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EXECUTIVE SUMMARY

As presented 2 dralt NUREG-1150, the anal-
ysis of the Sequoyah Nuclear Power Plant with an
lce~condenser containment yielded the identifi-
cation of seven risk important plant damage slates
(PDS). These PDSs are identified as:

PDS~1  siow or long—erm station black-

out (SBO-LT

PD5-2  fast or short-term station black-
out (SBO-ST)

PDS-3  the occurrence of a loss—of-
coolant accident (LOCA)

PDS-4  event-V sequence

PDS~-5  transients

PDS-6  anticipated transient without
scram (ATWS)

PDS-7  steam generator tube rupture

(SGTR).

Of the seven, two are containment bypass se-
quences (event-V and SGTR). Because of their
containment bypass nature, these two are not in-
cluded in the present analysis.

Simplified containment event tree (SCET)
methodology has been applied to the
NUREG-1150 Sequoyah APET models for each
of the five PDSs in which risk is influenced by
containment pcrformance. These SCETs were de-

veloped utilizing the Af « basis for deter-
mining both event cndencies and
probabilities. Furthermore, the SCET results
were benchmarked against those produced by the
APETs. Generally, very good agreement was
achieved between the SCET and the APET re-
sults for the containment failure mode results
(i.e., conditional coniainment failure probabili-
ties). However, only a satisfactory match was
achieved on the risk results. Most likely, a further
refinement of the source term binning (i.e., the
procedure for generating .« 14-characier source
term vector) would yie'd more precise results,

Once the SCETs were available, they were
used to assess the benefit associated with a num-
ber of potential containment improvements,
which included (a) backup power to the hydrogen
igniter system, (b) backup power 1o the igniters
and to the containment air recirculation fan sys-
teru, (¢) mitigation of direct impingement con-
tainment failures, and (d) hydrogen control
through the inerting of the containment
atmosphere.

None of the potential containment modifica-
tions appear to be cost effective in reducing the
risk £ Sequoyah. This is best illustrated through
the use of a bounding caiculation that shows & to-
tal of $480,000 would be justifiable for backfits
provided, 100% of the population dose risk
(12 person-rem per reactor year) could be
averied and assunung the plant life expectancy is
40 years.




FOREWORD

SECY-88-147, daied May 25, 1988, presented the NRC staff's program pian to
evaluate generic severe accident containment vulnerabilities via the Containment
Performance Improvement Program (CPIP), This effort was predicated on the pre-
sumption that there are generic severe accident challenges for each hght water
reactor (LWR) containment type that should be addressed 1o determine whether ad-
ditional regulatory guidance or requiremenis concerning needed containment fea-
tures are warranted, and to confirm the adequency of the existing Commission
policy. These challenges stiould be addressed 1o determine the possible need for
additional regulatory guidance or requirements related (o containment features.
The ability of containments 10 successfully survive some severe accident chal-
lenges is uncertain, as indicated in Draft NUREG-1 150. The CPI effort is intended
to focus on evaluation of hardware and procedural issues related to generic con-
tainment challenges.

This report documents the results of NRC-sponsored research related (o severe
accident chalienges and potential enhancements that could improve containment
performance. The purpose of this report is to provide PWR lce Condenser owners
with information they may find useful in assessing their plants as part of their Indi-
vidual Plant Examination (IPE) program. No requirements are contained in this re-
port and it is being provided for information only. Specific guidance 1o the industry
on the use of this report, and similar reports has been given in Generic Letter
88-20, Supplement 3, dated July 6, 1990.
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SIMPLIFIED CONTAINMENT EVENT TREE ANALYSIS
FOR THE SEQUOYAH ICE CONDENSER
CONTAINMENT

1. INTRODUCTION

Because of the concern about the ability of nu-
clear power plant (NPP) containments 10 survive
the effects of possible severe accidents, the NP.C
initiated a program to evaluate the vulnerability
of the various containment types (o the challenges
posed by possible severe accidents. This pro-
gram, entitled the Containment Performance Im-
provement Program (CPIP), examines each of the
containment types found at U.S, NPPs. This re-
port decuments work performed in support of the
evaluation of the lce Condenser containment

type.

The analysis described in this report draws
heavily from the NRC analysis of severe accident
risks documented in Draft NUREG-1150.
NUREG-1150 represents a state-of-the-art un-
derstanding of severe accident phenomenology
as it existed in 1988, 1t provides a catalog of risk
significant accident scenarios and containment
events, and is intended to provide a testbed for the
evaluation of risk-reduction measures. However,
NUREG-1150 is a result of a level of effort that
cannot easily be duplicated. Furthermore, the
methods and data used in 1150 are not completely
documented one year from the publication of the
main report. This makes it less likely that utilities
will use the full 1150 methodology in their indi-
vidual plant examinations. Therefore, this analy-
sis has two goals: (a) to utilize the understanding
gained through the 1150 research to evaluate the
tisk reduction potential of possible containment
improvements and (b) to provide a less compli-
cated framework for the analysis of ice condenser
containments. The purpose of this simplified
framework, is 10 provide utilities with a contain-
ment analysis option that could be implemented
in the individual plant examination process,
which has its roots in the NUREG-1150
knowledge base.

For the evaluation of potential ice condenser
containment improvements, the CPIP has pro-
duced a document entitled “An Assessment of
lce-Condenser Containment Performance 1s-
sues."! This document identifies several im-
provements thought to have the potential for cost
effective reduction in the risk resulting from se-
vere accidents. These improvements include:
(a) an improved hydrogen igniter system,
(h) manual RCS depressurization, (¢) enhance-
ment of the air return fans, (d) enhancement of the
containment spray system, (e) reactor cavity
flooding, () core debris control, (g) fillered con-
tainment venting, and (h) containment inerting.
Var,ous aspects of these items have already been
addressed using the full weight of the 1150 meth-
odology.* This report focuses on providing back-
up power to the hydrogen igniters, backup power
(o both the igniters and fans, prevention of direct
impingement failures, and containment inerting.

The benefit of these improvements is deter-
mined using the SCETs developed for this proj-
ect, with the exception of the backup power 10
igniters and fans improvement, which is eva-
luated using the detailed APETS from the 1150
analysis of Sequoyah. The SCETS are developed
utilizing the APETS created in 1150, The method-
ology used to construct the SCETS is outlined in
Section 2 of this report. Section 3 describes the
preliminary steps required before SCET develop-
ment can begin, namely verifying the integrity of
the 1150 computer codes and data files. Section 4
then provides details of SCET construction for
five of the seven plant damage state classes or
groups identified in the 1150 analysis. The ex-
cluded groups involve bypass scenarios that
would not be affected by the aforementioned con-
inraent improvements, The groups analyzed in-
clude both short- and long-term station blackout,
LOCA, transients, and ATWS. The SCETs



developed for cach plant damage state group are
then used in Section S 10 evaluate the risk reduc-
tion achievable with the candidate improvements.
The SCETs were not developed in sufficient de-
tail 1o evaluate an improvement consisting of
biuckup power 1o both igniters and fans (the effect
of the containment air recirculation fans is not ex -
plicitly modeled it the SCETs), Therefore, this
improvement was evaluated directly with the
1150 APETs,

"o

It should be noted that the SCETy developed
for this analysis are a condensed version of the
1150 APETs, and not an independent construc-
uon as was provided ir: the Mark 1 CPl analysis.’
They are developed directly from the 1150 data.
The resuits of the base case containment failure
mode and risk predictions obtained with the
SCETs have been benchmarked againsi the re-
sults obtained with the 1150 APET, and general-
ly display good agreement with published results.



2. SCET DEVELOPMENT METHODOLOGY

The method of analyzing containment re-
sponse developed for Dratit NUREG- 1150 in-
voives the use of large APETs, These trees
typically have a hundred or more events, each
comprising several branches or options. Conse-
quently, the resulting event trees are (0o large for
graphical representation, and the endstates are 80
numerous they are incomprehensible without
computer-based reduction. These factors make
understanding the possibilities described by the
tree extremely difficult. Furthermore, the
NUREG-1150 APETs require significant com-
puter resources to process, making detailed sensi-
tivity studies prohibitively expensive. The
advantage of the APET methodology 18 that it
produces a model, complete with an uncertainty
estimate, of the current knowledge of severe acci-
dent progression phenomenology. What is need-
ed 15 a way L0 access this phenomenological data
base that suppresses many of the details, yet pro-
vides sufficient information to understand the
risk significant containment evenis that result,

The analysis described in this report relies
mainly on SCETSs to evaluate potential contain-
ment improvements and provide a framework for
understanding the Draft NUREG-1150 analyses.
Because SCETS are limited to 10-20 top events
and at most a few hundred endstates, it is possible
to graphically display them. These event trees,
while still large, can be understoad without com-
puter-based reduction, When properly bench-
marked, the SCETs can reproduce many of the
results obtained with the full APETs. However,
information is lost when extracting the SCETs
from the APET data base. In most cases this is
not significant,

Once developed and benchmarked, the SCETS
can be used to perform sensitivity studies on the
vilue of potential containment improvements,
While not capable of duplicating results stem-
ming from some of the more subtle interactions
modeled in the APETS, the results from these sen-
sitivities will generally illustrate what contain-
ment response can be expected from a given
improvement, Also, sensitivities can be per-

formed using personal computer software. Spe-
cifically, ETA<I1* and Lotus 1-2-3.% This allows
for fast and inexpensive treatment of sensitivites,
and provides results in a form significantly more
scrutable than could be obtained with the more
detailed APETs. The following sections describe
the codes, data, and procedures used 10 extract the
SCETs from the APET data base.

2.1 Initiai Checkout of the Draft
NUREG-1150 Codes and
Data

Development of SCETS requires the use of
the codes and data files used in the Draflt
NUREG-1150 analyses. Many of the
NUREG-1150 level-2 codes do not yet have
user manuals, and of those that do, some are
draft versions that do not necessarily reflect
what is in the working version of the code. Simi-
larly, most of the data used in the analysis exists
on magnetic media and is not documented. Fur-
thermore, the complexity of the data transfers re-
quired to ensure proper information flow from
one code to another makes proper use of these
codes very difficult for the uninitiated, These fac-
tors make verification of calculated results ex-
tremely important, In this analysis, verification of
the codes and data was achieved through the es.
tablishment of a base case calculation that could
be bensnmarked against published data.

