basis of a screening anaiysis.

The evaluation of hazardous materials as an 1n51gn1f1cant
. contributor to core melt frequency lacked justification ir
severalAareas, e.g., on-site chlorine storage and on-site

transportation of various toxic materials.



5.2 Treatment of Uncertainties

This section reviews the quantification and propagation of uncertainties
in the Millstone 3 PSS. Consideration is given to the methods used to
identify, quantify and propagate uncertainties. The PRA procedures guide
(Ref. 5.2-1) ‘states that: - .

Uncertainty analysis is an integral part of a risk
assessment regardless. of scope. There are
uncertalntles in every step of a PRA, and some of them
may be large. Whether qualitative or quantitative in
nature, the analysis considers uncertainties in the

~data base, uncertainties arising from assumptions in
modeling, and the completeness of the analysis. To the
extent possible, these uncertainties are propagated
through the analysis. Where this is impractical, a
sensitivity analy51s provides 1n51ght into the p0551b1e
range of results.

Ideally, the treatment of'uncertainty in a PRA should include three'elements:
(1) random variability in component performance data, (2) inaccuracies in the
models used to assess system performance, and (3) failure to include all the
important sequences (completeness). The uncertainty contributed by random
variability consists of plant-to-plant variations and the random distribution
of ‘component failure data. Uncertainty contributed by model errors results
from the aggregation of entities and processes into state variables and
functions, and the exclusion of other entities and processes - procedures that
inevitably undercut the accuracy of a model. Completeness uncertainties are
related to the inability of the analyst to fully evaluate all contributions to
risk. The Millstone PSS addressed all three elements of uncertainty. However,
the attention given to completeness was quite limited when compared to the
treatment of parameter and modeling errors.

The PRA procedures guide suggests that each type of uncertainty (i. e.,
parameter, modeling and completeness) can be characterized either .
qualitatively or quantitatively. The extent to which uncertainty is..
quantified defines four levels of uncertainty analysis. The first level
consists of a qualitative treatment of all three uncertainty elements. The
Limerick PRA (Ref. 5,2-2) provides an example of this level of analysis. The
second level is characterized by a quantitative treatment of data uncertainty
and a qualitative treatment of modeling and completeness uncertainties as was
done in the German Risk Study (Ref. 5.2-3). The third level involves
quantitative treatment of data and modeling uncertainty with qualitative
treatment of completeness errors. The fourth level includes a quantitative
treatment of all three uncertainty types. This type of uncertainty analysis
was used in the Zion study. The Millstone 3 PSS can be characterized as
providing quantitative treatment of parameter and modellng uncertainty with
limited qualitative treatment of completeness uncertainties. The Millstone 3
PSS treated uncertainties for both 1nterna11y and externally initiated
events. In general, the treatment of uncertainties for internally initiated
events involved more detail and rigor than that for externally initiated
events. To some extent, this is because much of the uncertainty in the
internal -events results from random variability in failure. Propagating these
variations through fault and event trees is a straightforward process. 1In
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contrast, much of the uncertainty in the external events analysis results from
uncertainties in the models and questions of completeness. The uncertainty
analysis in the PSS is encumbered by the limited consideration given to
questions of completeness in the external events analysis.

5.2.1 Treatment of Uncertainties for Internal Events

The Millstone 3 PSS treats uncertainties in the estimates of risks contributed
by internal events using a combination of what the authors call the methgd_of
moments® and discrete probability distribution (DPD) arithmetic. The PSS
identifies and propagates uncertainties in the core melt frequency evaluation
originating from the following sources:

(1) 4initiating event frequencies
(2) system unavailabilities
(3) frequency of core melt

Table 5.2-1 provides a summary of each source of uncertainty and how it was
treated in the PSS. 'Discussion of these sources of uncertainties and comments
about their treatment is provided in the following paragraphs. The PSS also
treats uncertainties in the analysis of containment failure, source term and
public consequences. These uncertainties are not discussed here.

The frequencies of initiating events at Millstone 3 were described by the mean
and variance of an assumed log normal distribution. The frequency of common
transients was obtained using classical estimation methods. In these cases,
the initiating event frequency was treated as-a.random variable, whose ,
distribution reflects inherent plant-to-plant variability. The distribution
parameters for these events were obtained. by matching the moments of the .
population data to the moments of a lognormal distribution. ' For those events
which have not occurred, a Bayesian approach was used. A-distribution was-
established to represent . the prior state of knowledge about the frequency of a
particular event. This distribution was then revised, via Baye's theorem, to
reflect observed operating.experience. The resulting distributions were fit
to a lognormal distribution in order to obtain uncertainty parameters.

System unavailability (failure/démand) was calculated from the system fault
trees using the WAMCUT computer code. The WAMCUT code uses the method of
moments to propagate variance of individual components to an overall variance
in system unavailability. .The method of moments uses the moments of. component
distributions to determine the moments of the system distribution. Random
component failures and the variance in these failures were obtained primarily
from a proprietary Westinghouse data base..

Uncertainty in the frequency of core melt was obtained by propagating the
variance of top event unavailabilities through the event trees using DPD
arithmetic. The top evepggunavailabilities or system unavailabilities for
each évent treevwgfe'quaﬁfified using system fault trees, . Each top event mean

“°The procedure described in the PSS as the method of moments is simply
elementary probability theory of functions of random variables.
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Table 5.2-1 Sources of uncertainty and their treatment in the Millstone 3 PSS.

T

Type of -

Source of uncertainty uncertainty Treatment
Initiating event frequencies . : - Data/model -Calculated variance
System unavailabilities Model : " Method of moments
Frequency of core melt- : Model - - . DPD arithmetic

unavailability has an associated variance. The top event unavailabilities are
multiplied through the event trees to obtain the probability of each event
tree sequence for each support state. The resulting damage state
probabilities were then multiplied by the corresponding support state
probability. Uncertainty in the damage state frequency (i.e., core melt) was
obtained by propagatlng top event: variances through the event trees using DPD

arithmetic.

5.2.2 Treatment of Uncertainties for External Events

The.Millstone 3 PSS reviewed earthquakes, fires, external flooding, internal.
flooding, extreme winds, aircraft accidents, hazardous materials, and.turbine
missiles as external initiators. that. could contribute significantly to plant
risk. The PSS found only fires and seismic events to be important to risk.
The selection of these two external events for detailed analysis was based on
a preliminary screening of all external events. This screening used estimates
of frequency and consequences as a basis. for excluding external events that
were not considered to be significant risk contributors. Since fires and
earthquakes were the only events selected for detailed analysis, these were
the only events for which the uncertainty in the analysis was treated. Thus,
there was no formal treatment in the PSS of the uncertainty associated with
risks contributed by external flooding, internal flooding, extreme winds,
aircraft accidents, hazardous materials, and turbine missiles.

The treatment of uncertainties in the analysis of earthquakes and fires was
quite limited in scope relative to the internal events analysis. In both
cases the uncertainty analysis was limited to dominant accident -sequences of
the plant logic models which were simplified versions of. the plant logic
models used for the internally-initiated events analysis.

5.2.3 Comment: on the Treatment of Uncertainties

The task of identifying, quantifying, and propagating uncertainty in a PRA can
be both amorphous and formidable. There is not yet an established literature
on this subject. For this reason, the Millstone 3 PSS should be commended for
dealing with the difficult task of quantifying uncertainties. However, it
should also be recognized that several aspects of the uncertainty analysis in
the PSS were incomplete or questionable. The propagation of random
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variability through fault and event trees is consistent with the state of the
art. Uncertainty arising from modeling assumptions was treated using DPD
arithmetic. Little effort was made to treat uncertainty arising from the
completeness of the analysis. In addition, the PSS did not attempt to
quantify uncertainties contributed by initiating events that were excluded
from further analysis by a screening calculation. This is a consistent
problem in the external events analysis. As an example, because a rough point
estimate of the risk contributed by some external events.(i.e, internal )
flooding, external flooding, hazardous materials). indicated that their risk
was low, they received no detailed analysis. Thus, no uncertainty analysis
‘was performed for these initiators. However, these events might become
important contributors to risk when uncertainties about frequency of
occurrence and propagation sequences are considered. A more complete
treatment of uncertainties would include additional work on the contribution
to risk of these excluded events. In particular, the analysis performed for
internal flooding was of such a limited nature, with a relatively large point
estimate and potentially large uncertainty, that a more detailed analysis of
internal flooding would be desirable.

5.2.4 References for Section 5.2

5.2-1 U.S. Nuclear Regulatory Commission, "PRA Procedures Guide - A Guide to
the Performance of Probabilistic Risk Assessments for Nuclear Power
'Plants," USNRC Report NUREG/CR-2300, January 1983,

5.2-2 Philadelphia Electric Company, "Probabilistic Risk Assessment, Limerick

Generating Station," U.S. Nuclear Regulatory Commission Docket Numbers
50-352, 50~353, 1981.

5.2-3 Electric Power Research Institute, "German Risk Study - Main Report: A
Study of the Risk Due to Accidents in Nuclear Power Plants," Enqllsh
‘Translation, EPRI Report NP-1804-SR, 1981,

5.3 Insights

The insights gained from the review and requantification of the MP 3 PSS are
separately described for internal and external events in the following
sections. Since the requantification effort covered only internal events, the
insights described for external events, particularly for seismic initiators,-
are necessarily more limited in their overall usefulness. They nevertheless
provide a relatively concise description of’ general observatlons about the PSS
made in the course of the rev1ew.

5.3.1 Internal Event Insights

The description of internal event insights is divided into two sections: one.
to describe overall sensitivity perspectives and a second to prOV1de concise
descriptions of specific insights.

5.3.1.1 General Sensitivity Perspectives

Valuable insights into the important and unimportant "elements" of a nuclear

power plant can be obtained by a relative evaluation of pertinent PRA results
in a broad perspective which considers the objectives and intended use of the
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study. . This type of evaluation can identify the elements that are driving the
results as well as those that have insignificant influence, so that ‘it can
assist in focussing a PRA review on those elements with significant influence
on risk. This section describes the sensitivity perspectives obtained for
internal events by employlng this method early in the review on the informa-
tion presented in the Pss. ,

First, a review of the objectives and intended use of thé PSS. The primary -
objectives of the PSS are to (Ref. 5.3-1):

(1) characterize'public‘risk from MP 3 from internal and external évents

(2) compare risks from 1nternal events to those predlcted by the reactor
safety study .

(3) develop tools to support management decisions for improving éafety

The first objective implies that the emphasis in the study (and the review)
should be more on public risk assessment and less on core melt probability.
As is the case in most PRAs, the dominant core melt sequences in the PSS are
not the same sequences which contrlbute to risk, although some interesting
overlap exists. ' e ‘

The second and third objectives are not particularly germane to the technical
details of the study. The second objective is merely a comparison which is
provided in PSS Volume 1. The last objective implies that the review should
assure that the study be accurate on a relative basis. In other words, it
should not contain discrepancies or outliers which would inspire management
decisions that are ineffective (or worse, detrimental) with respect to
improving plant safety.

The PSS results contained in PSS Volume 1 describe the dominant accident
sequences in terms of three indices: core melt frequency, early fatalities
(>100), and late fatalities (>1000). These internal event results are
presented in PSS Table V-1. The following paragraphs present our perspectives
on the core melt frequency results.in the PSS The scope of our review did
not include the other risk indices.

Core Melt Frequency (CMF)

A somewhat unusual result (compared to other PRAs) -in the PSS with respect to
the dominant core melt accident sequences is that.a relatively large number of
.sequences contribute to the core melt frequency, with the largest contrlbutor_
being only 8.5% of the total (sequence 1, PSS Table V-1). This result,
singularly, does not imply or suggest that the PSS is flawed. However, it
provides a basis for several interesting implications and it also tends . to
make determinations of the significance of changes or errors more complicated
and uncertain than would be the case if only a few sequences were dominant.

A large number of small contributors to a total ‘immediately suggests two
conclusions: (1) the value of any single contributor would have to be
increased by a large amount to have a significant influence on the total, and

(2) the elimination of (or a significant reduction in the value of) any single
contributor has essentially.no .impact. To quantitatively illustrate the first
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point, the frequency of the largest contributor in the PSS to core melt
frequency would have to be increased by a factor of 13 to cause a (very
modest) factor of 2 increase in total CMF. Conversely, if the most dominant
contributor were eliminated, the total CMF would retain over 90% of its
previous value. These results further imply that any new sequence (overlooked
in the PSS) which might be derived from the review must have a frequency over
ten times greater than the largest existing sequence to approach a factor of 2
increase in CMF.

In view of these circumstances, it is helpful to examine the elements
(initiating events, system failures, and unavailabilities). which make up the
dominant sequences in order to determine if a method could be devised to
ascertain their individual risk significance. Table 5.3-1 is the first step
in this process. The table shows all elements which appear in the 10
sequences which dominate (all greater than 3%) the core melt frequency. The
first row shows the accident sequence number (corresponding to the rank with
respect to core melt from PSS Table V-1). The second row gives the percent
contribution to the total CMF represented by each sequence. The remaining 20
rows list all elements that appear in the 10 sequences. The first 10 elements
(rows) are initiating events, while the second 10 are consequential failures
and system failures. From this matrix, some qualitative perspectives begin to
emerge with respect to the risk dominant elements in the 10 sequences. For
example, high pressure recirculation (ECCS) failure appears in four sequences,
as does auxiliary feedwater failure. Diesel generator failures appear only
once. : :

In order to quantify the relative CMF significance of each Table 5.3-1

element, Table 5.3-2 was formulated. The 20 elements are listed in the first
column, separated between initiating events and subsequent failures. The
second column is a relative contribution percentage which is obtained by
summing the percentage CMF contribution from the accident sequences in which
the element appears. For example, loss of offsite power (LOSP) has a relative
contribution of 7.2%, which is the sum of the overall contribution to CMF in .
Table 5.3.1 for accident sequences 5 (3.6%) and 8 (3.6%) in whlch LOSP appears.

The next step is to formulate a generallzed relationship which .equates the
increase in CMF as a function of increase in the probability of an element.
This is a trivial exercise which results in the following:

AeMF; =1 + (F5 - DR (5-1)
where
ACMFi = factor of increase in the total core melt frequency
Fi = factor of increase in the probability of the element under
consideration
R = the fractional contribution (% $ 100) of each element

determined by summing the fractional contribution of all

sequences in which it appears.
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Table 5.3-1 Matrix of elements from core melt frequency dominant accident sequences.

Accident sequence no.
Contribution to CMF (%)
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Table 5.3-2 Contribution to CMF from dominant accident sequence elements.

recirculation

I I [ [
| | Relative | CMF increase factor from |
| Element ] contribution (%) | 10 x element increase ]
[ | I ]
T I _ [ , | I
| | Medium LOCA | 8.5 | 1.76 |-
[ I ' ' | I |
I | LOSP | 7.2 | 1.65 I
| I | ! I
| | DC bus (1 or 2) | 4.9 | 1.44 |
I [ | [ |
} I AC bus (1 or 2) || 4.4 : 1.40 |
[
I | AC bus (3 or 4) | 4.4 | 1.40 I
I, | | [ |
| 21V [ 4.2 | 1.38° |
| o [ I |
| Mm@ | Steamline break (in) | 3.6 | 1.32 |
.- | v | I
g Steamline break (out) | 3.4 | 1.31 |
| = ! | [
| # | small Loca | 3.1 | 1.28 I
A . ! I |
| | Large LOCA | 3.0 | 1.27 |
I | | | I
T [ - [ I !
| | High pressure | | |
| ] recirculation | 20.4 | 2.83
I I ' | ' ! ' I
| | Auxiliary feedwater | 17.3 | 2.56 |
| | I I I
| | Feed and bleed | 11.9 | 2.07 |
| [ | _ | |
| | ESF bus | " 3.6 | 1.32 |
I I [ v I I
| | Quench spray ! 3.6 | 1.32
| | | | |
] | 6-hr recovery | 3.6 | 1.32 |
[ | , | I
| o | Diesels | 3.6 [ 1.32 I
I 21 ! | |
| o | steamline isolation | 3.4 | 1.31 |
o= | ‘ | [ I
| g | Control P.S. depress. I 3.1 [ 1.28 |
o2 | I | I
| > | Low pressure | | l
| [ : | 3.0 | 1.27 |
I | | | |
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Conversely, the factor of reduction in CMF is‘obtained-by;
ACMF_ = 1 - R(1 + 1/F,) - - (5-2)
'where the subscript‘r denotes reducﬁion‘factor.

An example serves to illustrate use of the formulas. For this example, it is
assumed that the failure of both diesel generator units at Millstone 3 could
be a factor or 10 higher than used in the PSS, To determine the sensitivity
of CMF to this. change, Eq. 5-1 is used, which yields:

ACMF; = 1 + (10 - 1)0.036 = 1.324, , (5-3)
Thus, the new core melt frequency would be

(1.324)(4.5E-5) = 5,96E-5 - v . (5—45

This is a very small increase from which it can be tentatively concluded that
CMF is not significantly influenced by increases in diesel generator failure.

The last column in Table 5.3~2 shows the increase in CMF for a factor of 10
increase in the probability of each of the elements. The elements are ranked
in order of their influence on CMF for initiating events and system ~
unavailability. It is of interest to note that three elements, high pressure
recirculation, auxiliary feedwater, and feed and bleed have a more significant
influence on CMF than the most dominant accident sequence (represented by.
-medlum LOCA at 8.5%).

Caution is necessary in applying the method. The probabilities of some of the
system failures are dependent on the initiating event. 1In these cases, the
system failure rate sensitivities to CMF need to be computed on an individual
accident sequence basis with appropriate adjustments made to the frequency of
each sequencde. This can still be accomplished using Eq. 5-1 and inputting
appropriate values for each accident sequence or group of sequences.

5.3.1.2 specific Internal Event Insights

Specific insights gained from the internal event review and requantification
are briefly described in the following paragraphs. The listing of necessity
cannot be all-inclusive; only those which were judged to be significant are
included. The reader should note that these insights apply to the new results
generated by this review, whereas the general sensitivity perspectives
contained in the preceding section apply to the original PSS results.

(1) Loss of offsite power contributes about one-third (33%) of the total
: core melt frequency, and it is the single largest identifiable
contribution. Almost all of this contribution is due to extended
station blackout (failure of all on-site AC with failure to recover
offsite power within two hours, in time to prevent core melt), which
results in reactor coolant pump seal LOCA with failure of all ECC
systems.



(2)

(3)

(4)

(5)

(6)

(7)

(8)

In addition, these station blackout sequences contribute about 80% of the
total frequency of key plant damage states (early melt with no
containment cooling). Almost all of this contribution is due to the
failure to recover offsite power extending past .eight hours.

Small LOCA contributes about 15% of the total core melt frequency.
Almost all of this contribution is due to failure of high pressure

recirculation'following a small LOCA induced by a random pipe break.

Plant damage state V (interfacihg systems LOCA), the potentialiy most
risk significant plant damage state by virtue of its exceedingly high
consequences, contributes less than 1% to the total core melt frequency.

The results are extremely'uncertain where human actions are concerned.
The plant lacks'precise operating procedures because it is still too
early in the plant's construction for the procedures to exist. Thus, it
was necessary to use screening estimates of human error probability
throughout the analysis, based on rough procedure guidelines. Those
dominant sequences containing human errors should be requantified after

procedures become available,

Random (or spontaneous) small LOCAs caused by failure of reactor coolant
pump seals, which-have been shown to be large contributors to core melt
frequency for other PWRs, are not a major contributor at this plant. The
presence of loop stop (isolation) valves, which allows .the operator to
isolate these LOCAs, is respon51ble for this result.

Approximately 35% of the total core melt frequency involves the failure

_of support systems either as an initiator or following initiators other

than LOSP, Of the 20% which involve support system initiators other than
LOSP, the contributions were split about 70-15-15% between (respectively)
loss of a single vital DC bus, loss of 120V vital AC bus 1 or 2, and loss
of 120V vital AC bus 3 or 4. Of the 15% which involve support system
failure subsequent to an initiating event other than LOSP, the dominant
contributor is failure of control logic (either loss of a SLngle ESF
cabinet or loss of a single EGLS cabinet).

The results are subject to the limitation that the support state method
used is highly dependent on the ability of the analysts to recognize any
subtle interfaces or interactions within or between the systems, without
the help of an integrated fault tree-event tree model. We found that it
is extremely difficult, if not impossible, to verify that all of these
subtleties have been properly treated (see Section 3.10.2).

In general, the results are insensitive to the selection of means or
medians for the presentation of the results, with the notable exception
of event V. This stems from an unrealistic failure rate distribution for
the disc rupture failure mode for valves, which was evaluated in the PSS
by using the same techniques as for other components.  This illustrates
the importance of applying judgment in areas where the use of a standard
technique yields an answer contradictory to common sense. -These areas
must be separately reviewed and evaluated to determine if the answer has
an underlying valid and reasonable basis, or whether it is an artifact of
an inappropriate application of a specific or general method.
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5.3.2 External Event Insights

The insights obtained from the review of the external event analysis are
described in the following paragraphs. Most of these insights are general
and, therefore, of limited usefulness, since most of the external events did
not receive detailed analysis in the PSS.

No significant insights are included for seismic events because a review and
evaluation of major changes to the seismic hazard analysis and the overall
effect of these changes was not performed by LLNL,

5.3.2.1 Earthquakes

Amendment 2 to the PSS provided a completely revised seismic event evaluation
based on extensively revised hazard and fragility assessments. The revised
core melt frequency is l1.7E-5/RY, a factor of 5.5 smaller than the original
PSS value of 9.4E-5/RY. The new results are reported to be dominated by
contributions from plant damage states TE (44.9%) and SE (42.5%).

5.3.2.2 Fires

Fire events in the PSS contributed 4.8E-6 (5%) to the total core melt
frequency. Plant damage state TE was the single largest contributor,
providing about 29% of the core melt frequency due to fire events. Fires in
‘the control room, instrument rack room, and cable spreading room were the
major 'contributors to plant damage state TE, with about 88% of the total TE
frequency.

