UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D C 20666

gnuary 21, 1962

'
Saant

MEMORANDUM FOR: David J. Lange, Acting Director
Project Directorate 11-3
Division of Reactor Projects 1/11, NRR

FROM: Timcthy A, Feed, Project Manager
Project Directoraet 1.3
Division of Reactor Projects 1/11, NEK

SUBJECT: SUMMARY OF MCGUIRE NUCLEAR STATION I1PE/IPEEE

Duke Power Company (DPC) submitted the Indivicua) Plant Examinetion (1PL) repert
for the McGuire Nuclear Statfon on November 4, 1991, in accordance with Generic
Letter (GL) BB-20, The IPE included a Leve)l 3 Probabilistic Nisk Analysis
(PRA) that included interna) and external svenrts, Although the 1PF submitta)
sGuressed external everts, 1t did not explicitly address GL BB-20 Supplement &
("PEEE) as noted in DPC's 180 day response to GL BB.20 Supplement 4 provided

on December 18, 1991  In order to sderess the remaining GL 88.20 Supplement 4
issues, DPC 1s usfug » "ombined PRA/sefsmic margin approach to address the
sefsmic IPFEE issue., '  was not able to provide a finalized plen and schedule
for the sefsmic portion of the IPEEE since their response 1s contingent upon
the statf's issuance of the SSER on US! A-d6,

DPC began staffing of personnel to work on severe accident issues in the early
19608, An initiel PRA for McGuire Nuclear Station was started in 1982 and
completed in 1984, I1n 1968 DPC initiated « 'erce-scale review and update of
the original study. The level 3 PRA provided by DPC on November 4, 1991, is
the result of that update effort, This PRA provides the primary basis for the
IPE/IPEEE, As with a1) other 1PE's received to dete, RES has established &
review team to review the McGuire 1PE and has schoduiod a review kickoff
moeting for January 14, 1992, at which time 2 detailed review schedule will be
established., PRES has also established & review team for the external events
portion of the McGuire leve) 3 PRA, An initia) kickoff meeting was held
fecamber 18, 1991, Plans are to hold & second meeting in February 1000 t0
establish the review schedule for the externa) events portion,

The conclusfon in the IPE report is that none of the accident sequences
examined "demonstrate any unique plant vulnerability." The estimated core
damage frequency (COF) for internal anc external events is &,0E-5 and 3,4E-5,
respectively, giving 2 ] CDF estimate of 7,4E-5, No single sequence
constitutes more than 25% of the total risk, The cominant internal event
functional sequence TOsU) 1s & reactor coolant pump (RCP) seal LOCA with &
fatlure of injection capshility., The initiator can be & tornado-induced,
prolonged station blackout or a loss of all Unit 1 nuclear service water
followed by a failure of containment ventilation cooling water, Either
scenario results in los* of coolino weter to the RCP seals, resulting in a 100
gpm/pump seal LOCA, This sequence represents about 4% of the total (DF
estimete, 1he next highest seouence wes ¢ siiall break LOCA followed by
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Assessment (McGuire PRA) report fa tate the NRC staff review, a
ross-~reference of the information requested in NUREG=1335 to the
- appropriate sections of the McGuire PRA is provided in Table 1.1
‘
he McGuire PRA 1s a fu SCope eve PRA with the analysis of externa
events As such, this submitta sufficiently responsive to GL BB~20 1PI
for internal events and external eventt No further effort concerning
external events s cons‘dered appropriate for McGuire
METHDL LOGS
’
rganization tLiements
uke Power mpany s initial staffing to enable large scale PRA anc
eliat ty stucies n~house begar 1. A severe accident analvsis
roup was organized ar harged with the responsit Ly to pilar onguct
anc rdinate & proposed PRA st &S5 al t0 maintain and upcdate the pirant
PRA modeis as appropriate n a : to PRA st es, this grou; 88
.




The plant systems have been analyzed with deta'led fault tress, penerally to
the component level. The level of deta’) in the mode! = defined by the
Teve) at which data ‘s ava'lable. Fault trees have been developed for both
front=)ine and support systems. A front«line system (e.9., Safety Injection
System) is modeled down through its support systems (e.9., Nuclear Service
Water), and the support systems are modeled down through their support
systems (e.9., AC Power System). In this manner, support system fault trees
are directiy Vinked to front-line system fault trees and to each other.

The plant system models have been fully assembled inte accident sequence
models and solved using the CAFTA computer code. Plant-specific data has
been used for many of the ac: dent initiators, as described in Section 2.1
and Appendix C of the McGuire PRA. Plant-specific data has also been used
for maintenance unavailabil ties and component failure rates in many system
mode's, as described in Appendices A and C of the McGuire PRA,

The result of these activities ‘s a 1ist of accident seguence cut sets.
These cut sets have been analyzed for recovery ana grouped by both initiator
and functiona) sequence in Appendix D of the McGuire PRA.

The externa) events analysis (described in detai) in Section 3 0 of the -
McGuire PRA) draws upon the information and logic models developed for the ‘
internal events analysis. The seismic event tree uses the fault trees and

top logic and includes only those comgonents with high random failure rates

coupled with fragility information for the major components. The tornado

analysis considers the same logic in terms of plant functions and systems

but focuses on the effects of wint loadings and missiles. The flood and

fire analysis use the same models generated for the transient event tree.

One other area of front end analysis is the development of models for the
containment safeguards event tree (Section 4.0 of the McGuire PRA). The
systems which affect radiclogical release but which are not critical to core
protection are modeled here. The accident sequence cut sets for core damage
are coupled with the possible containment safeguards states, resulting in
plant damage states for the beginning of the back end analysis.
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are defined by the CEY endpoints and the'r paths through the tree. The MAAP
tode 18 used to determine release magnitudes by modeling the sequence
gefined by this path,

6, Offegite Consequence Analysis - Release category definitions and other
McGuire plant-specific nformation are used as nput to the CRACZ computer
code which calculates the public health conseguences for each release
category. The results are provided in the form of conditiona) CCOFs as we))

as the mean values.

Since the Mchuire PRA 15 a full-scope, Tevel 2 PRA, the consequence analysis
goes beyond the objectives of the back end analysis requested by Generic
Letter BB+20 and NUREG-1335. To assitt the NRC in its review of this
submittal, Table 1.2-2 provides a listing of plant parameters important to
the back end analysis. A more deta'led discussion of the McGuire PRA
consequence analysis s included in Section 6.0 and 7.0 « the McGuire PRA,

1.2.4 Walkdown

As part of the plant familiarization process, Duke PRA analysts perform
plant walkdowns. The PRA analysts are usually guided by plant personne),
often from the Operations Group or the Design Engineering site office who
have some involvement or understanding of the PRA. These walkdowns
supplement the information contained in various engineering documents.
Walkdowns are invaluable in determining location dependent effects such as:
. potentia) systems interaction and common cause failures due
to fleoding, fire and other externa)lly~induced failures
. the ease or difficulty of various operator actions that may
be modeled as recovery events
The plant wa'kdown s also used to provide a genera)l understanding of the
arrangement of plant systems.