The codes used in the development of the
SCETs are principally EVNTRE,® PSTEVNT,
SEQSCR.® PARTITION, and & number of un-
documented translator codes. The relationship of
these codes to each other and their data flow re-
quirements is shown schematically in Figure 1.
Essentially, it is necessary to recalculate the entire
back end (level 2 and level 3) analysis to verify
that all data files are intact and all codes are
correctly used.

The checkout process begins with the
EVNTRE code, which is used to evaluate the
APET. EVNTRE is a generalized event tree
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processor capable of evaluating very large trees.
It was developed so that individual parameters
could be tracked and manipulated with user-
defined functions and procedures. This was nec-
essary 10 evaluate the uncertainties involved in
the complex phenomena occurring during severe
accidents. However, a typical EVNTRE run for a
single plant damage state group can take 24 hours
on a workstation (e.g., an Apollo 3500), and even
longer on a personal computer. Features are pro-
vided to save EVNTRE resulis for later process-
ing with a faster running post processor called
PSTEVNT. The process of saving the EVNTRE
output for later evaluation 1s called accident pro-
gression binning. The results from an EVNTRE
run cannot be verified against published results,
s0 the first verification occurs after the accident
progression bins are reduced to containment fail-
ure modes using the PSTEVNT code,

The PSTEVNT code is used both o reduce the
accident progression bins to containment failure
modes, and separately, to reduce the accident pro-
gression bins to source term bins, The output
from the containment failure mode reduction siep
is the first fully verifiable data produced in the
analysis. That is, all data produced by this step
can be checked against published results. The
output from the source term reduction step is
passed to the parametric source term code
SEQSOR.

SEQSOR generates source term release infor-
mation for each of the source term bins passed
from the PSTEVNT code. The calculations in
SEQSOR are based on parametri: representa-
tions of more detailed mechanistic accident pro-
gression calcutations {e.g.. Source Term Code
Package or STCP). Tre code is also capable of
representing uncertait .:s in key source term is-
sues. The source term release information in-
cludes the number of release plumes, the time of
reicase, the duration of release, the energy of the
release, the height of release, and the source term
release fractions for each plume, Direct computa-
tion of consequences for each ¢f the many source
terms generated by SEQSOR would require ex-
cess've computer resources, therefore the

e e B s b e B T ———————

SEQSOR outpat is passed on 1o a reduction code
called PARTITION,

PARTITION identifhies an carly and chronic fa-
tality weight for each source term generated by
the SEQSOR program, It can optionally provide a
summary of these fatality weights over all the ro-
leases, or continue with the reduction by locating
each release on a two-dimensional plot of the ear-
ly fatality weight (EF) versus the chronic fatality
wetght (CF). If the summary is requested, 1t can
be used to verify that the correct risk potential has
been calculated. If the reduction is requested,
PARTITION divices the fatality space into a
user-specified number of cells and culculates a
frequency weighted average source term for each
cell. PARTITION also divides the releases identi-
fied with each cell into subgroups based upon the
time of the releases relative to the evacuation start
time. The output from PARTITION includes the
averaged source term release information for
each source term group (cell) and subgroup. This
information, after some additional formatting, is
used in the MELCOR Accident Consequence
Code System (MACCS) analysis.'”

The offsite consequences associated with each
source term group are calculated using MACCS.
MACCS input decks provide the required site and
meteorological data, emergency response wnfor-
mation, dose data, and other relevant information,
The MACCS consequence information is the last
data input required to complete the risk calcula-
tion. After assembly in a risk matrix (e.g., utiliz-
tng Lotus 1-2-3), the final risk numbers can be
verified by comparison with published results.

To summarize, risk calculations using the
NUREG-1 150 computer codles and data can only
be verified at three points in the process illus-
trated in Figure 1. These points are (a) after the
calculation of reduced containment failure bin
probabilities, (b) after calculation of the fatality
potential summary, and (¢) after calculation of the
final risk numbers. Verification of caiculated re-
sults at these three points is felt o provide ade-
quate assurance that the codes have been properly
installed, are being used correctly, and that the
correct data are being used. At completion of

P ——



these checks the code system is ready for use in
developing the SCETs,

2.2 Development of the SCETs
for Each PDSG

Development of the SCETSs starts with defini-
tion of the important phenomena and containment
failure modes. Much of this information is sum-
marized in the NUREG/CR-45%1 report on
Sequoyah? and/or the issues characterization re-
port.! Once the critical issues are identified, the
APET is reviewed 1o determine if summary events
have been defined for these issues. This should be
the case for most SCET top events, althcugh some
of the top events will have te consist of combina-
tions of existing APET events. A binner file (s then
created that characterizes the APET endstates in
terms of the desired SCET top events.

Extraction of the SCET requires an EVNTRE
evaluation of the APET utilizing the above bin-
ning definition file. The EVNTRE post processor
output file contains all the reduced APET end-
states and 1s used to define the SCET for the cur-
rent plant damage stete group. The information is
stored by LHS® obser vation and requires addiion-
al processing to complete the SCET formation,
Creation of the SCETs requires additional posi—
processing of the APET results, which is per-
formed using PSTEVNT. First, the
by-observation data from EVNTRE is rebinned (o
form an aggregated collection of endsiates reflect-
ing the mean response of the APET. This mean
APET response is different than would be ob-
tatned by evaluating the APET in the poiut esti-
mate mode because it includes the possibility of
containment events that only occur when samples
are taken from the tails of the uncertainty distribu-
tions, Next, the SCET endstate identifiers and fre-
quencies are stripped from the PSTEVNT
aggregated output and are reformatted 1o create a
new PSTEVNT input file. This new mput file of
the mean response is sorted by top events, using

a. LHS refers to the imited Latn Hypercube Sami-
pling technique used by the NUREG- 1150 effon 10
generate uncertainty distnibutions for the nisk results.

the sort feature of PSTENVNT, 10 create the SCET
s final form

The sorted output from PSTEVNT is next
toaded into the ETA-11 pe~based event tree
graphics program.® The PSTEVNT output is con-
verted from ASCH text file into ETA-1I data file
format using ETLOAD software,!' Once loaded
nto ETA-IL, the SCET can be displayed graphi-
cally. Benchmarking of the SCET by containment
failure mode is done at this point.

2.3 Development of
Containment Failure Mode
Binning

The SCET development described in the pre-
ceding section results in few enough endstaies that
accident progression binning is not required prior
10 obtauning containment fatlure mode results,
Containment failure mode probabilities are ob-
ained by manually applying the binning process
described in Section 2.4.3 of Reference 2, This is
easily done using an ETA-II feature that 1otals se-
quence frequencies over user defined containment
failure mode end states. For this analysis, the
SCETs are initially benchmarked against the pre-
sentation bins provided in Figure 5.3 of Drafi
NUREG~-1150."" By benchmarking the SCET at
this point, it is possible 1o verify that the choice of
lop events is adequate Lo represent the significant
containment failuee modes. Benchmarking of the
SCETs by risk and risk potential is also required
and 18 discussed in Section 2.4,

2.4 Risk Development

Development of risk information for the SCET
endstates requires additional analysis using the
NUREG-1150 tools and models, The process
starts with the creation of a new PSTEVNT rebin-
ning definition file. The new rebinner groups the
SCET endstates in accordance with the source
term binning scheme used in the 1150 analyses
Fourteen characteristics are used with each char-
actenistic having several dimensions. Because the
SCET contains only a fraction of the information
contained in the APET, a number of approxima-
tons and simplifications are required Lo define

6
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some of the source term charactenstics, The
PSTEVNT output from this eveluahion is passed
10 the SEQSOR program (0 parametrically assign
the source torm release information for each of the
source term bins. At this step of the analysis. the
sampling capabilities of the SEQSOR provriam are
not used. Only the central estimates for distributed
parameters are used. For the PDSs analyzed here,
400500 source terms result from the binning pro-
cess. Reduciion of the number of source terms 10

e e i e e e RN A

a more manageable level is obtained using the
PARTITION code. For the SCETs developed in
this analysis, the number of SOUrce terms was re-
duced 1o 17, Consequence estimates are then ob-
tained for these 17 source terms, usiag the
MACCS code. Annual risk is caleulated by com-
bining the consequence estimates with the release
group frequencies using a Lotus 1 -2-3 worksheet.
Benchmarking the SCETSs at the final risk calcula-
tion is performed to establish a base case.
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3. DEVELOPMENT OF A BASE CASE

The following sections describe the base case
caleulation made to verify code use and data Now
us discussed in Section 2.1, The data files used in
this analysis were originally constructed by
Sandin National Laboratory (SNL) for the
Sequoyah NUREG-1150 analysis. The computer
codes and data used in this analysis were obtained
directly from SNL. Others wishing access to the
computer codes, models, and data used in this
analysis should send a formal request for the
complete suite of level-2 and level-2 PRA codes,
and the Sequoyah data files 10 the Director, Livi-
sion of Systems Research, Office of Nuclear Reg-
ulatory Research, USNRC, Washington, D.C
20855, Current plans call for revision of these
codes by SNL, and for future distribution through
the National Encrgy Software Center at the
Argonne National Laboratory in Argonne,
lilinois.

3.1 Base Case Scope

The rosults of the base case calculations are
presented for three points in the process; contain-
ment failure mode probabilities (presentation
bins), risk potential, and risk. The presentation
bins are a summary of the APET endstates in
terms of containment failure mode. Risk potential
is & summary output produced by PARTITION,
which estimates the potential fawlities resulting
from the combined containment failure source
terms. The rie" results are calculated using conse-
quences generated by the MACCS code.

The base case calculation begins at core dam-
age. Information from the core damage analysis"
is passed to the level-2 anulysis in the form of
TEMAC output.™ These data list core damage
frequency by plant damage state group and LHS
observation, The containment failure mode com-
parison verifies the use of the EVNTRE and
PSTEVNT codes, and their inputs. The risk po-
teatial comparison verifies the SEQSOR pro-

gram. The rnisk comparison provides checks on
the PARTITION and MACCS codes.