The contribution to TE from the control room, instrument rack room, and cable
spreading room was increased by a factor of 20 in a simplified sensitivity
ahalysis in this review to account for the -combination of (1) a human error
rate used in the PSS that is too low by a factor of about 200 and (2) an
assumption concerning total loss of safety functions that is too high by a
factor .of about 10. This increased the core melt frequency due to fire by a
factor of about six, increased the contribution from TE to about 88%, and
increased the contribution to TE from the three rooms noted above to

about 99%. Considered alone, i.e., without changes to the internal event
analysis, etc., this increased frequency of fire events contributes about 17%
to the total core melt frequency.

5.3.2.3 External Flooding

The margin of safety above the design elevation for -tidal flooding resulting
from the probable maximum hurricane (PMH) is less than one foot.

The margin .of safety above the design elevation for flooding résulting from a
probable maximum precipitation (PMP) event is' less than one inch.

If uncertainty had been considered in the analysis, the coefficient of
variation on water depth, which we would expect to be approximately 0.2 to 0.3
at the 100-year storm level, may change the conclusion that external flooding
has a 'sufficiently low frequency of occurence to be dismissed as a significant
contributor to the core melt frequency. This issue should be addressed in the
Pss. ’ o '



5.3.2.4 Internal Floods

The absence of a detailed analysis of important plant areas, particularly the
cable spreading and switchgear rooms, is not justified. 1In addition, the '
absence of an uncertainty analysis in this evaluation is not justified, given
an estimated frequency of internal flood-induced core melt of 8.7E-7/RY.

5.3.2.5 Extreme Winds

Structural failure or missile~induced damage from winds as severe as a 360 mph
tornado are considered very unlikely and, therefore, insignificant
contributors to core melt. The principal reasons for this finding are (1) a
relatively low likelihood of high winds and (2) protection of safety-related
equipment in safety-related structures having reinforced concrete walls and
roofs at least two feet thick.

5.3.2.6 Aircraft Accidents

Aircraft accidents are considered insignificant contributors to core melt on
the basis of their low frequencies.

The dominant contribution to on-site aircraft crashes is due to general
aviation operations at the Groton-New London Airport, with a predicted
frequency of 1.2E-6/RY. This accident could initiate a loss of offsite power
event. ’

On-site crashes by heavier commercial or military aircraft have a predicted
frequency of 1.2E-7/RY. Those accidents have the potential to initiate a
larger variety of accidents because they could penetrate some safety-related
structures.

5.3.2.7 Hazardous Materials

The control room could be made uninhabitable in the event of the rupture of
either of the two railroad tank cars used for on-site storage of chlorine
located approximately 1400 feet from the control room air intakes. A chlorine
detection systém has been planned to provide warning and automatic changeover
to a closed air recirculation system for the control room.

5.3.2.8 Turbine Missiles

The turbine missile damage frequency calculated in the PSS using information
supplied by GE for turbine failure was 2.5E~10/RY. This 4id not consider
stress corrosion cracking of turbine wheels. A separate PSS calculation,
using the turbine failure rate of 1E-4/RY recommended in NRC's Reg. Guide
1.115 results in the significantly higher turbine missile damage frequency
of 1.8E-6/RY,

5.3.3 References for Section 5.3

5.3-1 Northeast Utilities, "Final Report of the Level 3 Review Board on the
Millstone Unit 3 Probabilistic Safety Study," August 1983,
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APPENDIX A,

A.l Summary of results?

The methodologyfuseqfin the PSS for the evaluation of seismic events is
generally consistent with the state~of-the-art of_commercial PRAs, except for
the evaluation of fragility. The methodology used, however, is not found to

be acceptable.

We have numerous disagreements with the methodology used to develop the hazard
function(s). We find that the mean and median values of these functions are
optlmlstlc, and that the uncertalnty is underestlmated

Numerous conceptual and logical errors in the fragility assessment led us to
develop a lack of confidence in the adequacy of this analysis, in spite of
many conservative assumptions that are evident - chiefly in the structural
fragilities. Our concerns go further than these conservatisms, which were
acknowledged in the PSS and with which we generally agree.

The PSS did not provide an adequate description of the methodology used to
identify or estimate the probability of seismic initiating events. We believe
that important 1n1t1at1ng events may have been omitted from the PSS, e.qg.,
steam generator tube rupture, and that the probabilities of those included may
be optimistic.

The methodology used to condense the internal-initiated plant logic models to
the seismic- 1n1t1ated plant logic models was dlfflcult to follow and
unconvincing.

We have numerous points of disagfeeﬁent with the calculational methbdology
used to assemble hazard, fragility and plant logic models:

(1) Correlation of seismic response was not included in the calculation of
initiating event probabilities, Wthh leads to optimistic estimates of

these probabilities.

(2) Correlation of seismic response of components’'in the plant logic model
was not included in the .calculation, which leads to optimistic
estimates of the core melt probabilities and radiédactive releases.

(3) = Correlation was not included in the uncertainty ana1y51s, which leads
to an optimistic estimate of uncertalnty.

(4) The uncertainty analysis was performed only on the dominant seismic
accident sequences that were based on simplified plant logic models
from the internal-initiated analysis, so that both the results and the
uncertainties are llkely to be optimistic.

dThe evaluation of seismic hazard and fragility contained in the PSS were -
subsequently redone by NU contractors. The review of the original hazard
evaluation is described in this appendix; the revised evaluation was not
included in the scope of the review. Both fraglllty evaluatlons were
reviewed. The reports of these reviews are ircluded here in Appendices
B and C for the original and revised evaluations, respectively.
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(5) The uncertainty calculation did not include the sampling error that
results from the use of a five-element vector in the DPD arithmetic, so
that the uncertainty results are optimistic.

(6) The methodology used in the dominance study included only random
variability in the fragilities. It did not include the total
variability; i.e., randomness plus uncertainty, thus making the results
unconvincing.

(7) The results of the dominance study are seriously flawed by.limitations in
the state-of-the-art of fragility assessment.. Uncertainties in
fragilities make it difficult to conclude that the correct conc1u510ns
can be drawn from simple dominance studies. .

A.2, Seismic Hazard Assessment

A.2.1 Introduction

The seismic hazard curves used in the Millstone PSS were developed in .
Appendix 1-B of the PSS report by Dames and Moore.. For easy reference, this
PSS appendix will be referred to as the "D&M report." The seismic hazard
analysis presented in the D&M report contains a number of errors in,theAsense
that the text does not appear to agree with the calculation. In addition, the
D&M report does not contain sufficient 1nformat10n to allow an adequate
evaluation of the results presented on their own merit. To overcome this
difficulty, an independent seismic hazard analysis was performed for the
Millstone site. It was possible to do this in a timely’and cost~effective
manner because Millstone was one of the sites examined in an earlier seismic
hazard evaluation for SEP plant sites (Ref. A-l). Consequently, the input
data needed to perform a seismic hazard analysis was available.

First, this section discussed the review of the D&M report and describes its
major def1c1enc1es. This is followed by a brief discussion of our independent
hazard analysis for the Millstone site and the implications of this analysis
for the PSS. ‘ .

A,2,2 Seismic Hazard Model

The seismic hazard model used in the D&M report is the model described in
Ref. A-2, The McGuire seismic hazard model is a typical seismic hazard
analysis model and incorporates the usual assumptions. While some of the
bhasic assumptions, e.g., that earthquakes occur in-time around the.site as a
Poisson process, are questionable they are generally made in analyses of this
type-and sufficient data does not exist to allow the use of more realistic
models.

In a probabilistic analysis, one of the most 1mportant and more difficult
tasks is incorporating the uncertalnty in our knowledge about the key input
parameters of the model being used to assess the seismic hazard at a site.

The major difference between the D&M report and the SEP study (Ref. A-3) lies
in the treatment of uncertainty, i.e., how uncertainty bounds are obtained and
how uncertainty entered.into the analysis. In the SEP study, 10 experts were’
used to provide a range of input data. This resulted in 10 different overall
earthquake occurrence models,“ihcluding models very similar to those used in



the D&M report. Examination of the data provided in Tera (Ref. A-4) and
Bernreuter (Ref. A-3) shows that significant differences about all of the
input parameters exist between the experts used in the SEP study. A new study
(Ref. A-5) currently in progress at LINL for NRC, while still in its
preliminary stage, reconfirms the conclusion that there are significant
differences between experts about the zonation and c¢hoice of seismicity
parameters for the EUS.

The use of Eq, A-l in the D&M report relating magnitude to intensity is not
appropriate. The relation given,

M=1+0.671I, o - (A-1)

was derived for the Western U.S. (WUS) and the magnitude M is the local
(California) magnitude defined by Richter. In. the Eastern U.S. (EUS) bodywave

mp or one second Ly wave magnitude is generally used, and the relation

I, = 2my o - 3.5 , _ (a-2)

developed by Nuttli is often used.

A.2.3 Seismic Source Zones

One major weakness of the D&M report is the limited number of zonations
considered in the analysis. Onlv four sets of zones were considered, As
noted in the previous section, there is a considerable difference of opinion
as to how the EUS should be zoned. This is particularly true for New .
England., The geometry of the problem (i.e., the shape of the source zones) is
a relatively unimportant parameter other than how it affects the choice of the
seismicity parameters used for a given zone. The judgment of the adequacy of
the zonation cannot be uncoupled from the assignment of seismicity parameters.
The weights assigned seem,a bit strange (0.2, 0.34, 0.23 and 0.23), and they
are not justified in the report; but this is only a minor consideration, as
they are nearly equally weighted.

A.2.4 Seismicity Parameters

Three parameters are required to define the earthquake recurrence model for
each zone:

Ao = number of earthquakes occurring larger than some minimum
magnitude M,. ‘

b

slope of the relation logN = a - b(M or T)

My = - largest earthquake that can occuf:in any given zbné.
The hazard curvé.is relatively sénsitive to changes in ény of thése parameteré.
One of the important parameters.is M. The text on page 5 of the D&M report

suggests that M, was taken as an MM Intensity of IX and a magnitude of
6.25, However, use of I, = IX in Egq. A-1l would lead to a magnitude of 7.0.

It would appear that a different relation was used to convert epicentral
intensity into magnitude, but no explanation is provided.
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Another problem is that the ground motion models used in the analysis are all
in terms of magnitude. However the' activity rates and the b.parameter of

Eq. A-2 are expressed in terms of intensity. It is not clear where and how
the transformatlon 'to magnitude was made. A significant difference in the
results can occur depending on when and/or where in the analy51s the
transformation is made.

No information is presented to 'allow an assessment of the activity rates
presented in Table I of the D&M report. Our experience has shown us that
estimating both the activity rate and the b parameters for any given zone is
difficult because of differences in historical catalogs, and judgement as to
how to correct for the incompleteness of the historical record.

‘Such factors can easily lead to differences of factors of 2 to 4 in the
activity rates. Although not explicity stated, no uncertainty seems to have
been assumed for the rate parameter in the analysis. This, in our view, is an
unacceptable assumption.

A.2.5 Ground Motion Models

Only two ground motion models were used. The first model is attributed to
Nuttli and Herrmann (Eq. 4.3 of the D&M report) and it appears to be in
error. Because no Nuttli & Herrmann citation appears in the reference list,
it is not possible to confirm this relative to the particular Nuttli &
Herrmann ground motion model used. However, Nuttli consistently models the °
ground motion relatlon (Refs. A-6, A-7) in the form

A(R,£) = A (£) R™Y6 exp(-yR), . (a-3)

which is consistent with accepted theoretical models. For the EUS this leads
to values of Y on the order of 0,003, If Eq. 4-3 of the D&M report is
converted to the form of Eq. A-3, the Y value would be 0.0074 - much higher
(optimistic) than is generally accepted. :

The text of the D&M report states that when R was less than 15 km, peak
acceleration a, was limited to a constant value equel to the smaller value
obtained from D&M Egs. 4-3 and 4-4, The problem with this is that for D&M
Eq. 4-3, ap scales as exp(l1l.15 mqu) and for D&M Eq. 4-4

ay = exp(.933 my o) ' o . (A-4)
Clearly, a major problem quickly arises in that a significant discontinuity ,
would occur. Although the ground motion plot shown in Fig. 5 of the

D&M report shows no such discontinuity, it is evident that the limiting R is
much larger than 15 km. It is not clear what model was used’'and what the
basis is for the model used. The D&M model, however, effectlvely reduces the
seismic hazard computed for the Millstone site.

The other model used is the Campbell model. It is a reasonable model similar
to the Nuttli & Herrmann model.  However, neither the Nuttli-Herrmann model
nor the Campbell model are directly based on EUS data. In fact, both were
derived using the same set of semi-theoretical assumptions. We therefore find
it surprising that none of the many other approaches to developing EUS ground
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motion.models (Ref. A-1) were used. Fig. A-1 shows a comparison of the
results from a wide variety of models that use various acceptable
alternatives. By acceptable, we mean that the methodology/data used to arrive
at the model is reasonable and (at least for the set of models compared in
Fig. A-1) at least one member of a panel of experts in modeling of EUS ground
motion deemed the model a possible alternative. See Ref. A-5 for further
discussion. This figure, which shows peak ground acceleration versus
epicentral distance for the magnitude values of 5 and 7, illustrates that
there is considerable uncertainty in the ground motion modeling process and
supports the point that the #20% factor used in the D&M analysis is low.

The models used in the D&M study are, in our opinion, two of the "better" EUS
ground motion models. - But as noted in Section-A.3, one element of a
probabilistic analysis is to ensure that the uncertainty has been bounded and
included in the analysis. This has not been accomplished in the D&M selection
of ground motion models.

There is also a question concerning the use of "sustained" acceleration as the
appropriate measure of ground motion. We note that the study by Nuttli (Ref.
A-6) whlch examined the concept of sustained acceleratlon, did not find that
it 1mproved the correlation between observed damage and the ground motlon
parameter used. :

A.2.6 D&M Results

The flnal hazard curves used in the PSS analysis are based on 36 runs, 4 maps,
3 sets of Mu/b values, and a variation of _20% .in.the ground motion

model. In our opinion, these 36 hazard curves do not adequately bound the
uncertainty. Considerable variation should have been applied to the rate of
earthquake occurrence in each zone, a much 1arger variation in the ground
motion models should have been used, and additional zonations considered. In
addition, there is some question about the "correctness" of the analy51s, as
it is not clear what equations were used.

The real problem does not lie in possible errors that have been made or in the
particular choice of any one set of parameters of the hazard model. It is in
the very limited set of models used. The results of the SEP study (Ref. A~1l)
show that there is a much larger uncertainty about the seismic hazard in New
England than obtained by D&M. It is of some interest to note that the latest
USGS study, Algermissen, et al. (Ref. A-8), would put the 2500-year return
period peak ground acceleration at about 0.25g, or 0.2g sustained. Although
this estimate of the hazard is-at the upper bound of the D&M hazard curves
shown in Fig. 1.2.1-1 of the PSS, it is in reasonable agreement with the
results of the SEP study, as described below.

A.2,7 Comparison to the SEP Results

Because of the deficiencies of the D&M analysis outlined above, the median
seismic hazard curve obtained from the D&M analysis is significantly lower
than the seismic hazard estimate obtained in the USGS's most recent study. In
order to evaluate these differences, it was necessary to perform a limited
seismic hazard analysis for the Millstone site. We used the zonations and
seismicity parameters provided by the SEP/EUS seismicity panel and a "correct"
version of D&M's Eq. 3 for sustained acceleration:






lnag = 1.06 + 1,15 my - 0.83331nR - 0,005R R > 10 km (A=5)
and for R less than 10km

ag(my,R) = ag(m,,10)

Some members of the SEP panel provided their models in terms of intensity. We
replaced my with I, in these models using the relation

I, = 2m, - 3.5 ' : (A-6)
Figure A-2 is a plot of the résulting hazard curves for all the SEP seismicity
experts. This figure also shows two points for approximate "sustained”
acceleration estimated from the maps in the USGS report by Algermissen, et
al. It is seen that the USGS results are in reasonable -agreement with the
results obtained using the SEP seismicity experts' models. It must be noted
that the USGS study used a significantly different ground motion model. It is
difficult to assess exactly what hazard curve would be obtained from the USGS
study if they had used the same ground motion model utilized in our study. It
is most likely that the resulting hazard curve would be higher because no
random uncertainty was used in the USGS model. 1In addition, (Ref. A-5),
compares the preliminary results from a new panel of experts to the results

obtained for the SEP study. The agreement between these two studies is
excellent.,

Figure A-3 shows the median curve from Fig. A-2 plotted on PSS'Fig. 1.2.1-1.
Also shown is the spread of our curves at 0.6g from Fig. A-2., It is seen from
this figure that the D&M results are within the spread of the SEP results, but
on the low side. It is not possible to determine exactly where the D&M median
curve lies relative to the SEP and USGS results because the D&M curves are not
equally weighted and the probabilities are not given on the various hazard ,
curves. The D&M median appears to be about a factor of 5 low compared to the
SEP median. A reasonably complete uncertainty analysis would spread out the
scatter in the curves even more. However, this increase in uncertainty in the
seismic hazard is considered unlikely to have much effect on the median

curve. But it could have significant -effect on the risk as it is generally
found in such analyses that an increase in uncertainty increases the risk.

A.3 Seismic-Induced Initiating Events

The MP 3 PSS evaluated seismic-induced initiating events that were believed to
be "credibly postulated to occur as a result of an earthquake within the
acceleration range of interest (0.17g to 0.80g)." The set of these events is
a subset of the two general classes of initiating events (LOCAs and
transients) considered in the internal event analysis. '

The events considered were of two types: those which occur as a result of
seismic-induced failures of plant structures and equipment, i.e., large LOCA,
small LOCA and ATWS; and transients induced by the seismic event as a result
of ground motion or failure of nonseismically~qualified systems. These latter
transiehts were modeled as a single "limiting" transient, which was assumed to
occur if none of the other initiators occurred.

Initiators excluded from the analysis included SGTR, steamline break, and
interfacing system LOCA, on the basis of high-seismic capacities associated
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with items that would be required to fail in order to result in these
initiators.

The following paragraphs describe several concerns regarding the initiating
event selection process in the PSS.

A.3.1 Steam Generator U-tube Rupture?d

The initiating event of steam generator U-tube rupture is discussed in PSS
Section 2.5.1.2.1. It is stated there that the mean conditional probability
of seismic-induced U-tube rupture is about 0.01 at 0.75g, and considering the
low probability of a 0.75g earthquake, the conclusion was reached that '
detailed modeling of steam generator U-tube rupture is unwarranted. Although
we have not seen detailed stress analysis results (and thus cannot be entirely
sure of some of our assumptions), we nevertheless suggest that this conclusion

be re-examined.

The basis for this suggestion is as follows. We do not know the number of
U-tubes in the four steam generators at MP 3 but for the purpose of our
discussion, we will assume there are 24,000. The conditional probability of
0.01 referred to above can then have two interpretations:

(1) Each of the 24,000 U-tubes has a failure probability of 0.01,
(2) Two hundred forty of the 24,000 U-tubes fail (24,000 x 0.01 = 240).

Using the second interpretation, fewer than 240 U-tubes would fail at lower
accelerations than 0.75g. We understand that if as few as 20 U-tubes fail,
then HPIS and LPIS may not be effective, if at the same time a LOCA occurs,
and a core melt could occur., Since these failures occur during an earthquake,
at the same time that we expect a transient to be in progress. :

We believe that: (1) the U-tube initiator should be included in the PSS, (2)
‘the fragility values for U-tubes should include any effects of degraded
capacity due to corrosion, denting, radiation, etc.; and (3) a justification
should be provided for not combining U=-tube rupture with LOCAs.

If we use the analysis in PSS Section 5.2, but assume FCEE = 1.0 to account
for U~-tube degradation, we obtain a conditional failure probability of U=-tubes
of about 0.002 at the SSE acceleration. (As noted elsewhere in our review, we
do not accept the_argument in the PSS that seismic-induced failures are
impossible at or below the SSE acceleration.) This analysis suggests that
0.002 x 24,000 = 48 U-tubes might fail at the SSE acceleration. Since U-tube
failures from normal operation have been a common problem, it does not appear
to be unreasonable to expect that failures due to the effects of earthquakes
could also occur. This crude analysis suggests that a more careful analysis
of the possibility and implications of seismic-initiated, U-tube rupture
should be performed.

AThis section addresses the SGTR analysis presented in the original PSS,
i.e., prior to the revision of the fragility analysis.



Finally, we do not agree with the analysis of the probability of failure for
U-tube rupture in PSS Section 2.5.1.2.1. These calculations should use total
variability rather than just random variability. By doing so, the conditional
probability of failure at 0.75g becomes about 0.04 rather than 0.01, for
example. (Here, we used the total variability of 0.64 from Table 2-2B of P35S
Appendix 2-I.) - :

A.3.2 Direct and Indirect Reactor Vessel Rupfure (RVR)

Seismic~initiated RVR was not included in the analysis or discussed in the
PSS. This failure could occur due to direct causes such as stress in the
primarv piping, as well as indirect causes like support failure (Ref. A-9).

The PSS should provide justification for not including this initiator in their
analysis. .

A.3.3 Loss-of-Coolant Accidents (LOCA)

The PSS does not clearly describe the process used to estimate LOCA initiating
event probabilities. This is a difficult problem because of the large amount
of piping in the primary system. It is also difficult because, for example,
the simultaneous failure of a number of small pipes can be equivalent to a
large LOCA. This manner of having the'equivalént of a large or medium LOCA
does not appear to have been included in the PSS.

The manner of estimating LOCA initiating events was not explicitly described
in the PSS. The logical descriptions and probability estimates should include
the various ways that multiple failures might lead to medium and large LOCAs
as well as RVR. A

A.3.4 General

A special effort should be placed on seismic initiating events in the PSS.
This effort would seek to identify all the possible specific and unique ways
that an earthquake might initiate an accident. More effort in this area may
result in thHe conclusion that the initiating event conditional probabilities
are larger than presently estimated in the PSS, ‘

The key consideration is the capability of an earthquake to cause the
simultaneous upset or failure of a large number of components. For example,
what are the recovery steps required if a large number of relays, etc. need to
be manually reset, even assuming thev are not damaged? The data observed from
the performance of operators at conventional power plants that experienced an
earthquake is that in some cases it took a few hours to restart an undamaged
plant while in other cases, only a few minutes were required (Ref. A-10).