Plant walkdowns in suoport of heGuire PRA activities have been performed
several times during the course of the PRA effort:

1-%



Besides the technica) review of the PRA, management briefings are given to
apprise ke, management personnel of the results and conciusions.

Specifically for the McGuire 1PE, the draft PRA report was reviewed by the
McGuire engineering and station personne) familiar with the plant systems
and/or operator actions. Subiequently, presentations were made to the
McGuire station and engineering supervisory/management personne) when the
1PE results and plant enhancement studies were completed. This review and
dialogue facilitated the formulation and endorsements of plant enhancements
giscussed in Section 3 of this report.

1.2.6 Review of Industry PRAs

As discussed in Section 1.2.1 of this submittal, Duke organized a Severe
Accident Analysis Group in the early 1980s. This group reviews industry and
NRC studies and participates in industry organizations (such as IDCOR, EPR]
and NUMARC) dea)ing with severe accident and PRA issues. These
erganizations provide a forum for exchanging information and staying abreast
of the latest developments. Many of the reports 1isted in Attachment 2 to
Generic Letter BB<20 have been reviewed for insights and lessons learned.
NUREG/CR-4405, "Prov.oilistic Risk Assessment (PRA) Insights," has also been
reviewed. A few examples are discussed below.

Duke has commented extensively on the draft NUREG-1150 analysis and its
supporting documentation. By reviewing the expert judgement information
provided in the documentation, insights have been gained in such areas as
the potential for reactor coolant pump sea) LOCAs and the 1ikelihood of
direct containment neating.

Duke was an active participant in IDCOR and reviewed 1n detail the many
reports published as a result of this effort. In particular, the reference
plant analyses provided insight into such areas as best-estimate, thermal-

hydraulic success criteria.

The RSSMAP study and the NUREG-1150 study on Sequoyah have been reviewed and
issues raised in these reports have been assessed for applicability to

1+7



Table 1.1-)
Cross-Reference of NUREG=1335 Table 2.1 and
McGuire 1PE Submitta) Reports Sections

NUREG~
Executive Summary
1.1 Background and dbjectives

1.2 Plant Famidiarization
1.3 Overall Methodology
1.4 Summary of Major Findings

Examinati~n Description

.1 Introduction

.2 Conformance with Generic Letter
and supporting materia)

.3 General Methodo)ogy

4 Information Assembly

o ~ e

Front-End Analysis

Acciden* Sequence Delineation
1 Initia. ng Events

2 Front=Line Event Trees
3 Specia) Event Trees
4
5

1

1.

1.

1.

Support System Event Trees

Sequence Grouping and Back-End
Interfaces

2 Systems Analysis

2.1 System Description

2.2 System Analysis

2.3 System Dependencies

3.3 Sequence Quantification

3.3.1 List of Generic Data

3.3.2 Plant~Specific Data and
Analysis
3.3.3 Human Failure Data

3,
3.
31
3l
3.
3.
3.
3.

McGuire 1PE Submitta)
R r actd

Sectivn 1, IPESR :
& Section I, MPRA

" "

Section 2, IPESR

--—--

Section 10, IPESR

Section 1.2, IPESR
Section 1.2.6 and Table
1.2-2, 1PESR &
Section 1.1, MPRA

Section 2.1 & 3.1, MPRA
Section 2.2, 2.3, MPRA
Section 2.4, 2.5, 2.6, &

3.3, MPRA »
Not Applicable i
Section 1.2.3, IPESR &

Section 6, MPRA

Appendices A-B, MPRA
Appendices A-B, MPRA
Appendices A-B, MPRA

Section 2.1.3 & Appendix C,
MPRA
Section 2.1.3 & Appendix A & C,

MPRA
Section 5 & App. A & C, MPRA

1. McGuire IPE Submitta) Report is abbreviated IPESR

2. McGuire Probabilistic Risk Assessment Report is abbreviated

MPRA

-9
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Table 1.2+2

McGuire Conseguence Analysis [ata

Reactor Power
Steam Generators

Pressurizer FORV

Pressurizer Safety Valves

Core Zircaloy Mass

Containme At Type

Containment She’)
Containment Radius
Containment Volume
Containmeny Design Pressure

Containment Ultimate Mean
Failure Pressure

Containment Cavity Floor
Area

Containment Basemat
Thickness

Containment Basemat
Concrete

Unigue Features
Important To
The Containment Analysis

3411 MWt
Vertical, U=Tube

3, 2.10E5 Yom/hr at setpoint pressure,
2350 psia

3, 4 .20E5 Ybm/hr at setpoint pressure,
2500 psia

45352.0 bs

lce Condenser, free standing steel
shell

aprrox, .75 in, thick
§7.5 ft.

12066 ft

15.0 psig

76 psig

1037.7 12?

8.0 ft

S$ilicous with no carbon

Water must accumulate to a depth of

13 ft in the lower compartment to flow
to the cavity. Glow plug igniters are
installed to control hydrogen.
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0 IPE RESULTS
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Functiona) sequence TBU involves & total loss of secondary side heat remova)
along with & fatlure of injection capability. The frequency of this sequence
is 1.1E<06 pe~ year.

TEX

Functiona) sequence TBX ‘nvolves a total loss of secondary side heat remova)
followed by a fatlure of long=term feed-and-bleed cooling. The contribution
from this functiona) sequence 's less than 1 OE-06 per year,

Tep

Functiona) sequence TBP involves & tota)l loss of secondary side heat remova)
followed by a fatlure of bleed capabi)lity for feed-and-bleed cooling. The
contribution from this functional seguence s less than 1.0E-06 per year.

Towe-

Fuimet’ mna requence TOsU invelves an RCP sea) LOCA with & failure of injection
cot vt~ 'y, Secondary side heat removal is successful,

Tornado - The dominant contributor to this sequence s a tornado-induced loss
of off-site power followed by random failures of both diese] generators which
result in a loss of al) ac power. Damage to the grid by the tornado creates a
prolonged loss of off-site power (assumed to be non-recoverable during the 24-
hour mission time). The CA turbine-driven pump suciessfully provides
feedwater to the steam generators. A failure of the S5F to provide makeup to
the RCP seals results in an RCP sea) !OCA. This LOCA leakage rate is assumed
to be a best estimate value of 1U0 gpm per pump, conservatively beginning at
15 minutes after the loss of al) sea) cooling. The frequency of this sequence

is 1.8E-05 per year.

Seismic ~ The dominant contributor to this sequence is a seismically~induced
toss of off-site power followed by random diesel gensrator run failures which

2=
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TBOsX

Functiona) sequence TBQsX involves a fallure of sacondary side neat remova),
an RCP sea) fatlure, and a failure of long=term 1njection ar ECCS
recirculation capability. The contribution from Lnis function. .egquence is
Tess than 1. 0E<06 per year.

TBOrv

Functional sequence TBQrU involves a fatlure of secondary side heat remova), a
stuck-open pressurizer relief valve, and a fallure of injection capability.
The contribution from this functinna) sequence s less than 1.0E-06 per year.