3.2 Containment Failure Mode
Results

Table | presends the base case mean condition-
al probabilities of the accident progression bins
(APBs) as calculated here (using the APETS)
along with those reported by the Draft
NUREG-1150 effort. As presented, these bins
are consistent with the NUREG-1150 presente-
tion (see Figure 2.5-3 of Reference 2), because
the results are reported out to three decimal
places. Probabilities less than 1.0E-03 are not re-
ported. Also, two separate bins were reported in
NUREG/CR-4551% as: no Vessel Breach (VB)
with early CF, and no VB with no CF, have been
combined 1010 one bin, ne VB with early or no
CF. These two bins were not separately reported
in NUREG-1150," which was our primary
reference before NUREG/CR~4551° became
available,

The mean conditional probabilities for the
summary APRs of a summary PDSG are obtained
by weighting the conditional probabilities of the
individual PDS by their mean core damage fre-
quency for each set of PDS that constitute a par-
ucular summary group. Similarly, the total mean
conditional APB probabilities are obtained by
frequency weighting the summary PDS group re-
sults. The loss of offsite power (LOSP) PDSG
consists of PDSs 1 and 2, the ATWS group of
PDS 6, ihe transient group of PDS §, the LOCA
group of PDS 3, and the by-pass group of PDSs 4
and 7. The sum of the mean conditional probabili-
ties over a summary PDS group will oe slightly
less than one because a truncation cutoff level of
1.0E-08 was used in the APET analysis. Se-
quences whose probability of occurrence was less
than this cutoff frequency were dropped from the
APET analysis.



Table 1.  Sequoyah mean accident progression bin probabilities for PDS groups: comparison with NUREG/CR-4551 resuls

PDS Group
(mean core damage frequency)
LOSP ATWS Transients LOCAs Bypass Total
Accident Progression Bin Case {(138E-05) (QOTE-D6) (232E06> (352E-05) (239E-06) (SSRE-05)
CF* before VB.® early CF Calculated: 0014 0.002 < 1L.OE-03 0.002 — 0.005
NUREG/CR-4551: 0014 0.003 — 0.002 — 0.005
VB, alpha, early CF Calculated: 0.002 0.003 < 1.0E-03 0.002 - 00062
NUREG/CR-4551 0.003 0003 — 0.002 — 0.002
VB_RCS® > 200 psi, early CF  Calculated: 0.062 5023 0.014 oo — 0.036
NUREG/CR-4551: 0064 0.023 0.014 0.031 - 0.035
VB . RCS <200 psi, early CF Calculated: 0054 G002 (004 0014 — 0.023
NUREG/CR-4551: 0054 0.002 0004 0014 - 0.023
VB, H; bum_ late CF Calculated: 0149 0001 < 1L.OE-03 0001 — 0038
NUREG/CR-4551: 0.153 0.001 — 0.001 — 0.038
VB, BMTY or very late OP* Calculated: 0.066 0.151 n.039 0.260 -— 0.1%87
NUREG/CR-4551: 0.06S 0.151 0039 0260 — 0171
Bypass Calculated: 0401 0.134 0 006 — 0.996 0048
NUREG/CR-4551: 0.0m 0.134 0006 —_ 0996 0.056
VB,no CF Calculated: 0.204 0471 0.137 0.30 — 0.263
NUREG/CR-4551: 0200 D47 0.137 0301 — 0.269
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As seen from Tabie 1, the results caleulated in
this analysis compure quite well with those
reported in NUREG/CR-4551. The close agree-
ment of the results indicates that the base case ac-
cident progression anatysis adequately duplhicates
that done in the NUREG/CR-4551 work,

3.3 Risk Results

Mean risk estimates were obtained using the
methodology described in Section 2.1, Tae mean
risk potentials in terms of carly and latent fatality
estimates obtained with PARTITION are com-
pared in Table 2. with those reported in the SNL
base case results.* The mean risk measures caleu-
lated using MACCS and those reported 1o
NUREG/CR-4551, Vol. § are shown in Table 3.
As seen in Table 2, the mean risk potentials calcu-
lated here maich those reported by SNL. Again,
this agreement of the results is an indicaton that
our source term and pactitioning analysis are
equivalent to the original Sandia analysis. How-
ever, the mean risk measures, given in Table 3, do
not compare as well, especially the estimate of
mean early fatalities that deviate by 27% from
the NUREG/CR-4351 estimate.

Some deviation in the mean risk measures was
expecied because the current analysis utilized an
updated version of MACCS, This latest version

a.  Information was taken from a repont by J. J
Gregory entitled “"Parametnics: NUREG- 1150 Sensi -
tivity Stadies for the Sequoyah Plant,” Draft lce Con-
denser Parametrics Letter Report, December 1989,

Table 3.

(MACCS 1.5.11) includes some corrections 1o
the versior, used i the Draft NUREG-1150 anal-
yses (M ACCS 1.5.5) However, the relatively
large ¢ viation in the mean carly fatalities esti-
mate & compared (e the other risk measures was
surprist. €. The cause of this deviation was fur-
ther inves ated by deiermining what the contri-
butions to mean early fatalities are by sequence. It
was determined that in the current analysis,
97.6% of the mcan carly fatality estimate (o
1.RE~0S carly fatalities per reactor year) is attrib-
utable to the V-sequences of PDS 4. In the
NUREG-1150 analyses, the V-sequence risk es-
timate is | 8E-0S early fatalities per reactor year,
but the fractional contribution is 68% . Clearly,
the 1wo analyses are in agreement for the mean
early fatality risk results for the V-sequence.
However, the current estimates for the balance of
the sequences are much less than those calculated
in the onginal NUREG-1150 analyses. The cur-
rent analysis estimates the mean early faialities
per reactor vear for all sequences, excluding

Table 2. Sequoyah mean risk potentials:
comparison to SNL. base case results
Mcan Early Mean Latent
Fatalities Fatalities

(peryean) —_(peryear)

Current 8.3E-05 1.1E-01

analysis

SNL repont 8.2E-05 1LIE-01

Sequoyah base case mean risk measures: comparison 10 NUREG/CR~1150 base case

results. Doses in person-rem per reactor year

Mean Early
Fataliues
MACCS 1.5.11 1. 9E-035
NUREG/CR-4551 2.6E-05
Percent ~27%

difference

Mean Latent Mean Dose Mean Dose
Fatalities S0-Mile 1000--Mile
1.5E-02 1.1E+01 8.9E+01
1 4E-02 1.2E+01 8. 1E+0]
7% ~8% 10%




the V-sequences, at 4 6E-07, versus 8 3E-06 re-
ported by Draft NUREG- 1150, However, there is
a discrepancy in the mean consequence resulis re-
ported in Draft NUREG/CR-455!, Val. § (specil-
ically, Tuble 4.3-1 and Table C.1 of Reference 2).
For example, for source term subgroups one and
two, many of the early fatality results are one or
two orders of magnitude smaller in Table 4.3-1
than in Table C.1. None of the early fataiity re-
sults of Table 4.3-1 for these two subgroups are
larger than those reported in Table C.§. Another
inieresting feature of these two tables is that the
early fatality results for subgroup three are identi-
cal with two nunor discrepancies. The carly fatal-
ity results for source term groups SEQ-08-3 and
SEQ-14-3 are reported as 1.62E+00 and
LA1E+02, and 1.6 1E+00 and 1 40E+02, in

Tables 4 3-1 and C.1, respectively. Clearly, there
are discrepancies in the results reported in Tables
4.5-1 and C.1 for source 1erm subgroups one and
two, but littie or no difference for sub-group
three. Comncidentally, our early faabity nisk esii-
mates for subgroups one and two are different
than those reported in the NUREG/CR-4551, but
are identical for subgroun three.

Presently, the reasons for these discrepancies
in the mean early fatality risk measures and in the
mean carly fatality consequence measures re
ported in Draft NUREG/CR-4551, Vol. § are not
¢lear. Therefore, the results calculated in this
analysis will be referred 1o as the base case and
wili be used for comparative purposes in place of
the NUREG-1150 resuits,
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The events for both stution blackout trees are the
same Mowever, the resulting branch siructure
und frequencies are diflerent

Loss of All ac Power. This fust event iden-
tifies ihe PDS input to the SCET. For the SBO
ttees. the PDS is either the long~ of shor-term
version of the sequence (SBO-LT or SBO-ET
respectively ).

The SBO-LT PDS is characterized by i loss of
all ac power (hoth offsite grid connection and the
onsite emergency diesel generalors) However,
de power is inttially available and consequently
suniliary feedwater (AFW), and instrumentation
and control systems are initially available, When
the batteries drain down (after approximately
four hours), these sysiems are lost and core un-
covery would begin about three hours later.

The SBO-ST PDS is also charucterized by o
loss of all ac power. For the short-term or fast
SBO, either de power or AFW is ulso lost inital-
Iy Therefore, as its name implies, it progresses (0
core uncovery much faster (Le., & shorter term 10
core uncovery ) than the SBO-LT sequence.

Uncovery of Top of Active Fuel (Core
Damage Begins). By definition, eniry into the
SCET begins with the beginning of core uncov-
ery. This is the moment that core damage 18 as-
sumed 1o start and 1s used in the core damage
frequency analysis'' as the ume at which recov-
ery 18 unpossible. Therefore, this event identifies
the beginning of core damage for all sequences
and is implicit in the accident progression
analysis,

No Containment Isolation. This even
questions if the containment leaks at a rate signit-
icantly larger than the design leak rate. If the con-
tainment is notisolated then the scenario 1y
binned as an early containment failure mode
This issue 18 addressed by Question 12 of the
APET.