A.4 Seismic Fragility

The review of seismic fragilities was performed by an LLNL subcontractor,

Jack R. Benjamin & Associates. During the course of this review, we learned
that NU had concluded their fragility assessment was unsatisfactory and that
they were conducting a complete reassessment of these fragilities. Their
submittal of a completely new fragility assessment to NRC in March 1984 made a
new review necessary, which was completed in early May 1984.
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Our review's results of the new fragility assessment, which are generally
favorable,. appear in Appendix C.

The results of our review of the original fragility assessment, generally not
favorable, are contained in Appendix B. They are provided here only to
complete the documentation of the review effort that was performed.

Additional observations and comments provided in the discussion below are
primarily applicable to the original fragility assessment.

A.4.1 General Comments

Our overall impression of the seismic fragility analysis is that many of the
median fragility values are conservative. However, numerous conceptual and
philosophical errors were encountered and this led us to develop a lack of
confidence that the fragility analysis was properly performed. Although there
was evidence of considerable effort, the final fragility results are not
consistent with the state~of-the-art.

If a number of median fragilities are found to be. conservative and if these
conservatisms exist for key components in dominant accident sequences, then we
might expect that the removal of these conservatisms would lead to a- downward
revision of the estimates of the core melt probability in.the PSS. Even if we
had revised fragility estimates, it would be a significant calculational
effort to follow these revisions through the analysis. (This is beyond the
scope of our review.)

We will make a crude estimate of the possible effects of conservatism in the
PSS fragility estimates. Our starting point is the median core melt
acceleration that we estimate from Table A-1.

Table A-1 Mean core melt fragility.

Conditioﬁal

probability
Acceleration of core melt

0.185 ' 0.087

0.25 . 0.354

0.35 0.706

0.45 0.886

0.55 0.994%
0.65 : 0.993

0.75 | 0.999

0.80 1.0

4 This is the PSS value, but it is an
error.
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Table A-1 was obtained from PSS Table 7.5.1-2, The median core melt value
from Table A-1 is about 0.3g. The median of 0.3g intersects the
second~highest seismicity curve in PSS Fig. 1.2.1-1 at about the median core
melt probability in the PSS. We assume that the conservatisms in fragility
lead to a factor of 2 on the median core melt we estimated from Table A-1.
That is, we assume that the median core melt occurs at 0. 6g, or at about three
times the SSE g-level. Following the second-highest curve in PSS Fig. 1.2.1-1
from 0.3g to 0.6g, we find less than an order of magnitude difference in )
probability. We estimate that the median annual probability of core melt in
the PSS will be reduced by about a factor of 5 when conservatisms in fragility
are removed. C

Although the variabilities (randomness and uncertainty) of the PSS estlmates
of fragility were obtained in an incorrect manner, the final numerical values
are consistent with results from other commercial PRA studies. However, we
believe that the uncertainty values in the PSS and other commercial PRA

studies are too low.

One effect of an increase in uncertainty in fragility estimates is an increase
of uncertainty in estimates of the probabilty of core melt.

We will use available results from the SSMRP (Ref. A~1l) to estimate the
effect of an increase in uncertainty in fragility estimates., Table A-2
summarizes key results on uncertainties.

Table A-2 Summary of results on annual
‘probability of seismic-induced
core melt.

Quantity MP 3 PSS SSMRP

'95% confidence

level 1.5E-4 2E-3
Mean 9.4Ef5 .. 2E~4
Median ' 9.1E-5 3E-5

5% confidence
level 5.1E-5 - - 1E-7

As shown in Table A-2, the difference between the high and the low value is
about a factor of 3 in the PSS and 20,000 in the SSMRP. Note that the SSMRP
results include the effects of uncertainty in the seismic hazard as well as
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fragility (as do the PSS results). These results are used in Section A.4.2
below to provide guidance on estimates of uncertainty.

Another effect of an increase in uncertainty in estimates of fraglllty is to
increase the estimated median probability of core melt. We assume that this
increase in core melt probability is relatively small in the PSS and is
included in our estimates in other areas. .

A.4.2 Specific Comments

PSS Appendix 2-~J states that since structures and components were designed .
deterministically to withstand the SSE; (1) there is a cutoff value below
which failure will not occur under seismic conditions, and (2) this value is
the SSE acceleration of 0 17g.

No justification 1s provided for either of these assumptlons and there are a
number of reasons to question them. For example:

.. Design and construction errors are not explicitly included in the PSS.

The spectra used to design MP 3 are not an envelope of all poésible
spectra and have a probability of being exceeded.

. Some components (but not all) are seismically qualified by testing. There
is a possibility that a weak component exists in the plant.

PSS Appendix 2-I states that "...this review is confined to plant elements
having safety related functions..." Justification for this restrictive
assumption is considered necessary in view of the pervasive effect of an
earthquake. '

The fragility values in the PSS are based on the concept of "sustained peak"
rather than "instrumental peak" acceleration. The sustained peak concept is
used to modify the hazard curves. While we do not disagree with the basic
idea behind this concept, we do question the practice of applying a single
factor at the level of the hazard curves. The factor is applied to the
fragility of every éomponent regardless of whether the component is a
structure, mechanical system or component, or item of electrical equipment, or
whether the anticipated failure mode is brittle, ductile, functional, or
structural. The use of sustained peak acceleration in the PSS should be
justified.

The discussion of uncertainty in PSS estimates of fragility is focussed
primarily on developing the uncertainty values. There is relatively little
discussion concerning interpretation of the uncertainties developed or the use
of uncertainties in calculations. For example, there is no discussion of
possible correlation of uncertainty or how correlation might affect the
estimates of core melt in the PSS. It may be reasonable to assume that
correlation exists between uncertainties in estimates of structural
fragilities or between uncertainties in estimates of electrical fragilities.

A thorough discussion of the meaning, interpretation, and use of uncertainty
in estimates of fragility would be useful.
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Correlation is discussed in the PSS at another level, see PSS

Section 2.5.1.2.1, for example. There it is stated that the assumption of
perfect correlation is made for seismic- induced failures of 1dent1cally
manufactured and physically proximate components and that this is recognlzed
to be a conservative approach, We note that correlation may also. exist in
estimates of fragility through the estimates of dynamic response and that this
can occur for components which are not in'physical.proximity. This aspect of
correlation, discussed further in Section A.5, should be included in the PSS,

The uncertainty in estimates of fragility that are developed appear to address
only uncertainty for the specific component. For example, this uncertainty
would be used to describe the uncertainty in estimates of the probability of
failure of the specific component. However, the primary intended use of
fragilities in the PSS is in event tree-fault tree models of accident .
sequences in order to estimate the probability of these sequences. 1In such a
case there is an additional uncertainty in how well these models estimate
these probabilities. This uncertainty has been called modeling uncertainty
(Ref, A-12). One way to include modeling uncertainty is to introduce it into
the uncertainty in fragility. This issue is not addressed in the PSS. The
PSS should describe how this modeling uncertainty is included. It is not
included at this time and should be included in future estimates of
seismic~induced core melt.

The fragilities in the PSS do not appear to include the effects of »
seismic-induced environmental conditions. For example, if an earthquake
induces a LOCA or other failure, the resulting steam, internal flooding,
temperature, or fire environment may induce failures in components that were
not damaged directly by the earthquake vibrations, We recognize that-this is
a complex issue for which there is no simple solution. However, it is common
for an earthquake to start a fire, for example. At a minimum, this issue
should be addressed through a close examination'of the initiating events and
accident sequences and by modification of fragilities as éppropriate. This
examination should be thoroughly documented. 1In addition, initiating
sequences should be identified that specifically account for seismic-induced
environmental conditions. These sequences should also be thoroughly
documented and discussed and the rationale provided for not quantifying any
that are not included in the calculations. Conversely, the fragilities should
also reflect any degradatlon due to environmental effects that exist prior to
the earthquake.

On PSS page 2-I-58 the failure mode of electrical relay unrecoverable chatter
‘or circuit breaker trip is identified. The circumstances under which relay
chatter, for example, leads to an unrecoverable state, need to be much more
carefully described. For example, conventlonal power plants that experlenced
an earthquake appear to have encountered some difficulty with relay chatter or
breaker trip at accelerations of about 0.35g (Ref. A-10), which is.a lower
value than any of the MGACs in Table 2-2B of PSS Appendix 2-I, except for
offsite power. ’

A.S Seismic Core Melt Models

The modeling of seismic-induced accident sequences was performed through the
use of logic diagrams and construction of a plant-level fault tree. An.
approach was taken in which perfect correlation among identical components in -
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close proximity to one another was assumed. The PSS acknowledges, and we
agree, that this approach is conservative. The consideration of random
failures in the seismic sequences was performed in a simplified fashion,
whereby two criteria were used to screen random failures to identify those
with potential significant impact. The first criterion requires that the
random failure must be significant relative to all relevant seismic-induced
failures; the second criterion requires that the random failure contrlbute to
a core melt accident progression that also involves at least one
seismic-induced failure beyond the seismic-induced initiating event. The
application of these criteria resulted in limiting consideration of random
failures to pressurizer relief and safety valves and to operations requiring
human action (e.g., feed and bleed).

There is a striking difference in the PSS in that the event tree-fault tree
models used for seismic initiators are much coarser than the models used for
internal (random) initiators. This difference raises the questlon as to
whether model (in)completeness has any effect on the estimates of
seismic-initiated core melt in the PSS. This issue is of particular concern
for seismic initiators since the possibility exists for simultaneous failure
of large numbers of components when an earthquake simultaneously threatens the
entire plant. This consideration affects logical descriptions of initiating
events and accident sequences as well as their quantification. '

Explicit, direct quantification of the effects of model completeness would
requlre substantial effort and is outside the scope of our review; however, it
is possible to obtain insight on the effects of model completeness from two
independent evaluations of Zion Unit 1. These results are available because:

* Seismic PRAs were performed on this plant as part of the SSMRP and as part
of a PRA sponsored by the utility.

. The event tree-fault tree models used in the SSMRP are much more detailed
than those used in the study sponsored by the utility. (This difference
in level of detail is similar to the difference between the internal and
external event models for MP 3 in the PSS,)

The major differences in the SSMRP and{utility studies of Zion are

.- "differences in the level of detail of seismic analysis

differences in fragility curves

* differences in hazard curves

* 'idifferences in the level of detail in event.tree-fault tree models

While both the SSMRP and utility studies found essentially the same dominant
accident sequences, there is nevertheless more than an order of magnitude
difference in the median annual core melt probability; 3E-5 for the SSMRP and
2E-6 for the utility study, or a factor of 15. There is a factor of 40 on the
means. We will now use (1) this difference (the SSMRP found that the median
annual core melt probability for Zion Unit 1 was 15 times larger than was

found in the utility study), (2) available SSMRP results, and (3) the above
list of the four factors that might have contributed to the difference in (1)
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above,to provide an estimate of the effect of model completeness on the
estimates of seismic-induced core melt in the PSS,

For Zion Unit 1, it is relatively easy to provide some insight on the effect
of model completeness because only the fragility for the service water pumps
contributed in any significant way to core melt in the utility-sponsored
study. This means that if we use SSMRP’inputs (seismic analysis, fragility, .
and hazard curves) to estimate the probability of failure of the service water
pumps (that is, the probability of core melt in the utility study) and compare
this with the SSMRP probability of core melt, we w1ll obtain some measure of
the effect of model completeness.

A minor complication in this comparison is that the two studies used
fragilities for two different components to reflect loss of service water
pumps. In the utility study, the fragility of the service water pumps was
used. In the SSMRP, the fragility used was for the crib house pump enclosure
roof - the collapse of which was assumed to result in failure of the service
water pumps.

Using SSMRP inputs, the median annual probability of roof-induced failure of
the service water pumps was found to be 2E-6. For the reasons described
above, this is interpreted to mean that the utility study of Zion would have
found the median annual probability of core melt to be about 2E-6 if SSMRP -
inputs were used in all areas except the level of detail in event tree—-fault
tree models. Coincidentally, this is the same value that was found in the
utility study.

The difference between the two median probabilities of core melt (2E-6 for the
utility study versus 3E-5 for the SSMRP) is thus found to be due to model
completeness. That is, if more detailed models were used in the utility study
of Zion, the median annual probability of core melt would be larger than the
2E-6 that was found - by as much as a factor of 15. Since we have not
performed a detailed comparison of the SSMRP and utility seismic PRA studies
on Zion, the factor of 15 should thus be considered preliminary and a result
of crude estimates and gross simplifications. It is our best estimate at this
time. i .

Since PRAs are highly plant- and site-specific, we should also not discount
the possibility that even if 15 is the appropriate factor for Zion Unit 1, it
may not be the appropriate factor for MP 3 because the utility studies on Zion
and Millstone may be based on different assumptions and conservatisms whose
effects may be significant enough to make the applicability of the above
factor of 15 questionable. For example, in the utility study on Zion, the
issue of model completeness is coupled with-the assumed truncation of the
hazard curves at the upper acceleration levels. Explicit direct
quantification of the effects of this issue on the PSS estimates of core melt
probability would require substantial effort and is outside the scope of our
review. o

Nevertheless, we estimate that the effect of model incompleteness in the PSS

is an increase in the median annual probability of core melt by -an order of
magnitude. '



As discussed elsewhere in our review, other issues lead us to both increase
and decrease the estimates of core melt probability in the PSS. This
order-of-magnitude estimate should thus be specifically noted to apply only to
the model completeness issue addressed in this Sectlon and not ‘overall.

The model completeness issue in the PSS should have been addressed in the
following explicit way.

The calculdtions should have been organized to demonstrate that the fiqure of
merit (core melt, risk, etc.) does not change significantly if additional
components, sequences, etc. are included in the calculations. The effects of
uncertainties should be included in these calculations, but a complete
uncertainty analy51s is not required.

One relatively simple way to do this is to base the calculational
demonstration on the mean figure of merit. In these calculations the random
and uncertainty variabilities are combined in the hazard and fragility inputs
~ to the calculation. Thus, a single hazard curve is developed where it
combines the variabilities associated with the hazard. Similarly, a single
fragility curve is developed for each component and it also combines the '
variabilities. Combining the two types of variabilities in this way has a
number of advantages:

* The issue of uncertainty is explicitly addressed.

The calculations are relatively simple.

* The growth of the figure of merit is based on a statistic (the_méan) that
has an easily interpreted and relatively stable meaning.

As a final check, the mean figure of merit obtained in the above manner should
be compared with the mean obtained when the random and uncertainty
variabilities are entered into the calculations separately.

A separate demonstratlon calculation may be required for each figure of
merit. This is because the sequences that dominate core melt may not be the
same ones that dominate rlsk for example.

The model completeness issue is also directly related to the 1ssue of
estimates of uncertainty because crude models may lead to underestlmatlon of
the uncertainty. This may partially explain why the uncertainties in core
melt probability in PSS Section 2.5.1.3 are so low (see Table A-2). As
described on PSS page 7.5-4, uncertainties are propagated only through the
dominant external risk sequences. '

The model completeness issue is addressed in PSS Section 2.5.1.2.1. Model
completeness is also coupled with another issue - the manner in which

correlation is introduced into the calculations.

In PSS Section 2.5.1.2.1 the following statement is made on correlation (on
page 2.5-4): . :
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...the assumption of perfect correlation -among the
seismic~induced failures of identically manufactured
and physically proximate components permits
condensation of the system fault trees to reflect
these dependencies.

On page 2.5-8 this statement is modlfled to exclude phy51cal proximity, but
this may be an oversight and it is not important to our point here.

The major problem with the above-quoted definition of how correlation was
treated in the PSS is that this treatment does not go far enough. We. could
find no further discussion of correlation and thus we assume that this
definition is a complete description of the approach to correlation in the PSS,

The aspect of correlation that is apparently omitted is the fact that
correlation also arises as a result of the common dynamic response environment
that occurs because an earthquake simultaneously excites all components of a
plant. While this source of correlation will be observed for components that
are in physical proximity, it will also be observed for other conditions, see
Fig. 9.2 of (Ref. A—ll)

In the PSS the primary way that correlation was used was in construction
(condensation) of the system fault trees. The primary way that response
correlation enters into the results is in the quantlflcatlon of fault trees
(and event trees if they exist). .

This quantification is discussed in Chapter 9 of (Ref. A-11l). Briefly, the
major error probably arises in those logic expressions that contain a "logic
'AND" (see PSS Section 2.5.1.2.2). The problem is that ignoring the response
correlation can lead to underestimation in the quantification of logical o
expressions. : -

Explicit, direct quantification of the effects of response correlation would
require substantial effort and is outside the scope of our review. This
quantification should be explicitly described in-detail and included in the
PSS. \
However, for the purposes of this review, we will estimate the effects of
response correlation in Section A.6. As noted above, this issue is coupled
with our estimates of the effects of model completeness. We assume that the
quantitative effects of response correlation are included in our above
estimate of an order-of-magnitude increase in median annual probability of
core melt. :

A.,6 Sensitivity Studies

The PSS is incomplete because it does not include the results of sufficiently
deep sensitivity studies. Sensitivity studies are required to (1) provide an
understanding of which elements of the analysis and the plant are important to
the analysis results, (2) assess whether it is reasonable that these elements
are the important ones and thus assess the reasonableness of the analysis, (3)
refine the analysis of the important elements and provide a convincing
demonstration of the robustness of the initial results or a revision of them,
(4) identify any inconsistencies in the analysis, and (5) identify where
design, construction, maintenance, etc., errors would be most important.
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PSS Section 7.5.1 presents some results of sensitivity or dominance studies;
however, these results may be of limited use because they are so-called mean
results. This means that they are based on a mean hazard curve and presumably
on median fragilities or on fragilities with only random variabilities
included (the analysis is not clear on this point). As discussed in

Section A.5 of our review, the dominance studies should be based on analyses
that include the total (random plus uncertainty) variability. However, even
this approach is not a completely satisfactory solution to the problem.

The basic problem is that the true value of the probability of core melt is
unknown, as shown in Table A-2, The meaning of the SSMRP results in Table A-2
is something like the following: "We do not know what the annual probability
of seismic-induced core melt is, but we have approximately 90% confidence that
it is between 1E~7 and 2E~3. Its median value is approximately 3E-5 and its
mean value is approximately 2E-4.,"-

Since we do not know the true value of the annual probability of core melt we
must be very careful when we make statements like "...26% of the core melt
frequency is attributable to the TE damage states." (See PSS page 7.5-2.,)
The fundamental issue is: How do we confidently make quantitative statements
of how much something (the TE damage states in the example) contributes to a
quantity (the annual frequency of core melt in the example) whose value is
unknown?

The Millstone PSS needs to be expanded to include a much more thoughtful and
complete study of domlnance, importance, and sensitivity.

A.7 Overall Quantitative Assessment

This section provides an overall quantitative assessment of our findings on
core melt probability in the previous sections.

We summarize our findings as follows:

. In Section A.2 we found that the‘median'Seismic hazard was low by a factor
of about 5.

* In Section A.3 we found apparent deficiencies in initiating events in the
PSS but did not .estimate their possible effect on core melt.

¢ In Section A.4 we found‘apparent conservatisms in the fragilities and
estimated that their removal would reduce the median annual probability of
core melt by a factor of about 5.

. In Section A.5 we found deficiencies in the treatment of model detail and
response correlation and estimated that their combined effect would lead
to an increase in the median annual probability of core melt by a factor
of about 10. :

*. In Section A.6 we found deficiencies in the sensitivity studies in the PSS
but did not find that they ‘would lead to a significant change in core melt
probability.

If we assume that the above factors are multlpllcatlve we obtain the follow1ng
result: :
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9.1E-5 x (5) x (1/5) x (10) = iE-3. . ’ ‘ (A=7)

That is, given the multiplicative assumption, we find that the median annual
probability of seismic~induced core melt for MP '3 is about 1E-3. This is
about 30 times the SSMRP median of 3E-5 on Zion Unit 1. At about 0.6g (the
approximate acceleration that is assumed to dominate core melt) the SSMRP
hazard curve has a median value of about 4E-5. - The results from Section 4.4
indicate that at about 0.6g the median hazard at MP 3 has a probability of
about 2E-5. The closeness of these two hazard probabilities suggests that the
factor of 30 is not .a result of differences in the hazard at the two sites.
This suggests that the factor of 30 is 'a result of differences in the two
plants (Millstone Unit 3 and Zion Unit 1). The structures at Zion are. founded
on soil while most of the structuftes at MP 3 are founded on rock. Although
the effects of soil-structure interaction might be expected to result in a
lower probability of core melt at Zion compared to MP 3, our opinion is that
it would not lead to a factor of 30 on the medians. Since MP 3 is a newer
plant than Zion, our first reaction is that it is not reasonable that there
shouldvbe'a_factor of 30 as we have estimated. However, we are not entirely
sure that our reaction is valid. For example,'this may simply be a reflection
of the true uncertainties. That is, the medians are only estimates. As
another example, the utility and SSMRP studies on Zion Unit 1 found a

difference in medians.of a factor of 15. There are, therefore, three possible
conclusions:

(1) The median annual probability of core melt at MP 3 is greater‘than the
value of 9.1E-5 found in the PSS and the true value may be about 1lE-3,

(2) The multiplicative assumption is not valid. That is, it is not wvalid to
multiply the factors as we have done. A more comprehensive and refined
approach is required to assess the combined overall effect of the
identified issues and thereby provide a valid estimate of the median
annual probability of core melt at MP 3.

(3) The analyses that led to the individual factors are too crude and
simplified and, as a result, the factors are in error.