TBOrX

Functional sequence TBQrX involves a failure of secondary side heat removal, a
stuck=open pressurizer relief valve, and a fallure of long-term injectian or
ECCS recirculation capability. The contribution from this functiona) sequence
is Yess than ). 0L~06 per year.

sU

Functiona) sequence SU involves & smal) break LOCA ( < 1.5 in. dia.) along
with a failure of injection capability. Secondary side heat removal is
aviilable. The contribution from this functiona' sequence is less than
1.0E-06 per year.

Sy

Functional sequence SX involves a sra)) break LOCA ( < 1.5 in. dia.) along
with a failure of long-term ECCS rerirculation capability. Secondary side
heat removal s available. The contribution from this functional sequence is

less than ).0E~06 per year.

-



2.1.3 Conclusions

Internal Transient .

Internal transient events have been calculated to contribute approximately 34
percent to the tota) annua) core-melt frequency. This contribution ig
dominated by functional sequence TOsU with a freguency of 1.BE~05 and,
conszyuently, s an important contributor. The predominant scenarios invelve
either a Joss of al) ac power or a loss of nuclear service water. Due to the
redundancy designed into frontline systems, a failure of a coumon support
system of this type is usually necessary for an RCP seal LOCA to develop and
result in core melt,

Due to the success of secondary side heat removal, at least 3 to 4 hours would
exist before the onset of core damage. This would allow time for repair of
faulted equ'pment such as diesel generators and nuclear service water pumps.
Except for the recovery of off-site power, credit for fixing failed equipment
has not been taken in the McGuire PRA. In addition, a conservative approach
has been taken in modeling the timing and leakage rate of an RCP sea) LOCA.

The ability exists to cross-connect the Nuclear Service Water Systems of the
two Units at McGuire. In aadition, the Containment Ventilation Cooling Water
System has the ability to feed the nuclear service water headers and,
therefore, cool the loads n  rmally cooled by nuclear service water. System
availability and potentia) operator error are the key issues here.

The SSF design provides a totally independent means of RCP sea) cooling and,
thus, an additiona) level of RCP sea) LOCA protection. The SSF can and would
be utilized in both the loss of al) ac power scenario and the loss of al)
nuclear service water scenario. The SSF, with its own rower system, does not
require any plant support system to operate. Operator action is necessary to
initiate SSF operation.

While the calculated core-melt fresiencies for these scenarios are not
insignificant, 1t is safe to say that potentially conservative PRA modeling
and the assumed operator error probabi)ities drive these frequencies.

2-1l
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TABLE 2.1-1

SUMMARY GF WPE RESULTS
TOTAL CORE-MELT FREGUENCY =7 4E-05
(<) MEANS LESS THAN 1 0F 08
BNTERMAL SCTRs LOCAs NTEANAL INTERNAL SETREC EXTERMAL TORNADO £33 EXTERNAL
TRANSEMTS F1O0DMG TOTAL Flooomc | oA !
BE 3.9E-06 . . . 39E06 | < BT - 1.1E-06
5% % 1.5%
Bx < - - - < < % & " <
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towe | | 18E086 | - | - < | 18E-05 | 6.1E-06 - | 1.8E-05 - | 2.4E-05 |
1 24.3% 26 3% e 3 - 263% |} 000 | 3%
TOsX - - - - - . - - - E T
e i : : . . 7.0E-06 B T TR g 7.26-06
9.5% 4 A SIS ORI 9 T%
180X - - - - - - - - - .
-
1BOr . - - - < < . < . <
THO X - - - - Nt o P i TR v bl | - el ¥ el
SUMILY 2.5E-01 < < - 2.7E-06 - - - L - -
34% I6% E el o L T T Rt B T
SHMXLX - « 1.5E-05 - 1.5C-05 - - - - »
20.3% il 20.3% T EPSsenierc ARRTNERANG S el SR
SLOCA 8.1E-09 - - - 8.1E-08 - - - - it
«1 0% <1 0%
TOTAL 2.5E-05 | 8.6E-09 1.5E-05 . 4.0E-08 | 14E-05 - 1.9E-05 < 7 4E-05
31 8% <1 0% 20.3% 84 0% 189% 2% 7% “®en
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ONSFQUENCE RESULTS
ntainment
The resulte of the McGuire ntainment analysis are presented in Table
T able provides the percentage ntribution for che six possible
tainment ! 1 n er states fTor ternal and externa nitiators ar tne
tota! for a nitiators able y pr jes a $s reference between the
ntainment condition end states presented in Table y and the release
teg es of the Mc re PRA
he f wing Insights can be drawn Trom jable l
Late Containment Failure f sequences which containment fails, a late
ntainment faliure 1s the mos kely containment faillure mode
Approximately 42% of the core melt freguency falls nto the late containment
failure release categories Water entering the reactor cavity results in
steam generation which in the absence of containment heat removal eventually
resuits in containment overpressurization The Refueling Water Stcrage Tank
FWST) can drain inte the failed reactor vessel and thereby into the cavity
many sequences For many of these sequences, containment heat removal is nc
available, due to a loss of ac power or the Nuclear Service Water (RN) System
and cannot be recovered prior to containment failure due to steam
overpressure 1f the RWST alignment did not permit this draining to occur,
these sequences would mostly fall into the basemat melt-through release
categories
Containment Bypass -~ The probability of the containment being bypassed is low
Approximately 1.4% of the core melt frequency results in a contiinment bypass
This frequency would be less than .2% were it not for the occurrence of
induced steam generator tube ruptures during core degradation starting the
reactor coolant pumps per procedure following core uncovery may lead to
failure of the steam generator tubes as hot gases from the core regiun are
transported Into the steam generatoy
' ® v




2.2.2 Source Term

The McGuire PRA containment event tree has 42 possible end points. Each of
these could define a specific release category. Of these 42, on) 32 end
points had frequencies justifying a release category definition and discussion
in Section 6.3 of the McGuire PRA report. The release categories significant
to risk are described here. Their fission product release fractions and the
timing of the release are presented in Table 2.2-3.

Release Categories 1.02 and 1.04 (Steam Generator Tube Rupture)

These release categories are characterized as steam generator tube ruptures,
which are induced by tube overheating during core uncovery. The difference
between RC 1.02 and RC 1.04 is that RC 1.02 has no ex-vesse) release while
1.08 does. A steam 1ine safety valve or drain line is assumed to remain open
S0 that the reactor coolant system depressurizes through the rupture tube.
This conservatively bounds the release fractions and allows the escape of
fissio: products that are released ex-vessel. The dominant sequence
contributing to release categories 1.02 and 1.04 is the auxiliary feedwater
pump room flood. Other important sequences contributing to these release
categories are a loss of the Nuclear Service Water RN) System and a
seismically induced loss of all ac power.

The releases associated with these events are large since the release is early
and the containment is bypassed. Little warning time is available for the
evacuation to be effective.