Fallure to Restore ac Power bafore Ves:
sel Breach. This even! questions if ac power
has been restored between the ume of core un-

R R OB RN RO,

covery und vessel breach. Besides wfiecting the
suceeeding events in the acoident progression, the
source lerm release unalysis utilizes thas ¢vent in
wentifying whether the sprays and fans are opar-
ating. Note that, while failure 1o restore ac powet
early nlways results in vessel breach, conlanment
fuiture can be still be averted. This wop event 1s ad-
dressad by Questn 22 of the APET

Mydrogen Burn Before Vessel Bre~~h.
Thus event questions if the contamment fails , for
(o o at vessel breach (Le., early) because of a hy-
drogen detonation or deflagration. Question S8 of
the APET wis used to idenufly those APET sce-
nanos that resulted in an early contwnment fail-
ure caused by hydrogen burns

Early Ice Bypass. This \op event questions
whether @ large bypass of the e condenser oc-
curs prior to vessel breach. The ice condenser is
unporant for its pressure suppression capability
and for removing fission praducts from the con-
tainment atmosphere. This event 18 used in the
SOUrCe term analysis to determine the deconwmi-
nation factor up to the titme of vessel breach.
Question 89 of the APET addresses the status of
the ice condenser before vessel breach and in-
cludes three options, Branch 1 identifies those se-
guences in which there is a large bypass of the ice
condenser. Branch 2 identifies sequences in
which the bypass of the 1ce condenser 1§ minimal,
The final branch identifies those sequences in
which there is no early wce bypass and the ice ¢on-
denser 18 totally effective. In creating the SCET,
these latier two branches were combined to iden-
ufy those sequences for which & large e bypass
¢id not occur,

Fallure to Depressurize the RCS. Thi:
event gquestions whether the reator coolant sys-
tem hus been depressurized before vessel breach,
either intentionally of as & result of the accidini
progression. This event affects the poiential for
subsequent contanment fatiure events such as the
occurrence of DCH, in-vessel steam explosions,
ex-vessel steam explosions, and type of core-
concrete interacuion (CCD. Therefore, this event
is used in determining contanment fatlure modes
and in the source term analysis.,

16

n—_—

-






sre ac Power Very Late

'\ rFaliure




st oined using Question 107 and 109 of the
APET, which address the BMT and very late
containment failure events, respectively.
Question 107 has two branches, and Question
109 has six. For Question 109, the first braach
identifies those sequences for which the contain-
meni does noi fail very late, The remaining
branches all involve containment failures due 10
overpressurization. These various branches serve
10 characierize the failure size and location.

4.1.2 LOCA Top Event Descriptions. The
SCET for the LOCA plant damage state is shown
in Figure 4. Some of the events for the LOCA
SCET are identical to those for the station black-
out SCET and will not be repeated here.

LOCA. This first event identifies the PDS that
defines the entry conditions for this particular
SCET.

No Containment Isolation. This event is
identical to the station blackout SCET event pre-
viously described.

Hydrogen Burn Before Vessel Breach.
This event questions if the containment fails from
a hydrogen detonation or deflagratic 1, before
vessel breach. Question S8 of the APET address-
es whether the containment fails prior to vessel
breach and includes six branches. While the first
branch identifies those APET scenarios that do
not include an early containment failure, the re-
maining five branches identify the size and loca-
tion of the containment failure. Therefore, for the
SCET, early containment failure was determined
by combining the five failure branches of
Question S&. It should be noted that because of
the availability of ac power (and therefore the hy-
drogen igniters), early containment failures are
two orders of magnitude less likely for the LOCA
PDS than for the station blackout PDSs.

Fallure to Depressurize the RCS. This
event is idontical 10 the station blackout SCET
event previously described.

Reactor Pressure Vessel Falls (Vessel
Breach). This event is identical 1o the station
blackout SCET event previously described.

Early Conta’nment Heat Removal Un-
avallable. This event questions if the various
modes of containment heat removal are available
before VB, The heat removal systems include the
containment sprays. the containment fans, and
the ice condenser. This event affects succeeding
events in the accident progression and is used 1o
denote the operation of the conlairment sprays, &
key parameter in estimating the source term.
Questions 27, 28, 29, and 30 were utilized in
creating this event for the SCET. Question 27 ad-
dresses the status of the early sprays, Question 28
examines the status of the air return fans;
Question 29 ask if the ice has melted out of the ice
condenser before vessel breach; and Question 30
inquires if the ice condenser has been bypassed
prior 10 vessel breach.

In-Vessel Steam Explosion. This event is
identical 1o that described for the station blackout
PDSs except for the inclusion of the rocket mode
of containment failure. Question 64 of the APET
addresses the alpha mode event and Question 70
addresses the rocket mode failure event. Both
questions are binary with Branch 1 identifying
that the event occurs. These two APET questions
were combined in creating the SCET event.

Ex-Vessel Steam Explosion, This evenl is
identica. to the staiion blackout SCET event pre-
viously described.

Contalnment Failure (Over~
Pressurization) at Vessel Breach. This
event questions if the containment fails due to ov-
er-pressurization at vessel breach. Question 82 of
the APET summarizes the containment fatlures al
vessel breach, but includes both over-pressure
failures and failures attributable to steam explo-
sions and failures prior 1o vessel breach. There-
fore, in creating the SCET event, an overpressure
failure was determined by identifying those se-
quences that failed the containment as specified
by Question B2, bui did not involve an alpha,
EVSE, or earlier containment failure.
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Direct Impingoment on Seal Table Wall.
This event 18 wdentical 10 the station blackoul
SCET event previously described

Debris Bad Is Not Coolable. This event
models the probability of the debris bed forming
# coolable configuration. This information s used
1o determine nature of the CCl for the source term
analysis. Question KX of the APET examines if
the debris bed 15 in a coolable configuration and
involves two branches. Because of this binary
structure, no Simphiication Was necessary in
creating the SCET 1op event

Late Containment Heat Removal Un-
avallable. This event questions if the various
moddes of containment heat removal have failed in
the lute or very Inte timeframes. The heat removal
systems include the containment sprays and fans
This event affects succeeding events i the acci-
dent progression and is used in determining the
operation of the sprays, which has an impact on
the source term egtimation. Questions 91,92 and
106 were utilized in creating this event for the
SCET. Question 91 addresses the status of the
sprays late, Question 92 examines the status of
the air return fans, and Question 106 addresses
the status of sprays very late,

Late Containment Fallure. This event is
identical 1o the station blackout SCET event pre-
viously described.

Very Late Contalnment Fallure. This
event 15 identical o the station blackowt SCET
event previously described

4.1.3 Translent Top Event Descriptions,
The SCET for the transient PDSG is shown in
Figure 5. Some of the events for the Transient
SCET are identical to those for the station black-
out and/or LOCA SCETs, and in such instances
the descriptions will not be repeated here

Transient. The transient plant damage state
group is used to represent those sequences thal
cunnot be categorized i one of the other seven
FDSGs. That is, a transient sequence does not in-
volve a loss of coolant (including SGTR and by-
puss sequences), a loss of all ac power, of a failure

o trip the reactor, but does include a requirement
for plant shutdown. The sequences comprised by
this FDSG include situations where  ame of the
systems required for safe shutdown nave failed
and core dmaage s imminent. This condition de-
fines the entry coidition for the transient SCET

No Contalnment Isolation. This event is
identical 1o the station blackoul SCET event pre-
viously described

Temperature Induced Steam Generator
Tube Rupture. This event models the occur-
rence of a temperature induced steam generator
tube rupture (SGTR . which is used in estimating
the source term, Quertion 20 of the APET, which
in¢ludes two branches, i1s used 1o define this event
for the SCET. Because of its binary structure, no
simplification was necessary.

Reactor Pressure Vessel Depressur-
lzed by RCS Fallure. This event models the
occurrence of a rupture in the RCS, which resuiis
in depressurizing the RPY before vessel breach.
This event is used to identify if vessel tulure o
curs at high or low pressure.

Reactor Pressure Vessel Falls (Vessel
Breach). This event is identical to the station
blackout SCET event previously described.

Ex-Vessel Steam Explosion. This event is
identical to the station blackout SCET event pre
viously described

Contalnment Fallure (Over-
Pressurization) at Vessel Breach. This
event questions if the containment is failed from
over-pressurization at vessel breach. Question 82
of the APET summarizes the containment fail-
ures ul vessel breach, but includes both over-
pressure failures and failures duc to steam
explesions and failures prior to vessel breach
Therefore, in ¢icating the SCET event, an over-
pressure fallwe was determined by identifying
those sequences that failed the containment as
specified by Question K2, but did not involve an
EVSE induced failure or earlier contmnment
failure
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Direct Impingement on Seal Table Wall,
This event is identical (o the station blackoul
SCET event previously described.

Debris Bed is Not Coolable. This event is
identical 10 the LOCA SCET event previously
described,

Late Contalnment Heat Removal un-
available. This event is identical 1o the LOCA
SCET event previously described,

Very Late Contalnment Fallure. This
event is identical to the station blackout SCET
event previously described.

4.1.4 ATWS Top Event Descriptions, The
SCET for the ATWS plant damage state is shown
in Figure 6. Some of the events for the ATWS
SCET are identical to those for the station black-
out and/or LOCA SCETs, in which case they will
not be repeated here.

ATWS. The anticipated transients without
scram (ATWS) PDSG represents those sequences
that include a failure to shutdown the reactor.
Again, this first event identifies the entry condi-
tion for the ATWS SCET, which implies immi-
nent core damage.

Steam Generator Tube Rupture Initially
Present. This event segregated those scenarios
in which SGTR is initially present. For the ATWS
PDS, the size and location of the RCS hreak at the
time of core uncovery can be cither & very small
break in the RCS piping, coolant loss through the
cycling PORVs or SRVs, or a SGTR. Question 1,
Branch 5 of the APET identifies the SGTR initiat-
ing event. The SGTR event is a key parameter in
the source term estimate (i.e., containment

bypass).

No Containment Isolation. This event is
identical to the station blackout SCET event nre-
viously described.

Hydrogen Burn Before Vessel Breach,
This event is identical 1o the LOCA SCET evenl
previously described

Fallure to Depressurize the RCS. This
event is identical 1o the station blackout SCET
event previously described

Reactor Pressure Vessel Falls (Vessel
Breach). This event is identical to the station
bl.ckout SCET event previously described

In-Vessel Steam Explosion. This even: is
identical to the LOCA SCET event previoasly
described.

Ex-Vessel Steam Explosion. This even is
identical to the station blackout SCET event pre-
viously described.

Containment Fallure (Over-Pressuriza-
tion) at Vessel Breach. This event is identical
(o the LOCA SCET event previously described.

Direct Impingement on Seal Table Wall.
This event is identical (o the station blackout
SCET event previously described.

Debris Bed Is Not Coolable. This event is
identical to the LOCA SCET event previously
described.

Late Containment Meat Removal Un-
avallable. This event is identical to the LOCA
SCET event previously described.

Late Contalnment Fallure. This even: is
identical to the station blackout SCET event pre-
viously described.