Although we do not know which one or combination of these conclusions is
correct, we are more confident in our estimates of the uncertainty in the
annual core melt frequency. The SSMRP results from Table A-2 lead us to
estimate that if the median annual core melt frequency is found to be on the
order of 1lE~5, then the 90% confidence interval is about 1E-3 to 1lE~7. Note
that this confidence interval is specifically stated to apply only to a median
that is on the order of 1E-5.
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1.0 INTRODUCTION

Jack R. Benjamin and Associates, Inc. (JBA) was retained by
Lawrence Livermore National Laboratories (LLNL) to perform a review of
the Millstone Unit 3 Probabilistic Safety Study (referred to as the
Mil1stone PSS), which was prepared by Northeast Utilities Service
Company (NUSCO), August 1983. The areas reviewed included seismic
fragility, wind, and external flooding. The scope of.the review is
discussed in the next sect1on. The final sectfon 1n this chapter
discusses the overall methodology used to develop the sefsmic frag111ty
data and the bases for excluding wind and external flooding. Chapters
2, 3, and 4 present the review of seismic fragflity, wind, and external
flooding, respectively. Finally, Chapter 5 gives conclusions and
recommendations based on the review.

1.1 SCOPE

The review ‘of the Millstone PSS focused on the following report |
sections which document the seismic fragfiity, wind, and external
flooding analyses: | '

Section 1.2.3 External Flooding

Section 1.2.5 Wind

Séction 2.5.1 External Event Analysis

Appendix 2=1 Millstone Unit 3 Seismic Ana1ysis--Structures and
_ ‘ Equipment

e Appendix 2-J Millstone Unit 3 Probabilistic Analysis of

~ Structural and Component Fragilities

Jack R. Benjamin and Associates, Inc. has performed similar reviews
of the Indian Point Probabilistic Safety Study (IPPSS) (Ref. 1) and the
Zion Probabilistic Safety Study (ZPSS) (Ref. 2). (See Reference 3 for
the IPPSS review. The Z{ion review has not been published.) Based on
experience gained from the IPPSS and ZPSS reviews, the review of the
Millstone PSS was conducted in a short time period in order to quickly



evaluate the adequacy and accuracy of the results and to make
recoomendations based on the findings. In contrast to the previous
reviews which consisted of an in-depth evaluation of each section and
subsection of the PRA report, this review focused on_&ritica1 areas
which impact the results. "

Dr. John W. Reed performed the review of the Miilstone PSS. Dr.
Martin W. McCann, Jr. assisted in the review of the external flooding
hazard. One man-month of effort was devoted to fhe review with
approximately two days each spent on the wind and flood sections with
the remaining time devoted to the seismic fragility ana]ySis,

During the review, a meeting was held with NUSCO to discuss the
findings. It was learned that a reanalysis of the seismic hazard and
fragility parts of the Millstone PSS is currently being conducted. The
reanalysis has not been reviewed and comments in this report are made
only for the information given in the Millstone PSS which was submitted
in August 1983. A tour of the plant site was conducted'at'thé'end of
the review. Inbcdmpariéon with other'pfénfs. the Miilstone 3 structures
and combonents appear to be properly constructed and supported from a
structural viewpoint. The construction details and appearance of the
plant, support the comments and conclusions made in this report.

It was assumed in the’reQ1ew that LLNL:wou1d be responsible fbr
evaluating the seismic hazard ané1ysis and the systems analysis (i.e.,
event trees, fault trees, and hazard/fragility integration). Since the
overall seismic analysis was‘not reviewed, the impact of the f1nd1ngs
are discussed in terms of the various component seismic fragilities.
Note that it was concluded in the Milistone PSS that wind and external
flooding are»nqt’s1gn1f1cant_hazards. hence no formal probabilistic
analysis was conducted. | | | ‘



1.2 QVERALL METHODOLOGY

The overall methodology used to develop the seismic fragility data
and the bases for excluding wind and external flooding are discussed
below.

1.2.1 Seismic Fragility

The methodology used in the Millstone PQS to develop seismic
fragility data 1s appropriate and adequate to obtain a rational measure
of the probability distributfon on the frequency of fa11ure.' However,
the application of the methodology 1s a concern. It is stated in the
calculations and Appendik 2-1 that References 4 and 5 were used as the
basis for the seismic fragility ana1ysis. The approach used in the
Mil11stone PSS 1s referred to in the PRA Procedures Guide as the "Zion"
method (Ref. 6). However, the method used was not named or justified as
appropriate in the Millstone PSS.

The Zion method has two important features. First, the methodology
is based on a double lognormmal distribution model. Both the
distribution on the median and the random variation of frequency of
faflure are assumed to be Tognormal. Secondly, the probab111stic.
analyses use the results from the original design analysis as the basis
for the séismic fragility estimate. The median fragility'va1ues are
obtainedbusing the responses and capacities from the design analyses
which are scaled to eliminate conservatisms and variabilities (i.e.,
randomness and uncertainty) and are estimated based on some data, but

mostly on engineering judgment.

It is interesting to note that nowhere in the Millstone PSS report
sectionis pertaining to the seismic fragility analysis was the word
"lognormal™ used. Thus, no defense is given why the lognormal model is
appropr1ate; As discussed in Chapter 2 of this repqrt. there is
cons1derab1e confusion since the 16gar1thm1c standard deviations
reported in Appendix 2-I (note they are referred to as randomness and
uncertainty variabilities or beta va]ues) for structures and equ1pment
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are incorrectly finterpreted.as standard deviations. Also, the Tognormal
distribution is converted to a Weibull distribution with a lower bound
cutoff at 0.17g. This 1s ph11osoph1ca11y {nconsistent since the

fragiiity analysis incorrectly assumed that the variabilities of the
various capacity and response parameters are lognormal. It is also not
clear that 0.17g is the proper cutoff point. Since potehtia] design and
construction discrepancies were not considered in the analysis,‘the use
of a lower-bound cutoff is d1ff1cu1t to defend.

As discussed in Chapter 2, many errors in the sefsmic fragi11ty
analysis were found. In genera]. the assumptions which were made are on
the conservative side. The final conclusion is that the analysis 1s not
ratfonal and the frequencies of failure are too conservative. This is
_part of the reason why the mean frequency of core melt is 9.4x10-5,
which is high relative to the results from.other PRAs.

 From Section 7.5 ({.e., Table 7.5.1-2) of the Millstone PSS, the
mean systems fragi11ty values for core melt were obtained and 1isted in
Table 1-1. As can be seen from Table 1-1, the freduency of failure 1s
very high with a median value approximately equal to 0.3g. Even close
to the SSE value of 0.17g, the frequency of failure is on the order of 1
in 10. This is not reasonable since Millstone is a newer plant, which
has ‘been designed to comply with more recent regulations.

In Contrast to other PRAs submitted to the USNRC to date, the
Mi11stone PSS reflects new response analyses based on simple single-
degree-of-freedom (SDOF) models for the buildings. This was done to
rationally evaluate the conservatisms in the floor responsé spectrum
used in the design analyses. This {s commendable; however, it is not
clear from the calculations whether the effects of the higher fréquency
building modes have been properly accounted for in the SDOF analyses.

A troublesome concern 1s the question of secondary nonsafety-
related components failing and falling on safety-related equ1pment.‘
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This issue 1s not addressed. Also, it 1s not clear why the Main Steam
Valve building was not considered in the fragi1fty analysis, since it is
~ a safety-related structure.

The same general philosophical concerns from past PRA studies,
which were based on the Zion method, also apply to the Miltstone PSS.
Reference 3 discusses these issues in depth based on the review ot the
IPPSS. The reader is directed to Section 2 of Appendix A of Reference 3
for a general discussion of these 1issues.

1.2.2 Wind

It is concluded in the Milistone PSS that wind etfects do not
contribute significantly to the risk. As discussed in Chapter 3.0, this
conclusion is reasonable. The argument for excluding wind is based on
the hazard at the site and the prdtect1on provided by the two-foot-thick
concrete walls and roof elements which form the safety~related
structures. No fragility curves were developed and a systems analysis -
was not performed.

1.2.3 External Flooding
Similar to wind, it is argued in the Millstone PSS that external

flooding is not a significant hazard to the risk at Millstone. As
discussed in Chapter 4, the arguments given do not provide a rational
basis for excluding flood. Since external flooding was eliminated, no
fragility curves were developed and a systems analysis was not

performed.



Table 1-1. Mean Core Melt Systems Fragility Values

Ground R Mean Frequency
Acceleration of Failure
0.185 . .. .. 0.087
0.25 . L 0.354 .
0.35 .. 0.706
0.45 S 0.886
0.55 L . 0.958
0.65 | 0.993
0.75 0.999
0.80 . o ~ 1.000



' 2.0 SEISMIC FRAGILITY

The review of the seismic PRA analysis focused on the following
sections of the Millstone PSS report: '

Section 2.5.1 Seismic Risk Analysis

Appendix 2-1 Milistone Unit 3 Sefsmic Ana]ysis--Structure§ and
' Equipment :

Appendix 2-J Millstone Unit 3 Probabilistic Analysis of

.SfructuraT and Compqnént Fragilities

In addition to the review of these sections, the ca]cu]atioﬁs for
selected structures and components which afe_significant contributors to
the frequency of core Me1t were evé1hated{ The steam generétor wa§ also
fncluded in the review since it was given as a representative examp]e’{n
Appendix 2-I. | ' o |

Section 2.1 presents comments on specific sectiohs of the report
pertaining to the seismic fragility analysis. Section 2.2 gives the
results of the review of the fragility calculations for selected items.
Finally, Section 2.3 closes the seismic review and gives an eStimate of
the general level of conservatism which is contained in the M111ston§
PSS fragility analysis.

2.1 REPORT SECTIONS
The following comments are directed to specific sections of the
PSS. Page numbers precede each comment to help the reader locate the

area of concern. Specific comments on the calculations of Strucfure or

component fragflity data are given in the next section.

Section 2,5.1 Seismic Risk Analysis

Page 2,5-2: It is stated that fai]ure is assumed to occur if allowable
load 1imits established by design codes or functional tests are
exceeded. This {is an overly conservative assumption; however, the



fragflity calculations in Appendix 2-1 did not adhere to this
constraint, but rather included the energy-absorption capacity beyond
the yleld 1imit, if appropriate.

Page 2.5-3: 8g and 8y are described as being standard deviations. In
fact, they are logarithmic standard deviations. This philosophical
error is discussed in more detafl below (see comments on Appendix 2-J).

Page 2,.5-5: It is assumed that the safety-related components designed
to the SSE ievei wi]] not fa11 (1.e., probably equal to 1.0) for
acceierations below 0.17g. As concluded below, the fragility curves are
conservative. and the equivalent median frequency of the safety~related
systems, which is between 0.25¢g and 0. 359. shouid be roughly a factor of
two to three higher. For higher capacities. this cutoff assumption is
not criticai Houever. for ‘the anaiyses documented in the PSS,
accelerations beiow 0. 17g wi11 ‘contribute noticeably to the mean
frequency of core melt. As discussed in Section 1.2, the Tower bound
cutoff value of 0.17g has not been justified.

239@_2;5_5 Components above 1.11g were excluded fram the fault tree
since their capacity is sufficiently high such that they do not
contribute significant]y to the resuits. However, if higher capacities
are justified as discussed be]ou, then some of the excluded components

may become significant contributors.

Eggg_z‘izlﬁ. Terminating the analysis at 0.8g is inconsequentia] for
the Tow structura] capacities deveioped in the PSS since the mean system
fragility curve corresponds to a frequency of failure of 1.0 at 0.8g
(see Table 1-1 in Chapter 1) However. if higher capacities are used as
discussed below, then the upper bound acceleration cutoff should be
justified on the basis of the maximum earthquake.intensities which can

occur.



Page 2.5-11: The assumption that incipient -s11ding leads d1rect1y to ‘
failure of interconnecting piping is very conservative. '

Page 2.5-12: The basis for ‘the comment that structural s1iding does not
affect interconnecting piping and cabling 1s not true. Howevér. the
incipient sliding condition assumed in the PRA 1is very conservat1ve (see
comment directly above).

Equipment
Page 2-1-6: It 1s not clear why the variabilities were reduced on a

selected basic at the end of the project.

Page 2-1-24: It {is stated that as part of the inelastic energy
absorption capacity, the redistrjbut1on of forces among structural
elements was considered. For the component calculations reviewed (see
Section 2.2), no allowance for force redistribution was found.

Page 2-1-26: The definition of seismic fragility as ". . .level of
effective median peak ground acceleration at which the structure would
cease (fafl) . . ." is incorrect. The median value is a parameter of
the lognormmal distribution onrcapécfty, not -the entire fragility curve -
of a structure. '

Page 2-1-26: The s11d1ng capacity as calculated is the incipient
s1iding capacity and is conservative. As discussed below (see Section
2.2), the amount of sliding displacement and its effects on ‘
interconnecting equipment is the critical 1ssue, not the level of gfound
motion at which s1iding begins.

Eagg_Z;i;Zﬁ: FCSM should be the ratfo of the strengths ”comphted'with"
the actual material properties, divided by the sirength, computed with
the specified materfal properties. ‘



Page 2-1-30: The simple fnelastic energy model used in the PRA analysis
is applicable to structures which can be modeled as single-degree-of-
freedom systems. This model has not been shown to apply to complex

structures. . At best the uncertainty is a function of the complexity of
the system being analyzed.

Page 2-1-30: The average factor of safety due tO'earthquake combinatfon
(f.e., 1.3) where the responses from the three directions were combined
using an absolute sum, 1s a gross approximation.. A specific value
should be determined for each structure. For example, using data -from
the FSAR 1t can be shown that values of 1.2 and 1.4 are more appropriate
for the interior concrete and exterior shell of the containment
building, respectively. However, it was later determined that the
seismic forces were actually combined by the SRSS method in the PRA
calculations for the Contafnment {nternal structure. See discussion 1n
Section 2.2 for the Containment crane wall failure.

Page 2-1-35: The use of different sofl-structure interaction safety
factors for the EGEB (1.e., for sliding and strength faflure modes) is -
inconsistent. The values should be the same.

Page 2-1-36: The variability in the ultimate strength prediction is .
also due to uncertainty in the simple models used in the PRA analysis.

Page 2-1-37: The variability for the design capacity factor should be
based on the strength equation which generally is different for each
structure. A range of +20 percent (COV) {s a gross approximation, which
should be determined specifically for each structure.

Page 2-1-37: The materfal strength factor varfability i1s not equal to
the variability in material strength. It {is equal to the variabiﬁity of
the strength model due to variability in the parameters in the model
such-as material properties. |



Eggg_Z:l:iQ: The statement: "The randomness also was coﬁs1déred to
contain the uncertainty of the mean" is philosophically wrong. "By
definition, randomness and uncertainty are mutually exclusive.

Page 2-1-39: The modeling factor variability should be based on
variability of the modal frequencies and mode shapes. The frequency
effect should be obtained using the medfan ground response spectrum at
the ‘median damping value. Variability in frequehcy'shou]d be '
transformed using the response spectrum to variability fn response. The
use of *+15 percent (COV) {s a gross approximation and should be ’
determined specifically for each structure.

P =1-40: The basis for establishing the earthquake’cémb1nation
factor variability is not rational. Some simple calculations for the
Limerick PRA' (Ref. 7) show that the randomness logarithmic standard
deviation varies from 0 to 0.16 depending on the relative responses from
the three components and the coupling between the responses. Thus the
value of 0.22 1s on the high side. )

Pages 2-I-4]1 to 44: See Section 2.2 for a discussion of the

calculations performed for selected structures.

Page 2-1-58: It is assumed that electrical relay unrecoveraple chatter
is a failure. It is not clear how this was used in the PRA analysis.
Also, using incipient s1iding of the connecting buildings as a tailure

mode for buried piping is very conservative.

Page 2-I-61: Sing]e—degree&of-freedom models were used to obtain the
modified ARS for median damping values (i.e., 10 percent for structure °
and 5 percent for equipment). It is not clear whether the effect of
higher frequency modes was properly included in the modified floor
response spectra. '
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-Page 2-1-63: The report states that the varfability for the equipment
design capacity factor for piping was based on the ratfo of design
pressure to operating pressure calculated for each representafive pipe
element. This is not rational. The variabi1ity should be calculated
from the strength equation using the variabilities for the model
parameters (i1.e., materi{al properties).

Page 2-1-64: Equation 4-4 {s for a iognormal distribution, not a pormal
distribution as stated. This is an example of the misunderstanding of
what was calculated and reported in Appendix 2-1I.

Page 2-1-65: The generic damping factor variability value of 0.09 may
be Tow for equipment with natural frequencies close to the lower |

frequencies of the supporting structure. When the frequencies of thei f
.equipment and structure coincide, smal]_differences>1n équipment damping

can cause large differences {in response.

Page 2-1-65: Modeling factor varfability includes contributions from
mode shape and frequency. The latter effect {s sensitive to the
proximity of the equipment frequency value to the peak of the floor
response spectra. Component-specific values for this parameter shou]&
be developed.

Page 2-]-65: The earthquake component combination variability is a
function of the relative contributions from the three earthquake.
components and the degree of coupling which exists. .The frequency of
'the equipment (i.e., flexible versus rigid) is not a significant
variable for this type of varfability. The logarithmic standard.
deviation values are typically between 0 and 0.16.

Page 2-1-66: It is assumed that the earthquake component combinat1onL
factor varifability is the same as the structural response factor
varfability for the structure in which the component {s located. This
1s not ratfonal. This factor should be based on the characteristics of
the equipment, not the structure as discussed above.
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P =1~72: The modal combination factor, FRSC, should not be included
in the structure response factor when determining the fragility for an

equipment {tem, since the floor response spectra were obtained from a
time history analysis (i.e., since the phasing information is properly
incorporated). Also, the earthquake combination factor, FRSE, should
not be included since the effects of random phasing between the . -
earthquake components éhou]d only be included in the equipment response
factor.

Page 2-1-76:- The fllustrative example given in Appendix 2-I,.Section
5.2 {s discussed as part of the review of the calculations for
significant components in Section 2.2, below.

Page 2-1(A)-2: As discussed above for page 2;1-61. it 1s not clear that
the higher frequency modes of the buildings were properly reflected in
the modified ARS development.

From the calculations it appears that the equipment spectral shape
factor was calculated properly. The safetyrfactor for equipment'damp1ng
was obtained from a ratio of the relative floor responses (i.e., the
median level case vs. the design level case) where the relative floor
responses for each case were obtained as the spectral ordinate divided
by the zero period acceleration value. This approach is reasonable;
however, it is not clear that the effect.of higher frequency modes of
the structures was properly incorporated. |

Also, as discussed below in Section 2.2, the approach used for
scaling the structure response factor with height 1s incorrect.
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ndix 2=J = P s An sis of

Page 2-1-2: It is obvious from the use of the fragility parameters
produced 1n:Append1x'2-J that the authors of this appendix did not -
realize that a medfan value and two 1bgar1thm1c standard deviations were
devépred for each structure or component {n Appendix 2-1. It was
erroneously assumed that 87 and 8y are standard deviations (in fact,
they areilggazithmig standard deviations). The conversion from a
Jognormal distribution to a Weibull distribution 1s incorrectly
performed. By assuming that the betas from Appendix 2-<I are standard
deviations the variabilities are increased substantially. The final
result is that the fragility curves used in the analysis are overly

.conservative.

2.2 CALCULATIONS

The calculations for a select group of structures and components
were reviewed. The following items were chosen because they are
significant contributions to the frequency of core melt. The steam
generator'was also reviewed since 1t 1s the single i1lustrative example
that is presented in Appendix 2-I of the Millstone PSS: report.

Steam Generator ' 2.28
Auxiliary Building (collapse) 0.55
125 VDC Distribution Panel 0.64
Demineralized Water Storage Tank 0.68
Reactor Core Geometry | 0.68
Service Water Piping R 0.74
ESF Building (s11ding) B o o - 0.74
Emergency Generator Enclosure (s1iding) 0.75
Containment (crane wall failure) 0.87

*_isted fn Table 2.5.1-3 of the Millstone PSS report.

A discussion of the calculations for each ftem is given below.



Steam Generator (Millstone PSS Report Sectfon 5.2 -  ILLUSTRATIVE
EXAMPLE) | |

Numerous discrepancies were found in the {llustrative example of
the steam generator. The following is a discussion of the problems
which were encountered. '

The structure earthquake combination factor, FRSE, should be 1.0,
not 1.3, since the equipment was designed using the SRSS procedure.
Also, the structural response factor should not be scaled to different
elevations, since as first approximation all points in the building
above the base are equally affected by changes in the structural
response parameters (i.e., spectral shape, damping, modeling, etc.).
Hence the structural response factor should be just 1.5.

In developing the variability for the spectral shape safety factor,
1t was assumed that the uncertainty component was zero, which fs similar
to what was done in past sei{smic PRA studies. As discussed in .Reference
3, 1t is believed that 1f this were true, there would be no motivation
to ever conduct site studies to develop site-specific epectra.

The vériabi]ity‘for modeling is assumed to be-all uncertainty with
a logarithmic standard deviation of 0.15. This value is consistent with
‘other PRA studies; however, it is more rational to compute. this-
\parameter for each building considering variability in the mode shape
and fundamental frequency. In the Zion and Indian Point PRA studies,
the logarithm of the ratio of the spectral ordinates of the median.
spectrum at the median and median minus one standard deviation frequency
was used to compute the uncertainty value. o

The var{iability for structure modal combination ({.e., 0.17) should
not be included since the floor response spectra were obtained using a
time history analysis where all significant modes and the phasing
between the modes were retained. The variability for structure
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earthquake component combination ({.e., 0.22) should be eliminated for
the structural response factor and a smaller value included in the
equipment response factor. Based on a study conducted as part’of the
Limerick PRA (Ref. 7), the randomness due to earthquake compohent§ is a
function of the number of components which contribute to the response:
and the'degfee of coupling between the components. - Yalues for the
logarithmic standard deviations varied in the study from 0 to 0.16.
Also, a small randomness combonént:fqr damping woﬁ1d be more reasonable
than assuming zero.