Release Category 2.04 (Interfacing Systems LOCA)

This release category is characterized as a containment bypass with an
ex-vesse|! release and the release going to the Auxiliary Building. The only
sequence contributing to this release category is a large LOCA at the Residua)
Heat Remcval (ND) System heat exchanger. The location of this failure is such
that no credit is taken for plate~out in “he Auxiliary Building.

e



TABLE 2.2-1

SUMMARY OF CONTAINMENT ANALYSIS RESULTS

CONTAINMLNT END STATES INTERMAL EXTERNAL TOTALS
CONTAINMENT BYPASS 9 6E-O7 9 0E-08 1.*E-08
{a) 2 4% 0 3% 1 4%
ISOLATION FAILURE 1 3607 3 SE-07 47EQT
0 3% 1 0% 0 6%
EARLY FAILURE 8.2E-07 2 IE-06 31E-08
2 0% & 7% 4 2%
LATE FAILURE 1 4E-05 1.7E-05 31E-05
: 35 2% 49 5% 417%
BASEMAT MEL T-YHROUGH 2 4E-06 1 4E-06 3 8E-06
5 9% 4 2% s 1%
NO COM f AINMENT FAILURE 2 2E-05 1.36-05 15E-05
54 2% 8 3% 46 0%
TOTALS 4.05E-05 T ATEDS 7AIEDS

al PERCENTAGES APPLY FOR THE COLUNMN ONLY
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TABLE 2.2-3

MPORTANT MCGUIRE PRA RELEASE CATEGORIES

COMTAIMENT |  RELEASE REEME | DURATIONOF | wARNG o ' Cofn TeS B a s o
FALURE TYPE | CATEDORY RELFASE (WRS) | TaE (101S) K
G™ 1.02 30 1.0 20 to¢ [ «wok0r [ asocor | 170601 | 100602 | 240602 | n.00e0s | 100602
- e e e e}
_.‘1_.‘-, — r‘,, r‘,‘ DUS—— - MESSR—— S — el ——
som 104 10 1.0 20 100 | S 10E0) | 920601 | SOOE 01 | 330E-02 | S40EC2 | 150608 | 480E03
——— - - - — e —_—r —
CONTABBIENT 2.0¢ 10 10 20 1.00 | 750E01 | 7SOE-01 | 8.60E-01 | 9.00E02 | 150E01 | 2006.02 | 4. 20E.02
svPASS L v
=y TIPS PRSI ’
FARLY 501 328 o8 278 100 | 160602 | 180602 | 8.00E03 | 350604 | 930604 | 130605 | 3.006.08
¥ ALURE ! Kk
LATE CAT. 092 2.0 os 228 100 | 320604 | S30E04 | 190E-04 | 110607 | S.80E-04 | 290608 | 200604
£ ARLURE
LATE CAT. 604 e os 328 100 | 320603 | 530ECI | 1.90E04 | 1 10E-03 | S.00E-04 | 29008 | 2 90F.0¢
FARLURE i

o THE TE OF RELEASE 18 MEASURED FROM THE TRIE OF REACTOR WP




2.3 RISK RESULTS

Section 8.2 of the McGuire PRA report contains a detailed discussion of the
risk results. Tables [.3-1, 2.3-2. and 2.3-) present the results of the
McGuire PRA in the form of mean values of five public risk measures. These
are divided to show the contributions from the internal and externa)
initiators as well as the total of al) initiators. Also provided in the
tables are the relative contributions of the various containment failure

modes.
Early Fatality and Early Injury Risk

For both the internal and externa)l initiators, the early health effects are
dominated by the SGTR (induced) release categories 1.02 and 1.04.

Latent Cancer Fatalities, Thyroid Nodules and Whole-Body Person Rem

The latent cancer fatalities, thyroid nodules and whole-body person rem risks,
for both interna) and external initiators, are all dominated by the following
release categories:

Release category 1.02; steam generator tube rupture (induced)

Release category 5.01; early containment failure

Release category 6.02; late containment failure (w/c revap.)

Release category 6.04; late containment failure (w/revap.)

2-24
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TABLE 2.3-2
SUMMARY OF McGUIRE PRA RISK RESULTS FOR EXTERNAL INITIATORS

EARLY EARLY LATENY THYROID WHOLE-S0DY
guﬂmanﬂnn FATALITIES / YR INJURIES / YR FATALITES ' YR NODULES / YR PERSON-RELS ' YR
CONTAINMENT BYPASS 2.1E-08 3J0E08 82E05 4 SE-D4 8 SE-01

82 8% ic) 97 8% 7e% 21 3% 8%
1SOLATION FANLURE 14E07 80EXT S4E0S 1 TEDe 8 1E01

8 5% 22% 6 4% B 1% 6 5%
EARLY FAR URE 16£08 S 8E-08 J4ED4 89E-04 52€.00
o™ 02% 40 9% 37 6% 41 8%
LATE FAILURE 0 0 .00 0.0€E.00 3704 6 7E-04 5 5F .00
00% 0% 44 5% 31 5% 4“1
BASEMAT MELT-THROUGH 0.0E.00 0.0€.00 5 SE-08 28BE0S T9E@2
0 0% 00% 07% 1% o6%
MO CONTAPMENT FAILURE 5 0F +00 0.9€ .00 12608 J1E06 21E02
00% oo% o1 01% 0%
TOTALS ' 22308 i) J08E08 (=) 8.39E-08 (i} 211E93 b} 1.25€ .01

NOTE
ta) BASED ON 3% OF EPZ NOT PARTICIPATING IN EVACUATION
FOR 0 5% NON PARTICIPATION EARLY FATALITIES.S 24E 07/ YR EARLY INJURIES.2 67E 05/ YR
o) BASED ON 0 TO 2000 MILE POPULATION DATA
movommmuvm,urmrums—sueu/mmmus-'usoafvn
WHOLE BODY PERSON REMS -2 37E.00/ YR
{c) PERCENTAGES APPLY FOR THE COLUNMN ONLY



3.0 PLANT ENHANCEMENTS
3.1 ACTIONS TAKEN DUE TO THE INITIAL STUDY

As a resu't of the original McGuire PRA, certain plant enhancements were
implemented as risk reduction measures.

One area of enhancement pertained to plant procedure enhancements -- one
dealing with a loss-of-nuclear service water event and the other dealing with
a loss of all ac power event. Recognizing the importance of a
loss-of-nuclear service water event, procedura) guidance for operator's use
was developed and implemented to better cope with the event. Also, operator
actions for the loss of ac power procedure were prioritized such that the
action to locally isolate the containment ventilation unit condensate drain

Tine could be taken reliably.

Arnother plant enhancement related to a potential flooding condition in the
auxiliary feedwater pump room. Expansion joints in the nuclear service water
piping located in this room were discovered not to include a meta) collar to
limit the leakage. Thus, to reduce the 1ikelihood of a large flooding event
from this source, the exp.nsion joints have baen subsequently fitted with a
collar to 1imit the leak rate.