Very Late Contalinment Fallure. This
event is identical to the station blackout SCET
event previously described.

4.2 Containment Failure Modes

In order 10 support the use of the SCETs in esti-
mating risk and for evaluating the benefits of
potential containment improvements, the ~on
tainment failure mode probabilities were caleu-
lated and compared with the base case APET
results,

4.2.1 Containment Fallure Mode Binning.
After loading the SCETs into the ETA-11 event
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tree software package. the event tree endstates
were binned sccording to containment fatlure
mode. In binning the endsiates, the
NUREG-1150 presentation bins were used. For
Sequoyah, there are ten bins, The ten accident
progression summary bins are:

e VB, very carly (during CD) CF or is0-
lation failures

e VB, carly (at VB) CF or alpha mode

¢ VB with the RCS pressure » 200 psia,
early (m VB) CF

® VB with the RCS pressure < 200 psia,

carly (at VB) CF

VB, late CF

VB, BMT or very late CF

Bypass

VB, no CF

No VB, but with very sarly (during

CD) CF or isolation fuilures

¢ NoVB noCF

In presenting the results, the last two bins were
combined into 4 single bin and renumed No Ves-
sel Breach. For the actual process of assigning
each endstate 1o one of these summary bins, the
bins were considered in a hierarchical order as
follows:

Bypass

VB, early (at VB) CF or alpha mode

No VB

VE, very early (during CD) CF or is0-

lation fatlures

¢ VB with RCS pressure » 200 psia, ear-
ly (at VB) CF (at VB)

® VB with RCS pressure < 200 psia, ear-
ly (at VB) CF (at VB)

e VB late CF

e VB, BMT or very late CF

VE, no CF

This ordering of the summary bins was re-
quired because some endstates satisfy the criteria
for more than one containment failure mode. For
these cases, the sequence is placed into the mosi

appropriate (with respect (o source term defing-
tion) bin,

4.2.2 Containment Fallure Mode Compari-

son With APET Results, For cach SCET, the
contwinment failure mwode results are presented
and compared with the results of the APET analy-
sis presented in Chapter 3

SBO-LT Containment Fallure Mode Re-
sults. Tuble 4 compares the accident progression
summary bin probabilities for the SBO-LT PDS§,
as predicted by the SCET and the APET. The
SBO-LT SCET results compare quite well with
the full APET results. The one exception is the
bypass bin, For the SCET, the probability of by-
pass is zero because this event was not included in
the simplified tree. For the SBO PDSs, the bypass
bin includes only those scenarios involving a
temperature-induced SGTR. This event was not
in¢luded in the SCET because of the low proba-
bility of occurrence as estimated by the APET,
Overall, these results indicate that the SCET ac-
curately models the containment failure modes
for the SBO-LT PDS. As a final note, the sum of
the bin probabilities do not necessarily add 1o uni-
ty because of rounding off ervor for the SCET re-
sults and because of truncation in the APET
results,

SB80-ST Containment Fallure Mode Re-
sults, Table § compares the accident progression
summary bin probabilites for the SBG-LT PDS,
as predicted by the SCET and the APET. The
SBO-LT SCET results compare quite well with
the full APET results. As 15 the case for the SBO-
ST PDS, the one exception for the SBO-ST, is the
bypass bin. Again, this event was not included in
the SCET because of the low probability of oc-
currence as predicted by the APET.

LOCA Containment Fallure Mode Re-
sults. Tuble 6 compares the accident progression
summary bin probabilities for the LOCA PDS, as
predicied by the SCET and the APET. The LOCA
SCET results compare quite well with the full
APET results,



Table 4.  Comparison of SCET and APET accident progression bin mean probabilites for SBO-LT PDS a

Sequoyah
__ Accident Progression Bin SCET_ APET
CF* before VB." early CF (CFhVB) 1. 2E-02 1.2E02
VB, alpha, early CF (alpha) 6.68-04 6.9E-04
VB, RCS® » 200 psi, early CF (ECF-HP) 42802 S.SB-02
VB, RCS « 200 psi, early CF (ECF-LP) 33E-02 A2E-02
VB, late CF (LCF) 9.7E-02 9.6E-.02
VB, BMTY or very lste OF* (VLCF) 4 SE-02 4 5E-02
Bypass 0.0 1 3E~(4
VB, no CF (VB-NCF) 1. 7E-01 1.6E-0)
No V&, early ot no CF (NoVB) 5. 7801 8. 7E-01

& Containment fatlure.
b Vessel Breach
¢ Reagtor coolant system.

¢ Basemat meli-through.

e, Cverprossurization.
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Table 5.  Comparison of SCET and APET accident progression bin mean probabilities for SBO-ST

PDS sl Sequoyah

__ Accident Progression Bin _ _SCET APET

CF* before VB," early CF (CFBVE) 1 SE-02 1. SE-02
VB, alpha, early CF (alpha) 2.5E-03 2.5E-03
VB, RCS » 200 psi, early CF (ECF-HP) 6.6E-02 6.6E-02
VB, RCS < 200 psi, early CF (ECF-LP) 6.5E-02 6.5E-02
VE, late CF (LCF) 1 8E-01 1 8E-0
VB, BMTY or very late OF (VLCF) 77802 7.7E-2
Bypass 0.0 1.76-03
VB, no CF (VB-NCF) 23E-01 23E-01
No VB, early or no CF (NoVB) 35E-01 3.5E~01

a  Conmtwinment failure.

b Vessel Breach

¢ Reactor Coolant System.
d.  Basemat melt-through

e Overpressurization,
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Sequoyah Source Term Rebinning -~ PDSG-1 and 2, SBO

4 CF-Time Sprays cl
Ami=CCl 21 HIME
1240C ARFuns

7 T Veby V- Wel CE-Farly
No('F

2 1 1 | $ A

* N
V-Dry
2 2 1 1 iB
1* A
V.-Wet
2 2 | 3 §sC
2¢ 2
CF-Early
4 4 78 9 10 D
eh24242
CHE-aiVB
1 5 14 $E
2
CF-Late
| 6 16 $F
2
CF-Viae
8 7 1 3 7 8 9 10 14 16 $G.

LIRALAEL R B RS ER
NoCF

Those familiar with EVNTRE and PSTEVNT
input will recognize that a portion of this data
fragment (specifically, lines 2,2 and 4) identifies
the 14 characteristics of the source term vector
listed in Tuble 9. The balance of the data fragment
then defines the rules for determining the first
characteristic of the vector; in this case, time of
containment failure. There are seven opuons this
characteristic can assume, they are (abbreviated ):
V-Dry, V- Wet, CF-Early, etc. The sclection log-
ic for each attribute follows, For example, the
logic statements indicate option A (representing
V=Dry) cannot oceur for this PDSG. The com-
ment (indicated by the “$" character) explains
that attribute A is assigned only for V sequences
with a dry release (1.e., not scrubbed). The nam-
bers used in the logic statements refer 1o the
SCET top event number and bianch number. For
a complete description of the EVNTRE and
PSTEVNT data requirements, the reader should
refer to References 6 and 7 (EVNTRE and

32

RCS Pres VB-Made SGTR
CF-Siee RCS-Hole | S 1
CF-atVB CF-Lale CF-V0Lui

Event V, not serubbed

Event V, scrubbed

CF during core degradation

CF at vessel breach

Late CF

Very late CF

No contanment failure

PSTEVNT manuals). The following discussions
explain the application of the NUREG - 1150 bin-
ning scheme to the SCETS.

Containment Fallure Time. The time at
which containment fails is described in terms of
seven attributes ur options. The first two chavac-
terize the nature of V-events, and therefore never
appear in SCET source term binming results. The
remaining options define the time of containment
fuilure as occurring during core degradation, at
vessel breach, late, very late, or never.

During SBO, LOCA, and ATWS sequences,
carly containment failures (1.¢., during core deg-
radation) are composed almost entirely of failure
10 isolate, and hydrogen burn events. Both ol
these appear on the SBO, LOCA, and ATWS
SCETs and are used by the bingier 10 identily sce-
narios that include early contuinment failures
The transient SCET does not include a
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1
$reccacs

-
12 |

sSesseshrnsvsndravevepensnonhunnssadrnnnschsenans

| | I l
-..---*-o-voo*-o-o—--’»-.----#o-.--.+..---.+

*..-.--*.--o-.+

1

—r——— —
i . '
- . *
. v .
' . '
' . .
. . .
—r—r—— 4 —
. .
-
“roo
'
.
.
+ — —

40 |
4 |
R LD SR NN

58 |
|
R LT R S SR,

$rrssnsdusussadrassssprasasaprsaroshonnunn

|
I
|

shesscnahrrnsnahunnnsah

1
36 |
7

I
l

8 |
24 |

l
22 |

3 |
0...-.*....n.*.a’...*o.l...*-O...u*..-...+.----.
*--....*......+-.b.0-*..0.&.+‘-..a

23

4

e
’...0.-#-.'o'o+---.-o’--o--

+
|

N m @ O W

PERCENTAGE OF WEIGHTED FREQUENCIES CONTAINED IN EACH CELL:

4
R L R A (Y

3

2
*-o.--.*o...a.*.-.—o.*

1

[ 1.83 |

shecsssadannnsadunnnnash

.n.-.o-‘..-...*----..q-tvu--*.

|

1
2
3
4
5
6

.-

6.73 | 8.69 | 2.80 |

-o.oo*c-‘o.-*-ao--o*

+~

L -*‘.---.+.-.-.-*oo.oo.*--o.g..

27.4] |

| 0.00

....‘:Q+...-..*..-o--*......+n.'

srshrsacssduannench

$rocuced

$ovssvadosnscndocannadg

0.4] |

0.63 [34.77

*n..u-.*o-..-.*ooo-’-".-.o-+~---'-

1.02 | 0.45

| 1.69

*n.-.-.+-~-‘..o+.--‘c-+

| 0.08

$erassnhuccnechuannncns

serccsprcnvendennrundransnndennnnas

7.31 | 6.17 |

*~...-.*.--.an*--o-.-+--‘no-§-..ono

Figure 7, Distribrtion of source terms before repooling
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CELL COUNTS WITHIN THE GRID FOR A TOTAL COUNT OF 170:
BEFORE POOLING

Bosnsnn $enanie $rssans $esonse $ocssns *
1 | 89| 1| 48] 50| 12|
$ucacasn S $asaeve Pesnnen LAR L *

PERCENTAGE OF WEIGHTED REQUENCIES CONTAINED IN EACH CELL:
1 H 3 4 5

$recens besanse IpEp——- $rvnesn $ronsns 4
1 [73.28 | 0.02 [25.85 | 0.71 | 0.14 |
dorrana #rnnnuse $reenns $ernnen $oennee +

AFTER POCLING

1 2 3 4 5
hesensn $ranesne e hrsanen dosrsns +
1 | 69 | | 49 | S0 | 12 |
$reenen $reanne $eceann Hrmnnne $ramens .