The safety factor for equipment response, FRE; was assumed to be
1.0. The. spectral shape factor, FRES, was inappropriately assumed to be
1.0. The value for this factor is actually included as part of the
capacity factor (i.e., third equipment factor equal to 1.5). However,
this factor was not computed correctly since it is pased on the ratio of
the design ZPA value to the median .ZPA value. Since the steam
generators are flexible, the factor should be based on the ratio of ..

sSpectral ordinates corresponding to the fundamental frequency of the
component. - '

The variability for equipment spectral shape factor was assumed
equal to . the same value as for the strucfure spectral shape factor. The
varjabi11ty should have been based on the floor response spectra from
the medfan analysis and split into randomness and uncertainty components
corresponding to single mode variability and higher mode contributions.,
respectively.. Similarly; the equipment damping variability should have
been based on floor response spectra from the median analysis. The
value of 0.09 in the report is equal to the variability in damping. It
should be equal to the Variab111ty in response due to the variability in
damping. Also, the equipment damping variability should be Sp11t {nto
randomness and uncertainty -components. |

The equipment modeling variability should reflect variability 1n
mode shape and frequency. Both of these factors are affected by
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uncertainty in boundary conditions and randomness of mater1a1
properties. The frequency var1ab111ty can be used to directly obtain
response variability using the median floor response spectrum at the
location of the steam generators. '

The randomness of the capacity factor due to material property
varfability is equa1 to 0.14. According to the ca1cu1at1ons. this was
obtained by the fo110u1ng expression:

In (1.25)/1.65 = 0.14

where l;ZS is the Tower bpund papacity factor and 1.65 corresponds to
the 95 percent probab111ty level. This 1s incorrect. The logarithmic
standard deviation should be based on the randomness in design capacity
due to the randanness in the material properties. Although the vailue '
used (1. e.» 0. 14) is reasonab]e. the method for obta1n1ng this number is

not rational.

The varfability in the inelastic energy absorption factor was
incorrectly set equal to the variability in the ductility ratio. :A'more
correct value is obtained by the following expression: '

,_2131___l__ =
In 2(1.5) - 1 / 2=0.23

In addition to the uncertainty in the ductility ratio, there {s
uncertainty in the 1nelastic energy absorption model, which should be
included.  Again, the value of 0.35 used 1s reasonable, but the method
for obtaining this value is not rational.

~ In conclusfon, the median acceleration value of 2.28g may be
reasonable. The structural response factor should be 1.5, not 2.51, but
-the spectral shape factor (called the third design capacity factor 1in
the report) should be based on the design versus the median spectral
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ordinates at the natural frequency of the steam generatof. It 1s 1ikely
that tﬁe correct safety factor for spectral shapé 1s'greater than the
1.5 value used in the analysis. Thus, the two discrepancies tend to
offset each other. :

The total variability logarithmic standard deviation value of 0.62
tends to be on the high side. It is 1ikely that a more careful analysis
would reduce this value. . |

Auxiliary Building (Collapse)
The design capacity safety factory, FCSD, equal to 1.6 for the

Auxiliary building collapse, is based on the strength of columns {in the
building. It {s assumed that there is no sign1ficaht margin beyond the
design load; thus FCSD is equal to 1.1/0.7, where 1.1 is the SSE 1oad
factor and 0.7 is the code capacity reduction factor for tied columns.
It 1s not CTear why columns are controlling the capacity for seismic
events since the Auxilfary building is a shear wall structure. In
typical shear wall buildings the walls resist the lateral forces and the
columns support vertical dead and live 16ads. For cases where lower
story'co1umh§ support ubper story walls, axial forces due to
seismically-induced overturning moments at the bottom of walls w1ll be
predicted by elastic analyses; however, if the columns begin to yield
the lateral loads will redistribute through the floor. diaphragms to
walls which extend to the foundation. This safety factor is an
important contribution to the median capacity and is low compared to
similar factors for shear wall structures at other nuclear power plants.

The material strength safety factor, FCSM, equal to 1.35 is based
on the ratio of the column axial strength using actual material
properties to the strength using design properties. This is appropriate
1f column axial strength is the dominate strength contribution. ' Because
an axfal column taflure {s-a brittle failure no inelastic energy
absorption was assumed. As dfscussed above 1t may be unrealfistically
conservative to assume that the Auxiliary building will fail based on
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overstressing the building columns. Possible redistribiution of forces
should be considered.

The spectral shape factor, FRSS, was based on the ratio between the
spectral ordinates of the desigh spectra and the median rock spectra
from WASH-1255 (Ref. 8). The approach used is appropriate and is
consistent with other PRA studfes.

The damping safety factor was incorporated in the development of
the spectral shape safety factor in that the design spectrum at 5
percént damping and the median rock spectrum at 10 percent damping were
used. This 1s a consistent approach. ‘ ' B

The modeling safety factor, FRSM, was assumed to be 1.0. It fis
stated in the calculations that'modeiing was accounted for in the
spectral shape safety factor. Since the calculated frequency was
assumed to be the median frequency, this is correct.

The SRSS combination of modal response was used; hence, the modai
combination safety factor was assumed to be 1.0. This {s reasonable.

The earthquake components were evidently combined using an SRSS
combination for the Auxiliary building. This contrasts to other
Millstone building analyses where the absolute sum of all three
componenfs was supposedly used. For the Auxiliary buf]ding.'a safety of
1.0 is appropriate for this safety factor.

Since the Auxiliary building is on rock, the safety factor for
sofl=-structure interaction s 1.0.

In conclusion, the total safety factor of 3.24 appears to be Tow.

The assumption that the 1nterior columns control the cabacfty-of the
Auxiliary builiding should be reexamined. '
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The uncertainty logarithmic standard deviation for strength faflure
of structures was assumed to be 0.20 for all bu11d1ngs. It was not
based on the uncertainty of the different strength prediction models,.
but was assumed based on va1ues used in the Zion and Oyster Creek PRAs.
Because of the possfbi]ity of load redistribution, this value 1s on the
Tow side.

The randomness logar{thmic standard deviation for’materfal strength
of the Auxiliary bu11d1ng was based on the varfability of fndividual
construction materials (1 e.» steel and concrete). However, the
varfability of the strength equation should ‘have been used rather than
the var1ab111ty of the individual mater{al strengths. The value of 0.10
which was assumed {s reasonable compared to results from other PRAs.

Because no 1ne1ast1c energy absorption was assumed for the
Auxi]iary bui]ding. no var1ab111ty was assumed. This 1is reasonab1e _
based on this premise; however, the assumption that there is no
inelastic capacity is very conservative. '.

_In developing the variab111tv,for the spectral shape safety factor,
1t-vas assumed that the uncertainty component is zero, which 1s similar |
to what was done 1n past seismic PRA studies. As discussed in Reference
23, 1t 1s believed that if this were true, there would be ~no motivation
to ever conduct site studies to develop site-specific spectra. The
approach used to develop the randomness component was based on the
logarithm of the response spectra1 ordinates from the WASH-1255 spectra
at the median and the median plus one standard dev1at10n curves. which

is -a reasonable approach.

The variability for damping effects was assumed to be all
uncertainty. The logarithmic standard deviation was based on the
logarithm of the response spectral ordinate from the median curves'at 7
percent and 10 percent, where i1t is assumed that the 7 percent value is
at the'minus one standard deviation level. The approach used is
reasonab1e. However, there should be a small randomness component.
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The variability for modeling is assumed to be all uncertainty with
a logarithmic étandard deviation of 0.15. This value is consistent with
other PRA studies; -however, it is more rational to compute this
parameter. for each building, considering variability 1in the mode shape
~ and fundamental frequency. In the Zion and Indian Point studies, the
logarithm of the ratio of the spectral ordinates of the median spectrum
at the median and median minus one standard deviation frequencies was .
used to compute the uncertainty value.

The variability for modal combinations was assumed to be all.
randomness, and the logarithmic standard deviation value of 0.17 was
assumed based on what was used in the Zion PRA. This {is consistent with
other PRA studies.

For the combination of earthquake components, the variability was
assumed to be all randomness, which is appropriate. However, a value of
0.17 was assumed to be equal to the same value as used -for modeling (see
discussion above). The basis for this value {s not rational and is
probably on the high side. The results of a study conducted for the
Limerick PRA (Ref. 7) were based on considering the possible response
extremes to be at +3 standard deviations. Different response coupling
and phase relationships (i.e., in-phase and out—of—phase5 were
considered. The values for the logarithmic standard deviations ranged
from 0 to 0.16. Although the assumption of +3 standard dev1ation range
is debatable, based on this study the 0.17 value .seems high.

Since the Auxiliary building 1s on rock, there will be no
significant soil structure interaction, hence the variability is
essentially zero.

In conclusion, the logarithmic standard deviation for combined

varfability is 0.43, which is consistent with other studies. However,

,the approach used to obtain the value is not entirely rational as
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discussed above, and the final value of 0.43 {s probably on the low
side.

125 YDC Distribytion Papel
The 125 VDC Distribution Panel contains switchgear and {s located

on the base mat of the Control building. The PRA calculations for this:
component are confusing, and it is difficult to systematically account
for all the discrepancies that have occurred in the calculations. It is
assumed {n the-analysis that electrical malfunctions will occur at a
higher acceleration than failure of the external cabinet. Consequently.,
a static force computer analysis was performed using forces from
transmissibility data obtained from dynamic tests of the cabinet.

In the development of the design capacity factor, the computer
analysis was conservatively biased. Both horizontal direction
earthquake loadings were applied simultaneously (which produced an
absolute sum combination in the critical column). The maximum stress
appears to be high for the applied loading. The energy absorption
safety factor was based on a median ductility value of 1.5, which is

Tow.

The randomness value of 0.14 assumed for the effect of material
strength on design capacity is not rational. This is the same incorrect
value as used for the steam generator (see discussion above). The
variability for inelastic energy absorption is low. The median and
median plus one standard deviation values for ductility were assumed to
be 1.5 and 1.8, respectively. This {is not a realistic range. Also, no
uncertainty was assumed for the inelastic energy absorption model.

The equipment response safety factor was assumed to be 1.0 with a
varfability logarithmic standard deviation of 0.24. The latter value is
different from the calculations ({.e., 0.15) and may be low because the
variability value consists only of contributions from instrumentation
and control errors, and modeling effects. The effect of response
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spectrum, frequency, damping, mode shape, mode combination, earthquake
combination, general test input. and statfé‘mode1 factors shqu1d also be
systematically incorporated into the analysis. '

The structural response safety factor also was assumed to be 1.0
with a variabi]ity of zero. This assumptfon was made because the
equibment is supported’On the base mat which was poured against the
ground. According to the FSAR, there {is some fill beneath the Control
building, and a soil=-structure interaction model was developed 1in the
design of the building. The base mat floor response spectrum should be
used 1in developing the equipment respdnse factor and the ground response
spectrum used to develop the structural response factor with the |
appropriate properties of the building (1.e., frequenéy. damping; mode
shape, etc.). Even if the building were supported directly on rock, the
equipment respphse factor should reflect the difference betwéen the

design and median ghound response spectra.

Note that the analysis assumed a 0.25g peak base acceleration value
rather than the SSE value of 0.17g. This discrepancy was encountered at
several places fn the calculations, which suggests that some of the
analysts be]ieved that the plant had been originally designed for an SSE

ground acceleration value of 0.25g.

In summary, the median capacity of 0.64g and the combined
logarithmic standard deviation value of 0.30 are both low. These values
are considerably lower than vaiues for similar components in the Zion
and Indian Point PRAs. |

Demineralization Water Storage Tank (s1{ding) |
The design capacity factor, FCSD, for sliding is equal to 2.0,

which is based on the incipient sliding friction failure between the
bottom of the 10-foot thjék base mat and the fi111 concrete placed
against the rock foundation. The calculation is based on a sliding
coefficient of friction of 1.0 and resistance provided by the compacted
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earth fi11 agafnst tﬁe base mat. The value of 1.0 1s conservative even
for incipient sliding. Apparent1y the applied force due to the SSE
earthquake 1s an absolute sum combfnation of the two horizontal
components. A traditional-type 1ncipient s]1d1ﬁg analysis was
performed; however, it is unlikely that the tank foundétion will slide
very far, even for an earthquake with accelerations greater than tﬁe
median capacity. '

The variabiTity Iogarithmié standard deviation value of 0.1 for
capacity is 10w.' It is based on the assumption that a cbeff1cient of
fr1§t1on value of 1.0 is 1.65 sfandard deviation below the mean vaiue'in
the logarithmic domain (i.e., median equals 1.2).1 This_is apparéntIy an
error because FCSD was based'on a median value of 1.0. A more realistic
value could be obtained from mu1t1b1e nonl{near 511d1ng.anaiyses where
uncertatinty in the dynamic'coeffic1ent of friction is used to determine
the uncertainty in response. Tﬁe randomness component was included in

the spectral shape randomness logarithmic standard deviation.

The uncertainty for. the spectral shape was assumed‘to be zero. Aé
discussed above for the Auxiliary building, this {is nbt reasonable.

If the absolute sum of the two horizontal earthquake'compoﬁents was
used as stated, then the earthquake combination safety factor appears to
be correct. The logarithmic standard deQiat1on value for randomness
equal to 0.22 appears to be high as discussed above for the Auxiliary
building. - ’

In summary, the median capacity value of 0.68g is low, because the
design capacity factor was based on a conservative incipient sliding
analysis. A more realfstic def1n1fion'of fa11ure shouid be used to
correspond to actual fa11ure'cond1tions of interconnecting equipment.
The combined variability logarithmic standard deviation value of 0.38 1is
‘low. Because of the uncertainties which are present, a higher value

would be more reasonable.
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Reactor Core Geometry

The seismic PRA analysis for the reactor core geometry was based on
the Westinghouse stress. analysis of the upper and 1owgryreactor pressure
vessel ‘internals. The development of the equipment capacity safety
factor, FCE, 1s conceptually correct; however, the Westinghouse stress
analysis results were not available and the interpretation of these
results and use in the seismic PRA analysis were not reviewed. However,
the assumed median ductility value of 1.5 used in the analysis appears
to be on the conservative side. '

The reported equipment capacity factor variability value is 0.36.
The.corresponding value given in the calculations. 1s 0.20, which does
not agree with the report. The difference is probably due to the
variability in ductility (0.35 was used for other components) which 1s
not included in the calculations, but somehow was included in the report
(however, a value closer to 0.40 in the report, rather than 0.36, would
be more consistent with this explanation). The randomness values for
material strength and ductility are incorrectly calculated (see
discussion above for the steam generator example). The approacﬁ for.
determining the equipment capacity factor varfability should be based -on
the variability in the models, material properties, and ductility ratios
and their effect on the equipment capacity safety factor. The first
item contributes ‘to uncertéinty and the last two to both uncertainty and

randomness.

The equipment response factor, FRE, is assumed to be 1.0, since the
final stresses were scaled to plant-specific spectral values in the'
Westinghouse calculation. - The value of 1.0 is not correct. The value
should be larger due to the difference between the envelope floor
response spectra and assumed equipment damping values, and the ,
corresponding median properties. It is 11kely that FRE 1s much larger "
than 1.0 because of these effects. » |
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The reported equipment response factor variabi]ity is 0.41. The
corresponding value given in the calculations 1s 0.26, which does not
agree with the value of 0.41 given in the report. 'The uncertainty
component was derived generically to include 0.09 for damping and 0.10
for the effect of material properties on dynamic response. The damping
term should be obtained specifically for this component since this
factor {s sensitive to the frequency of the component and the
corresponding floor response spectra ({.e., greater varifability occurs
near spectral peaks).

Also, it 1s not clear whether the uncertainty value of 0.09 is due:
to damping or due to the effects of damping variability on response (see
discussion above for the Steam Generator). The randomness component is
based on a value of 0.22 for spectral shape and 0.05 for thé effects of
material properties on dynamic Eesponse. The Tatter value was assumed
generically, and the basis for the former value is not known, but
probab]y is the same as the corresponding spectral shape value for the
building. In additfon, there should be randomness included for damping
and combination of earthquake components. Also, modeling errors ({.e.,
frequency and mode shape) and modal combination effects are apparently
not included.

The structural response safety factor, FRS, is reported to be 2.00.
This value can be separated into the contribution from spectral shape
({.e.» 1.5) and combination of earthquake components (i.e., 1.3). The
latter factor is incorrect and should be 1.0, since the equipment was
designed based on an SRSS combination of earthquake éomponents.

The reported structure response factor variability 1s 0.42, which
agrees with the value in the calculations. A logarithmic standard
deviation value of zero was assumed for the effect of damping -
randomness, which is low; however, the corresponding value of 0.22 used
for combination of earthquake components 1s both high and not |
appropriate since this variability should be included only in the
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equipment response contributions. Also, the 0.17 value for modal
contribution shou]d not be used since the floor response spectra were
probably obtained by a direct integration time-history analysis.

In summary, the median capacity of 0.68g is low pr1mar11y'due to
the unrealistically low value for fhe equipment response factof. The
total varifability logarithmic standard devfation reported is 0.67;
however, the value in the calculations is 0.54. The latter value is
more consistent with previous seismic PRAs, but it {s not clear which 1s
the better estimate. |

Service Water Piping

The failure of the service water piping s assumed to be the same
as the failure of the Engineering Safety Features (ESF) building.
However, it is stated in the calculations that’coﬁpressfb]é material has
been provided between the ESF bu11ding and the pipe 1ine. No
compressible matéria] apparently has been provided between the Emergency
Generator Enclosure (EGE) and the service water 1ine. It is conc1udéd
in the calculations that the faflure of the service water 1ine 1s
represented by the sliding fragility of the EGE (not the ESF buiiding).
Apparently there {s a discrepancy between the calculations and the
report; howeyér. the difference 15 small. | Cw

As discussed above for the éliding fatlures of the various
structures, incipient sliding does not imply immediate failure of the
1nterconnect1ng components (e.g.» service water line). The fai]uré
capacity 1s higher. Because these structures are embedded, it is
unlikely that the relative sliding displacements will be significant at
the median capacities which are given in the report.

Rocking of a structure such as a‘containment building can lead to
problems for interconnecting piping (e.g., Zion seismic PRA). This is a
more 1ikely conditfon than a sliding-induced failure. This potential
failure mode should have been considered in the fragility analysis of
structures.
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.ﬂmﬂmuﬁim_ﬁeﬂms.ﬁuldm (51161'19)
~ The design capacity safety factor, FCSD, for s11d1ng is equa1 to

2.4, which s based on the capacity of the ring girder in bending where
it 1s assumed that the reinforcement is designed to allowable values.
Based on this assumption, FCSD is equa1 to 2(1.1/0.9), where 2 s the
ductility factor, 1.1 1s the SSE load factor. and 0.9 {is the code
capacity reduction factor for bending. Note that the duct111ty factor
“was included 1n FCSD and not in the inelastic energy safety factor, as
done for other structdres.

It appears that a conservative approach was taken in the
development of FCSD. First, 1t is likely that there is extra capacity
in the ring'girder which was neglected in the ana1ysis. Second.islid{ng
is also resisted by the contact between the foundation and the rock
base. The dynamic coefficient of friction may be large due to
1rregu1ar1t1es at the foundation/rock 1nterface. Even 1f the structure
starts to slide, the amount of displacement and 1ts effects on
interconnected equipment is the important cons1deration_for‘determ1n1ng
the medjan capacity value.

The uncerta1nty 1ogar1thm1c standard deviation va]ue of 0.20 for
the capacity factor was determined generically as discussed above for
the Auxiliary building. This va]ue seems low for the sliding failure of
the‘ESF building. A1so, since the failure 1s controlled by the ring
girder. randomness for the effect of var1ab111ty in materia] properties
and ductility should be 1nc1uded

In developing the variability for'the spectral shape safety factor,
it was assumed that the uncerta1nty compenent is zero, which is similar
to what was done 1n past seismic PRA studies. As d1scussed above for
the Auxi]iary building, this va1ue 1s not reasonab1e."
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The median safety factor for earthquake combination is equal to
1.3. As discussed below for the Emergency Generator Enclosure, this
generic value should not be used. Instead a building-specific value
should be developed. The logarithmic standard deviatioh value for
randomness equal to 0.22 appears to be high.

_ In summary, both the medfan capacity of 0.74g and the combined
logarithmic standard deviation of 0.39 appear to be Tow.

Emergency Generator Enclosure (sliding)

The design~capac1ty-safety_fattor. FCSD, for sliding is equal to .
1.8, which 1s based on the incipient shear failure of the Basil till
beneath the building. The capacity was obtained by conservative]y.
reducing the normal force by the vertical earthquake component
(corresponding to 0.17g) and multiplying this reduced force by the
tangent of 40°, where 40° {s the internal friction angle of the till.
small additional capacity was added to this result for the frictional
force along the outside walls. This capacity was divided by the base
shear due to the horizontal earthquake (probably due to only one
component) to obtain the value of 1.8 for FCSD. |

This is a conservative capacity factor corresponding to incipient
siiding. Because the building is embedded approximately 15 feet, it is
unlikely that 1t will slide very far even for an earthquake with

accelerations greater than the calculated median capacity.

The basis for the uncertainty logarithmic standard deviation value
of 0.1 for capacity is unknown. It may have been selected to be the
same as the value used for the Demineralized Water Storage Tank. See
discussion for this component above. This value seems very low.

The uncertainty for spectral shape was assumed to be zero. As
discussed above for other buildings, this {s not reasonable.

/ 2=23



The combined earthquake safety factor, FRSE, value of 1.3 probably
is incorrect since 1t appears that only one earthquake component was
used to develop the capacity factor. The logarithmic standard deviation
value for randomness equal to 0.22 appears to be high (see discussion
for Auxiliary buflding).

In summary, the median capacity value of 0.75g {s 1ow, because the
design capacity factor was based on {ncipient siiding. ‘A more realistic
definition of failure should be used to correspond to actual faflure
conditions of interconnecting equipment. The combined variability
logarithmic standard deviation value of 0.37 is low. Because of the
uncertainties which are present, a higher value would be more

reasonable.