3.2 ADDITIONAL PLANT ENMANCEMENTS

Upon completion of the McGuire PRA update, a searching examination of the
results (both the core melt freguencies and fission product release potential)
was made with the objective of identifying additional viable plant
enhancements. This examinction process consisted of firsg identifying
potential enhancements which could potentially have an appreciable impact on
core melt sequences or release potential. Sensitivity studies were then
performed to determine the guantitative impact of these candidate items by
varying the probability of failure of this event from the base case values.
The sensitivity .udy results were then captured in terms of changes in core
melt frequency, impact on release potential, and change in whole body
person-rem, The calculated change in person-rem was multiplied by the

3-1



R r lart P R rt Criteri

The existing plant emergency procedure for inadequate core cocling conditions
directs the operator to restart the reactor coolant pumps. If the secondary
side heat removal is unavailable and the PZR PORVS are no% open, the forced
circulation of very hot gases from the core at hir™ pressure could overstress
the steam generator tubes, creating a containment bypass situation.
Agditiona)l procedural guidance to permit pump startup only when the SG tubes
are covered with a mixture level has been recommended to eliminate this
concern. The procedure chznge process has been initiated to accomplish this
enhancement,

RN Cross~Connect

In the event of a tota) loss of nuclear i!rvicc water (RN) in one unit, the RN
system from the other unit ctould be lined up to serve the critica) loads of
the affected unit by opening the RN cross-connect valves. These manua) valves
are normally locked-closed. There is some uncertainty on the probability of
successful timely action. It has been suggested that a periodic exercising of
these valves (during refueling outages) could enhance the confidence on this
recovery action.

Statior rersonnel are considering this test for implementation.

Diesel Generator Reliability

The Diese] Generator (D/G) failure data used in this study came from plant-
specific experience. The values are as follows:

Maintenance unavailability 4 .36E-02
Start failure probabilitv 6.0E-03
Run failure probability 8.34E-03/hour

The sensitivity analysis involving these failure rates suggests that a modest
improvement in core melt frequency could be achieved by a factor of 2
improvement in D/G reliability parameters.
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4.0 ACCIDENT MANAGEMENT
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Duke personnel are currently working with the NUMARC Severe Accident Working
Group, NUMARC Joint Owners Group and the owners group on the industry
program for accident management. When this generic program is completed,
appropriate enhancements to existing programs will be considered for
implementation.
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5.0 CONTAINMENT PERFORMANCE IMPROVEMENT (CPI) PROGRAM 1SSUES

In response to Supplement 3 of Generic Letter 88-20, Duke Power has reviewed
the IPE results for any vulnerability to the loss of power to the hydrogen
igniters.

Hydrogen control during severe accidents is accomp)ished at McGuire through
the operation of glow plug igniters. A total of 70 igniters are located
throughout the containment. Two trains of igniters, 3% igniters each, are
provided so that no single failure can result in a loss of igniter
capability at any installed locatiorn. The igniters are powered from 120 Vac
panalboards. These panelboards receive power from the ons te emergency
power system and can be energized from the control room. The emergency
operating procedures call for the igniters o be energized early in an
accident which indicates a high energy 1ine break in containment.

The unavailability of the hydrogen igniters is dominated by the failure of
power to the igniters. During a station blackout power would be lost to the
igniters, possibly allowing high concentrations of hydrogen to accumulate.
This hydrogen may ignite in an uncontrolled manner upon power restoration.
In order to evaluate the potential benefit of providing a backup power
supply to the igniters a sensitivity stidy was conducted. In this study the
CET was quantified in a manner which assured that the igniters were always
available.

Containment failure due to large accumulation of hydrogen in the containment
is categorized as early containment failure. In the base case calculation
the early containment failure accounts for about 4.2%. As seen from Table
2.3-3, the risk contributions from early containment failure are: 2.3 x E-08
early fatalities (0.1%), 4.7E-04 latent fatailities (25%), and 7.1 whole-
body person-rems (26.4%). The results of the semsitivity study indicate
that the mean value of the whole-body person-rem risk could be reduced by
approximately 5.7 person-rem if the igniters were always available.

Except, perhaps, for the severe accident management strategy, it iz not
expected that any cost effective means is available to dramatically improve
the igniter availability for the loss of ac power sequences. The SSF has
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6.0 SHUTDOWN DECAY HEAT REMOVAL ANALYSIS (forwerly USI A-45)

US] A-45, entitled "Shutdown Decay Meat Removal Requirements", has as its
objective the determination of the adequacy of the decay heat remova)
function at operating plants and possible identification of cost-effective
improvements. It has been concluded by NRC that a generic resolution to the
issue 15 not cost-effective and that resclution can only be achieved on a
plant-specific basis. Therefore, NRC has subsumed A-45 into Generic Letter
88-20 and has requested an evaluation of decay heat remova) vulnerabilities
during power operation and hot standby. To this end, Appendix A of this
submittal provides a detailed evaluation of shutdown decay heat removal for
McGuire.

The calculated annua) core-melt freguency due to failure of decay hed®
removal systems for internal initiaters (including internal flooding) M
1.6E-0%. The McGuire decay heat removal systems are robust and de not
demonstrate any particular vulnerability to internally initiated severe
accident sequences. The reliability of feedwater systems together with the
capability to accomplish feed-and-bleed conling make the McGuire decay heat
removal systems sufficiently reliable.

The calculated annua) core-melt freouency due to failure of decay hes®
removal systems for external initiators is 1.06-0®  Thus the McGuire decay
heat removal systems exhibit ' ‘gh resistance for external events also.

It can be concluded that McGuire woes not exhibit any partizular
vulnerability to loss of decay heat removal. The plant enhancemunts
discussed in Section 3 would reduce the zore damage putentia) due to failure
rf decay heat removal systems. Therefore, this issue snould be considerec

resolved for McGuire.



7.0 SYSTEMS INTERACTION DUE TO INTERNAL FLOODING (USIT A-17)

7.1 INTRODUCTION

Generic Letter B9-19 informs licensees that the NRC has concluded iis
resolution of USI A=17, "Systems Interactions in Nuclear Power Plants." The
staff has identified actions to be taken by the NRC to resolve USI A-17 and
has made the judgement that these actions, together with ongoing activities,
should reduce the risk from adverse systems interaction. In addition to
actions by the NRC, licensees are expected to take two actions: (1)
consider insights from the appendix to NUREG-1174 in implementing the IPE
requi ement of an internal flooding assessment and (11) continue to review
information on events at operating nuclear pcwer plants,

7.2 WATER INTRUSION AND FLOODING FROM INTERNAL SOLRCES

An extensive analysis of internal flooding was pertormed as part of the
McGuire PRA and is discussed in Section 3.3 of the PRA report. This
analysis made use of experience in the flooding study initially performed in
the Oconee PRA. Insights from NUREG-1174, "Evaluation of Systems
Interactions in Nuclear Power Plants," have been reviewed. Interuystem
dependencies due to both functional coupling and spatial coupling have been
included as part of the analysis. Historical data on internal flooding
events have been reviewed for insights and for estimating the frequency of
such events. Potentially affected systems, in both the Turbine and
Auxiliary Buildings, have been included in the analysis. An awareness of
internal flooding and its potential effects exists both at the plant and in
the general office engineering staff. Based on the studies performed and -
the actionemumbswedscdute; this issue should be considered resolved fow
McGuTre

7.3 REVIEW OF EVENTS AT NUCLEAR POWER PLANTS
Duke Power reviews information on events at other operating nuclear power

plants through a forma) Operating Experience Program. LERs, information
notices and bulletins, and other reports concerning industry events are
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At McGuire, the ESW System is referred to as the Nuclear Service Water (RN)
System. The RN System is explicitly modeled in the McGuire PRA as a major
support system and as a potential initiator of plant transients. The
McGuire PRA resuits, therefore, provide information on (1) the reliabiliry
of the RN System, (i11) the contribution of a Toss of RN to the overald
core-melt frequency and plant risk, and (111) the impact of the proposed
G1-130 actions on both the calculated RN reliability or core-melt results.