PERCENTAGE OF WEIGHTED FREQUENCIES CONTAINED IN EACH CELL:
l 4 3 4 5

prreenn $ravane $eneses $ovrenn $rremnn .
1 | 73.28| | 25.88| 0.71 | 0.14 |
$enenae $ersuas Hrernnn $reacnn $emnnan .

Figure 8. Source term (for zero carly fatality potential source terms) distribution before and after
repooling.
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Figu"(* 10. Source term group identifiers

ollapse occurs. In V-sequences, and sequences
with containment failure before core damage, the
evacuation warning time is the ume of core un
covery. Using the PARTITION logic for separat
ing subgroups, and the warning and release tmes
calculated in the SEQSOR program, proy ides the
following assignment of release bins (o release
Bins with no containment failure

with containment failure 1n the late or very late

g norouns
MO ETOUR

periods, with steam generator tube rupture and
secondary SRVs stuck open all go to subgroug
one. Steam generator tube ruptures and contain
ment failures at or before vessel breach are as

signed to subgroup two. Only V-sequences are

assigned to subgroup three (therefor  there are

no group-three assignments resulting from SCET

analysis). Tne source term data resuiting trom

§ step of the process 1 presented in Table

4.3.3 Consequence Caiculation. Th
te ~ PARTITION run

ms produced from th

the MACCS

lities, latent cancer fatalities, and 50-n
population dose. A PC-based version of the Coas
is available and wasg used in de present analysis.®
The MACCS input files that contain the site Char
acteristic data and dose data were those used In
the NUREG~1150 Sequoyah analysis. These files
were modified only as necessary to be compatible
with the PC version of the code, which 1§ a later
release than was used in the NUREG-1150 analy
ses. The fission product releases were provided
by the SEQSOR program described in the pre
vious section, with format translation provided by
the STER program.*

a.  Informaton was taken trom “Documentation of
INEL PC Version of MACCS 1.5.11, INEI
tion Package,” dated November 3, 1989, and done by
K. R Jones, EG&G [dabo, Ing

Calcula

he STER program 15 &n undocumented transia

e that 18 not stnctly necessary 1o the anal ysis
1 be ot gred from Sandia Natonal Laboraton
along with the other le .

as descnbed in Sectior
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Table 10. Sequoyal sowurce term data by PARTITION group and subgroup

Waming  Evac Release Fractions
Source  Time Time . cvation Esmergy Star  Duration
Term (%) is) i{m) {w} (%) (s) NG I Ccs T Se Ru La Ce Ba
SEQ-01  22E+04 -26E+03 10E:01 17E+07 2RE+04 68E+02 RIE-O1 39E02 39E03 17E-03 SSE-O¢ 40E-04 1B 11BO4 60804
SOE+05 33E+#05 32E:05 17E-01 72E-04 72E-04 SSE-O4 42E-04 14E-0¢ SSENDS SOEOS 11E-04
SEQ-(1-) — — — - — - - — — — - - -
SEQ-01-2 22E+04 -26E+03 10E+01 1TE+07 28E+04 68E+02 S83E-01 39E03 39EH3 1,503 SSEM + E04 11E4 l.lE—-Ol 6.(5—0‘
SOE+05 33E:05 32E+0°5 17E-01 72E-0¢ 72E-04 SSE-O4 42E04 14E-0¢ SSEOS SOEOS LIE14
SEQ-01-3 = = = o = — ) = A - = — — - -
SEQ-02  22F«0¢ -26E+03 i0E+0) S2ZE+05 28E+04 10E+03 7S5SE-0! 39E4R 39E03 1.7E63 S2E-04 62E04 17E-O4 17E04 6.0E1M
1FE+06 29E+04 22FE+04 25E-0i 13E-03 i3B03 68E-03 13E02 21E08 ROEM 61E04 7T7E-03
SEQ02-1  — = = = = = = = il pal o
SEQ-02-2 22E+M4 -26E+03 10E+0! S2E:NS 2R8E+04 10E+03 7S5E-01 1% !.ﬁ-&B 1.7E-03 S2E-04 62E-0¢ 17E-M 175-0‘ 6.@-0‘
16E+06 29E+04 22E+04 25E-0! 13E-03 13E-03 68E-03 13E02 21E-0¢ SOEM 41E-02 77E-03
SEQ-02-3 — — — — — - - -— —_ — — — — — —
SEQ-03  22E+08 -26F+03 10E+01 33E407 2. TO9E02 90E-01 7.1E03 7IE05 2SE-93 S3E-04 40E-95 11E05 LI1E-05 S4EM
TAE:05 13E+05 12E:05 97E02 12E 03 12E-03 18603 76EM 29E06 37EOS I3E05 SOBE-04
SEQ-D3-1 - — — - -— — — — - — — — — — -
SEQ-03-2 22E+04 -26E+03 10E+01 33E+07 2RE+04 79E:02 90E-01 7.1E-03 71E-03 25E-03 B3E04 40E05 11E0S 1LIE0S 34E-04¢
TAE+0S 13E405 12E+05 9702 12E03 12E03 18E03 76E-04 29EN6 3I7E-0O5 28E-05 SOEM4
SEQ-03-3 - — — - — — — - - - - - - - -
SEQ-04  22E+04 -26FE+03 1.0E+01 48E«07 28E+«4 1S5SE+03 10E+00 30E-02 27E02 24E-02 36E-03 6TE-03 18E03 1RE-03 34E 03
14E+06 78E+0S 78E+05 OO0E+00 O00E+00 OOE+00 1SE-€S 19E-05 81E-10 11E-06 RSEO7 11EO5
SEQ 641 = == T — e = — = —— e - = i —
3 2 22E#M -26F+03 10E+01 48E+07 28E+04 1SE+03 10E+00 30E-02 27E-G2 24E-02 36E-03 &7!’.—03 LRE-03 18E-03 44E-07
14E+06 78E+05 78E+05 OOE:00 OOE+00 0OE:00 1SE-0S 19E-05 RIE-10 11E-06 RSEO7 1IE-OS
SEQ-04-3 - — —_ — — — =~ — e = == = L — —
SEQ-05  22E+04 -26E+03 10E+01 20E+06 28E+04 13E+03 79E-0! 14E-02 14E-02 SOE- 03 19E93 96E-08 26E-(4& 26E-04 20E03
12E+06 ROE+04 73E+04 21E-01 32E03 32E-03 13E-02 28E-03 18E 04 19E- 02 1SE-04 19E-03
SEQ-05-1 - - — - - - — — — - — - - - —
SEQ-05-2 22E+04 -26E+03 1O0E+01 20E+06 28E:08 13E4+02 79E-0! 14E-02 14E02 S5OE-03 19E03 96E-04 26E-04 26E03 20E-03
12E+06 8.0E+04 73E+0¢ 21E-01 32E-03 32E-03 13E-02 28E-03 IRE-04 19E04 15E-04 L9E-O3

SEQ-05-3






i
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Table 10.

{contmued)

Source

Term

SEQ-11-1
SEQ-11-2

SEQ-11-3
SEQ-12
SEQ-12-1

SEQ-12-2
SEQ-12-3

SEQ-13
SEQ-13-1

SEQ-13-2
SEQ-13-3

SEQ-14
SEQ-14-1
SEQ-14-2
SEQ-14-1
SEQ-15

SEG-15-1

SEQ-15.3

Warnmng
Time
is

22804

220,04

22E+04

22E+4
22804
22E+04

Evac

Time  Elevatorn Energy Stan

(s}

{m)

(w)

(s}

s

~2.6E+03

1 6E 04

16E+a

1 6E+04

1L6E+04

14E+08
44E:1

44F+03

1.5E4048
1 SE+08

1 SE+04

10F401

BOE00

G.GE+00

1.0E+01

1OE+61]

1.0E+01
1 GE-01

1LOE+01

1.OE+01
1OE+O1

1.OE+01

SSE+G7
16EL05

OUE+0D
D.0F+00
O.O0E 00
D.OE-00

DOFE<M0
1 4E+7
00E+00
147

33E+4
3 SE+07
33E+0¢
3 SE+07
33E+04
3SEHT

42E:03
6.4E+08
42E+03
6 4E+08
4.2E+03

2RE+04
1.0E:06

1 TE«08
4.7E04
4 TE+
4 TFE 0

41 T7E+04
1.2E+05
2 TE+02
1.2E405

3 SE+0e
5 3E+0%

5.3E+05
3 SEs04
5.3E+08

458504
1.2E+05
4 SE+04
1.2E505
1 5F+04
1.7E+05

1.0E+04
1LOE 6

O0E 00
8 6E e
O.0E+00
R6E 04

00F+00
LOE+3
DO0E+00
LOE+03

S 6FE+03
5.1E+05
S6E+N3
5.1E+05
5 6E+03
5.1E+05

8.7E+02
RIE04
BTE+O2
8 IE+4
8 TE«R
B IE+04

1.0E+00
O.0F+00

00E00

DOE00
SOFE-3

0.0E+00
1.0E+00
0.0E+00
1LOE:00

60E-01
10E-M
6.0E-01
40E-01
60E-D]
4 0E-01

8 1E-2
9201
8IE-02
92E-01
81E-m
92E-0%

i s

Te

49E-01 40E-0
DOE+00 00F:00

DOEL00 00E+00
SEE-09 SRE-0S
0.0E+00 0.0E+00
SEE-0Y SRE-00

14E-05 448—05
39804
44E-05 44E-05

21E-04 2 IE-04
10E-02 10E-02
21604 21E-04
1LOE-02
21E04
106902

l 1E-04
1.0E-02

10601
00800

SUE00
14509
G.0E+00
1.4E-09

DOE+00
7.TE-10
002400
TTE-10

14E-05
G OE+r
1E05

46E5
24E O
4 6E-05
24804
46805
I4E 04

24E-05
2405

2003
24695

Oﬂfo-ﬂ)