Containment (crane wall faflure)

The design capacity safety factor, FCSD, for the containment is
equal to 1.75 which is based on an analysis of the columns which support
the crane wall (these columns are really wall segments 10 feet by 3 feet
in plan and 25 feet high). The calculations which are provided are
difficult to follow. The following inconsistencies were noted:

e - The axial forces in the columns due to overturning moments were

based on plane sections remaining plane. This may not be true.

e The interior walls at the center were neglected which biased
‘the results to the conservative side.

e The maximum moment in the critical column was based on single
curvature. Because of the relative dimensions, a fixed
boundary condition at the top and bottom would be a more
reasonable assumption. This would decrease the applfied moment
by a factor of 2.
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e Because the critical column will be braced by other wall
segments, the slenderness effects can be neglected.

o The ana1yéis was performed using code-required strength
reduction factors which biased the results to the conservative
side.

Also, as the critical walls begin to fail the loads will be
transferred to other walls. It is concluded that the FCSD value of 1.75
is overly conservative. A more detailed analysis should be conducted.

The uncertainty logarithmic standard deviation for strength failure
of structures was assumed to be 0.20 for all buildings. It was not
based on the uncertainty of the different strength prediction models,
but was assumed based on values used for Zion and Oyster Creek PRAs |
(Refs. 1 and 2). Because of the possibility of load redistribution,
this value 1s on the low side.

" The randomness 1ogar1thm1¢ standard deviatfon for material strength
of the Cpntainment bu11d1ngrwas based on the varfability of individual
materials (1.e., st991 and concrete). The variability of the strength
equation should have been used rather than the varfability of the
individual material strengths. However, the value of 0.14 which was

assumed is reasonable.

The inelastic enefgy safety factor, FCSE, was assumed to be 1.0
since the column f§11ure wou1q be a compression failure. As discussed
above, the_ana1ys1s 1s overly conservative, and the failure mode may_be
tensfon or shear. It is 1ikely that there is ductile capacity and FCSE
should be greater than 1.0.

In developing the variability for the spectral shape safety factor,
it was assumed that the uncertainty 1s zero, which {s similar to what |
was done in past seisﬁic PRA studies. As discussed abové for the
Auxiliary building, this value is not reasonable.
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The analysis conducted for the Containment internal structure for
the PRA combined the seismic effects by the SRSS method. Thus the
earthquake components safety factor, FRSE, value of 1.3 s not
appropriate. A vaTde of 1.0 should have been used. As discussed above
for the Auxiliary building analysis, the randomness logarithmic standard
deviation for this safety factor 1s high (i.e., 0.22 was used).

In summary, the meﬁian'capacity of 0.87¢g abpears to be low. The
combined logarithmic standard deviation of 0.47 may also be on the low
side. - ‘

2.3 CLOSURE (

The overall impression of the seismic fragility analysis is that
the results are very conservative. The numerous conceptual and o
‘philosophical errors encountered produce a lack of confidence that the
fragility ane1ysis was properly performed. Although the amount of
computations, as evidenced by the thickness of the calculation file
(approximately eight inches thick), and the additional response spectra
analyses performed for the seismic PRA indicate that considerable
resources were expended however. the f1na1 resu]ts are not cons1stent
with the state-of-the— art.

Based on comparing the fragility results of the Millstone PSS with
similar data from the Indian Point and Zion PRAs, it is judged that the
median fragility estimates are a factor of 2 to 3 low. This estimate is
speculative since an independent ana1ysi$ has not been perfohmedvto
confirm the reasenab1eness of the‘ﬁigher structure and equipment
capacity values. ' -

Although the variabilities (i.e., randomness and uncertainty) were
obtained in an incorrect manner, the final results are consistent with
results from other PRA stﬁd1es. However, the uncertainty values for
Millstone and other PRA studies are generally on the Tow side. '
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3.0 NIND

In Section 1.2.5 of the Millstone 3 PSS, 1t 1s concluded that wind.
does not contribute significantly to plant risk. The governing wind
event at the Millstone site is the occurrence of severe tornados. 1In
general, the effects of tornados, hurricanes, and extratropical cyclones
(1.e., normal winter storms and thunderstorms) should be considered in
the wind risk analysis. As discussed below, it is agreed that tornado
effects, which potentially create much larger loads, do not contribute
significantly to plant risk; thus, the effects of other wind loads are
implicitly 1ncluded.

It 1s stated that all Millstone Unit 3 safety-related structures
are of reinforced concrete construction with wall thicknesses of at
least two feet. Except for some of the Quench Spray system components,
all other safety-related components are contained in safety-related
structures (Ref. 9, Table 3.2-1).

- Based on the analysis described in Sectfon 1.2.5.1.1 of the _
Millstone 3 PSS, 1t is stated that the frequency of exceeding the design
tornado wind speed of 360 mph is approximately 5.4x10-6 per year. It is
believed that this value is very conservative as discussed below.

At the Indian Point site, which is approximately 100 miles away and
which is in an area with higher tornado activity based on historic data,
the mean maximum tornado wind speed at the 10-7 per year frequency level
is 230 mph with an 80 percent confidence range of 170 to 340 mph (Ref.
1). Other independent point estimates for the Indian Point site at this
frequency level are 236 mph_and 200 mph (Ref. 3). Note that these
results are significant since the reported mean rate of tornado
occurrence in the Millstone Unit 3 PSS is 1.87x10~4 per square mile per
year, which is lower than the value of 2.4x10-4 per square mile per yeaf
used in the Indian Point study (Ref. 1).
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A’ recent technical paper by Twisdale gives velocity/frequency
curves for four regions of the contiguous U.S. (Ref. 10). ‘None of the
curves extend beyond 300 mph. Finally, using an approach developed by
Reinhold (Ref. 11), the mean frequency hs1ng a tornado occurrence rate
of 1.87x10-4 per square mile per year was found to be less than 10-8 per
year. It is concluded that the mean frequency of occurrence of tornados
with maximum wind speeds equal to or greater than 360 mph is less than
10-8 per year. : ' '

On the capacity side of the problem, all safety-related structures
are designed, using code procedures and allowable strength values, to
resist wind speeds of 360 mph and associated tornado missiles. From a
probabilistic viewpoint, the frequency of structural failure or missile-
induced damage given a 360 mph tornado would be one to two orders of
magnitude lower than the frequency of the tornado occurrence.

Because of the extremely low mean frequencies of failure (i.e., on
the order of 10~9 to 10-10 per year), it can be safely concluded that
tornado (and hence other lesser wind types) effects are not significant.
Even cons1der1ng the contributfon of uncertainty it is unlikely that the
effects of wind would contribute significantly to the plant risk.



4.0 EXTERNAL FL.OODING

In Sectfon 1.2.3 of the Millstone PSS, 1t {is concluded that
external flooding 1s an 1nsign1f1¢ant contributor to p1anf risk. Only
two sources of external flooding are considered to potentially impact
the Millstone site: tidal flooding and intense precipitation. Since
there are no major rivers or streams in the vicinity of Millstone Point,
river flooding and dam failure are not considered applicable to the
site. Tsunamis are also excluded since there is an extremely low
probabi1ity that these events will occur along the North Atlantic coast
J1ne.

The justification for excluding external flooding from the formal
risk analysis is made on a qualitative basis. No formal probabilistic
analysis was performed. Tidal flooding and 1ntense"prec1p1tétfon are
based on the effects of the Probable Maximum Hurricane (PMH) and the
Probable Maximum Precipitation (PMP), respectively. No probability
values are given; however, these events are Judgéd to have a point
estimate frequence of occurrence between 10-6 to 10~4 per year. This
estimate 1s based on an approximate analysis using available hurricane
hazard data in the vicinity of the Millstone site (Refs. 1 and 12).

The description of the calculations, which were conducted to obtainA
the maximum wave runup and standing wave height due to the PMH and the
flood depth due to the PMP, are contained in the FSAR (Ref. 9). It is
apparent from the description given that conservatisms were included in
the calculations (e;g;. the most severe comb1nat10n'of hurricane
parameters were used to represent the PMH and the site yard drains were
considered ineffective in the PMP analysis). However, the amount of
additional conservatism is not known. It is not necessarily true that
single extreme events are the only circumstances that contribute to the
risk. Also, the PMH and PMP may be correlated since the PMP could be
caused by the PMH.



In contrast to the seismic ana1ysie. the external flooding analysis
did not explicitly consider the uncertainty (which 1s large) in the
underlying parameters and models. Even at the 100-year storm 1eve1. the
coefficient of variation on water depth {is expected to be approximate]y
0.2 to 0.3. Thus, the conclusion that external f1ood1ng has a very 1ow
frequency of occurrence is not convincing without some formal
quantification of the hazard. '

By 1ﬁc1ud1ng the effect of uncertainties in the external flood
ana1yeis. a distribution on the frequency of occurrence can be obtained.
The present analysis implies that the frequency of flooding above the
protected elevation {s small. However, the margin of safety above the
PMH and PMP design e1evat10n 1s also small (less than 1 foot for the PMH
and less than an {inch for the PMP).

As an examp1e.'the point estimate for the PMH might be 10~5 per
year; however, because of the large uncertainties'thet are present,
there is a small but finite probability that the frequency of the PMH is
10~4 per year or larger. Similarly, 1t can be argued that there is a
potential hurricane bigger than the PMH which could produce a wave runup
which exceeds the water-tight elevation of 25.5 feet ms1.. The point
estimate for this event might be on the order of 106 per year; however,
due te uncertainty there also is a small but finite probability that it
1s 10‘5 per year or larger. Proceeding in this menner, it can be ehown
that including uncertainty will result in a family of hazard curves
which may increase the mean frequency of water depth above the value
obtatned using only a single point estimate ‘value (i.e., the PMH). 1In
order to evaluate the implications of a water level greater than 25.5
feet msl, it is necessary to either conservatively assume core melt or
to develop event freess fault trees, and equipment fragilities to
systematically 1ncorporate the unique features of the plant into the .
uncertafnty analysis.
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In summary, a formal analysis should be conducted‘ih1ch provides
frequencies of occurrence and includes uncertainty in the external flood
models and parameters. Because of the large uncerta1nt1es which exist
for external flood, there 1s the possibility that the mean frequency of
core melt is larger than 10=6. 1In order to conclude that the
contribution from external flooding 1s insignificant relative to other
hazards, a complete statement of the probability distribution on
frequency of occurrence should be prov1déd.
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5.0 CONQLUSIONS AND RECOMMENDATIONS

The following are conclusions based on the review -of the Millstone
PSS and recommendations for additional work which should be conducted.
The information is given below for seismic, wind, and external flood

hazards.

5.1 SEISMIC

Because of the very conservative assumptions and numerous errors
which have been made, the fragflity parameter values do not represent
the results of a state-of-the-art analysis. The median ground
acceleration values for the compohents which are significant
contributors to the frequency of core melt are judged to be a factor of
2 to 3 lTow compared to similar components from other recent PRA studies.
This estimate is speculative and was not confirmed in detail for the
specific components. In contrast, the logarithmic-standard deviations
for randomness and uncertainty are generally consistent with results
obtained from other PRA studies; although numerous errors (many which
are compensating) were .made in calculating the variabilities. The
logarithmic standard deviations for uncertainty are on the low side; .
however, the effect of this bias 1s probably sm§11 on the final risk

results.”

Baéed on the findings of the review, the fragility parameters-
should be recalculated to eliminate the excessive conservatisms and to
correct the errors which have occurred.. The new fragility curves should
be incorporated in the systems analysis and combined with the seismic.
hazard .curves to produce more realistic distributions on frequency for

core melt and other consequences.

Also, after the plant is completed a review should be conducted to
determine if any non-safety related structures or components could fail,
fall, and impact the safety-related items in the plant.



5.2 WIND

The conclusion in the Millstone PSS that wind effects do not
contribute significantly to the risk of radiological consequences 1s
reasonable. ‘Because all safety-related structures have been designed to
resist tornado loads and resultant missiles for wind speeds up to 360
mph, the minimum thickness of concrete walls and roofs is two feet. A
point estimate frequency for this speed is on the order of 10-8 per year
at the Millstone site. Failure of the concrete structures would be one
to two orders of magnitude lower. Even incorporating the effects of
uncertainties, wind hazard will not become a significant external event.

5.3 EXTERNAL FLOODING

The exclusfon of external flooding as a significant event {is based
on qualitative arguments. No formal probabilistic analysis or even
point estimate values are offered in defense of this conclusion.

An approximate analysis indicates that the PMH has a frequency of
occurrence between 10-6 and 10-4 per year. If uncertainties are
included, the risk of flood waters exceeding critical elevations may be
significant. No information is given regarding the consequences (1.e.,
f1ood1ng-1nducéd equibment fragilities or systems analysis) {f the
protécted elevations are exceeded. In conclusion, there is no
quantitative basis to conclude that external flooding is not a problem.

In order to providé a rational basis for Judging whether external
f1ood1ng s a significant contributor to off-site consequences, a formal
probabilistic hazard analysis should be conducted which incorporates the
uncertainties of the methods and pérameters. If the.probabilfities of
the frequencies of exceeding the protected elevations are significant,
then fragility and systems analyses for flooding may be required.
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1. INTRODUCTION

Jack R.. Benjamin and Associates, Inc. (JBA) was retained by Lawrence
Livermore National Laboratory (LLNL) to perform a review of the fragility
anaiys1s of the structures and components at the Millstone Unit 3 Nuclear
Power Statfon. The fragility éna]ysis was performed by Structural
Mechanics Associates (SMA) for Northeast Utilities Service Company (NUSCO)
(Ref. 1). A previous review by JBA of the fragility analysis originally
dsed in the Millstone Unit 3 Probabilistic Safety Study (referred to as the
Millstone PSS) is documented in Reference 2. In regards to the original
seismic fragility analysié. JBA recommended that the fragility parameters
should be recalculated to eliminate excessive conservatisms and to correct
errors which had occurred. In addition, 1t was recomménded that after the
plant 1s completed, a review should be conducted to determine if any non-
safety related structures or components could fail, fall, and impact the
safety-related items in the plant.

In response to the first recommendation, NUSCO retained SMA to perform
a reanalysis of the seismic fragilities, which are documented in Reference
1. This report presents our review of the revised analysis.

1.1 SCOPE _ .

Jack R. Benjamin and Associates, Inc. has performed similar reviews of
the Indian Point Probabilistic Safety Study.(IPPSS) (Ref. 3) and the Zion
Probabilistic Safety Study (ZPSS) (Ref. 4). (See Reference 5 for the IPPSS
review. The ZPSS has not been published.) .Based on experience gained from
the 1n1t1a1-rev1ew of the Millstone PSS and the IPPSS and ZPSS reviews, the
evaluation of Reference 1 was conducted in a short time period in order to
quickly determiﬁe‘the adequacy and accuracy of the results and to make.
recommendations based on'the findings. In contrast to the previous reviews
of the‘IPPSS and ZPSS which consisted of an in-depth evaluation of each
section and subsection, this fev1ew focused only on critical components and
1ssues which may 1mpacf_the results.
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This review consisted of reviewing Reference 1 and studying the
calculations provided by NUSCO which document the development of the
fragility parameter values. The new fragilities were developed only for
the*safety-related“structureS'and for components with medfan ground motion
capacities less than 1.5g. Note that all capacities cited in this report
are referenced at the free-field ground surface level. The results'of the
original ana]ysis were used to screen the components and only the low
capacity_ones were selected for reanalysis. We agree that this 1s a
reasonable approach since the original analysis is excessively
conservative. However, 1t is implicitly assumed that COmponents'w1th
medfan capacities greater than 1. Sg do not contribute sign1f1cant1y to core
melt or r1sk. ‘

The revised hazard and systems analyses were not reviewed. It is
assumed that the NRC will evaluate these analyses in the1r‘ent1rety.
Because of the overlap between the fragility analysis and the hazard and
systems analyses, Amendment 2 to the Millstone PSS was quickly read. Based
on this reading, we question whether the 5.3 to 6.3 range on earthquake
magnitude that 1s assumed in the fragility analysis in Reference 1 1s
realistic. The implications of a higher range is discussed in Chapter 2.
Also, we do not believe that the systems fragility curves and the hazard
curves have been properly integrated. The mean annual frequency of core
‘melt value of 1.7 x 10-5 seems high. This concern was communicated to the
NRC in a telephone conference cal] on April 19. 1984.

In Chapter 2, the effect of earthquake character1st1cs on frag111ty
calculations is discussed. In this chapter, the effect of earthquake
duration and magnitude are considered. This has been a troublesome
philosophical (and precticel) problem in previous PRA‘studies.i The
approach used 1n Reference 1 is d1fferentlfrom other PRAs.' An evaluation
of the current approach in relationship to previous procedures for handling
this issue is given. Also, the effect of using a site-specific response ‘
spectrum shape and the relationship between peak'ground velocity and peak
ground acceleration are discussed in Chapter 2. This latter issue 1s
important to the structure sliding analyses and the resulting median
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capacities. In Chapter 3, the fragiiity analysis 1s addressed. General
comments are givén and the results of our review of specific structure and
component fragilities are provided. Finally, Chapter 4 gives conclusions
and recommendations based on the findings of our review.

1.2 QVERALL METHODOLOGY
The methodology used 1n Reference 1 to develop seismic fragility data

{s appropriate and adequate to obtain a realistic estimate of structure and
component fragility. In general, we believe that more representative ‘
capacity values have been developed in the revised analysis as éompared to
the original fragility analysis. We have some specific concerns as
discussed subsequently in this report.' ' N

As discussed in Chapter 3, some revisions to the methods have been
made, which has improved the analysis approach. The following three issues
have been considered in Reference 1 in a different manner as compared to
past seismic fragility analyses. Comments concerning these {ssues are
given below.

e Design and construction errors
e Lower-bound fragiiity cut-off
e Correlation between failure modes

Resign and Construction Errors

The issue of design and construction errors is discussed in Reference
1. As in other PRAs, this type of error {s not generally included in the
fragility calculations. However, in confrast to other PRA reporfs.'it is
stated that there 1s the possibility that unidentified design and
construction errors may exist which can affect the seismic capacity. This
recognition is 1mbortantf although not much data is available to explicitly
incorporate this effect in the ;na]ys1s. This is an important area which
fs in urgent need of research. | '
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Lower-Bound Fragility Cut=Qff _

A mathematical procedure for establishing a lower-bound cut-off on
fragility curves is given in Reference 1. The method 1s reasonable, but is
based on ehg1neer1ng Judgment without any data to support the values used.
In Amendment 2 to the Millstone PSS, it {s stated that components were
eliminated from the systems analysis {f the acceleration capacity at two
standard deviations below the median capacity 1s greater than 0.8g. In
Table 2.5.1-1A 1n Amendment 2 to the Millstone PSS, the 37th (last)
component T{sted (i.e., the steam generator tubes rupture) is the only
component which satisfies this criteria and hence could be eliminated. For
the Millstone 3 reanalysis, this cut-off {ssue is not of any practical
significance, since it appears not to have affected the analysis.

Correlation Between Failure Modes

The issue of correlation between failure modes is discussed in
Reference 1. We have raised this issue in our review of past PRAs.
Although correlation has been treated conservatively in the past, it is
important not to fgnore potential unconservative situations which may arise
in future PRAs. It is stated in Reference 1 that consideration should be
given to possible correlation between controiling sef{smically-induced
failure modes. In a quick reading of Amendment 2 to the Millstone PSS, we
saw no evidence that this {ssue had been considered. We trust that the NRC
will investigate this concern as part of their review of the systems
analysis.

These concerns and other general philosophical concerns from past FRA
studies also- apply to the Millstone PSS. Reference 5 discusses these
{ssues in{depth-based on the review of the IPPSS. The reader is directed
to Section 2 of Appendix A of Reference 5 for a general discussion of these
concerns.
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2.1 EFFECT OF EARTHQUAKE MAGNITUDE AND DURATION

It has been generally recognized that the use of instrumental peak
ground acceleratfon is an ineffective basis to predict the damage potential
of earthquake ground motion. Other factors, such as the number of cycles
and frequency content of ground motion.are also important.. As a result, an
effort has been made by SMA to account for these additional factors in the
development of seismic fragility curves for structures and equipment. As
new PRAs are performed, SMA has attempted to improve the procedure to do
this. The Millstone PSS 1s the most recent attempt to do this.

Background i o ‘ . .

As background to the review of the Millstone fragility analysis, a
brief review is given of previous attempts to develop a damage effective
ground motion parameter. This is an area of ongoing development,. that {s
at times troublesome and difficult to understand.

The Zion (ZPSS) and Indian Point (IPPSS) PRAs (Refs. 3, 4) were. the
first attempt to define a damage effective ground acceleration which was
applied in a seismic risk analysis of a nuclear power plant. In developing
a damage effective acceleration, two steps were taken. First, an effective
peak acceleration (EPA) was defined which was an acceleration value that
could be used to scale a broad-band response spectrum (e.g,. WASH 1255
spectrum (Ref. 6)) such that the predicted spectral accé]erations in the
frequency range 2 to 10 Hz are consistent, in a medfan sense, with spectral
levels of real earthquakes in the earthquake magnitude rahge of interest.
As indicated in Reference 4, the EPA value is dependent on earthquake size.
For small magnitude events, the EPA is significantly less than the
instrumentally recorded peak acceleration (IPA). This {s due partially to
the fact that smaller magnitude earthquakes have narrow, peaked response
spectra and short durations. For large magnitude events, which have a
broad  response spectrum shape, the effecttve peak acceleration would equal
the IPA. Anchoring a bron-banq responsé spectrum shape to an EPA provides
an elastic response spectrum that i{s median centered in the 2 to 10 Hz
frequency range. o
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To determine a median-centered, broad-band spectrum,  SMA recommended
in the Zion and Indian Point PRAs that the EPA be equal to

EPA = 1,25 * A3F - ‘ . ‘ (2.1)

where A3fr {s the third-highest peak acceleration or sustained acceleration
in a lTow-pass filtered acceleration record. Frequencies beyond 9 Hz were

eliminated. Implied . in equation 2.1 is the assumption that earthquike;:
that contribute to failure are small to moderate size events (1.e.,
5.3 < M < 6.3).