8.2.2 McGuire RN System

McGuire Nuclear Station Units 1 and 2 each have a two-pump train RN System

which provides cooling for many plant loads. The RN System is an open=loop

svstem which normally takes sucticn from Lake Norman and discharges to the

RC System discharge piping which leads back to the lake. These RN Systems

are normally isolated between units but do contain cross-connect piping anu

normally shut manual valves which can be opened to align RN from one unit to

the other. Normal power operations require one pump train to be in operation

providing cooling for al) normal essential and non-essential loads for that

unit. The other RN pump train is normally in standby and would be started
automatically following a blackout, a safety injection (SS) signal, starting

of a motor driven Auxiliary Feedwater (CA) pump, and by procedure following .
indication of insufficient RN flow. The major RN cooling loads during
normal operation at McGuire include the Component Cooling Water (KC) pump
motors and heat exchangers, the Chemical and Volume Control System (NV) pump
motors, various ventilation units, and the Reactor Coolant (NC) pump motors.
Additional accident loads include cooling to the emergency diese)
generators, Containment Spray (NS) heat exchar - *s and pump air hand)ing
units, Residual Heat Removal (ND) pump air handling units, motor driven CA
pump motors, and the Safety Injection (NI) pump motors.

McGuire has several design and operationa)l features which reduce the
consequences resulting from a loss of RN initiator. First, the RN System at
McGuire can get backup cooling flow from the Containment Ventilation Cooling
Water (RV) System. This system is aligned to the RN non-essentia)l header
but can deliver adequate flow to the RN essential loads. The RV System
contains three 3200 gpm pumps which will start automatically on low RN

8-3
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that a motor driven pump should not be run for excessive periods of time
without motor cooling. There are also alarms that would indicate pumps
overheating.

Additiona) informatien concerning the modeling of human actions can be found
in Section 5 of the McGuire PRA report.

8.2.5 Conclusions

McGuire currently has in place (i) Technical Specifications covering the RN
(Nuclear Service Water) System on both units in Modes | through 4, (i1i) an
ingepencent backup source of cooling water provided from the RV System, and
(111) detailed procedural guidance for cross-connecting the RN Systems
between units. Additionally, McGuire has a backup means of Reactor Coclant
Pump seal cooling that is independent of RN. McGuire is also investigating
other ways to improve the confidence associated with cross-~connecting the RN
Systems between units such as periodic testing of manua) cross-connect
valves and reviewing the adequacy of the current procedures and training for
loss of RN sequences. Imposing new or more restrictive technical
specifications is not expected to reduce the calculated core-me)t frequency
associated with loss of RN sequences at McGuire. Therefore, it is concluded
thai this issue should be considered resolved for McGuire Nuclear Station.

B.3 GI=105, INTERFACING-SYSTEMS LOCA IN PWRs
8.3.1 Introduction

This issue is concerned with evaluating the vulnerability of current PWR
designs to an Interfacing-Systems LOCA (ISIOCA). 1SLOCAs are of particular
interest since the lost reactor coolant is released outside of containment
and therefore not returned to the containment sump for recirculation. In
addition, a release path to the atmosphere is estab)ished, making this event
a potentially important contributor to risk. As part of this issue, the NRC
is examining cost-benefit relationships in order to assess whether utilities
should make changes to current procedures, testing requirements, or system
de:igns, in order to reduce the risk associated with 1SLOCAs.
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The total annual frequency of an ISLOCA associated with the ND cold leg
injection 1ines is estimated to be 6.7E-09/yr. An I1SLOCA through one of
these four injection paths would require the failure of two check valves and
the inability of an operator to close a MOV in a timely manner. The failure
of one of the upstream check valves to close would be noticeable because the
associated accumulator would discharge high pressure water through the
relief valves upstream of NI173A or NI178B. Additionally, the operator
would have up to one hour before the FWST would be depleted to isolate the
associated MOV which is designed for primary system pressure. Indications
of an 1SLOCA through this path could be detected by observing high ND pump
¢ischarge pressure. Emergency Procedure EP/1/A/5000/08, LOCA Outside
Containment, provides guidance for isclating this and other potential ISLOCA
paths.

The total annual frequency of an ISLOCA associated with the auxiliary
pressurizer spray path is estimated to be 4.2E-10/yr. An 1SLOCA through
this path would require the failure of two check valves and a normally
closed air-operated valve, INVBAD. Should this ISLOCA occur, it would take
over 5 hours to deplete the FWST volume. Therefore, the operators would
have sufficie 't time to perform an aggressive cooldown or refill the FWST
prior to core damage. Due to the low probability associated with this
1SLOCA path, no credit for recovery was modeled.

8.3.3 Contribution to Internally-Initiated Core Damage and
Plant Risk

The estimated core damage freguency due to ISLOCAs at McGuire is 8.1E-08/yr.
The I1SLOCA contribution to the overal)l internal core-melt frequency is
negligible. Based on this core-melt freguency, the internal ISLOCA
contribution to latent cancer fatalities and whole-body person-rem is
insignificant (less than 5%). While interna)l ISLOCAs contribute
approximately 20% to the risk of early fatalities, the overa)) probability
of early fatalities is extremely low. These effects are shown in the tables
and figures contained in Section 8 of the McGuire PRA.
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Q.0 UNIT DIFFERENCES, APPLICABILITY OF IPE RESULTS

Since the McGuire PRA is based on Unit 1, an analysis was performed to
determine the applicability of the PRA results to Unit 2. Appendix B
summarizes the assessment relevant plant systems to confirm their similarity
and (o identify any differences. The review confirmed that the units are
similar and their configurations are nearly identical and that *he core melt
frequency and risk results calculated for Unit | are applicable to Unit 2
also.
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APPENDIX A

A.0 SHUTDOWN DECAY HEAT REMOVAL
A.1 INTRODUCTION

UST A-45, entitled “"Shutdown Decay Heat Remova) Requirements", has as its
objective the determination of whether the decay heat remova) function at
operating plants is adequate and if cost beneficia) improvements can be
identified. It has been concluded by the NRC that a generic resolution to
the issue is not cost effective and that resolution can only be achizved on
a plant-specific basis. Therefore, the NKC has subsumed A-45 into Generic
Letter BB-20 and has requested an evaluation of decay heat remova)
vulnerabilities during power operation and hot standby. To this end, this
part of the IPE response provides an evaluation of shutdown decay heat
removal for McGuire Nuclear Station.