00E+00
8 4E-15
00E+00
S4E.15

O0E+00
8 SE-10
OEL00
8.58-10

36E-10
14E-08
3 6E-10
14F-08
16E-10
14E R

18E 10
X 2EAR
1.8E-10
B2F-OR
1RE-10
R2IE-R

omm

QO0EL00
442
DOE-0D
43E-12

00E 00
RIE 7
O CEL00
S4B

36E-11
1 4505
I6E-11
13E-05
36E-11
14E-05

1R8E-11
4RE05
18611
4RE-0S
1.8E-11
4°E 08

DO0E00 O 0E-00
63E-07 8 SE-06
DOE00 DOF 00
6TE-07 §5.SE-06

26B-11
LOE-05
3I6E-11
LOE-05
3I6E-11
1LOE-O5

1 6E-05
14E-04
4 6E-05
14E.04
16808
1 4E-04

18E-11 24E 05
I6EO5 1 TE03
18E-11 24F-05
I16E-65 | TE-R
1RE-11 24E05
36605 1LTE-M




4.3.4 Coemparison with Draft
NUREG-1150. T ) | h 1}
{ ’ 1 , | \

Table 11




Table 11. (contnued)
S0 mi 1000 mi
Early Latent Dose Dose
Groug ) Fataiities _f‘ll_aliucs _(Rem) (Rem)
SEQ-07-1
SEQ-07-2 1 95E+00 201E+03 1.64E+06 1LI7E+07
SEQ-07-3
SEQ-08-1
SEQ-08-2 6.74E-04 2.07E+03 717E405 1.24E+07
SEQ-08-3
SEQ-09-1
SEQ-{®-2 5.52E-03 3.26E+03 G 07E+08 1.96E+07
SEQ-(9-3
SEQ-10-1
SEQ-10-2 1.57E+00 6.08E+03 1. 68E+06 A 66E+07
SEQ-10-3
SEQ-11-1
SEQ-11-2 4. 18E+00 3.96E403 1.66E+06 2.37FE407
SEQ-11-3
SEQ-12~1 0.00E+00 5 40E--03 R.3RE+0 3.228401
SEQ-12-2
SEQ-12-3
SEQ-1» 1 0.00E+00 1.94E+00 3.28E+03 1. 20E+04
SEQ-13-2
SEQ-13-3
SEQ-14-1i 0.00E+00 308401 2 TAE+04 2.16E+05
SEQ-14-2 9 40E-06 4. 14E+0) 9. 3RE+04 2.39E+405
SEQ-14-3
SEQ-15-1 1.86E-06 5. 29E+02 241E+05 3. OVE+06
SEQ-15-2 2.63E-08 1.24E402 2. 29E+05 7.19E+05
SEQ-15-3







Table 13. SCET nisk results compared 1o Draft NUREG--1150 risk results
(FCMR and MFCR methods utilize APETs and are from NUREG/CR-4551, Vol 5,
Table 5.1-2)

PDS

Orowp

SBO-LT
PDSG-1

SBO-ST
PDSG-2

LOCA
PDSG-3

Event-V
PDSG-4

Trans
PDSG-5

ATWS
PDSG-6

SGTR
PDSG-7
ALL PDSGs
S PDSGs

SCET Totals

Method

- ———

FCMR*
MFCR"

SCET

FCMR
MFCR

SCET

FCMR
MECR

SCET

FCMR
MFECR

FCMR
MFCR

SCET

FCMR
MFCR

SCET

FCMR
MFCR

FCMR
MFCR

FCMR
MFCR

Core
Damage

freguelwx

4 6806
4 SE-06

N/A

9.3E-06
9 4E-06

N/A

3.5E-0S
34E-05

N/A

6.7E-07
R4E-07

24E-06
12E-06

N/A

2. 1E-06
2 AE-06

N/A

1.7E-06
2.0E-06
5.6E~05
5.6E-05

SA4E-05
5.3E-05

a.  FOCMR-fractional contribution to mean nisk.

b, MFCR-mean fractional contribution to risk.

50-Mile
Population
__Dose

1.3E+00
9.6E-01

49E-01

3.2E+00
2 9E+00

1. 2E+00

22E+00
34E+00

11E+00

1 BE+00
1. 2E+00

6.0E-02
1.6E-01

S.2E-02

4 4E-01
6 4E-01

5.1E-01

3.0E+00
2.7E+00

1.2E+01
1.2E+01

72E+00
B.0E+00

34E+00

Early
Fatalities

1. RE-06
1.7E-06

23E-07

4.2E-06
4 TE-06

42607

4 4E-07
3 4E-06

23E-09

1.8E-0S
1. 1E-08

2.6E-08
JAE-07

3.0E-08

4 9E-(7
1 .8E-06

S4E-07

1 4E-06
3.5E-06

2.6E-0S
2.6E-05

€ YE-06
1.2E-05

1.2E-06

Latent
Cancers

1.8E-03
1.2E~-03

1 2E<03

4. 08-03
3. 6E-03

3.0E-03

2.0E-03
29E-03

26803

1403
1 4E-03

7.0E-G5
2.0E-04

6.2E-03

5.3E-04
8.0E-04

6.5E-04

4. 2E-03
3 9E-03

| AE-02
1L 4E-02

R.3E-03
8.7E-03

7.5E-03

46
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6. RESULTS AND CONCLUSIONS
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APPENDIX A
ICE CONDENSER DESIGN FEATURES



Utility
Comm. Op

Power 1009%
MWe¢ (net)
MWi

Cont. Vol. ma)
Design pr
Est. Fail.

Annulus
Vol.(ft%)

RWST Vol
(gal.)

Cont. Sp.
# pumps
Cap. @

RHR Spray
# pumps
Cap. @

Service Water
Source

Fire Prot.
System
# pumps
Cap. @

APPENDIX A

ICE CONDENSER DESIGN FEATURES

Cook 142

Ind./Mich
Power Co.

8775, 718
1020/1060
325073411

1.2M
12 psig

N/A

350,000

5

3,200 gpm

2

2,000 gpm

Design Feature Comparison
McGipire 142

Sequoyah 142
TVA

181, 6/52
1148
RERR
1.19M

12 psig
60 psig

375,000

370,000

-

.

4,750 gpm

2
2,000 gpm

Cooling Towers,
river

4
1,500 gpm

Duke
12/81, 334
1129

41
1.196M

15 psig
84 psig

426,760
372,100

B

3,400 gpm

-

1,600 gpm

1.8E+8 gal
NSW pond

LR

n

(00 gpm

Catawba 142

Duke
6/8S, 8/86
1129
3411

1.18M
15 psig

484,055

350,000

DI o ]

0 gpm

.
2,000 gpm

2.7E+8 gal
NSW pond

3
2,500 gpm

Watts Bar 142
TVA

A2, indel.

1177
3411
1.19M

15 psig

375,000

350,000

-~

4,000 gpm
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Figure A-1. General Arrangement of Containment
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this removal process in accident analyses presented in subsections 15.4.1. In such circumstances, no design
bases are needed for this air purification action.”

McGiuire - From McGuire FSAR Section 6.5.5, page 6.5.9 (1985 Update 1o FSAR),
Under accident conditions, the Air Return System and the Containment Spray System are
activated when the internal pressure in the containment reaches 3 psig. Two out of three hi pressure

signals (1 psig) produce an Ss signal or safety injection signal. Two out of four hi-hi pressure signals (3
psig) produce an Sp or containment spray signal.

A8
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APPENDIX C
DATA FILE LISTINGS FOR
0 SEQUOYAH SCET DEVELOPMENT

LISTING |



—

— TN

St

na no

o

— N

e rno

~ N

— D

— D

— D

— D

-

— D

—TD

— PN

|
£E2-18P1

NoDP

25

4

1-LoPr

25

/4

I-LoPr

NoVB

26

1

noVe

26

2

VB

NolVSE

64

2

NoAlpha

64

|

Aipha

NoEVSE

71

l

EVSE

71

2

EVSE-CF

NoOPVB

64

/2

NoAlpha

64

2

NoAlpha

NoD1

78

2

InCOF Imp

78

1

[-CFDImp

Nol2-18P

83

3
12n1BP
83

|
12-18P1
NoCCl
89

4

opP

VB

IVSE

EVSE
71

+ 3
noEVSE

OPVB
70

+ /3
NoRkt
70

* 3
NoRkt
D1

12-18P
83
+ 2
12-1BP2

cCl
89

+ §

71

+ 2
EVSE-CF
71

* /2
EVSE-CF

$ 5. Failure to depressurize the reactor.

$ 6. RPV fails (vessel breach).

$ 7. In-vesse! steam explosion
$ fails the vessel and containment.

$ 8. Ex-vessel steam explosion at VB

$ 9. OP faiis cont. at VB
82
+ 1
InCF
82
* /’1
InCF
$ 10. Direct impingement on the
$ seal table wall (and hence
$ containment failure)

$ 11. Large ice bypass after VB,

$ 12. Prompt CCI occurs.

C-4
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~ D

”~o W

—

"y

—

— a2

Sp-Never or Sp-Final
Prmt-Dry Prmt -Shl
2 5 6 12
gegelr}
Prmt -Dry
2 5 6 12
i j*2¢2
Prmt-Sh)

*

ImPr

5

1

LoPr
VB-NPM%

2
VB-HPME
5
l *
vB-Pour
] ]
1+ /1
VB Btmhd
6 7
e
Alpha
1 1
] * /1
Rocket
6

VB-Pour

—

-

-
~a ™ ~> o

-
—

1
No-VB
SGT? ‘SG-SRVO

1+ /]

T ——

No-CCl
k.

§ B
$ C.
$ 0.
$ E.
$ F.

ImPr
$ A

$ B.
$ 0.

VE-BtmHd
$ A

$ B,
$ C.
$ 0.
$ E.
$ F.