In the next step, the elastic response spectrdm is modified to reflect
its potential to damage structures or equipment with natural frequencies in
the 2 to 10 Hz range. The basis for this second step is the fact that in
order for damage to occur, a structure or equipment {tem must exper1énce
multiple cycles of response. Consequently, for small magnitude earthquakes
that have relatively short durations, the expected amount of damage is
small, and thus the elastic response level would be significantly reduced.
For large magnitude events, which last longer, 1ittle or no moaification is
required, according to the Zion method.

. In order to estimate the damage pbtentia] of earthquake ground motion,
a damage effective acceleration was defined as,

_ EPA
Ay = F

o L2s | ‘
“F * A3F S (2.2)

where the factor F is a function of earthquake magnitude and duration, and
the level or type of damage. The intent of the F factor is to account for
the less damaging effects of small earthquakes by effectively reducing the
intensity of'ground motion that is: input to a structure. At the time the
Zion and Indian Point studies were done, only limited -information on the
possible values of F was avaflable. It was felt by SMA that F would 1ie in
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the range of 1 to 3. Thus, a single value of 1.25, reported to be
conservative, was used. This resulted in Ap = A3f, and the need to shift
the seismic hazard curvés by a-factor 1/1.25 to sustained acceleration
values where they had been defined in térms of sustafned peék
accelerations. |

With respect to the approach used in the ZPSS and IPPSS, a number of
comments are given, F1rsf. the def1n1tion of éffect1ve peak acceleration
1s based on the use of a,broad-band response spectral shape, which when
anchored to the EPA gives the median spectral acceleration in the 2 to
10 Hz frequency range. For Zion and Indiah Point, the median spectral
shape 1in Reférénce 6 was used by SMA. As a result, the definition of EPA
is strongly dependent on these'factors. ahd would presumably change, if a
different broad-band spectrum was used, or a different frequency rénge were
considered. Estimates of EPA are therefore relative‘to these factors. If
a magnitude-dependent spectral shape is used, the estimate of an EPA would
be different. This is discussed later in this section.

In support of equation 2.1, SMA has reported the results of a study
where the response spectra for twelve earthuakes were compared to WASH‘
1255 broad-band response spectra anchored to an EPA as defined in equatiod
2.1 (Ref. 7). Although the visual compaf1sons i{n Reference 7 appear ' _
convincing, statistical analyses were not conducted to empirically define
an appropriate EPA relationship. There is an implied modeling uncertainty'
in this approach, since more realistic approaches could have been used to
determine a definition of effective peak_acceleration.

In comparing actual earthquake response spectra to broad-band Qpectra
scaled by an EPA, the mean plus one standard deviation WASH 1255
ampiification spectrum was used by SMA in their analysis (Ref. 7). It
would havé=beén more approprfate. in our opinion, to have used theAmedjan-
centered amplification spectrum.. As a result, there 1s some doubt 1n our
minds as to the appropriateness of equation 2.1 to estimate an EPA, and
thus theré may be a bias in the 1.25 factor. The arguments given by SMA
are less convincing withoﬁt the benefit of a statistical analysis to
support their conclusions. '
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From Reference 7 we note that the estimate of effective peak
acceleration is explicitly defined for frequencies less than 8 Hz, while
the Zion and Indian Point studies assume an appiicable range of 2 to 10’Hz.’
This appears to be inconsistent.

Following the Zion and Indian Point studies, the Limerick Severe
Accident Risk Asséssment (Limerick SARA) was published (Ref. 8). In this
study, the results of research work were used to revise the seismic risk
model. Ground motion intensity was expressed in terms of effective peak
acceleration and a broad-band response spectrum (Ref. 6). However, in
performing the seismic risk calculations, the seismic hazard curves were
shifted to convert from EPA to Ap = A3r. Thus, an adjustment identical to
that in the ZPSS and IPPSS was made, suggesting the F factor in equation
2.2 was again taken as 1.25.

However, in the Limerick SARA an Earthquake Duratfon factor of 1.4 was
incorporated in the fragility analysis to account for the less damaging
effects of small magnitude earthquakes. The earthquake duration factor has
the effect of increasing structure capacities, when the size of the
expected earthquakes is small, as opposed to decreasing the hazard, by the
1/F factor given in equation 2.2. It was concluded in our review (Ref. 9)
with concurrence by SMA, that the F factor in equation 2.2 and the |
earthquake duration factor included in the fragility analysis accounted for
the same phenomena, and therefore only one factor should be used. On this
basis we conclude that for the methodology used in the Limerick SARA, the
earthquake ground motion hazard is more appropriately characterized by the
EPA as defined by equation 2.1, keeping in mind that the factor on A3f is
sti11 a function of earthquake magnitude.

In summary, the F factor previously used to shift the accelerations in
the seismic hazard analysis, was incorporated in the seismic fragility
analysis for Limerick, as an earthquake duration factor. When the
earthqhakes that contribute to risk are small, then the duration factor
serves to increase the capacity of structdres. because of the less damaging
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effects of smaller, shorter duration earthquakes. The median value of this
factor as used by SMA was 1.40 based on work reported in Reference 10.

This represented- an increase from the previous value of 1.25 used in ZPSS
and IPPSS. in our review of the Limerick study (Ref. 9), we genera11y
agreed with'this'approach, but felt the factor of 1.40 may be too high.

Generally speakfng, the Limerick SARA study represented an improvement
in the seismic risk analysis. Detailed -comments on this method are ‘
provided in Reference 9.

Millstone PSS

The latest effort. by SMA to establish:-a realistic ground motion
characterization and seismic fragility model was performed for the
Mil1stone PSS (Ref. 1). This approach is summarized below, followed by
review comments. Based on the work reported in Reference 10, a procedure
somewhat different from that used 1n previous PRAs was developed. In terms
of the seismic hazard, peak ground acceleration was used to characterize
the intensity of ground motion. In addition, a magnitude-dependent
response spectrum shape, developed by LLNL (Ref. 11) was used, rather than
the WASH 1255 broad-band spectrum. Discussion of the magnitude~dependent
spectrum is given in the next section. A response spectrum shape
corresponding to earthqdakes with magn1tddes 5.3 to 6.3 was selected, which
according to- the seismic hazard analysis fn Appendix 1-B.to Amendment 2 to
the Millstone PSS was the range of earthquake magnitudes that contributéd
to accelerations around 0.17g, the SSE level. This is troublesome, since
the accelerations that contribute to the mean frequency of core melt appear
to be much higher. Whether it can be assumed that earthquakes of this size
are the dominant contributors to failure, 1s discussed later. '

As discussed above 1n regards to the ZPSS and IPPSS, the
characterization of effective ground acceleration was defined relative to
the frequency range of interest, a WASH 1255 broad-band spectra, and
earthquake magnitude. ‘In the case of Millstone, rather than using a broad-
band spectrum, a magnitude-dependent spectrum was selected. As a result,
the definition of effective peak acceleration used in ZPSS and IPPSS no
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Tonger applies. Instead. the effective peak acceleration for a median-
centered, magn1tude-dependent response spectrum is the instrumental peak
acceleration. To understanq this, recall that in the case where a broad-
band spectrum fs used, if large earthquakes are dominant contributors to
risk, then the EPA used to scale the spectrum shape is equivalent to the
IPA. This will be the case since the response spectra of large magn1tude
events are a]so broad-band. The same analogy can be made when a magnitude-
dependent spectrum 1s used. We therefore agree that peak ground
acceleration is the appropriate parameter to characterize strong'ground '
motion for the Millstone seismic analysis.

In previous PRAs the effect on sefsmic capacity of earthquake
magn1tude and duration was accounted for by shifting the seismic hazard
curve (e.g., ZPSS and IPPSS) or 1ncreasing the seismic capacity relative to
an EPA va1ue (e.g.. Limerick SARA). Based on research conducted by SMA
(Ref. 10). 1arger'hagn1tude earthquakes that have longer durations and thus
produce.many cycles of structure response, w11i exhibit less duct111ty at
failure thah smaller events with short durations, and lower levels of
ground shaking 1htensity. In Reference 10, the available or effective
duct{11ty in sing]e-degree—of-freedom systems of various frequenc1es'
subjected to earthquake ground shaking was calculated. The resuTts'of'this
study provided the basis to estimate an Ine]ast1c Energy Absorption factor
of safety, based on an effective ductility and the Riddell-Newmark formula.
The effective ductility, u*, is estimated to account for the influence of
earthquake'hagn1tude and duration. In this approach, the fo]1ew1ng
formulation was used by SMA: |

where the factor Cp is a fuhction ofAearthquake magnitude and 15 the
structure ductility ratio. For earthquakes in the range 4.5 teuﬁ.o. Cp was
given as 1.4, suggesting the effect1ve ductiiity {s higher for small
magnitude events. For large earthquakes, Cp = 0.70, which g{ves a Tower
effective ductility. |
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As indicated earlier, the magnitude range 5.3 to 6.3 was assumed to
make the greatest contribution to risk, thus a Cp value of 1.3 was assumed.
This value was subjectively selected to reflect the slightly higher
magnitudes that are expected. A quantitative basis was not given to
support this value. ' v |

A brief review was conducted to assess the adequacy of the analysis
procedure used 1n Reference 1, and fo evaluate the paramefers used {n the
analysis. Overall, the approach used in the Millstone PSS represents an -
improvement over past PRAs.  Based on a preliminary review of the Inelastic
Energy Absorption factor, F , with the incorporation of mégnitdde/dUrat1on
effects, a number of questions or concerns are raised. 1In addition to
Sections 4.1.2 and 4.1.2.1 of the fragility analysis report (Ref.il). we
also reviewed SMA's supporting calcuiations and Reference 10.

The Cp factor in equation 2.3 was developed from data reported in
Reference 10 for two magnitude ranges: 4.5 to 6.0 and 6.5 to 7.5. In.
addition, two structure ductilities of 1.85 and 4.27 were considered. SMA-
calculated Cp equal to 1.40 for the lower magnitude earthquakes and 0.70
for the larger events. We attempted to reproduce the Cp values SMA
calcuiated for each magnitude range/ductility pair and were unable to do
so. In one case, our estimate of Cp varied considerably from that of SMA,
while in other cases'sma11 differences occurred. From the four estimates
. of Cp, a value for each magnitude range was used in the report. It is not
clear from the calculations how the final values of Cp of 1.40 and 0.70
were_determined; They are not strict averages within each magnitude range,
but abpear to be subjectively chosen.

Of greater concern is the frequency dependence exhibited -by the data
in Reference 10. Based on a preliminary assessment, we observe that
depending on the natural frequency of the structure, Cp will vary at low
freqdenéies; from a value greater thanvl.o. implying greater effective
ductility, to less than .l, or less effective_duct111ty._for higher
frequency structures. - This observation s independent of both magnitude
and duct111ty ratio. Intuitively, this appears reasonable since we expect
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a structural system to respond in an oscillatory manner, consistent with
1ts natural frequency, in an earthquake. As a result, it‘is reasonabie to
expect that high frequency structures and components wii] experience many
more cycles of response than structures with lower natura1 frequencies for
the same amp]itude and duration of ground motion input. Conseguentiy.
lower effective ductilities for higher frequency structdres}are '
anticipated. This can have a significant impact on the estimate of the
effective ductility. It should be noted that the total impact of this
observation is dependent on magnitude and the ductility ratio. To
11lustrate this relationship we estimate that forystructures‘with'natura1
frequencies of 2.14 Hz and ductilities of 1.85 andlﬁ.27. Cp should be
greater than 1.0 for large magnitude earthquakes, as opposed to 0.70 as
suggested by SMA. ' ’ - '

As a general concern, oniy 10 earthquakelreeords:were:used to estimate
the Cp values 1n the Millstone PSS. This {s a relatively small sample set
to effectively estimate the megnitude/duration dependence of Cp. This is
apparent 1n the fact that the entfre magnitude range»is not fuiiy
represented (1.e., magnitudes 6.0 to.6.5 are not'included. and only two
large magnitude ranges could be considered). In.additiong'for an
earthquake of a given magnitude, there is eonsiderabie variabi]ity in the
duration of ground motion that can be expected (Ref. 12). Aste result, the
true variability in Cp is large. Consequently, we feel the available data
set provided in Reference 10 is not adequate to fully characterize an
effective ductility. - |

To estimate the variability for the ineiastic energy absorption
factor, F , 1t was assumed that there is a 1% chance of F being less than
1 for Cp = 0.70. On this basis, an estimate of 8¢, the composite
variability was derived by SMA; In principal, we do not agree with this
approach to estimating variabi]ities since it suggests that the assumed
lognormal distribution is correct and can be used to prescribe what the
variability gught to be. Furthermore, it tends- to combine the notions of
randomness and uncertainty, which in principa1 are different. ‘Hoqever. we
recognize the problems encountered in estimating variabilities, including a
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lack of data to estimate &R and the concern that unreasonable frequenc1es
of fatlure are estimated by the lognormal model at low ground
accelerations. As a result, the ana1yst attempts to constrain the model by
fixing the lower tail. In some ways, the engineer is forced to live with
the lognormal model and the unrealistic values it predicts, particularly
when there is large uncertainty, 8, {n his estimate. This 1is one example
where the lognormal model breaks down by being overly conservative. In
general we feel that the engineer should utilize the available data and his

judgment to estimate 8R and 8y separately.

An important assumption made in the fragility analysis is that the
earthquakes which are dominant contributors to core melt are in the
magnitude range 5.3 to 6.3. It {s reported in the seismic hazard analysis
that accelerations around 0.17g are produced by earthquakes of about
magnitude 5.6. However, the chance of core melt may be dominated by
accelerations greater than 0.70g. Of greater importance is to know the
size of earthquakes that contribute to these levels of ground shaking.
Results for the Limerick PRA indicate that the average magnitude will
consistent]y increase for 1ncreasing acceleration. As a result, we expect
that the average earthquake magnitude that contributes to plant risk may be
6.0 or greater. This would suggest that the duration of ground shaking
will be longer than is assumed 1n the frag111ty ana]ysis. Thus. the
available duct111ty will be less. 51m11ar1y. the magn1tude-dependent
response spectrum shape which i{s applicable in the 5.3 to 6.3 magn1tude
range may not be appropriate.

Conclusion
1. We. agree that the magn{tude-spec1f1c response spectrum should be
anchored to IPA. |

2. The effective ductility {s an appropniate concept, but in addition
to depending on magnitude it is also frequency-dependent. We
" recammend that the dependence of the effective ductility on the
natural fnequency of structures be taken {nto account. This
influence may have a significant effect on the effective ductility

for structures and components with high-natural frequencies. .
2=-9



JBA 105-045
May 4, 1984

3. If the average magnitude of earthquakes which contribute to risk
; . are greater than 6.3; then effective ductilities will be lower and
a different response spectrum shape should be used.

2.2 BESEDNSE_SEEQIBMH_SHAEE

In the Millstone PRA, a magnitude—dependent response spectrum shape
was. used to character1ze the intensity of ground motion. This step 1s a
change from other PRAs ‘where a broad-band spectral shape has been used.
When us1ng a magnitude-dependent response spectrum the definition of
effective peak acceleration changes as a more realistic spectral shape is
considered. In this section we review the response spectra and compare it
te other spectra ava11ab1elfor the site. Kn evaluation of thevsite spectra
with respect to 1ts influence on the fragility analysis was conducted. It
is our understanding that the NRC.1s performing a critical review of the
seismic hazard analysis, including the magnitude-dependent spectrum.

The response spectrumvshape for earthquake magn1tpdes in the range 5.3
to 6.3 developed in Reference 11 for rock sites was used. Figure 2-1 shows
this spectra with the Millstone design spectra for 10 percent damping. . The
procedure descr1bed in Reference 11 to convert the 5 percent damped
spectrum to 10 percent damping was used. Each spectrum in the figure 1s
scaled to 0.17g, the SSE level. Also shown in the figure is the WASH 1255
broad~band response spectrum.

In addition to these spectra, LLNL (Ref. 13) has conducted a new
seismic hazard analysis for the Millstone site. In Figure 2-1, the 1000
year return period spectral shapeAsca1ed:to 0.17g {s shown.

Based on the comparison in Figure 2-1 we find that thewmagnitude-
dependent spectra are generally higher than the design spectra for
frequencies greater than 5 Hz. Among these, the most recent.spectra
. developed by LLNL has the highest spectral level. At frequencies less than
5 Hz, the design spectrum exceeds the s1te—spec1f1c'spectrum. with the
greatest variations occurring at frequencies less than 2 Hz.
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In comparison to the WASH 1255 broad-band spectra, the LLNL site- .
specific spectra both have higher spectral levels at frequencies beyond
5 Hz. In the 2-5 Hz region, the WASH 1255 {s higher.

The impact of these spectra on the fragility analysis are summarized
in Table 2-1 in terms of their ratio to the Millstone design spectra, for
frequencies corresponding to the Control Building, Auxiliary Bu11d1ng. the
Containment Crane Wall, Emergency Generator Enclosure, and the Engineering
Safety Features Building. These results .indicate that the latest spectrum
developed by LLNL has considerably higher spectral levels than the
Millstone design spectra.

2.3 YELOCITY/ACCELERATION REIATIONSHIP

As part of the seismic fragility analysis for structures (e.g.»
Control Building) and -equipment items (e.g., DWST), the resistance to
s1iding was evaluated. In predicting sliding displacements due to grouhd
shaking an approximate approach developed by Newmark was used. In
Chapter 3, comments are provided on the analysis technique~1tself, In this
section, comments are given on the ground motion characterization aspects
of the sliding analysis, as described in Sections 4.1.1.7 and 4.1.1.8 of
the SMA fragility report (Ref. 1).

Briefly, the Newmark approach predicts the amount of sliding
displacement due to a single acceleration pulse. Based on the relative
displacement that {s needed to cause failure of buried piping, a
relationship was der1Qed to estimate the capacity in terms of peak ground
acceleration (e.g.., equation 4-9 in the fragility analysis report).
Equation 4-9 relates the sliding displacement to the coincident ground
velocity and ground acceleration. Based on. peak ground motion éstimates
made by Newmark (Ref. 6), a relationship between peak ground velocity (PGV)
and peak ground acceleration of 28 1n/$ec/g,nas aésumed,, From this, the
sliding displacement was expressed in terms of peak ground acceleration.
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From a review of Reference 6, the 28 in/sec/g ratio was based on four
horizontal ground motion records at two stations during the 1971 San
Fernando earthquake. The use of only two statfons from the same earthquake
in our opinion {s inadequate. Also, the use of the two horizontal
components from a single sta£1on is 1nappropriate, since these acceleration
traces are correlated. SMA used these four data pofnts to estimate the
variability of the PGV/g ratio and thus is equally {inappropriate. To
establish an estimate of the median acceleration capacity corresponding to
a displacement 1imit, the peak ground velocity 1s assumed to occur {n the
same cycle as the peak acceleration. In general, this is not the case,
although the PGV may occur near the PGA within a few cycles. In fact, the
Joint occurrence of ground accelerations and velocities is random, thus
there 1s a distribution of possible velocity/acceleration pairs that can

occur.

Because of the different ground motion attenuation properties between
the eastern and western U.S. it is not clear that waveforms expected in the
east will have the same characteristics as those in the west. This is
particularly true for large magnitude, distant events that could produce
high velocities and low accelerations. '

As part of this review, data for rock sites in the western U.S.
reported in Reference 13 were used as the basis to estimate a peak ground
velocity to acceleration ratio. For a total of 15 data points, the
estimated mean value was 24.6 in/sec/g with a corresponding logarithmic
standard deviation of 0.39. This compares to the 28 {in/sec¢/g mean value
and 0.31 standard deviation used by SMA.

As a further comparison, the results of the LLNL probabilistic seismic
hazard analysis for Millstone (Ref. 11) were used to estimate a PGV/PGA
ratio for annual frequencies of 5x10~3, 1x10-3 and 2.5x10-4. For these
three values, a mean value of 64.6 in/sec/g was obtained. Although this
estimate 1s considerably higher than the value used in the PRA, it should
be noted that this 1s not an entirely appropriate comparison. The hazard
analysis for PGA and PGV were conducted independently, therefore the
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correlation between PGA and PGV was not preserved. However, this result
indicates a possible upper bound.

In our opinion, the value of 28 in/sec/g used in the PRA {s reasonably
consistent with data recorded in the western U.S. However, it {s
recommended that this value be looked at fraom the perspective of the
expected ground motion in the east. We also feel the variability in this
factor is underestimated. A '
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TABLE 2-1. SPECTRAL RATIOS (10 Percent Damping)

' ' Frequency MASH 1255 - SS(OLD)* SS(NEW)
Building ' . - (H2) - MDS : MDS - MDS
Control Building 8.3 1.08 1.20 " 1.40
Auxiliary Building 8.8 1.08 1.25 1.46
Containment Crane Wall 5.5 0.90 0.97 1.19
Engineering Safety 12.8 1.18 - 1.29 1.82

Features Building ‘
Emergency Generator 9.0 1.0 1.30 1.57
Enclosure :

* SS = LLNL Magnitude-Specific Spectrum

MDS = Millstone Design Spectra

Note: SS(OLD) is the spectrum used in the fragility analysis.
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3. IRAGILITY ANALYSIS

The focus of the review of the fragility analysis contained in
Reference 1 was directed to the critical components which are significant
contributors to the Millstone PSS. Based on information provided by the
NRC and NUSCO, the following ten structures and components were reviewed.

Structures

Emergency Generator Enclosure
Pumphouse

Control Building

Engineering Safety Features Building

- Containment Crane Wall
Components
4160 V Switchgear
" Service Water Piping
Emergency Diesel'Generator
RPYV Core Geometry
Control Rod Drive Mechanisms

The review of each of these structures and components is discussed in
Sections 3.2 (structures) and 3.3 (components). Section 3.1 gives general
comments on the fragflifty analysis.