Ouke Power Company is aware of the NRC case studies and has participated in
industry efforts to review and resolve this issue. The McGuire PRA models
all plant systems involved in the decay heat removal (DHR) function,
including those that provide “"feed-and-bleed" cooling. Support systems such
as AC and DC power, cooling water systems, etc., which influence proper
functioning of DHR systems are also modeled. Initiating events which
thallenas taz DHR systems and thereby contribute to core damage sequences of
interest have been identified and quantified. Fault tree models of the
systems include the relevant equipment failure modes and human e)ements
Particular attention is given to identify common cause failure events such
as flood, fire, etc., which could mpose extraordinary stress on DHR
systams.

A.2 OVERVIEW OF MCGUIRE DECAY HEAT REMOVAL SYSTEMS

The frontline DHR systems consist of the following:
= Main Feedwatur (CF) System and Auxiliary Feedwater (CA) System for

steam generator feedwater.
= Main steam safety valves, power-operated relief valves, turbine
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« Steam Line Break Outside Containment

« Feedwater Line Break Outside Containment
= Loss of Nuclear Service Water

- Loss of Component Cooling Water

- Loss of Operating 4160 V Bus

= Loss of Instrument Air

= Inadvertant Safeguards Actuation

« Loss of Vital I1&C Bus

- Smal) Break LOCA

- Steam Generator Tube Rupture

External Initiating Events
- Seismic Events
= Fire
- Tornado
= Flooding Events

A2 Accident Sequences

Accident sequences were developed for external and internal events. Section
2.0 of the McGuire PRA develops and describes accident sequences initiated
by internal events. Section 3.0 of the McGuire PRA develops and describes
accident sequences initiated by externa) events. As described in these
sections, cut sets rapresent the final form of accident sequences. Appendix
D of the McGuire PRA 1ists cut sets grouped by internal events, external
events, and functional sequences.

There are 36 functiona)l sequence categories. These are shown in Tables D-8
through D-43 of the McGuire PRA. The scope of the A-45 analysis is 20 of

t s 36 categories., These are externally and internally initiated sequences
ot TBU, TBX, TBP, TBQsU, TBQsX, TBQsP, TBQru, TBQrX, SU, SX, and SGTR. Qs
indicates a reactor coolant ,.mp sea) LOCA which is not in the scope of
A=45. However, TBQsU, TBQsX, and TBQsP sequences would result in TBU, TBX,
and TBP sequences, respectively, if the seals did not fai)l. Thersfore,
externally and internally initiatea sequences of TBQsU, TBQsX, and TBQsP are
grouped with the TBU, TBX, and TBP sequences for the purposes of this
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Historical data has been used to apply non-recovery values to direct or
independent losses of CF, such as CF pump turbine trips. The loss of CF is
followed by a loss of auxiliary feedwater (CA). A major contributor to CA
failure following a loss of off-site power is the failure of both emergency
diesel generators (fails both motor-driven pumps) with an independent
failure or unavailability of the turbine-driven pump. Another major

contributor to CA failure is a loss of nuclear service water (fails cooling
to both motor-driven pumps) followed by an independent failure or
unavailability of the turbine-driven pump. The loss of bath CF and CA in
this secuence is followed by a loss of injection capability. Both the loss
of all ac power and the loss of nuclear isrvice water wil) fail all
injection pumps (motive power and cooling, respectively). The frequency of
this sequence is 3.9E-06 per year,

TBX

Functiona) sequence TBX involves a tota) loss of secondary side heat remova)
followed by a failure of long-term feed-and-b)eed cooling. The contrivution
from this functiona) sequence is less than 1.0E-06 per year.

TBP .
Functional sequence TBP involves a total loss of secondary side heat remova)

followed by a failure of bleed capability for feed-and-b)eed cooling. The
contribution from this functional sequence is less than 1.0E-06 per year.

TBQru
Functional sequence TBQrU involves a failure nf secondary side heat removal,

a stuck-open pressurizer relief valve, and a failure of injection
capability. The contribution from this functiona) sequence is less than

1.0E-06 per year.

TBQrx
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external initiator group to each functiona) sequence is given and then
summed up in the column labeled EXTERNAL TOTAL for a calculated annua)
core=melt freguency of 1.0E-05 die to loss of DHR, The tota) core-me)t
frequencies from each initiator group are given in the bottom row. The
percent values represent the percent contribution to the tota) (interna)
plus external) calculated annual core-melt frequency of 2.6E-085. If the
contribution from any particular category is less than 1.0E-06 per year, a
‘<" sign has been used, with the exception of steam generator tube rupture.
Only those functional sequences with freguencies greater “..an 1.0E-0€ per
year are discussed here. A detailed discussion of externa) events analysis
can be found in Section 3.0 of the McGuire PRA. A detailed listing of a))
cut sets contributing to these functional seguences can be found in Appendix
D of the McGuire PRA.

TBU

Functional sequence TBU involves a total loss of secondary side heat remova)
along with a failure of injection capability.

Seismic - The leading contributor to this sequence is a seismically-induced
loss of off-site power followed by randem or seismically-induced diese)
generator start failures which result in a loss of all ac power. Damage to
the grid by the seismic event creates a prolonged loss of off-site power
(assumed to be non-recoverable during the 24 hour mission time). A
seismically-induced failure of either the CA turbine~driven pump or the
cendensate sources results in a loss of al)l heat removal and a boiloff of
Reactor Coolant System inventory. The seismically-induced failure of the
SSF, along with the failure of all ac power at the start of the sequence,
prevents the assured sources for auxiliary feedwater from being aligned.
The frequency of this sequence is 7.5E-06.

TBX

Functional sequence TBX involves a total loss of secondary side heat removal
followed by a failure of long-term feed-and-bleed cooling. The contributien
from this functiona) sequence is less than 1.0E-06 per year.
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R.S DISCUSSION OF RESULTS AND ASSESSMENT OF SYSTEMS

Section B.1.3 of the McGuire PRA presents a number of insights. Insights
which are in the scope of A-45 are given below.

A.5.5 Internal Events

Internal transient events have been calculated to contribute approximately
17 percent to the total annu2) core-melt frequency due to loss of DHR. The
dominant sequences involve a loss of secondary side heat removal followed by
a failure of injection capability. Transient events leading to core melt
usually involve loss of support systems. This 's due to the multiple trains
of both main and auxiliary feedwater, the multiple sources, steam generators
and injection pathways, and the very low probability of having independent
hardware failures in al) of these trains. The two dominant ways to achieve
total loss of DHR are 1) loss of al) ac power witn an independent fa)lure of
the auxiliary feedwater turbine-driven pump, and 2) loss of a'l nuclear
service water with an independen* failure of _he auxiliary feedwater
turbine~driven pump. Due to the low freguencies associated with these

ser - €, 1t can be concluded that these sequences do not demonstrate any
uri nt vulnerabiliity.

Steam generator tube ruptures contribute less than 1 percent to the tota)
annua: core-melt frequency due to loss of DHR. Recovery actions, possibly
due to the slow progression of the sequence, significantly reduce the
calculated SGTR core-melt frequency. Operators taking necessary action to
cool down to residual heat remova) entry conditions upon loss of high
pressuie injection capability, in particular, has reduced the calculated
core-melt frequency. Therefore, it can be concluded that these seguences do
not demonstrate any unique plant “ulnerability.