No-SGTR
$ A

C-13

R R R R RO R T R R R RO IR RO ORI~

Prmt -Dp SDly-Dry LD y-Dry
CCl 1s dry and starts immediately

CC1 occurs under § ft of water
CCl does not occur

CCl occurs under 10 ft of water
CCl occurs after a delay,
cooling water not replenished

CC1 occurs after a long delay

LoPr
System setpoint pressure (2500)

1000-2000 psia

200-1000 psia

< 200 psia

No-VE

Alpha Rocket

HPME and DCH

Molten pour at low pressure
Gross failure of bottom head
Alpha mode failure

Upward acceleration of vesse)

No vessel breach

SGTR occurs, secondary RVs reclose










LISTING 6

-

™




\
by Never ' p-Fina
1 mt ! 3 rm t \ \ "y
g Prn Ury Prmt - S N J W] \ D1y
| s" ry 4f tart mms alé
'
- Y
¥
" $ ¢t i ! nger 3 1 f wate)
. :
»
Y ! r
S f not
L :
N 3
: 4 ) S y Y f4 f wate
| | S
IR ¢
brmt
)
e £ | y afte : ¢ .
| = $ ! water not repli né
¥ |
¢ ‘ b ¥ ey y 4 1
3 .
'
) ry
{ !
4 4 ¥ } VY myy ¥
\ \ L ) b oé 4 oy e re ¢
) | ' " | s » » 5
*
(]
. 3 $i | [
‘ ¢
T '
+ b4 Dy
'
¢ ] | A $ { d
1
R Y":y
A »
v )
ol
) i R { AY sk { kot \
§ § VE - HPMI VB -} Y v Alpha ¢ N
3 \ ¢ ¢ $ £ {PME and
2 * * ]
{ . |
Vi {PMI
. 3 4 L4 S | M'Q,vy. [y 4 W DY e
{ ’ - N \ |
1 % »
VB-Pour
3 )‘ | $ \ ! Y N ttom head
&
" !
t mM
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Lot Bas ]

~

o b

—

b D

—

SGTR
1

|
SG.SRV?
|
No-SGTR
Hi-CCl
10

2
Hi-CCl
1

1
Med-CCl
1

1
Lo-CCl
10

H
No-CCl
Lo-Zr0x
1

|
Lo-2r0x
|

|
Hi-2r0x
Hi-HPME
3

2
Hi-HPME
]

|

Md - HPME
1

1
Lo-HPME
3

1

No - HPME
Cat-Rpt
2

2
Cat-Rpt
13

2
Ruptur?
2

Leak

l

]
Bypass
1-Hole
6

§ B,

$ C.

Lo-CCI
$ A

$ B

$ C.

$ 0.

§ A

§ 8.

Lo-HPME
$ A

§ B.

$ C.

$ D.

Leak
$ A,

$ B

$ C.

9 12

SGTR, secondary RVs stuck open
SGTR does not occur

No-CCI
CCI involves 70-100%

CCl involves 30-70%

CCI involves 0-30%

No CCl occurs

0-40% of core Ir was oxidized

> 40% of core Ir was oxidized

No -HPME
Pct core ejected > 40%

Pct core ejected 20-40%

Pct core ejected < 20%

No HPME

No-CF
Gross structural failure

Hole > 7 ft2

Hole 1s about 0.1 ft2

13 $ 0. No containment failure
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VB-Pour
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Rockel
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SGTR
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VB-Pour
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$ €.
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$ F

ImPr
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$ C.
$ D

VB-BtmHd
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$ B.
$ C.
$ D.
$ E.
$F.

No-SGTR
$ A
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Prmt -Dp SO1y-Dry LDly-Dry
CC1 is dry and starts immediately

CC1 occurs under 5 ft of water
CCl does not occur

CC1 occurs under 10 ft of water
CC1 occurs after a delay,
cooling water not replenished

£C) occurs after a long delay

LoPr
System setpoint pressure (2500)

1000-2000 psia

200-1000 psia

< 200 psia

No-VB

Alpha Rocket

HPME and DCH

Molten pour at lTow pressure
Gross failure of bottom head
Alpha mode failure

Upward acceleration of vessel

No vessel breach

SGTR occurs, secondary RVs reclose
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EZ-XnB{P £2-1pFyP
1
1 + /]
£2-ln“{P

1+ /]
£2-1pByP
| 1

1 * /1
E2-1ByP

12-InByP  12-1pByP
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12-1nByP
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ARF-lLate
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Two holes - natural circulation

No ice condenser bypass
10% ice bypass

Total ice bypass (or melted)

No ice condenser bypass
10% ice bypass
Total ice bypass (or melted)

No-ARF
Air return fans early only

early and late
late only

No air return fans
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RCS-Pres VB-Mode SGTR
CF-Size RCS-Hole £2-1C

CF-atvB CF-Late CF-Viate

Event V, not scrubbed

Event V, scrubbed

CF during core degradation

CF at vessel breach

Late CF

Very late CF

$ G. No containment failure

SpAlways Sp-Late Sp-L+VL

Sprays operate only early

Early and intermediate

Early and late, not very late

At all times

Only late

Only late and very late

Only very late

Never
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1
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4

2
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1
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1

1
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4

1
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Cat-Rpt
3

2
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6

2
Rupture
2

2
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l-Hole
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Lo-HPME
$ A
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$ C.

$ D.

Leak

$ A
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13 § 0.

SGTR, secondarr RVs stuck open

SGTR does not occur

No-CCl
CCI involves 70-100%

CCI involves 30-70%

CCI involves 0-30%

No CCl occurs

0-40% of core Ir was oxidized

> 40% ot core Zr was oxidized

No - HPME
Pct core ejected > 40%

Pct core ejected 20-40%

Pct core ejected < 20%

No HPME

No-CF
Gross structural failure

Hole » 7 ft2

Hole is about 0.1 ft2

No containment failure

il*liltlil*]

No-CF
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One hole - no natural circ.
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APPENDIX D
CATALYTIC HYDROGEN IGNITERS

Development work on catalytic igniters has progressed in both the United Statvs = .d the Federal
Republic of Germany over the last couple of ycars.o'" 02 |n the US, the prime developer has been Sandia
National Laboratories in Livermore, CA. They have developed a prototype catalytic igniter that requires no
electric power and can ignite mixtures as lean as 5.5% hydrogen. The igniter is susceptible to failure from
high gas velocities, water spray, sicam and iodine-containing compounds, however shiclding and
semi-permeable coatings could overcome these problems. (Recent, yet 10 be published work, has succeeded in
developing a fin-type, wet-proofed igniter) Cataiytic igniter development has also been carried out by
Siomens/Kraftwerk Union (KWL ). However, the KWU igniter is a fully-engineered device with an enclosure
for the igniter element, which has been tested and qualified for use in German reactors. KWU has also
developed a battery powered spark igniter for use in hydrogen control applications This spark igniter has an

adjustal » actuation temperature and pressure and a discharge life for the batteries of at least five days at

130°C,

D3
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APPENDIX E
FRONT END ISSUES ANALYSIS

ECR Risk Sensitivity

Sensitivity analyses were performed 1o estiniate the effect on both core melt frequency and risk of two
approaches for improving the reliability of emoergency coalant recirculation (ECR). Pending availability of the
updated Sequoyah containment analysis.e“ interim sensitivity calculations were made by combining the
updated version of the cure damage analysis"z with the original version of the containment and consequence
E-3

analyses.
Two possible modifications were evaluated as Case Studies and these are discussed as follows. Case-]
examined the benefits of improving the performance of the reactor operators (i.¢. reducing the human error
probabilities or HEPs) (n emergency core coolant system (ECCS) realignment {rom high pressure injection
(HPI) to high pressure recirculavion (HPR). The human errors that were identified in Reference £-3, as
impaortant to the core damage frequency are listed in Table E-1. Case-2 analyzes the benefits of the capability
of prolonging HPI during small LOCAs by refilling the refueling water storage tans (WWST). This would
¢liminate the need to switch to HPR (Note this was not considered effective for the interfacing system LOCA

sequences, see following section). Tables E-2 and E-3 display the results of these two cases respectively, (or

dilferent levels of improvement.

Possible ECR Improvements

It has been proposed that refilling the RWST would improve the severe a.cident performance of lee
Condenser type of plants by extending the amount of time available to the piant operators for carrying ou!
required emergency procedu <5, Although the basic idea has merit, a number of influencing factors must be
accounted for 1o actually produce a significant benefit in terms of risk reduction. This proposed improvement
would benefit those accident sequences that involve a loss-of-coolant accident (LOCA), with successfu!
emergency coolant injection (ECI) but with a subsequent failure of emergency coolant recirculation (ECR).
These types of sequences were found to be significant for both the Sequoyah core melt frequency and its risk,
Also, it is important to note that this class of sequences might include the interfacing system LOCA
(ISLOCA). In the ISLOCA sequence, the lost coolant bypasses containment and therefore results in a faflure

10 fill the containment sump, which is the source of water for ECR. However, for this option 10 be effective

E.3









Table E-2. Sequoyah Risk Sensitivity Analysis 10 Improving Operator Performance in Realigning from
HPI 10 HPR. (Risk per reactor year.)

cmssmmssies o DDA RS i
Factor

Reduction --» _00 0.1 08 0.9 10
in HEPs

Core Melt Freg. 5.90E.05 5.62E-05 4.53E-05  344E-08  BT7E05

Early Fatalities ATE-05 37E-05 1.6E-05 3.6E-08 A6E-05

Early Injuries 8.8E-05 8.8E.05 8.6E.05 84E.05 8.3E-08

Latent Cancers 44E.02 43E-02 4.1E-02 40802 39E.02
Ind. Risk of Fat. LOE.07 1LOE-07 9.9E-08 9.8E-08 9.7E-08

Offsite Costs LAE+(4 12E+04 1L2E+04 LIE+04  LIE+04
($)

Pop. Dose 8.7E+01 86E+01 8.1E+01  76E+01  7.5E+01
(man-rem)

a. These Sensitivity caluclations represent unspecified improvements in the performance of the human
operator accomplishing the realignment from high pressure injection (o high pressure recirculation. These
improvements could be accomplished through such things as betler tralning or better procedures (although it
is unrealistic 10 expect a reduction factor of 1,0, i.e., reducing the HEP 10 0.0.

b. The factor redustion in HEP is utilized in the following manner: new HEP = (X)HEP, where X represents
the reduction facor listed in the table.
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