3.1 GENERAL COMMENTS

The structure capacity calculations are generally more detailed than
previous calculations performed for seismic PRA studies. Except for the
Emergency Generator Enclosure, hew response spectrum dyﬁamic analyses of
the major safety-related structures were performed for the seismic PRA
study. The original models developed for the plant design were modified to
reflect median properties. Based on a review of the PRA calculations,
evidence of the model properties being checked was found. In same cases
(discussed below) the models were changed to reflect the correct
properties. The median response speétrum assumed {n the seismic PRA was
used as fnput to the models, which eliminated the dncerta1nfy of
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extrapolating from the design analyses for the structures. Note that new
floor response spectra were not developed; hence, the fragility analyses
for components were performed similar to past PRAs. A

Forces from the dynamié analysis were generally distributed to walls
using the computer program WALLDI (SMA prdpr1etary program) which 1s based
on the stiffness characteristics and geometry of the structural elements.
Both the new dynamic analysis and the force distribution step are
- improvements over previous PRA studies, where forces were generally
obtafned based only on the original design ana1ysis_resu1ts. This new
approach reduces uncertainty and should lead to more realistic results
(a]though the logarithmic standard deviations for uncertainty are as large
or larger compared to correspohding values in previous PRAs).

In contrast to previous seismic PRAs, more systematic checking of
structural elements (i1.e., shear walls and djaphragms) was performed. This
provides confidence that the critical strength sections have been found.
Effects of soil pressure on buried walls was considered; although, the
capacity of these walls was not found to be critfical.

S1iding ané1yses were performed for the safety-rélated structures. .In
general, both 1nc1pientmslid1ng and displacement si{iding capacities were
determined. It was assumed for cases where sliding is not resfr1cted that
a 4-inch displacement corresponds to failure of interconnecting piping.

The basis for this criterion is not known. A reference to page DT-48 is
given in the ca]culétions for the Emergency Generator Enclosure; however,
pages DT-39 through D-57 havé been deleted from the Demineralized Water
Storage Ténk calculations. The basi{s for the 4~-inch displacement value
should be justified and reviewed.

An_appréximate procedure developed by Newmark was used to compute the .
sliding displacement capacity. Resistance to sliding includes friction.
betveen'the base mat and foundation, shear keys, and side wall-to-soil
friction. Reduction for the effects of the vertical earthquake component
and buoyancy due to water were also included.
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The Newmark approximate procedure {s claimed to be conservative. A
quick comparison of the approach with results from nonlinear time history
s1iding analyses {ndicates that it gives conservative results for a single
s1iding excursion. However, due to multiple sliding excursions, which may
not be evenly balanced to each side of the starting positionQ a net drift
displacement may occur. In some cases we have found that displacements
using an "exact" approach exceed the values obtained from the Newmark
procedure. The potential for drift is earthquake magnitude dependent.
Since the sliding capacities were calculated to be larger than lg median,
the associated earthquakes are 1ikely to come from large magnitude, long
duration events, and hence there will be time for multiple excursions to

occur.

An important assumption made in the sliding analysis is the
relationship between peak ground acceleration and peak ground velocity. It
was assumed in the seismic PRA that lg corresponds to 28 in/sec. As '
discussed 1n Chapter 2, this value may not be appropriate for the Milistone
site. Note that the sliding displacement is propbrt1ona1 to the velocity
raised to a power between 1 and 2, depending on the size of the vertical
earthquake component.

Table 1 1ists the coefficients of friction assumed in the analysis.
These values were not reviewed in detail, although they appear to be

reasonable.

The inclusion of the vertical earthquake component 1ikely produces
conservative results. For the 4-inch displacement considered in the
sliding ana]ys1s. the time during which sliding will occur {is approx1mate1y
0.3 seconds. In this time period the vertical component may reverse
direction several times and its effect on horizontal sliding would be
minimal.

In_conc]usion. there appears to be conservatisms and unconservatisms ..
which tend to balance out. However, we recommend that the velocity to

3-3



JBA 105-045
May 4, 1984

acceleration ratio be verified by the NRC since this assumption will have a
major impact on the sliding capacities. Also, justification should be _
given that a 4-inch sliding displacement corresponds to the medfan capacity
for buried piping.

The calculations for the component fragility values appeared to be .
more organized and consistent (i.e., between components) compared to
similar calculations in previous PRAs. Based on our review, we have:
differences of opinion on several aspects of the component fragility
analysis as discussed below. As discussed in Section 3.3, we found several
small errors.

Factors of safety for earthquake component combinations were developed
generically and are listed in Table 5-3 of Reference 1. Development of
these factors is a complicated task and other engineers are likely to
produce values different from those given in Table 5-3. We attempted to
develop these factors directly ourselves and found that we disagree only
slightly. However, one exception is the Fgct value of 1.25 for Case 4 for
the second design condition {n Table 5;3 (corresponding to the situation
when the SRSS value of the responses from the two horizontal directions was
combined absolutely with the vertical component in the original design).
Note that this design condition apparently applies only to balance of plant
piping since the hedian SRSS rule was used for all other components. We
calculate a value of 1.15 for this. factor which is about 10 percent lower
than the value of 1.25 given in Table 5-3.

In regards to the multi-directional effects factor for testing, we
obtain correction factors that are approximately 10 percent lower for bi-
axial testing (f.e., 0.77 compared to 0.853) and 13 percent lower for
unfaxial testing (0.64 compared to 0.735). This difference is
statistically. small since there {s considerable uncertainty that the
methods for computing these factors (i.e., ours and theirs) are exact.

In contrast to the development of fragility values for structures, the
uncertafnty in response due to uncertainty in frequency is treated
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generically with logarithmic standard deviation values (which also include
uncertainty in the mode shape) that vary from 0.10 to 0.20. This paraméter
should be developed specifically for each component as 1s done for '
structures. In situations where the median component frequency 1s close to
a structure's natural frequency, the variability in response can be large
due to uncertainty 1n the relative relationship between the two
frequencies. o '

The'duct111ty adjustment factor discussed in Chapter 2 for structures
also has been applied to components in Reference 1. This 1s the first time
that capacities of components have been modified for the effects of a
duration or a ductility factor. In general, the same comments given for
structures also apply to components.

3.2 REVIEW OF STRUCTURE FRAGI! ITIES

The results of the review of the fragility calculations for the
Emergency Generator Enclosure, Pumphouse, Control Building, Engineering:
Safety Features Building, and Containment Crane Wall are given below.

Emergency Geperator Enclosure

The following elements were analyzed for the Emergency Generator
Enclosure:

e Sliding of the entire building

e Wall footing

e Slab at elevation 24 feet

® Roof slab ,

e Shear walls (in-plane and out-of-plane)

°

Diesel generator pedestal stability

The inertial forces used 1n the analysis were developed from the
original design analysis which consisted of a sofl-structure fnteraction
model, and no new dynamic analyses were performed. Forces were distributed
to walls using the program WALLDI developed by SMA. This structure {s
relatively stiff with a fundamental frequency near 9 Hz.
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S11ding analyses were conducted to determine the incipient sliding
cépacity ({.e., 0.31g median) and the capacity corresponding to a 4-inch
displacement (f.e., 1;309 median). The resistance against s1iding included
friction between the soil and the footings and side walls using a
coefficient of friction equal to 0.55 (this 1s based on coarse grain soil-
containing no clay or silt) and the shear capacity of the soil enclbsed
between the buried walls. The effect of the vertical earthquake component
was conservatively included in the analysis. The 4-inch disp]écement_
criterion corresponds to failure of burfed piping as discussed above. The
s1iding analysis was based on the Newmark approximate approach and {s
‘subject to the limitations as also pointed out above.

The footings which support the EW direction walls span betwéen the
north wall footing and the vault base mat were the critical structural
elements. Friction befween the soil and footings was used to provide part
of the resistance. Apparently a conservative coefficient of friction of
0.45 was used (compared to 0.55 used for sliding of the entire building).
| The footing capacity was found to be 0.88g, which appears to be on the
conservative side. }

Pumphouse

The following elements were analyzed for the Pumphouse:

e Sliding of the entire building
e Shear walls ({n-plane and out-of-plane)
e Diaphragm (at elevation 14 feet)

A dynamic analysis of the Pumphouse using the basic properties
developed in the original design (i.e., masses, stiffnesses, and geometry)
was performed by SMA. Forces were distributed to the walls using the
program WALLDI. This structure 1s relatively stiff with fundamenté]
frequencies of 9.5 Hz and 14.8 Hz in the EW and NS d1réct1ohs.
respectively.

3-6



JBA 105-045
May 4, 1984

S1iding analyses were conducted to determine the incipient sliding
capacity (1.e., 0.48g median) and the capacity corresponding to a 4-inch
displacement (i.e., 1.30g ﬁedian). Only sl1ding in the westward direction
i{s considered possible (in the other directions either the structure is
keyed into or butts against rock). On]y friction between the concrete mat
and the foundation was assumed to resist s11d1ng. A coefficient of
friction equal to 1.1 was used, which was an average value for concrete on
excavated rock or raked concrete fi11 (i.e., coefficient equal to 1.2) and
concrete on intact rock (1.e., coefficient equal to 1.0). Similar to the
s1iding analysis for the Eﬁéfgency Generator Enclosure, a 4-inch .
displacement criterion was assumed and the sliding capacity was calculated
using the Newmark approximate approach. However, it was noted that a o
l-inch displacement capacity was assumed at minus two standard deviations
below the median, which is different from the corresponding value of 2
inches assumed in the sliding analysis for the Emergency Generator
Enclosure. This is a minor inconsistency.

The exterior shear walls were analyzed for both in-plane loads and
out-of-plane fluid and sofl loads. The single north wall is the weakest
wall corresponding to a medfan capacity of 1.69. The diaphragm at the pump
support level was a]sd analyzed and found to have a median capacity of
1.5g. The critical section near the north wall contains numerous open1ngs
which controls the diaphragm capacity

No mention of the capacity of the roof slab was found. This slab also
has numerous openings. In contrast to the crib house roof slab at Zion,
which was a critical component, the in-plane forces in the diaphragm at
Millstone are resisted by buttresses on the intake side of the building.
Thus 1t 1s unlikely that the roof slab will be a significant contributor.

Control Building

The following elements were analyzed for the Control Building:

e - Sl1iding of the entire building
e Diaphragm '
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e Roof slab
e Shear walls
‘@ Block walls

A dynamic analysis of the Control Building was performed by SMA. They
found that the structural mass was about 30 percent larger than the mass
used 1n the original design analysis. This was exp]ained by construction
changes made since the original analysis was conducted. Forces were
distributed. to the walls using the program WALLDI. This structure is
relatively stiff with fundamental frequencies of 8.9 Hz and 8. 3 Hz 1n the
EW and NS directions, respective1y. ' ‘

Analyses were conducted to determine the incipient sliding capacity
({.e., 0.43g median) and the capacity corresponding to a 2-inch |
displacement (1.e., 1.29 median). A 2-inch displacement criterion was used
because of potential impact with the turbine building. Shear kéys add
additional capacity, which explains in part the 1l.2g capacity for only a
2-inch displacement. (Note that other structures have a 1l.3g capac1ty for
a 4-inch displacement criterion.)

The shear walls were analyzed for 1n-p1ane'loads.. Their capacfties
are higher than the 1.0g median capacity for the diaphragm at elevation
64'-6" which is controlled by a section with numerous openings adjacent to
the west exterior wall. A systems ductility ratio of only 1.3 was assumed,
which seems conservative. '

The block walls adjacent to critical safety-related equipment weﬁe
analyzed. These walls are reinforced and supported by a steel frame. A
dynamic analysis of a cr1t1ca1 panel was conducted by SMA and found to have
a 2.0g median capacity.

Engineering Safety Features Building
The following elements were considered for the Engineering Safety
Features Building:
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e Sliding of the entire bu11ding
e Diaphragm
e Shear walls

A dynamic analysis of the Engineering Safety Features Building was
performed by SMA using the basic‘propertiés developed in the original
design (i.e., masses, stiffnesses, and geometry). Slight discrepancies
were found by SMA regarding the center of rigidity and induced torsional
forces. Modifications were made to the model. Forces were distributed to
the walls using the program WALLDI. This structure is very stiff with a
fundamental frequency of 12.8 Hz. |

The strength of various shear walls and the critical diaphragm section
were analyzed and the capacities were found to exceed 2.0g median ground
acceleration for these failure modes.

‘The potential for slid1ng was considered for this building. In three
of the four directions it was argued that sliding was not a realistic
failure mode. In the west direction (i.e., toward the containment), an
1nc1pient sl1iding analysis was performed. Because of the htgh besu]t1ng
capacity, only the shear key and support provided by the adjacent |
containment basé mat were assumed to provide resistance. The high buoyant .
force and vertical acceleration component eliminated the friction capacity
between the soil and base mat. This portion of the analysis appears to be
on the conservative side. '

Because the incipient si1d1ng capacity was found to be high (i.e.,
1.7g median), no sliding displacement analysis was performed.

A dynamic analysis of the Containment Building was performed by SMA
using the basic properties developed in the original design. Median‘v
properties ahd seismic input were used to obtain gross‘forces acting on the
internal structures. A refined hoge1 of the 1nterna1‘étructurqs 1n¢1udin§~
the crane wall elements was deve]oped by SMA. Forces from‘the dynamic
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analysis were applifed statically to the model. As each element reached its
yield capacity the model was modified, and an additional incremental 1oad
was applied until the maximum resistance was obtafned. A system ductility
ratio of 3 was assumed in the analysis. o '

The capacity of the crane wall was determined to be 2.2g medfan ground
acceleration.. This is considerably higher than the 0.87¢ capacity
calculated in the original analysis. The revised value 1s more realistic.

3;3 BE1IElJﬂiJZEﬂ!lﬂiﬂLEBAGILIIIES
The results of the review of the fragility calculations for the 4160 V
Switchgear, Service Water Piping, Emergency Diesel Generator, RPY Core
Geometry, and the Control Rod Drive Mechanisms are given below.

4160 Y Switchgear

Both relay chatter and relay trip failure modes were deve]oped for the
4160 V Switchgear, which 1s located on the base mat in the Control Building
(1.e., elevation 4'-6"). The relay chatter median capacity of 0. .88g 1s
based on the assumption that chatter will occur at a 1eve] 20 percent
higher than the qua11f1cation level (based on judgment). The uncertainty
logarithmic standard deviation for this estimate s only 0.08.. A value
between 0.2 and 0.4 {s probably more appropriate. We also disagree '
slightly with the median factors of safety assumed for earthquake
components and building response spectral shape. In conclusion, we
estimated the median relay chatter capacity to be 0.85 (compared to 0.88g)
with logarithmic standard deviation for randomness and uncertainty to be
0.26 and 0.47, respective1y (compared to 0 29 and 0. 40, respectively in the
SMA report).

The relay trip capacity is based on generic data developed from the
Army Corps of Engineers shock tests.. The extrapolation of this data to'
seismic fragi]1ty 'values has been recent]y questioned (Ref. 15). However,
the capacity for this mode 1s re1at1ve]y high (1. e.,» 3.09g median). In
addition, a very large 1ogar1thm1c standard deviation for uncertainty has
been used (i.e, 0.81). It 1s un11ke1y that the median capacity for th1s
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failure mode i{s less than l. 59, a1though. this conc]usion is speculative
and not based on any data. ; ’

Service Water Pipi

The critical failure mode for the service water piping is displacement
failure caused by s1iding of the connecting bu11d1hgs. Capacities of the
piping within the buildings is relatively high and failure in the ground
due to wave passage effects‘fn'the surrounding soil 1s unlikely at
accelerations in the range of potential sliding failures. The analyses of
the sliding failure mode for the various safety-related structures are
discussed 1n Section 3.2. ’ '

It is our understanding that a concrete wall retains soil through
which the service water piping pass between the pumphouse and the plant.
Failure of this wall may lead to failure of the adjacent piping. A
fragi11ty ana]ysis should be conducted for this wall. '

‘ . ,
~ The capacity of the Emergency Diesel Generator 1is contf011ed_by‘the

strength of the lube ofl cooler anchor bolts. This component is located in
_the Emergency Generator Enclosure at elevation 24'-6". We are unable to
confirm the reasonableness of the fragility calculations since the seismic
stress report (Ref. 16) was not provided with the package of ca]culations{
This reference {s needed to verify the fragility parameter values.

The soil-structure interaction (SSI) factor of safety was assumed to~
be 1.3. The basis for this value is not given.. Since ‘the diesel o
generators are supported on their own foundations separate from the
‘Emergency Generator Enclosure, a separate design analysis was performed for
them. We specu]ate‘thet SMA obtained a copy of this analysis and Judéed
that the modeling of SSI resulted in a factor of safety of 1.3. We have no
other basis to determine whether this value is reasonable. ) '
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RPY Core Geometry

Thé upper support plate was defermined to be the weakest e]eﬁent in
the RPY core. A total of seven potential failure modes were evaluated. it
was assumed 1n the analysis that the code allowable stress corresponds to
failure. This assumption acknowledges that the faulted design values allow
significant inelastic deformation. Since deflection 1imits are not
included, it 1s assumed by SMA that 1nelastic deformation does not
constitute a functional failure and that Westinghouse has demonstrated
satisfactory control rod insertion at the allowable loads. The only
increase incorporated in the-strength factor {s the difference between
median properties and nominal values used in the design (i.e., a factor
between 1.20 and 1.25).

In developing the structural response'factors a factor of safety is .
developed for the difference between the median ground response spectrum
and the response spectrum used in the original design. A spectral value of
0.51g was used for the original design value (corresponding to 4.7 Hz at 5
percent damping). Based on Figure 3.7B-6 of the Mi]lstone Nuclear Power
Station Unit 3 FSAR the value {s approximately 0.45g. This difference
lowers the median ground acceleration capacity to 0.87g instead of b.999.
No other significant differences were found for this component.

Control Rod Drive Mechanisms A :

Bending in the control rod was determined to be the weakest element in
the Control Rod Drive Mechanisms. Similar to the upber support plate 1n
the RPV, the allowable stress was assumed to be the failure stress. An
increase of 25 percent was included to reflect the difference between
median pfopért1es and the nominal values used in the design.

. The same apparent mistake made 1n determ161ng the structural respbnse
factor for the RPY Core Geametry (see discussion above) was also made for
this component. If the spectral value is corrected, the median capacity is
0.88g instead of 1.00g.
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TABLE 3-1. COEFFICIENTS OF SLIDING FRICTION
ASSUMED IN THE SEISMIC AREA
Condition Coefficient
Concrete against soil with si1t and clay 0.45
Concrete against sofl without silt and clay 0.55
Smooth concrete against smooth concrete 0.80
‘Concrete poured against rough concrete 1.00
Foundation against intact rock 1.00
Foundation against excavated rock or raked concrete 1.20
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4. CONCLUSIONS AND RECOMMENDATIONS

Based on review of Reference 1 and the supporting calculations we
generally be\feve that the revised fragility parameter values are
realistic. However, we have found various problems which max affect the
resuits of the risk analysis. We recommend that the NRC investigate the
impact of these problems on the resulting frequency of core melt and other
‘risk consequences. From the results of our review we recommend the
following. | ’ ‘

1. NUSOO should provide justification that a 4~inch displacement
corresponds to the medfan cagac{ty of bur1ed p1ping; This
Justification should be reviewed by the NRC.

2. The NRC should determine 1f the range of earthquakes contributing
to the risk analysis are greater than magnitude 5.3 to 6.3. If ‘
this {s the case, then the effective ductility ratios will be
Tower and a different response spectrum shape should be used.

‘This will result in lower median capacity values.

3. Because the structures at M111stone have high natural frequencies,
the dependence of the Inelastic Energy Absorption factor on
cfrequency should be 1ncorporated-1nto the analysis."NUSCO should
revise their Inelastic Energy Absorption factor ostimates to
reflect the frequency characteristics of the structures. For
estimation purposes, a lower bound on the_Ine]astic Energy
~ Absorption factor s 1.0.

4.. The:NRC-shou1d'determ1ne if the site~specific spectrum used in the
fragility analysis {s appropriate. See Table 2-1 and Figure 2-1
for a comparison of different response spectra.

5. The NRC should {nvestigate the correlation between failure modes
to determine 1f it significantly affects the risk analysis.
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The NRC should .determine if the velocity to acceleration ratio of

. 28 in/sec/g is a representative medfan value for the Millstone

7.

8.

9.

10.

site. If the value 1s significantly higher, then the structure
s1iding capacities should be reevaluated. ' A conservative bounding
assumption is that the medfan capacity 1s inversely proporfiona]
to the square of the velocity to acceleration ratio. '
RS
Table 4~1 1ists revised fragility values based on our review. The"
impact of these values on risk should be investigated by the NRC.

These values do not include adjustment for the effects of larger

earthquake magnitudes, the effects of the dependency. of the

Inelastic Energy Absorp£1on factor on the frequency of structures,
or the effects of site-specific spectra (see Nos. 2,'3. 4 above).

NUSCO should provide Reference 2 and the fragility analysis for
the Emergency Diesel Generator should be reexamined in 1ight of
this information.

NUSCO should perform a fragility analysis for the concrete wall
which retains sofl through which the service water piping passes
from the pumphouse to the rest of the plant.

As recommended in our first review (Ref. 2), a study should be
conducted after the plant:is completed to determine.-{f any non-
safety related structures or components could fail, fall, and

.1mpact' the safety-related items in the plant.



JBA 105-045

May 4, 1984
TABLE 4-1. REVISED FRAGILITY PARAMETER VALUES
Component/Parameter Revised Values Reference 1 Values
4160 ¥ Switchgear
(Chatter Faflure Mode)
~ Median 0.85g 0.88g
fr 0.26 0.29
By | 0.47 0.40
BEY Geometry
Median 0.87¢g 0.99¢g
Contro] Rod Drive Mechanism
| Med{an 0.88g 1.00g
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