LOCA events have been calculated to contribute approximately 42 percent to
the total annual core-melt frequency due to loss of DHR. These events are
dominated by fa.lure of ECCS recirculation at switchover due to failure ot 2
or more FWST level transmitters or cperator failure. The leakage from small
break LOCAs will initiate containment sprays on high containment pressure.
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0 -site power is followed by a demand failure of the diesels, the auxiliary
feedwater suction from he nuclear service water system wil) also be
unavailable. This s because the auxiliary feedwater suction header from
this source contains normally closed, motor-operated valves. Therefore, at
ground accelarations of 0.4g and above, loss of al) secondary side heat
removal begins (u contribute to the core=melt frequency.

Significant uncertainty exists concerning seiamic hazard curves. The mean
hazard curve generated by EPRJ, specitically for the McGuire site, is usee
on this analysis. Use of Lawrence Livermore Nationa) Lab hazard curves
would not be expected to alter the insights of the analysis.

Significant uncertainty exists concerning the seismic capacity (franility)
of many components. Seismic failures in this analysis are assumed to be
CAtustivghic in nature and non-recoverable. In reality, it may be possible
to recover some equipment in a timely manner if the actual failure were not
catastrophic,

Given the extent of damage assumed to occur and the large uncertainty
associated with these sequences, it is safe to Say that PRA mode)ing
assumptions are driving these results. Therefore, it can be concluded that
tiese sequences do not demonst ate aty unique plant vulnerability,

A.6 CONCLUSIONS

The McGuire decay heat remova) systems arc robust and d¢¢ not demonstrate any
particular vilnerability to either internally or externally initiated severe
accident .equences. The diversity in feedwater pump trains, suction
sources, and injection pathways make secondary side heat remova)
particularly reliable. Current eff.rts to investigate the relicoility of
entering high pressure recircyls 'ar “olluwing a LOCA wil) ensure the
systems involved can effectively re.pond to multiple or common cause
fallures. Seismic events can cause widespread damage but the calculated
failure modes, and frequercies do not indicate any unigue plant
vuinerability. In addition, failure of a&)) decay heat remova) capability
during a seismic event requires ground accelerations significantly greater
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Sefety Injection (N]) System

The mechanica) system, as presented ir the system desc-iption documerts, is
the same for boch units. The electrica) system descriptions were checked
and were found to be essentially the same. Similar procedures exist for the
systems at both units, and the same Tech. Specs. apply. There were no noted
differences ‘n the N! flow diagrams for the Units. There were no noted
gifferences in the BN supply to Nl components among the units. It 1s
reasonable to conclude that the Unit 1 fault tree resul*s for the N1 system
also apply to Unit 2.

Heating Ventilation and Air Conditioring (VC/YC) Systems

The parts of the WVAC system modeled in the PRA are share’ Letween Units.
The same fault tree for MVAC and the wame results apply for Unit 1 and
Unit 2.

Auxiliary Feedwater (CA) System

The mechanica) System, as presented in the system descriptior uments, is
the same for both units. The electrica) System descriptions are essentially
the same. Similar procedures exist for the systems at both units, and the
same Technica) Specifications apply. No noteworthy differences have been
found in the flow diagrams. Therefore, it is reasonable to conclude that
the Unit 1 fault tree results for the CA system also apply to Unit 2.

Keactor Coolant (NC) System

The mechanical system, as presented in the system description documents, is
the same for both units. The electrica) system descriptions for Unit 1 and
2 are essentially the same. Similar procedures exist for the systems at
both units, and the same Technica)l Specifications apply. No differences
have been found in the flow diagrams. It is reasonable to conc)ude that the
Unit 1 fault tree results for the NC system also apply to Unit 2.
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Fssential A.C. Power

From an examination of the system descriptions and drawings for essentia) AC
power, two differences were noted. One difference is that the main step uwp
transformer for Unit 2 is 525 KV and the main step up transformer for Unit |
s 230 KV. Since the main step-up transformers are not modeled, this
gifference would not Tead to a difference in fault trees for the units. The
other diffarence is that there is one less failure mode for some Unit 2
components (due to the arrangement of the 600V bus EMXM). Similar
procedures exist t.r both units, and the same Technica) Specifications
apply. It is rea.onable to conci.%e that the Unit 1 fault tree results for
the essentia) A C. power system also app. . te Unit 2.

Standby Shutdown (S5) System

The mechanica) and electrical system descriptions for the $5 systems are
shared. The electrical controls system descriptions have been reviewed, and
no noteworthy differences between Unit 1 and 2 $§ electrical controls have
been found. Similar procedures exist for both units and the same Tech.
Specs. apply. No differences have been noted in the valve arrangements or
flow paths for the unit specific parts of the $§ systems. It is reasonable
to conclude that the Unit 1 fault tree results for the S5 system also apply
to Unit 2.

Civil Structures

The general arrangement drawings have been reviewed to determine if there
are any differences in McGuire Unit 2 structures which would add
vulnerabilities for external events. Since the Contro) Room i3 shared
betwien Units, the core damage sequence containing the initiating event
“fire in the Contro) Room" applies to both units. Other plant areas in both
units are also similar with respect to fire vulnerabilities. The f)ood
analysis for Unit 1 already includes a consideration of the flood scenario
for Unit 2. A core damage sequence for Unit 2 is added to the cut sets to
account for this vulnerability. No structura) differences have been {ound
which would alter the results of the seismic analysis or containment
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August 30, 1991

To: Distribution

Subject: McGuire Nuclear Station
Probabilistic Risk Assessment
File: MC-1535.00

Enclosed for your information is the 3-volume McGuire PRA raport, This
report evaluates potential plant conditions from the standpoint of severe
accident vulnerability and risk, analyzes the reliabilities of plant systems
designed to cope with plant accidents, and presents the calculated core
damage probabi)ities and risk results for McGuire Unit 1.

This PRA report constitutes part of the NRC submittz)l for the McGuire IPE,
in response to the NRC Generic Letter BB-20.
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1p'nn !6L9£ch~b~o-~a\

P. M, Abraham, Engineering Supervisor
Nuclear Engineering Section
Engineering Support Division

PMA/ tms

Enclosure

Distribution: R, O. Sharpe (Copy 1 & 2) L. J. Kachnik (Copy 16)
K. D. Thomas (Copy 3) L. J. Azzarelle (Copy 17)
W. H. Ta{lor (Copy 4) M. J. Barrett (Copy 18)
R. G. Hall (Copy %) S. A. Deskevich (Copy 19)
R. L. GI11 (Copy 6) b. D. Paul (Copy 20)
R. L. White (Copy 7) B. C. Carro)) (Copy 21)
C. M. Young (Copy £) K. S. Canady (Copy 22)
D. M. McGinnis (Copy @° G. B, Swindlehurst (Copy 23)
P. M. Abraham (Copy ' M. D. Brandes (24)
M. D. Brewer (Lopy ° Centra)l Records (Copy 25)
B. E. Busby (Copy ° NRC Submittal (Copy 26-29)
G. L. Cruzan [Copy . D. E. Parnham (Copy 30)
J. T. Holland (Copy 14) J. R. Newton (Copy 31)
J. A. Nash (Copy 15) D. B. Noxon (Copy 32)



